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Chapter 1
About This Manual
1.1 Audience
This reference manual is intended for system software and hardware developers and applications programmers who want to 
develop products with this device. It assumes that the reader understands operating systems, microprocessor system design, and 
basic principles of software and hardware.

 
All voltages, currents, frequencies, and temperatures can be found in data sheet and if they are stated in this 
document, unless specified in data sheet, can not be taken as a specification.

  NOTE  

 
Chip power modes may differ from low-power modes mentioned in some of the modules. See Table 48 and Table 
52 to map chip power modes to module power modes.

  NOTE  

 
Following module names are used interchangeably throughout the document

• DCNANO/LCDIF

• eDMA/DMA

• TPM/LPTPM

• MICFIL/PDM

  NOTE  

 
The term S400 refers to EdgeLock secure enclave (ELE), and is used interchangeably throughout the document.

  NOTE  

1.2 Organization
This manual begins with a global introduction of the chip, followed by chapters organized into functional groups that detail 
particular areas of functionality, such as system control, clocking, and timers. Each functional group can have two main types 
of chapters:

• System-level chapters contain information that applies to the components (modules) within the group.

• Module-level chapters contain technical descriptions of individual modules within the group.

Note that application-specific groups (such as timers) may only contain module-level chapters.

1.3 Module descriptions
Each module chapter has two main parts:

• Chip-specific: The first section, Chip-specific [module name] information, includes the number of module instances on the chip 
and possible implementation differences between the module instances, such as differences in FIFO depths or the number 
of channels supported. It may also include functional connections between the module instances and other modules. Read 
this section first because its content is crucial to understanding the information in other sections of the chapter.

• General: The subsequent sections provide general information about the module, including its signals, registers, and 
functional description.
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If there is a conflict between the chip-specific module information (first section) and the general module information 
(subsequent sections), the chip-specific information supersedes the general information.

  NOTE  

Chapter 49
Enhanced Serial Communication Interface (eSCI)

49.1 Chip-specific eSCI information
This chip has six instances of the eSCI module. Some feature details vary between the
instances.

The following table summarizes the feature differences. The table does not list feature
details that the instances share.

Table 49-1. eSCI instance feature differences

Instance DMA support

eSCI_A and eSCI_B Yes

eSCI_C, eSCI_D, eSCI_E, and eSCI_F No: descriptions of eSCI DMA functionality do not apply to
these instances

NOTE
For eSCI_D, the single wire feature does not apply for TX/RX
via PCSA3 because this pad works only as an output.

49.2 Introduction
The eSCI block is an enhanced SCI block with a LIN master interface layer and DMA
support. The LIN master layer complies with the specifications LIN 1.3, LIN 2.0, LIN
2.1, and SAE J2602/1.

49.2.1 Bibliography
• LIN Specification Package Revision 1.3; December 12, 2002

• LIN Specification Package Revision 2.0; September 23, 2003
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EXAMPLE
Chip-specific information 
that should be read first

Beginning of general 
module information

Figure 1. Example: chapter chip-specific information and general module information

1.3.1 Example: chip-specific information that supersedes content in the same chapter
The example below shows chip-specific information that supersedes general module information presented later in the chapter. 
In this case, the chip-specific register reset values supersede the reset values that appear in the register diagram.
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Chapter 34
Software Watchdog Timer (SWT)

34.1 Chip-specific SWT information
This chip has two instances of the SWT module: SWT_A and SWT_B.

34.1.1 SWT register reset values

The following table identifies chip-specific reset values of SWT registers.
Table 34-1. Chip-specific SWT register reset values

Register SWT_A SWT_B

CR FF00_010Bh FF00_010Ah

TO 0005_FCD0h 0005_FCD0h

34.2 Introduction

Sample Reference Manual
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This section provides an overview, list of features, and modes of operation for the SWT.

The Software Watchdog Timer (SWT) is a peripheral module that can prevent system
lockup in situations such as software getting trapped in a loop or if a bus transaction fails
to terminate. When enabled, the SWT requires periodic execution of a watchdog
servicing operation. The servicing operation resets the timer to a specified time-out
period. If this servicing action does not occur before the timer expires the SWT generates
an interrupt or hardware reset. The SWT can be configured to generate a reset or interrupt
on an initial time-out. A reset is always generated on a second consecutive time-out.

34.2.1 Overview

accesses by masters without permission. If the RIA bit in the SWT_CR is set then the
SWT generates a system reset on an invalid access otherwise a bus error is generated. If
either the HLK or SLK bits in the SWT_CR are set, then the SWT_CR, SWT_TO,
SWT_WN, and SWT_SK registers are read-only.

The SWT memory map is shown in the following table.

SWT memory map

Address
offset (hex)

Register name
Width

(in bits)
Access Reset value

Section/
page

0 SWT Control Register (SWT_CR) 32 R/W See section 34.4.1/1331

4 SWT Interrupt Register (SWT_IR) 32 R/W 0000_0000h 34.4.2/1334

8 SWT Time-out Register (SWT_TO) 32 R/W See section 34.4.3/1334

C SWT Window Register (SWT_WN) 32 R/W 0000_0000h 34.4.4/1335

10 SWT Service Register (SWT_SR) 32 W 0000_0000h 34.4.5/1335

14 SWT Counter Output Register (SWT_CO) 32 R 0000_0000h 34.4.6/1336

18 SWT Service Key Register (SWT_SK) 32 R/W 0000_0000h 34.4.7/1336

34.4.1 SWT Control Register (SWT_CR)

NOTE
The reset value for the SWT_CR is implementation specific.
See the configuration information.

The SWT_CR contains fields for configuring and controlling the SWT.

This register is read-only if either the SWT_CR[HLK] or SWT_CR[SLK] bits are set.

Address: 0h base + 0h offset = 0h

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R

M
A

P
0

M
A

P
1

M
A

P
2

M
A

P
3

M
A

P
4

M
A

P
5

M
A

P
6

M
A

P
7

0

W

Reset 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0*

Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R 0

SMD RIA WND ITR HLK SLK CSL STP FRZ WEN
W

Reset 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0* 0*

* Notes:
The reset value for the SWT_CR is implementation specific. See the configuration information.•

Chapter 34 Software Watchdog Timer (SWT)
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EXAMPLE

Figure 2. Example: chip-specific information that supersedes content in the same chapter

1.3.2 Example: chip-specific information that refers to a different chapter
The chip-specific information below refers to another chapter's chip-specific information. In this case, read both sets of 
chip-specific information before reading further in the chapter.
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Chapter 10
Crossbar Integrity Checker (XBIC)

10.1 Chip-specific XBIC information
This chip has one instance of the XBIC module.

10.1.1 XBIC master and slave assignments

The XBIC identifies each XBAR master and slave in terms of the master or slave's
physical port number. See the "Physical master port" assignments in Table 9-1 and the
"Slave port" assignments in Table 9-2.

10.1.2 Unimplemented MCR and ESR fields

10.2 Overview

Sample Reference Manual
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Chapter 9
Crossbar Switch (XBAR)

9.1 Chip-specific XBAR information
This chip has one instance of the XBAR module.

9.1.1 XBAR master and slave assignments
The following table lists the XBAR physical port numbers and logical IDs for all master
ports on this SoC.

• Each port number matches the default priority assigned to the corresponding physical
master port. This default priority equals the reset value of the priority field for each
master port in the PRSn registers.

• A priority value of 0 is the highest priority. There is no "disabled" value for the
priority.

• A Nexus_3 module and core data bus share the same physical master port for each
core.

The logical master ID corresponds to the logical address provided by the master module
and is unique for each module. The logical master IDs are used by the bus masters
connected to the XBAR. The Nexus master is identified by setting the MSB in the 4-bit
field that supplies the master ID number.

Table 9-1. XBAR master ports and logical master IDs

Module Physical master port Logical master ID Comment

Core0 instruction 0 0

Core0 data 1 0

Nexus_3_0 8 Nexus_3_0 arbitrates with Core0 data for XBAR port 1

Core1 instruction 2 1

Core1 data 3 1

Nexus_3_1 9 Nexus_3_1 arbitrates with Core1 data for XBAR port 3

Table continues on the next page...
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The Crossbar Integrity Checker (XBIC) verifies the integrity of the crossbar transfers.
For forward signals (master to slave), it is done by verifying the integrity of the attribute
information using an 8-bit Error Detection Code (EDC). The EDC detects any single- or
double-bit errors in the attribute information and signals the Fault Collection and Control
Unit (FCCU) when an error is detected. For feedback signals (slave to master), it is done
by comparing the consistency of the signals during the AHB dataphase.There are three
signals from slave to master, hready, hresp0, and hresp2. If any of the master signals is
different from the slave signals during dataphase, the error will be reported in the Error
Status Register.

On this chip, the MCR[SE5] and ESR[DPSE5] fields are not implemented. In XBIC
Module Control Register (XBIC_MCR) and XBIC Error Status Register (XBIC_ESR),
these fields are reserved.

EXAMPLE

Figure 3. Example: chip-specific information that refers to a different chapter

1.4 Register descriptions
Module chapters present register information in:

• Memory maps including:

— Addresses

— The name and acronym/abbreviation of each register

— The width of each register (in bits)

— Each register's reset value

— The page number on which each register is described

• Register figures

• Field-description tables

• Associated text

The register figures show the field structure using the conventions in the following figure.
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R

W
Reserved

Reserved, 
unimplemented

R

W 1

Write-only one

0

R

W

Write-only zero

R

W

1

Read-only one

0R

W

Read-only zero

R

W

Mnemonic

0

Read-only 
writes zero

R

W

Mnemonic

1

Read-only 
writes one

R

W

Mnemonic

Read-only 
writes undefined

R

W Mnemonic

Write-only 
reads undefined

R

W

Mnemonic

w1c

Write one to clear

R

W
Mnemonic

Read/write

R

W

Mnemonic

Read-only

R

W Mnemonic

Write-only

R

W Mnemonic

0

Write-only 
reads zero

R

W Mnemonic

1

Write-only 
reads one

Figure 4. Register figure conventions

1.5 Conventions

1.5.1 Numbering systems
The following suffixes identify different numbering systems:

This suffix Identifies a

b Binary number. For example, the binary equivalent of the number 5 is written 101b. In some cases, 
binary numbers are shown with the prefix 0b.

d Decimal number. Decimal numbers are followed by this suffix only when the possibility of confusion 
exists. In general, decimal numbers are shown without a suffix.

h Hexadecimal number. For example, the hexadecimal equivalent of the number 60 is written 3Ch. In 
some cases, hexadecimal numbers are shown with the prefix 0x.

1.5.2 Typographic notation
The following typographic notation is used throughout this document:

Example Description

placeholder, x Items in italics are placeholders for information that you provide. Italicized text is also used 
for the titles of publications and for emphasis. Plain lowercase letters are also used as 
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction 
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width 
type is also used for example code. Instruction mnemonics and directives in text and tables 
are shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the 
Scaling Mode (SCM) field in the Status Register (SR).

REVNO[6:4], XAD[7:0] Numbers in brackets and separated by a colon represent either:

Table continues on the next page...
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Table continued from the previous page...

Example Description

• A subset of a register's named field

For example, REVNO[6:4] refers to bits 6–4 that are part of the COREREV field that 
occupies bits 6–0 of the REVNO register.

• A continuous range of individual signals of a bus

For example, XAD[7:0] refers to signals 7–0 of the XAD bus.

1.5.3 Special terms
The following terms have special meanings:

Term Meaning

asserted Refers to the state of a signal as follows:

• An active-high signal is asserted when high (1).

• An active-low signal is asserted when low (0).

deasserted Refers to the state of a signal as follows:

• An active-high signal is deasserted when low (0).

• An active-low signal is deasserted when high (1).

In some cases, deasserted signals are described as negated.

reserved Refers to a memory space, register, field, or programming setting. Writes to a reserved location can 
result in unpredictable functionality or behavior.

• Do not modify the default value of a reserved programming setting, such as the reset value of a 
reserved register field.

• Consider undefined locations in memory to be reserved.

w1c Write 1 to clear: Refers to a register bitfield that must be written as 1 to be "cleared."
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Chapter 2
Introduction
2.1 Overview
i.MX 8ULP is part of the ULP family with emphasis on extreme low-power techniques using the 28 nm fully depleted silicon on 
insulator process. Like i.MX 7ULP, i.MX 8ULP continues to be based on asymmetric architecture.

The i.MX 8ULP family of processors features NXP’s advanced implementation of the dual Arm® Cortex®-A35 cores alongside 
an Arm Cortex-M33. This combined architecture enables the device to run a rich operating system (such as Linux) on the 
Cortex-A35 core and an RTOS (such as FreeRTOS) on the Cortex-M33 core. It also includes a Cadence® Tensilica® Fusion DSP 
for low-power audio and a HiFi4 DSP for advanced audio and machine learning applications.

The design enables clean separation between two processing domains, where each has separate power, clocking and peripheral 
islands, but the bus fabric of each domain is tightly integrated for efficient communication. The part is streamlined to minimize pin 
count, enabling small packages and simple system integration. This microprocessor is intended for applications where efficiency 
and simple system integration is important.

The following figure shows the high-level block diagram of the device.
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Figure 5. i.MX 8ULP block diagram

 
Following acronyms are used for different domains throughout the document:

• CM33 domain, M33 domain: RTD

• CA35 domain, A35 domain: APD/AD

• Low-Power Audio Video domain: LPAV/AVD

  NOTE  

2.1.1 Key features
i.MX 8ULP has the following key features.

Application processor domain (AD)

• Dual core Cortex A35
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— Normal operating frequency of 800 MHz

— 32 KB I cache and 32 KB D cache

— 512 KB of L2 cache with SCU

— NEON SIMD engine

— Floating point unit

— 32 channel DMA

• On-chip memory and external memory interfaces

— 64 KB of RAM

— 192 KB of boot ROM

— DRAM interface supporting x32 LPDDR3, LPDDR4, LPDDR4X running up to 528 MHz

— 3 eMMC/SD host interfaces supporting eMMC5.1 and SD3.0

• Communication and timer peripherals

— 2 High-Speed USB-OTG port with integrated PHY

— 4 UART ports

— 2 SPI ports

— 4 I2C ports

— 1 Ethernet Port

— 1 I3C

— 2 I2S

— Multiple timer peripherals suited for task scheduling and time keeping

• Security

— Cryptographic acceleration supporting symmetric and asymmetric ciphering algorithms and SHA-256 hashing algorithm

• NIST-approved random number generator

• 32KB secure RAM

Real time processor domain (RTD)

• Cortex M33

— Operating frequency up to 216 MHz

— 32 KB Code Cache, 32 KB System Cache, Cacheline size is 16 bytes

— FPU and MPU with asset protection

— Co-processor interface for

◦ PowerQuad hardware accelerator (Fixed and floating point +FFT) DSP functions

◦ CASPER Crypto/FFT engine

• DSP Fusion F1 DSP processor

— Normal operating frequency up-to 200 MHz

— Access to shared memory via TCM ports

• On chip memory and external memory interface

— 768 KB Shared Memory, zero wait state accessed by M33

— 96 KB boot ROM
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— Dual FlexSPI Serial flash interface to Quad/OctalSPI flash devices

• Analog peripherals

— 2x12-bit ADC

— 2x DAC

— 2 analog comparators

• Communication and timer peripherals

— 4 UART ports

— 4 SPI ports

— 4 I2C ports

— 2 I3C port

— 1 FlexCAN

— Multiple timer peripherals suited for task scheduling and time keeping

• Audio peripherals

— 4x I2S ports

— 8x DMIC (Dual/Stereo digital microphone interface)

— 24-bit four-channel MRT (Multi-Rate Timer)

• Security subsystem

— Edgelock™ secure enclave (ELE) as Root of Trust (RoT)

◦ Up-to 216 MHz

◦ Dedicated boot ROM with Advanced High Assurance boot (AHAB)

◦ ECDSA P256 based signature verification

◦ Support for symmetric Cryptographic acceleration (SGI)

◦ Support for Asymmetric Cryptographic acceleration (PKC)

◦ NIST compliant RNG with DRGB

◦ One-Time Programmable electrical fuse used for security keys and configuring other security related functions

— On-The-Fly decryption of the encrypted code stored in external flash device

• Power Management

— uPower Sub-system for advanced Power measurement and control functionality

◦ CPU core

◦ Dedicated code (64K) and data RAM (16K)

◦ Critical path and process monitors to provide device parameters

Low Power Audio Video Domain (LPAV)

• HiFi4 DSP

— Max Frequency up to 600 MHz with forward bias and overdrive

— Quad MAC 32 with Dual Load/Store

— Cached Based design with AXI access to LPDDR4 memory

— Integrated dual 2-way SMID VFPU

• On chip memory and external memory interface
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— 64 KB on-chip RAM

— Multi-port x32 LPDDR3, LPDDR4, LPDDR4x, up-to 528 MHz clock

• Graphics, display and Camera interface

— GPU3D with up-to 317 MHz

◦ Support for Open GL ES 3.1, Vulkan 1.1, Open CL 2.x and Open VG1.1

— GPU2D Composition Processing Core(CPC) GPU supporting userinterface redering and performs functions like 
blending, filtering, rotation,overlay, resizing, transparency, and other dynamic effects.

— 4 lane MIPI-DSI interface with up-to 1.5 Gbit/s per lane

— 2 lane MIPI-CSI interface with up-to 1.5 Gbit/s per lane

— PXP Display Engine

— EPDC

— Display controller (DCNano/LCDIF) that support Smart Displays and Video mode

• Can be optionally powered off when not in use.

Low power implementation

• On chip power management including regulators, drivers and switches for flexible power supplies, efficient power 
consumption and short wake up time

• Multiple power domains and ultra-low power modes allow flexible power saving

• Voltage and frequency scaling in dynamic operating modes

• Software-controlled clock gating for cores and peripherals

• Allows HiFi4 DSP to be powered gated yet keeping DSP domain operational for Voice trigger

• LPAV domain optimized to work with either Real Time Domain or Application domain. Can be optionally powered gated for 
the use-cases that does not need multi-media.

Package and thermal grade

• 485 BGA, 15 x 15 mm, 0.5mm pitch

• 512 FCCSP, 9.4 x 9.4 mm, 0.4 mm pitch

• -40 °C to 105 °C temperature range (industrial)

• 0 °C to 95 °C temperature range (consumer)

2.1.2 Module description
The following table lists the modules used in this device classified by their type and description.

Table 1. i.MX 8ULP modules list

Module Description

Memories and Memory Controller

SRAM1 An AXI RAM Controller (RAMC), which acts as an interface between the AXI bus 
and RAM, is used on each SRAM connected to the NIC crossbar.

Shared System RAM (SSRAM) 768 KB of system memory shared between M33, Fusion and other masters. 
SSRAM is divided into multiple partitions. System software determines how each 

Table continues on the next page...
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Table 1. i.MX 8ULP modules list (continued)

partition is utilized and CPU/Master controlling that partition. Fusion and M33 
accesses these partition via dedicated tightly couple memory buses (TCM), with 
zero wait-state. There is also backdoor port that allows M33 DMA and other bus 
masters in the SoC to access this memory.

CAC The AHB Cache Controller (CAC) is a processor-local Level 1 (L1) bus cache 
controller for use with cores using AMBA-AHB input/output buses. It is optimized 
for minimum RunIDD (dynamic power).

LPDDR Controller The LPDDR Controller is a configurable DDR controller that provides interface 
to LPDDR3, LPDDR4 and LPDDR4X memory. The DDRC includes a DFI 
interface to work with PHY. The core is responsible for communication with 
the system through AXI interface, DDR commands generation, DDR command 
optimizations, and read/ write data path. The PHY performs timing adjustment 
using special calibration mechanisms to ensure data capture margin at the 
supported clock rate.

FlexSPI0-2 The FlexSPI Serial Peripheral Interface module provides an interface to various 
types of serial flash memory. The QSPI interface allows up to two serial flash 
connections. It supports 1-bit, 4-bit and 8-bit SPI bus width.

AHB_ADDR_REMAP0-1 The AHB_ADDR_REMAP module performs a simple address "remapping" 
or "translation" function for system AHB accesses targeted for Cortex-M33 
accesses only to the FlexSPI module only. This functionality is provided to 
simplify the software creation and build process for systems that support "over 
the air" (OTA) code updates. This functionality is only provided for Cortex-M33 
transactions to FlexSPI0 or FlexSPI2.

uSDHC0-2 The ultra Secured Digital Host Controller (uSDHC) provides the interface 
between the host system and SD, SDIO or eMMC cards. The uSDHC acts 
as a bridge, passing host bus transactions to the cards by sending commands 
and performing data accesses to/from the cards or devices. It handles SD, SDIO 
and eMMC protocol at transmission level.

DMA, and Platform

eDMA0-2 Enhanced Direct Memory Access (eDMA) is capable of performing complex data 
transfers with minimal intervention from a host processor. Each DMA module 
supports 32 DMA channels. The transfer control descriptors for each of the 32 
channels locate in system memory.

DMAMUX0-21 The Direct Memory Access Multiplexer (DMAMUX) module routes DMA sources, 
called slots, to any of the supported DMA channels. On this device, DMAMUX is 
an integrated component within the DMA module.

NIC-301 The AMBA Network Interconnect Crossbar (NIC-301) is a highly configurable 
and high performance AMBA-compliant network infrastructure which arbitrates 
between multiple AXI or AHB masters to grant access to internal or external 
memories or other slave devices. It supports connectivity between several slave 
and master ports for parallel processing. It uses a hybrid round-robin arbitration 

Table continues on the next page...

NXP Semiconductors
Introduction

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 26 / 5781



Table 1. i.MX 8ULP modules list (continued)

scheme and contains frequency converters, data width converters, bus protocol 
converter, and AXI channel buffers.

BBNSM Battery-Backed Non-Secure Module (BBNSM) serves as non-volatile logic and 
storage for Edgelock secure enclave.

AXBS (AXBS0-1) AHB-Lite Cross Bar Switch (AXBS-Lite) is a crossbar switch module that 
arbitrates between multiple AHB masters to grant access to downstream AHB 
slave devices. The crossbar enables multiple masters to connect to slaves and 
parallel processing.

AHB-PBridge0-5 The AHB-Peripheral Bridge (AHB-PBridge) module interfaces an AHB bus 
to the peripheral bus. There are 2 AHB-PBridge instances in this device. 
Each AHBPBridge module supports 128 IP slots. Each slot occupies 64 KB of 
address space.

PortSplitter The PortSplitter gasket splits an AHB master port to multiple AHB slave ports 
based on address decoding.

BME The Bit Manipulation Engine (BME) provides hardware support for atomic 
read-modify-write memory operations to the peripheral address space. This 
architectural capability is also known as "decorated storage" as it defines a 
mechanism for providing additional semantics for load and store operations to 
memory-mapped peripherals beyond just the reading and writing of data values 
to the addressed memory locations.

Multicore Peripherals and Resource Domain Control submodules

MU0-3 Messaging Unit (MU) is a shared peripheral with a 32-bit IP bus interface and 
interrupt request signals to each host processor. The MU exposes a set of 
registers to each processor which facilitate inter-processor communication via 
32-bit words, interrupts and flags. Interrupts may be independently masked by 
each processor to allow polled-mode operation

SEMA42_0-2 The Hardware Semaphore (SEMA42) module provides the hardware support 
needed in multicore systems for implementing semaphores and provide a simple 
mechanism to achieve "lock/unlock" operations via a single write access.

XRDC The Extended Resource Domain Controller (XRDC) provides an integrated, 
scalable architectural framework for access control, system memory protection 
and peripheral isolation. It allows software to assign chip resources (like 
processor cores, non-core bus masters, memory regions and slave peripherals) 
to processing domains, to support enforcement of robust operational 
environments. The XRDC implementation is distributed across multiple 
submodules instantiated throughout the device.

MGR The XRDC Manager (MGR) submodule coordinates all programming model 
reads and writes.

MDAC The XRDC Master Domain Assignment Controller (MDAC) submodule handles 
resource assignments and generation of the domain identifiers.
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Table 1. i.MX 8ULP modules list (continued)

MRC The XRDC Memory Region Controller (MRC) submodule implements the 
access controls for slave memories based on the pre-programmed region 
descriptor registers

PAC The XRDC Peripheral Access Controller (PAC) implements the access 
controls for slave peripherals based on the preprogrammed domain access 
control registers.

TRDC The Trusted Resource Domain Controller (TRDC) provides an integrated, 
scalable architectural framework for access control, system memory protection 
and peripheral isolation. It allows software to assign chip resources including 
processor cores, noncore bus masters, memory regions and slave peripherals to 
processing domains to support enforcement of robust operational environments.

Connectivity and Communications

SAI0-7 The Synchronous Audio Interface (SAI) module implements full-duplex 
serial interfaces with frame synchronization such as I2S, AC97, and 
CODEC/DSP interfaces.

LPI2C0-7 The Low Power Inter-Integrated Circuit (LPI2C) module implements an efficient 
interface to an I2C bus as a master. The LPI2C can continue operating while the 
processor is in stop mode provided an appropriate peripheral clock is available.

This module is designed for low CPU overhead with DMA offloading of FIFO 
register accesses.

I3C0-2 I3C Master/Slave interface. Supports DDR.

LPUART0-7 The Low Power Universal Asynchronous Receiver/Transmitter (LPUART) 
module provides asynchronous, serial communication capability with external 
devices. LPUART supports non-return-to-zero (NRZ) encoding format and 
IrDA-compatible infrared (low-speed) SIR format. The LPUART can continue 
operating while the processor is in stop mode if an appropriate peripheral clock 
is available. This module is designed for low CPU overhead with DMA offloading 
of FIFO register accesses.

LPSPI0-5 The Low Power Serial Peripheral Interface (LPSPI) module implements an 
efficient interface to an SPI bus as a master and/or a slave. The LPSPI 
can continue operating while the processor is in stop mode if an appropriate 
peripheral clock is available. This module is designed for low CPU overhead with 
DMA off-loading of FIFO register accesses.

USB0-1, USB_XBAR The Universal System Bus On-The-Go Controller (USB_OTG_CTRL) module 
is a USB 2.0-compliant implementation. The registers and data structures 
of this USB controller are based on the Enhanced Host Controller Interface 
Specification for Universal Serial Bus (EHCI). This module can act as a host, a 
device or an On-The-Go negotiable host/device on the USB bus.

USB-PHY The Universal System Bus Physical Layer (USB-PHY) macrocell implements 
USB physical layer connecting to USB host/device systems at low-speed, 
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Table 1. i.MX 8ULP modules list (continued)

full-speed, and high-speed. USB-PHY provides a standard UTMI interface for 
connection to the USB-OTG controller.

USBDCD The USBDCD module works with the USB transceiver to detect whether the USB 
device is attached to a Charging Port, either a Dedicated Charging Port (DCP) 
or a Charging Downstream Port (CDP).

FlexCAN0 The FlexCAN module is a communication controller implementing the CAN 
protocol according to the ISO 11898-1 standard and CAN 2.0 B protocol 
specifications

FlexIO0-1 The Flexible Input/Output (FlexIO) module is capable of supporting a wide 
range of protocols including, but not limited to: UART, I2C, SPI, I2S, camera 
interface, display interface, PWM waveform generation, etc.

ENET The MAC-NET core, in conjunction with a 10/100/1000-Mbit/s MAC, 
implements layer 3 network acceleration functions.

Timers

LPTMR0-1 The Low Power Timer (LPTMR) module is a 16-bit timer which operates as real-
time interrupt or pulse accumulator. This LPTMR module can remain functional 
when the chip is in low power modes, provided the reference clock to this timer 
is active.

TPM0-8 The Timer/Pulse Width Modulation Module (TPM) is a multi-channel timer 
module that supports input capture, output compare, and the generation of 
PWM signals.

The counter, compare and capture registers are clocked by an asynchronous 
clock that can remain enabled in low power modes.

LPIT0-1 Low Power Periodic Interrupt Timer (LPIT) is a multi-channel timer module that 
can generate independent pre-trigger and trigger outputs. These timer channels 
can operate individually or can be chained together. The pre-trigger and trigger 
outputs can be used to trigger other modules on the device. The LPIT can also 
operate in low power modes.

TSTMR0-1 The TSTMR module is a free running incrementing counter that starts running 
after system reset de-assertion and can be read at any time by the software for 
determining the software ticks. The TSTMR is a 64-bit clock cycle counter. It runs 
off the 1 MHz clock and resets on every system reset. The counter only stops 
when the clock to the TSTMR is disabled.

WDOG0-5 The Watchdog Timer (WDOG) module keeps a watch on the system functioning 
and resets it in case of its failure. Reasons for failure include run-away software 
code and the stoppage of the system clock that in a safety critical system can 
lead to serious consequences. In such cases, the WDOG brings the system 
into a safe state of operation. The WDOG monitors the operation of the system 
by expecting periodic communication from the software, generally known as 
servicing or refreshing the WDOG. If this periodic refreshing does not occur, the 
WDOG resets the system.

Table continues on the next page...
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Table 1. i.MX 8ULP modules list (continued)

EWM The External Watchdog Monitor (EWM) module is designed to monitor external 
circuits, as well as the software flow. This provides a back-up mechanism to the 
internal WDOG that can reset the system. The EWM differs from the internal

WDOG in that it does not reset the system. The EWM, if allowed to time-out, 
provides an independent trigger pin that when asserted resets or places an 
external circuit into a safe mode.

MRT The Multi-Rate Timer (MRT) provides a repetitive interrupt timer with 4 
channels.

Graphic Processor Human Machine Interfaces

GPU-3D Graphics Processing Unit 3D (GPU3D) supports Open GL ES 3.1, Vulkan 1.1, 
Open CL 2.x and Open VG1.1

GPU-2D GPU-2D supports user interface rendering and performs functions like blending, 
filtering, rotation, overlay, resizing, transparency, and other dynamic effects.

MIPI DSI Controller The MIPI Display Serial Interface Controller (DSI Controller) is responsible for 
serializing display data from the GPU. Data can come from either the GPU or the 
processor/DMA controller.

DSI PHY The MIPI Display Serial Interface Physical Layer (DSI PHY) is a dual -lane 
interface that supports up to 1500 Mbps of data on each lane. DSI PHY includes 
a PLL which output clock is dedicated DSI uses.

MIPI-CSI-2 Controller MIPI Camera Serial Interface-2 (MIPI-CSI-2) is a dual lane interface that 
supports up to 1500 Mbps.

LCDIF/DCNANO The DCNano or LCDIF is a general purpose display controller used to drive a 
wide range of display devices varying in size and capabilities.

PXP Pixel Pipeline (PXP) interface to process graphics buffers composite video and 
graphics data before sending to an display.

PDM Microphone Interface/MICFIL The PDM Microphone Interface block implements the required digital interface 
to provide a 24-bits audio signal from a PDM microphone bitstream in a 
configurable output sampling rate.

SPDIF The Sony/Philips Digital Interface (SPDIF) audio block is a stereo transceiver 
that allows the processor to receive and transmit digital audio

EPDC The Electrophoretic Display Controller (EPDC) is a feature-rich, low power 
and high performance direct drive active matrix EPD controller. It is 
specifically designed to drive E•INK™ EPD panels supporting a wide variety of 
TFT backplanes.

ISI The Image Sensing Interface (ISI) is module interfaces up to 2 pixel link sources 
to obtain the image data for processing in its pipeline channels.

Analog
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Table 1. i.MX 8ULP modules list (continued)

ADC0-1 Analog to Digital Converter (ADC) is a 12-bit resolution, successive 
approximation analog to digital converter. The ADC module supports up to 
16 single-ended external analog inputs. It outputs 12-bit, 10-bit, or 8-bit digital 
signal in right-justified unsigned format.

DAC0-1 Digital to Analog Converter (DAC) is the 12-bit resolution digital-to-analog 
converters with programmable reference generator output. The output of the 
DAC can be placed on an external pin or set as one of the inputs to the 
analog comparator or ADC. The DAC is capable of achieving 1 microsecond 
conversion rate for high speed signal and 2 microsecond conversion rate for low 
speed signal.

CMP0-1 The Comparator (CMP) module provides a circuit for comparing two analog input 
voltages. The comparator circuit is designed to operate across the full range of 
the supply voltage (rail to rail operation).

Security

CAAM2 Cryptographic Acceleration and Assurance Module (CAAM) is an multi-function 
accelerator that supports the cryptographic functions common in many security 
protocols. This includes AES128, AES256, DES, 3DES, SHA1, SHA224, 
SHA256, and a random number generator with a true entropic seed. CAAM 
includes a DMA engine that is descriptor based to reduce processor-accelerator 
interaction. Security feature clear keys and memories when on-chip security 
monitor detects tampering. The Secure RAM is implemented and provides 
secure storage of sensitive information both in on-chip RAM and in off-chip, 
nonvolatile memory.

Edgelock secure enclave3 Part of the real-time domain.

It includes dedicated ROM that authenticates any FW images via Advanced 
HAB(AHAB). Edgelock secure enclave also moderates any Read/writes to the 
fuses apart from crypto accelerators.

CRC4 The Cyclic Redundancy Check (CRC) module is a hardware CRC generator 
circuit using 16/32-bit shift register. The CRC module supports error detection 
for all single, double, odd, and most multi-bits errors, programmable initial 
seed value, and optional feature to transpose input data and CRC result via 
transpose register.

OTFAD2 The On-The-Fly AES Decryption (OTFAD) module provides an advanced 
hardware implementation that minimizes any incremental cycles of latency 
introduced by the decryption in the overall external memory access time. The 
OTFAD engine also includes complete hardware support for a standard AES 
key unwrap mechanism to decrypt a key BLOB data instruction containing the 
parameters needed for up to 4 unique AES contexts.

BBSM2 The Battery-Backed Security Module (BBSM) serves as nonvolatile security 
logic and storage for Edgelock secure enclave. BBSM has an integrated TROUT 
interface for communication with Edgelock secure enclave's TRIN module.

Table continues on the next page...

NXP Semiconductors
Introduction

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 31 / 5781



Table 1. i.MX 8ULP modules list (continued)

S4MU_RT The Messaging Unit module enables two processing elements within the SoC 
to communicate and coordinate by passing messages (e.g., data, status and 
control) through its interfaces. The MU-Low Latency (MURT) is specifically 
targeted for use in EdgeLock secure enclave. The S4_MURT also provides the 
ability for one processing element to signal the other processing element using 
interrupts based on data transmission status.

S4MU_AP The MU-Application (MUAP) is specifically targeted for use in EdgeLock secure 
enclave. The MUAP also provides the ability for one processing element to signal 
the other processing element using interrupts based on data transmission status.

Debug and Test

DAP Debug Access Port (DAP) provides debugger access to on-chip system 
resources via the SWJ-DP port. The DAP provides internal system access 
to A35 Debug Port, M33 Debug Port, System Bus, JTAG controller, and SoC 
Control and Status.

The DAP also enables system access to CoreSight debug subsystem through 
the APBIC port.

CTM Cross Trigger Matrix (CTM) is a component of the Embedded Cross Trigger 
(ECT), which is key in the multi-core debug strategy. The CTM receives signals 
from various sources (i.e. cores and peripherals) and propagates or routes them 
to the different debug resources of the SoC. Those debug resources can include 
time stamping capability, real-time trace, triggers and debug interrupts.

ETF The Embedded Trace FIFO (ETF) consists of a formatter, control, and the trace 
RAM. It is a configuration of the Trace Memory Controller (TMC). The ETF will 
have a memory size of 16 KB. The ETF and associated memory should be 
connected in the system such that it will retain the information though a warm or 
cold reset of the system. This is to allow for debug information to be retained for 
debugging problems that may arise and cause a reset of the system.

ETR The Embedded Trace Replicator (ETR) is a trace sink that redirects the trace 
stream onto the AXI bus to external storage. It can utilize a single contiguous 
region or a scattered allocation of blocks for a circular buffer. Reading of the AXI 
based trace buffer can either be done directly over AXI from a normal bus master. 
The ETR is a configuration option of the TMC as is the ETF.

FUNL The Trace Funnel (FUNL) is used when there is more than one trace source. The 
Trace Funnel combines multiple trace stream onto a single ATB bus. The Trace 
Funnel includes an arbiter that determines the priority of the ATB inputs.

Replicator The Trace Replicator (Replicator) enables two trace sinks (TPIU and TMC) to be 
wired together and receive ATB trace data from the same trace source. It takes 
incoming data from a single source and replicates it to two master ports.

TPIU Trace Port Interface Unit (TPIU) acts as a bridge between on-chip trace data, 
ID distinguishable, and a TPA. It receives ATB trace data and sends it off chip 
via ARM’s standard trace interface. The TPIU includes ATB interface, APB 
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Table 1. i.MX 8ULP modules list (continued)

interface, Formatter, Asychronous FIFO, Register bank, Trace out serializer, and 
a Pattern generator.

SWO Single Wire Output (SWO) is a trace data drain that acts as bridge between the 
on-chip trace data to a data stream that is captured by the Trace Port Analyzer. 
It is a TPIU-like device that supports a limited subset of the full TPIU functionality 
for a simple debug solution.

TimeStamp Components The timestamp components generate and distribute a consistent timestamp 
value for multiple processors and other blocks in a SoC.

JTAGC Joint Test Action Group Controller (JTAGC) provides the means to test chip 
functionality and connectivity while remaining transparent to system logic when 
not in test mode. Testing is performed via a boundary scan technique, as defined 
in the IEEE 1149.1-2001 standard

Clock Sources and Control

CGC0

CGC1

CGC2

The Clock Generation and Control (CGC) module is responsible for clock 
generation and distribution across this device. Functions performed by the CGC 
include: clock reference selection, generation of clock used to derive processor, 
system, peripheral bus and external memory interface clocks, source selection 
for peripheral clocks, control of power saving clock gating mode.

PCC0-5 The Peripheral Clock Control (PCC) module is responsible for clock selection, 
optional division and clock gating mode for peripherals in their respected power 
domain. It also implements a new peripheral reset feature.

RTC OSC The Real Time Clock Oscillator (RTC OSC) module provides the clock source 
for the Real-Time Clock module. The RTC OSC module, in conjunction with an 
external crystal, generates a 32.678 kHz reference clock for the RTC.

SYS OSC The System Oscillator (SYS OSC) module is a crystal oscillator. The SYS OSC, 
in conjunction with an external crystal or resonator, generates a reference clock 
for this device. It also supports optionally external input bypass clock from 
EXTAL signal directly.

USB PLL USB Phase Locked Loop (USB PLL) is embedded in the USB transceiver block. 
This PLL allows an exact 480 MHz to be generated from a supported reference 
clock of 24 MHz. The output of this PLL is primarily used for PLL operation. The 
USB PLL clock is also made available as a clock source for other peripherals in 
the SoC.

Fixed-Freq PLL (PLL0) The Fixed-freq PLL is the same as the USB PLL . In addition to the main 
clock output, this PLL also includes 4 Phase Fractional Dividers (PFDs) that 
can generate other clock frequencies. There is one instance of the Fixed-freq 
PLL (PLL0) provides clocks for M4 core and buses and peripherals in the 
Realtime domains.

Frac-N PLL (PLL1-3) The Fractional-N (Frac-N) PLL can generate an output clock of 528 MHz from 
a supported reference clock. In addition to the main clock output, this PLL also 
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Table 1. i.MX 8ULP modules list (continued)

includes up to 4 Phase Fractional Dividers (PFDs) that can generate other clock 
frequencies. This PLL also supports tunnable clock for audio applications.

192 MHz FRO Low Power IRC with tuning logic to generate 192 MHz. System defaults to FRO 
for as initial boot clock.

LPO (1 MHz) The Internal Reference Clock (1 MHz) module is an internal oscillator that can 
generate a reference clock of 1 MHz. The LPO clock is enabled in all modes of 
operation, including all low power modes.

Power Management

uPower Micropower (uPower) subsystem is a dedicated Power management and control 
block. Allows fully automated DVFS via dedicated processor monitors and 
control logic.

Digital PMC The Digital PMC module allows user software to control power modes of the 
chip and to optimize power consumption for the level of functionality needed. 
There are two instances of Digital PMC on this device, one for each main power 
domain. It is a part of micro-Power subsystem.

Analog PMC The Analog PMC consists of voltage/current references, core logic supply 
regulators, memory supply regulators, Back and Forward Biasing regulators, 
monitors and power switches, etc. There are three Analog PMC subsystems in 
8ULP, one associated with the M33 power domain, one with LPAV and the other 
with the A35 power domain.

System Control

RMC0-1 Reset Mode Controller (RMC) implements reset modes and reset functions of 
the chip.

CMC0

CMC1

CMC2

Core Mode Controller (CMC0-2) comprises the programming registers of the 
RMC0 and RMC1 modules, and manages the handshakes for power mode 
transitions, reset events and clock gating.

WUU0-1 The Wake-Up Unit (WUU) module allows user to select up to 32 external pin 
sources and up to 8 internal modules as a wakeup source from low-leakage 
power modes. Also referred as Low Leakage Wakeup Unit(LLWU) module 
throughout this document.

WIC The Wake-Up Interrupt Controller (WIC) module is capable of interrupt detection 
and wake up a processor when it is in low power mode.

WKPU Wakeup Unit (WKPU) module is capable of interrupt detection and wake a 
Cortex-A processor when it is in low power mode.

IOMUXC0-1 The Input/Output Multiplexing Controller (IOMUXC) enables the chip to share 
one pad for multiple signals from different peripheral interfaces. This pad sharing 
mechanism is done by multiplexing the pad's input and output signals.
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Table 1. i.MX 8ULP modules list (continued)

The IOMUXC also controls the pads setting parameters and digital filter functions 
of the pad. In addition, the IOMUXC controls input multiplexing logic for input 
signals multiplexed at multiple locations

RGPIO0-1 The Rapid General-Purpose Input and Output (RGPIO) module communicates 
to the processor core via a zero wait state interface for maximum pin 
performance. The GPIO registers support 8-bit, 16-bit or 32-bit accesses.

SIM0

SIM0_SEC

SIM1

SIM2

The System Integration Module (SIM) provides system control and chip 
configuration registers. The SIM includes the TSTMR module.

TRGMUX0-1 The Trigger Multiplexer (TRGMUX) module allows software to configure the 
trigger inputs for various peripherals.

OCOTP_CTRL2 The On-Chip One-Time-Programmable Controller (OCOTP_CTRL) module 
provides an interface for reading, programming and/or overriding identification 
and control information stored in on-chip fuse elements. The module supports 
electrically-programmable poly fuses. The OCOTP_CTRL also provides a set of 
volatile software-accessible signals which can be used for software control of 
hardware elements, not requiring non-volatility.

1. The DMAMUX module is a part of the eDMA module.
2. This chapter is available only in the i.MX 8ULP Security Reference Manual.
3. For details, refer to the separate Edgelock secure enclave document.
4. This chapter is a part of a separate Edgelock Secure Enclave document.

2.1.3 Architecture diagram
The following figure shows the detailed architecture of i.MX 8ULP.
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Figure 6. i.MX 8ULP architecture diagram
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Chapter 3
Core overview and memory mapping
3.1 Introduction

This section covers information on the overview of the core modules of this device.

3.2 Arm Cortex A35 core overview

The Arm Cortex A35 processor is designed to give mid-range instruction execution performance with low power consumption. 
The Cortex A35 processor implements the Armv8-A architecture and some architecture extensions. Revision r1p0 of Cortex-A35 
processor is integrated in i.MX 8ULP.

The Cortex A35 processor includes the following features:

• Full implementation of the Armv8-A A64, A32, and T32 instruction sets.

• Both the AArch32 and AArch64 execution states at all Exception levels (EL0 to EL3).

• In-order pipeline with direct and indirect branch prediction.

• Separate Level 1 (L1) data and instruction side memory systems with a Memory Management Unit (MMU).

• Level 2 (L2) memory system that provides cluster memory coherency.

• L2 cache

• TrustZone

• Data engine that implements the Advanced SIMD and floating-point architecture support.

• Cryptographic Extension.

• Armv8 debug logic

• Performance Monitoring Unit (PMU)

• Embedded Trace Macrocell (ETM) that supports instruction trace only

• Generic Interrupt Controller (GIC) CPU interface to connect to an external distributor.

• Generic Timers supporting 64-bit count input from an external system counter.

 
i.MX 8ULP doesn't support WARMRSTREQ and DBGRSTREQ features of Arm A35 core.

  NOTE  

Other configurations are shown in the following table.

Feature Configuration

Number of cores 2

L2 cache size 512KB or 256KB

(Software configurable)

Debug memory map v8 debug memory map

L1 instruction cache size 32KB for each core

L1 data cache size 32KB for each core
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3.2.1 System Memory Maps
The following table shows the device's high-level system memory map in application (CA35) domain.

The device's high-level system memory map in real-time domain (CM33) is given in System Memory Map (Real-time domain)

3.2.2 System memory map (Application domain)
The following table shows the device's high-level system memory map in application domain (AD) accessed by CA35 core and 
other masters in AD.

Table 2. A35 system memory map

Start 
address

Description Alias Size Access Cached

0000_0000 A35 Boot ROM (192KB) A35 ROM-BOOT 192 KB A35, 
CAAM, 
DMA1

No

0003_0000 Reserved — — — —

0100_0000 Reserved — — — —

0400_0000 Flexible Serial Peripheral Interface 0 FLEXSPI0 128 MB All Masters L1/L2 
Cache

0C00_0000 Reserved — — — —

0C03_0000 Reserved — — — —

0F00_0000 Reserved — — — —

0FFC_0000 Reserved — — — —

1000_0000 Reserved — — — —

1001_8000 Reserved — — — —

1100_0000 Reserved — — — —

1400_0000 Reserved — — — —

1C00_0000 Reserved — — — —

1C03_0000 Reserved — — — —

1F00_0000 Reserved — — — —

1FFC_0000 Shared SRAM (256KB) SSRAM P7 256 KB All Masters No

2000_0000 Shared SRAM (32KB) SSRAM P0 32 KB All Masters No

2000_8000 Shared SRAM (32KB) SSRAM P1 32 KB All Masters No

2001_0000 Shared SRAM (64KB) SSRAM P2 64 KB All Masters No

2002_0000 Shared SRAM (64KB) SSRAM P3 64 KB All Masters No

2003_0000 Shared SRAM (64KB) SSRAM P4 64 KB All Masters No

2004_0000 Shared SRAM (128KB) SSRAM P5 128 KB All Masters No

2006_0000 Shared SRAM (128KB) SSRAM P6 128 KB All Masters No

2008_0000 Reserved — — — —

Table continues on the next page...
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Table 2. A35 system memory map (continued)

Start 
address

Description Alias Size Access Cached

2100_0000 SRAM1 (64KB) SRAM1 64 KB All Masters No

2101_0000 Reserved — — — —

2117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB All Masters No

2118_0000 HiFi4 DTCM HiFi4 DTCM 64 KB All Masters No

2119_0000 Reserved — — — —

2201_0000 SRAM0 (64KB) SRAM0 64 KB All Masters No

2202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB All Masters No

2206_0000 Reserved — — — —

2300_0000 Reserved — — — —

2600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - No

2600_8000 Reserved — — — —

2700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure enclave

512 KB All Masters No

2708_0000 Reserved — — — —

2800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB All Masters No

2808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB All Masters No

2810_0000 Peripheral Bridge 2 (Fusion DSP) PBRIDGE2 512 KB All Masters No

2818_0000 Reserved — — — —

2830_0000 uPower AHB Slave UPOWER 512 KB All Masters No

2838_0000 Reserved — — — —

2840_0000 PowerQ AHB Slave POWERQ 64 KB All Masters No

2841_0000 CASPER Programming Registers CASPER_REGS 64 KB All Masters No

2842_0000 CASPER RAM CASPER_RAM 64 KB All Masters No

2843_0000 Reserved — — — —

2880_0000 GPIOA GPIOA_REGS 64 KB All Masters No

2881_0000 GPIOB GPIOB_REGS 64 KB All Masters No

2882_0000 GPIOC GPIOC_REGS 64 KB All Masters No

2883_0000 ISP_AP ISP_AP 64 KB All Masters No

2884_0000 Reserved — — — —

2890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 RX FIFO 1024 bytes All Masters No

2890_0400 Reserved — — — —

2891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 TX FIFO 1024 bytes All Masters No

Table continues on the next page...
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Table 2. A35 system memory map (continued)

Start 
address

Description Alias Size Access Cached

2891_0400 Reserved — — — —

2892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 RX FIFO 1024 bytes All Masters No

2892_0400 Reserved — — — —

2893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 TX FIFO 1024 bytes All Masters No

2893_0400 Reserved — — — —

2900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB All Masters No

2980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB All Masters No

2A00_0000 Reserved — — — —

2D00_0000 GPIOE GPIOE_REGS 64 KB All Masters No

2D01_0000 GPIOF GPIOF_REGS 64 KB All Masters No

2D02_0000 Reserved — — — —

2D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 RX FIFO 1024 bytes All Masters No

2D03_0400 Reserved — — — —

2D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 TX FIFO 1024 bytes All Masters No

2D04_0400 Reserved — — — —

2D20_0000 NIC_AP Programming Registers NIC_AP_REGS 1024 KB All Masters No

2D30_0000 NIC_PER Progamming Registers NIC_PER_REGS 1024 KB All Masters No

2D40_0000 GIC500 Programming Registers GIC500_REGS 1024 KB All Masters No

2D50_0000 Reserved — — — —

2D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB All Masters No

2E00_0000 GPU3D Programming Registers GPU3D_REGS 64 KB All Masters No

2E01_0000 GPU2D Programming Registers GPU2D_REGS 256 KB All Masters No

2E05_0000 DCNano Programming Registers DCNANO_REGS 64 KB All Masters No

2E06_0000 DDR Controller Programming Registers DDR_REGS 64 KB All Masters No

2E07_0000 Reserved — — — —

2E20_0000 GPIOD GPIOD_REGS 64 KB All Masters No

2E21_0000 Reserved — — — —

2E40_0000 NIC_LPAV Programming Registers NIC_LPAV_REGS 1024 KB All Masters No

2E50_0000 Reserved — — — —

3000_0000 Reserved — — — —

3000_8000 Reserved — — — —

3001_0000 Reserved — — — —

Table continues on the next page...
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Table 2. A35 system memory map (continued)

Start 
address

Description Alias Size Access Cached

3002_0000 Reserved — — — —

3003_0000 Reserved — — — —

3004_0000 Reserved — — — —

3006_0000 Reserved — — — —

3008_0000 Reserved — — — —

3100_0000 Reserved — — — —

3101_0000 Reserved — — — —

3110_0000 Reserved — — — —

3117_0000 Reserved — — — —

3118_0000 Reserved — — — —

3119_0000 Reserved — — — —

3201_0000 Reserved — — — —

3202_0000 Reserved — — — —

3206_0000 Reserved — — — —

3300_0000 Reserved — — — —

3600_0000 Reserved — — — —

3600_8000 Reserved — — — —

3700_0000 Reserved — — — —

3708_0000 Reserved — — — —

3800_0000 Reserved — — — —

3808_0000 Reserved — — — —

3810_0000 Reserved — — — —

3818_0000 Reserved — — — —

3830_0000 Reserved — — — —

3838_0000 Reserved — — — —

3840_0000 Reserved — — — —

3841_0000 Reserved — — — —

3842_0000 Reserved — — — —

3843_0000 Reserved — — — —

3880_0000 Reserved — — — —

3881_0000 Reserved — — — —

3882_0000 Reserved — — — —

Table continues on the next page...
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Table 2. A35 system memory map (continued)

Start 
address

Description Alias Size Access Cached

3883_0000 Reserved — — — —

3884_0000 Reserved — — — —

3890_0000 Reserved — — — —

3890_0400 Reserved — — — —

3891_0000 Reserved — — — —

3891_0400 Reserved — — — —

3892_0000 Reserved — — — —

3892_0400 Reserved — — — —

3893_0000 Reserved — — — —

3893_0400 Reserved — — — —

3900_0000 Reserved — — — —

3980_0000 Reserved — — — —

3A00_0000 Reserved — — — —

3D00_0000 Reserved — — — —

3D01_0000 Reserved — — — —

3D02_0000 Reserved — — — —

3D03_0000 Reserved — — — —

3D03_0400 Reserved — — — —

3D04_0000 Reserved — — — —

3D04_0400 Reserved — — — —

3D20_0000 Reserved — — — —

3D30_0000 Reserved — — — —

3D40_0000 Reserved — — — —

3D50_0000 Reserved — — — —

3D80_0000 Reserved — — — —

3E00_0000 Reserved — — — —

3E01_0000 Reserved — — — —

3E05_0000 Reserved — — — —

3E06_0000 Reserved — — — —

3E07_0000 Reserved — — — —

3E20_0000 Reserved — — — —

3E21_0000 Reserved — — — —

Table continues on the next page...
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Table 2. A35 system memory map (continued)

Start 
address

Description Alias Size Access Cached

3E40_0000 Reserved — — — —

3E50_0000 Reserved — — — —

4000_0000 FlexSPI1 FLEXSPI1 256 MB All Masters L1/L2 
Cache

5000_0000 Reserved — — — —

6000_0000 FlexSPI2 FLEXSPI2 256 MB All Masters L1/L2 
Cache

7000_0000 Reserved — — — —

8000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

9000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

A000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

B000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

C000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

D000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

E000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

F000_0000 DRAM DRAM 256 MB All Masters L1/L2 
Cache

 
SRAM0, SRAM1 and SRAM2 don't have support for exclusive access.

  NOTE  

3.2.3 GIC interrupt vector assignment

The following table shows the GIC interrupt request sources in this device.

Table 3. GIC interrupt vector assignments

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0000 0 - Cortex-A35 SGI0

0000_0004 1 - Cortex-A35 SGI1

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0008 2 - Cortex-A35 SGI2

0000_000C 3 - Cortex-A35 SGI3

0000_0010 4 - Cortex-A35 SGI4

0000_0014 5 - Cortex-A35 SGI5

0000_0018 6 - Cortex-A35 SGI6

0000_001C 7 - Cortex-A35 SGI7

0000_0020 8 - Cortex-A35 SGI8

0000_0024 9 - Cortex-A35 SGI9

0000_0028 10 - Cortex-A35 SGI10

0000_002C 11 - Cortex-A35 SGI11

0000_0030 12 - Cortex-A35 SGI12

0000_0034 13 - Cortex-A35 SGI13

0000_0038 14 - Cortex-A35 SGI14

0000_003C 15 - Cortex-A35 SGI15

0000_0040 16 - Reserved -

0000_0044 17 - Reserved -

0000_0048 18 - Reserved -

0000_004C 19 - Reserved -

0000_0050 20 - Reserved -

0000_0054 21 - Reserved -

0000_0058 22 - Cortex-A35 COMMIRQ

0000_005C 23 - Cortex-A35 PMUIRQ

0000_0060 24 - Cortex-A35 CTIIRQ

0000_0064 25 - Cortex-A35 VCPUMNIRQ

0000_0068 26 - Cortex-A35 CNTHPIRQ

0000_006C 27 - Cortex-A35 CNTVIRQ

0000_0070 28 - Reserved -

0000_0074 29 - Cortex-A35 CNTPSIRQ

0000_0078 30 - Cortex-A35 CNTPNSIRQ

0000_007C 31 - Reserved -

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0000 32 0 DMA1 DMA channel 0 error or transfer complete

0000_0004 33 1 DMA1 DMA channel 1 error or transfer complete

0000_0008 34 2 DMA1 DMA channel 2 error or transfer complete

0000_000C 35 3 DMA1 DMA channel 3 error or transfer complete

0000_0010 36 4 DMA1 DMA channel 4 error or transfer complete

0000_0014 37 5 DMA1 DMA channel 5 error or transfer complete

0000_0018 38 6 DMA1 DMA channel 6 error or transfer complete

0000_001C 39 7 DMA1 DMA channel 7 error or transfer complete

0000_0020 40 8 DMA1 DMA channel 8 error or transfer complete

0000_0024 41 9 DMA1 DMA channel 9 error or transfer complete

0000_0028 42 10 DMA1 DMA channel 10 error or transfer complete

0000_002C 43 11 DMA1 DMA channel 11 error or transfer complete

0000_0030 44 12 DMA1 DMA channel 12 error or transfer complete

0000_0034 45 13 DMA1 DMA channel 13 error or transfer complete

0000_0038 46 14 DMA1 DMA channel 14 error or transfer complete

0000_003C 47 15 DMA1 DMA channel 15 error or transfer complete

0000_0040 48 16 DMA1 DMA channel 16 error or transfer complete

0000_0044 49 17 DMA1 DMA channel 17 error or transfer complete

0000_0048 50 18 DMA1 DMA channel 18 error or transfer complete

0000_004C 51 19 DMA1 DMA channel 19 error or transfer complete

0000_0050 52 20 DMA1 DMA channel 20 error or transfer complete

0000_0054 53 21 DMA1 DMA channel 21 error or transfer complete

0000_0058 54 22 DMA1 DMA channel 22 error or transfer complete

0000_005C 55 23 DMA1 DMA channel 23 error or transfer complete

0000_0060 56 24 DMA1 DMA channel 24 error or transfer complete

0000_0064 57 25 DMA1 DMA channel 25 error or transfer complete

0000_0068 58 26 DMA1 DMA channel 26 error or transfer complete

0000_006C 59 27 DMA1 DMA channel 27 error or transfer complete

0000_0070 60 28 DMA1 DMA channel 28 error or transfer complete

0000_0074 61 29 DMA1 DMA channel 29 error or transfer complete

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0078 62 30 DMA1 DMA channel 30 error or transfer complete

0000_007C 63 31 DMA1 DMA channel 31 error or transfer complete

0000_0080 64 32 DMA2 DMA channel 0 error or transfer complete

0000_0084 65 33 DMA2 DMA channel 1 error or transfer complete

0000_0088 66 34 DMA2 DMA channel 2 error or transfer complete

0000_008C 67 35 DMA2 DMA channel 3 error or transfer complete

0000_0090 68 36 DMA2 DMA channel 4 error or transfer complete

0000_0094 69 37 DMA2 DMA channel 5 error or transfer complete

0000_0098 70 38 DMA2 DMA channel 6 error or transfer complete

0000_009C 71 39 DMA2 DMA channel 7 error or transfer complete

0000_00A0 72 40 DMA2 DMA channel 8 error or transfer complete

0000_00A4 73 41 DMA2 DMA channel 9 error or transfer complete

0000_00A8 74 42 DMA2 DMA channel 10 error or transfer complete

0000_00AC 75 43 DMA2 DMA channel 11 error or transfer complete

0000_00B0 76 44 DMA2 DMA channel 12 error or transfer complete

0000_00B4 77 45 DMA2 DMA channel 13 error or transfer complete

0000_00B8 78 46 DMA2 DMA channel 14 error or transfer complete

0000_00BC 79 47 DMA2 DMA channel 15 error or transfer complete

0000_00C0 80 48 DMA2 DMA channel 16 error or transfer complete

0000_00C4 81 49 DMA2 DMA channel 17 error or transfer complete

0000_00C8 82 50 DMA2 DMA channel 18 error or transfer complete

0000_00CC 83 51 DMA2 DMA channel 19 error or transfer complete

0000_00D0 84 52 DMA2 DMA channel 20 error or transfer complete

0000_00D4 85 53 DMA2 DMA channel 21 error or transfer complete

0000_00D8 86 54 DMA2 DMA channel 22 error or transfer complete

0000_00DC 87 55 DMA2 DMA channel 23 error or transfer complete

0000_00E0 88 56 DMA2 DMA channel 24 error or transfer complete

0000_00E4 89 57 DMA2 DMA channel 25 error or transfer complete

0000_00E8 90 58 DMA2 DMA channel 26 error or transfer complete

0000_00EC 91 59 DMA2 DMA channel 27 error or transfer complete

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_00F0 92 60 DMA2 DMA channel 28 error or transfer complete

0000_00F4 93 61 DMA2 DMA channel 29 error or transfer complete

0000_00F8 94 62 DMA2 DMA channel 30 error or transfer complete

0000_00FC 95 63 DMA2 DMA channel 31 error or transfer complete

0000_0100 96 64 A35 CTI A35 Cross Trigger Interface

0000_0104 97 65 CMC1 Core Mode Controller 1 interrupt

0000_0108 98 66 CMC2 Core Mode Controller 2 interrupt

0000_010C 99 67 uPower uPower interrupt

0000_0110 100 68 WUU1 Wake-Up Unit 1

0000_0114 101 69 CGC1 Clock Generation and Control 1 interrupts

0000_0118 102 70 CGC2 Clock Generation and Control 2 interrupts

0000_011C 103 71 SIM1 System Integration Module 1

0000_0120 104 72 PMC Power Management Controller

0000_0124 105 73 MU0_B Messaging Unit B side (to communicate with M33 core)

0000_0128 106 74 MU0_B NMI NMI interrupt from M4 side via Messaging Unit

0000_012C 107 75 MU3_A Messaging Unit A side (to communicate with HiFi4 DSP)

0000_0130 108 76 WDOG3 Watchdog 3 (A35 Watchdog)

0000_0134 109 77 WDOG4 Watchdog 4 (A35 Security Watchdog)

0000_0138 110 78 EWM External Watchdog Monitor Interrupt

0000_013C 111 79 SNT EdgeLock secure enclave command interface interrupt

0000_0140 112 80 SNT EdgeLock secure enclave secure interrupt

0000_0144 113 81 SNT EdgeLock secure enclave non-secure interrupt

0000_0148 114 82 CAAM Cryptographic Acceleration and Assurance Module

0000_014C 115 83 BBNSM Battery Back Non-Secure Module

0000_0150 116 84 XRDC Extended Resource Domain Controller interrupt

0000_0154 117 85 LPIT1 Lower Power Periodic Timer 1

0000_0158 118 86 TPM4 Timer and PWM Module 4

0000_015C 119 87 TPM5 Timer and PWM Module 5

0000_0160 120 88 TPM6 Timer and PWM Module 6

0000_0164 121 89 TPM7 Timer and PWM Module 7

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0168 122 90 TPM8 Timer and PWM Module 8

0000_016C 123 91 FlexIO1 Flexible Input/Output 1

0000_0170 124 92 LPI2C4 Low Power I2C 4

0000_0174 125 93 LPI2C5 Low Power I2C 5

0000_0178 126 94 LPI2C6 Low Power I2C 6

0000_017C 127 95 LPI2C7 Low Power I2C 7

0000_0180 128 96 I3C2 I3C2

0000_0184 129 97 LPSPI4 Low Power SPI 4

0000_0188 130 98 LPSPI5 Low Power SPI 5

0000_018C 131 99 LPUART4 Low Power UART 4

0000_0190 132 100 LPUART5 Low Power UART 5

0000_0194 133 101 LPUART6 Low Power UART 6

0000_0198 134 102 LPUART7 Low Power UART 7

0000_019C 135 103 USB0 Universal Serial Bus controller 0

0000_01A0 136 104 USB0 PHY USB PHY (used in conjunction with USB0 controller)

0000_01A4 137 105 USB1 Universal Serial Bus controller 1

0000_01A8 138 106 USB1 PHY USB PHY (used in conjunction with USB1 controller)

0000_01AC 139 107 ENET Ethernet controller interrupts

0000_01B0 140 108 SAI4 Synchronous Audio Interface 4

0000_01B4 141 109 SAI5 Synchronous Audio Interface 5

0000_01B8 142 110 SAI6 Synchronous Audio Interface 6

0000_01BC 143 111 SAI7 Synchronous Audio Interface 7

0000_01C0 144 112 SPDIF Sony/Philips Digital Interface

0000_01C4 145 113 DCNano Display Control Nano (LCDIF) interrupt

0000_01C8 146 114 MIPI DSI MIPI Display Serial Interface controller interrupt

0000_01CC 147 115 GPU3D Graphic Processor Unit 3D interrupt

0000_01D0 148 116 GPU2D Graphic Processor Unit 2D interrupt

0000_01D4 149 117 EPDC Electronics Paper Display Controller interrupt

0000_01D8 150 118 PXP Pixel Processor interrupt

0000_01DC 151 119 ISI Image Sensor Interface interrupts

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_01E0 152 120 MIPI CSI MIPI Camera Sensor Interface controller interrupt

0000_01E4 153 121 GPIOA General Purpose Input/Output interrupt 0

0000_01E8 154 122 GPIOA General Purpose Input/Output interrupt 1

0000_01EC 155 123 GPIOB General Purpose Input/Output interrupt 0

0000_01F0 156 124 GPIOB General Purpose Input/Output interrupt 1

0000_01F4 157 125 GPIOC General Purpose Input/Output interrupt 0

0000_01F8 158 126 GPIOC General Purpose Input/Output interrupt 1

0000_01FC 159 127 GPIOD General Purpose Input/Output interrupt 0

0000_0200 160 128 GPIOD General Purpose Input/Output interrupt 1

0000_0204 161 129 GPIOE General Purpose Input/Output interrupt 0

0000_0208 162 130 GPIOE General Purpose Input/Output interrupt 1

0000_020C 163 131 GPIOF General Purpose Input/Output interrupt 0

0000_0210 164 132 GPIOF General Purpose Input/Output interrupt 1

0000_0214 165 133 LPTMR0 Low Power Timer 0

0000_0218 166 134 LPTMR1 Low Power Timer 1

0000_021C 167 135 CMP0 Comparator 0

0000_0220 168 136 CMP1 Comparator 1

0000_0224 169 137 TSTIMER1 TS Timer first interrupt

0000_0228 170 138 TSTIMER1 TS Timer second interrupt

0000_022C 171 139 FlexSPI0 FlexSPI controller interface interrupt 0

0000_0230 172 140 FlexSPI1 FlexSPI controller interface interrupt 1

0000_0234 173 141 FlexSPI2 FlexSPI controller interface interrupt 2

0000_0238 174 142 uSDHC0 ultra Secure Digital Host Controller interrupt 0

0000_023C 175 143 uSDHC1 ultra Secure Digital Host Controller interrupt 1

0000_0240 176 144 uSDHC2 ultra Secure Digital Host Controller interrupt 2

0000_0244 177 145 MDDR Multiport DDR controller interrupt

0000_0248 178 146 FlexIO0 Flexible IO 0 interrupt

0000_024C 179 147 CGC0 Clock Generation and Control 0 interrupt

0000_0250 180 148 CMC0 Core Mode Controller 0

0000_0254 181 149 WDOG0 Watchdog 0 Interrupt

Table continues on the next page...
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Table 3. GIC interrupt vector assignments (continued)

Address GIC 
Vector 

No. 
(0-480)

GIC 
interrupt ID 

(0-480)

Alias Source Description

0000_0248 182 150 WDOG1 Watchdog 1 Interrupt

0000_024C 183 151 TRDC Trusted Resource Domain Controller interrupt

0000_0260 184 152 WUU0 Wake Up Unit 0

0000_0264 185 153 DMA0 DMA Channel 0 error or transfer complete

0000_0268 186 154 DMA0 DMA Channel 1 error or transfer complete

0000_026C 187 155 DMA0 DMA Channel 2 error or transfer complete

0000_0270 188 156 DMA0 DMA Channel 3 error or transfer complete

0000_0274 189 157 DMA0 DMA Channel 4 error or transfer complete

0000_0278 190 158 DMA0 DMA Channel 5 error or transfer complete

0000_027C 191 159 DMA0 DMA Channel 6 error or transfer complete

0000_0280 192 160 DMA0 DMA Channel 7 error or transfer complete

0000_0284 193 161 A35 PMU A35 Performance Monitor interrupt

0000_0288 194 162 A35 L2 L2 error indicator for memory transaction with a write response 
error condition

0000_028C 195 163 A35 L2 L2 error indicator for L2 RAM ECC error

0000_0290 196 164 FlexCAN Flexible Control Area Network

3.3 Arm CM33 Core

3.3.1 Cortex-M33 Code and System Buses
The Cortex-M33 processor implements a modified Harvard memory architecture using two 32-bit bus interfaces: the Code 
and System buses. The bus interfaces are activated by address range and can include both instruction fetches and operand 
data references on a given bus port. (A traditional Harvard architecture strictly separates instruction fetches and operand data 
references onto specific bus ports regardless of access address.)

The Code bus is typically used for instruction fetching and data accesses of PC-relative data, while the system bus is typically used 
for operand data references to the on- and off-chip memories and peripheral accesses. The bus structure fully supports concurrent 
instruction fetch and data accesses, but the Cortex-M33 implementations can generate both types of references on each bus.

 
It is recommended that performance critical code be located such that it fetches from the Code bus interface as 
defined by addresses < 0x2000_0000.

  NOTE  

The following table presents the CM33 configuration for i.MX 8ULP.
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Table 4. CM33 configuration table

Parameter Value Description

FPU 1 Single-precision Floating Point Unit 
(FPU) is present

DSP 1 the Digital Signal Processing (DSP) 
extension instructions includes

SECEXT 1 the Armv8‑M Security Extension is 
included

CFIP 1 the coprocessor interface is included.

MPU_S 8 the number of Secure Memory 
Protection Unit (MPU) regions included 

is 8.

MPU_NS 9 the number of Non-secure Memory 
Protection Unit (MPU) regions included 

is 8.

SAU 8 the number of Security Attribution Unit 
(SAU) regions included is 8.

NUMIRQ 192 the number of implemented user 
interrupts is 192

IRQLVL 3 the number of bits of interrupt priority 
implemented in the NVIC is 3, results in 

8 levels of priority,

DEBUG_LVL 2 Full set. Four watchpoint and eight 
breakpoint comparators

ITM 1 Include DWT and ITM trace.

ETM 1 ETM is included.

CTI 1 CTI unit is included

WIC_PRESENT 1 WIC included

3.3.2 Code Bus access
Code Bus accesses are routed to the Code TCM if they are mapped to that space. All other Code Bus accesses are routed to the 
Code Cache Controller. This controller then processes the cacheable accesses as needed, while bypassing the non-cacheable 
accesses or forwarding the cache write-through and cache miss accesses to the downstream memories through the master port 
of this cache controller.

3.3.3 System bus access

System Bus accesses are routed to the System TCM if they are mapped to that space. All other System Bus accesses are routed 
to the target address in destination memories through S1 port. This controller then processes the cacheable accesses as needed, 
while bypassing the noncacheable accesses or forwarding the cache write-through and cache miss accesses to the downstream 
memories through the master port of this cache controller.
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3.3.4 Access control

All core Code and System Bus accesses are checked by the core access control logic, that is, IDAU/SAU and MPU. All 
requests that miss or bypass the cache are checked by downstream TRDC logic. The caches include protection control signals 
(hdomain[2:0], hnonsecure and hprot[1]) and processing domain bits as part of the tags. If a fetch address hits the cache but 
the protection control and/or domain bits are different, the cache controller forces a miss with the allocate location the same as 
the address hit location in the cache. This policy allows all the downstream checks to take place, and this new miss is loaded in 
the cache with the updated protection control and domain bits overwriting the line with the same address. This keeps the cache 
coherent while always checking accesses that need to see the downstream checks.

All requests are checked by normal platform slave bus checks in the corresponding Memory Block Controller (MBC).

3.3.5 System Memory Map (Real-time domain)
The following table shows the device's high-level system memory map in real-time domain (RTD) accessed by CM33 core. 
Additionally, the various sections are split into "Secure" and "Non-Secure" apertures for each IP. Although these apertures 
address the same IP, access through the "Secure" aperture can only be performed by code with the appropriate security settings.

Table 5. CM33 memory map

Start 
address

Default
1

Description Alias Size Access Cached

0000_0000 Non-
Secure

M33 Boot ROM (96KB) M33 ROM-
BOOT

96 KB M33, 
EdgeLock 

secure 
enclave, 
DMA0

No

0001_8000 Reserved — — — —

0100_0000 Reserved — — — —

0400_0000 Flexible Serial Peripheral Interface 0 FLEXSPI0 128 MB All Masters Code 
Cache

0C00_0000 A35 Boot ROM (192KB) (Aliasing of 192KB A35 
Boot ROM)

A35 ROM-
BOOT

192 KB EdgeLock 
secure 

enclave, 
DAP

No

0C03_0000 Reserved — — — —

0F00_0000 Reserved — — — —

0FFC_0000 Shared SRAM (256KB) SSRAM P7 256 KB All Masters No

1000_0000 Secure M33 Boot ROM (96KB) M33 ROM-
BOOT

96 KB M33, 
EdgeLock 

secure 
enclave, 
DMA0

No

1001_8000 Reserved — — — —

1100_0000 Reserved — — — —

1400_0000 Flexible Serial Peripheral Interface 0 FLEXSPI0 128 MB All Masters Code 
Cache

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

1C00_0000 A35 Boot ROM (192KB) (Aliasing of 192KB A35 
Boot ROM)

A35 ROM-
BOOT

192 KB EdgeLock 
secure 

enclave, 
DAP

No

1C03_0000 Reserved — — — —

1F00_0000 Reserved — — — —

1FFC_0000 Shared SRAM (256KB) SSRAM P7 256 KB - -

2000_0000 Non-
Secure

Shared SRAM (32KB) SSRAM P0 32 KB All Masters No

2000_8000 Shared SRAM (32KB) SSRAM P1 32 KB All Masters No

2001_0000 Shared SRAM (64KB) SSRAM P2 64 KB All Masters No

2002_0000 Shared SRAM (64KB) SSRAM P3 64 KB All Masters No

2003_0000 Shared SRAM (64KB) SSRAM P4 64 KB All Masters No

2004_0000 Shared SRAM (128KB) SSRAM P5 128 KB All Masters No

2006_0000 Shared SRAM (128KB) SSRAM P6 128 KB All Masters No

2008_0000 Reserved — — — —

2100_0000 SRAM1 (64KB) SRAM1 64 KB All Masters Yes

2101_0000 Reserved — — — —

2110_0000 Reserved — — — —

2117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB All Masters No

2118_0000 HiFi4 DTCM HiFi4 
DTCM

64 KB All Masters No

2119_0000 Reserved — — — —

2201_0000 SRAM0 (64KB) SRAM0 64 KB All Masters Yes

2202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB All Masters Yes

2206_0000 Reserved — — — —

2300_0000 Reserved — — — —

2600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - No

2600_8000 Reserved — — — —

2700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure 
enclave

512 KB All Masters No

2708_0000 Reserved — — — —

2800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB All Masters No

2808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB All Masters No

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

2810_0000 Peripheral Bridge 2 (Fusion DSP) PBRIDGE2 512 KB All Masters No

2818_0000 Reserved — — — —

2830_0000 uPower AHB Slave UPOWER 512 KB All Masters No

2838_0000 Reserved — — — —

2840_0000 PowerQ AHB Slave POWERQ 64 KB All Masters No

2841_0000 CASPER Programming Registers CASPER_
REGS

64 KB All Masters No

2842_0000 CASPER RAM CASPER_
RAM

64 KB All Masters No

2843_0000 Reserved — — — —

2880_0000 GPIOA GPIOA_RE
GS

64 KB All Masters No

2881_0000 GPIOB GPIOB_RE
GS

64 KB All Masters No

2882_0000 GPIOC GPIOC_RE
GS

64 KB All Masters No

2883_0000 ISP_AP ISP_AP 64 KB All Masters No

2884_0000 Reserved — — — —

2890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 
RX FIFO

1024 bytes All Masters No

2890_0400 Reserved — — — —

2891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 
TX FIFO

1024 bytes All Masters No

2891_0400 Reserved — — — —

2892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 
RX FIFO

1024 bytes All Masters No

2892_0400 Reserved — — — —

2893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 
TX FIFO

1024 bytes All Masters No

2893_0400 Reserved — — — —

2900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB All Masters No

2980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB All Masters No

2A00_0000 Reserved — — — —

2D00_0000 GPIOE GPIOE_RE
GS

64 KB All Masters No

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

2D01_0000 GPIOF GPIOF_RE
GS

64 KB All Masters No

2D02_0000 Reserved — — — —

2D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 
RX FIFO

1024 bytes All Masters No

2D03_0400 Reserved — — — —

2D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 
TX FIFO

1024 bytes All Masters No

2D04_0400 Reserved — — — —

2D20_0000 NIC_AP Programming Registers NIC_AP_R
EGS

1024 KB All Masters No

2D30_0000 NIC_PER Progamming Registers NIC_PER_
REGS

1024 KB All Masters No

2D40_0000 GIC500 Programming Registers GIC500_R
EGS

1024 KB All Masters No

2D50_0000 Reserved — — — —

2D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB All Masters No

2E00_0000 GPU3D Programming Registers GPU3D_R
EGS

64 KB All Masters No

2E01_0000 GPU2D Programming Registers GPU2D_R
EGS

256 KB All Masters No

2E05_0000 DCNano Programming Registers DCNANO_
REGS

64 KB All Masters No

2E06_0000 DDR Controller Programming Registers DDR_REG
S

64 KB All Masters No

2E07_0000 Reserved — — — —

2E20_0000 GPIOD GPIOD_RE
GS

64 KB All Masters No

2E21_0000 Reserved — — — —

2E40_0000 NIC_LPAV Programming Registers NIC_LPAV
_REGS

1024 KB All Masters No

2E50_0000 Reserved — — — —

3000_0000 Secure Shared SRAM (32KB) SSRAM P0 32 KB All Masters No

3000_8000 Shared SRAM (32KB) SSRAM P1 32 KB All Masters No

3001_0000 Shared SRAM (64KB) SSRAM P2 64 KB All Masters No

3002_0000 Shared SRAM (64KB) SSRAM P3 64 KB All Masters No

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3003_0000 Shared SRAM (64KB) SSRAM P4 64 KB All Masters No

3004_0000 Shared SRAM (128KB) SSRAM P5 128 KB All Masters No

3006_0000 Shared SRAM (128KB) SSRAM P6 128 KB All Masters No

3008_0000 Reserved — — — —

3100_0000 SRAM1 (64KB) SRAM1 64 KB All Masters Yes

3101_0000 Reserved — — — —

3110_0000 Reserved — — — —

3117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB All Masters No

3118_0000 HiFi4 DTCM HiFi4 
DTCM

64 KB All Masters No

3119_0000 Reserved — — — —

3201_0000 SRAM0 (64KB) SRAM0 64 KB All Masters Yes

3202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB All Masters Yes

3206_0000 Reserved — — — —

3300_0000 Reserved — — — —

3600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - -

3600_8000 Reserved — — — —

3700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure 
enclave

512 KB All Masters No

3708_0000 Reserved — — — —

3800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB All Masters No

3808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB All Masters No

3810_0000 Peripheral Bridge 2 (Fusion DSP) PBRIDGE2 512 KB All Masters No

3818_0000 Reserved — — — —

3830_0000 uPower AHB Slave UPOWER 512 KB All Masters No

3838_0000 Reserved — — — —

3840_0000 PowerQ AHB Slave POWERQ 64 KB All Masters No

3841_0000 CASPER Programming Registers CASPER_
REGS

64 KB All Masters No

3842_0000 CASPER RAM CASPER_
RAM

64 KB All Masters No

3843_0000 Reserved — — — —

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3880_0000 GPIOA GPIOA_RE
GS

64 KB All Masters No

3881_0000 GPIOB GPIOB_RE
GS

64 KB All Masters No

3882_0000 GPIOC GPIOC_RE
GS

64 KB All Masters No

3883_0000 ISP_AP ISP_AP 64 KB All Masters No

3884_0000 Reserved — — — —

3890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 
RX FIFO

1024 bytes All Masters No

3890_0400 Reserved — — — —

3891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 
TX FIFO

1024 bytes All Masters No

3891_0400 Reserved — — — —

3892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 
RX FIFO

1024 bytes All Masters No

3892_0400 Reserved — — — —

3893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 
TX FIFO

1024 bytes All Masters No

3893_0400 Reserved — — — —

3900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB All Masters No

3980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB All Masters No

3A00_0000 Reserved — — — —

3D00_0000 GPIOE GPIOE_RE
GS

64 KB All Masters No

3D01_0000 GPIOF GPIOF_RE
GS

64 KB All Masters No

3D02_0000 Reserved — — — —

3D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 
RX FIFO

1024 bytes All Masters No

3D03_0400 Reserved — — — —

3D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 
TX FIFO

1024 bytes All Masters No

3D04_0400 Reserved — — — —

3D20_0000 NIC_AP Programming Registers NIC_AP_R
EGS

1024 KB All Masters No

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3D30_0000 NIC_PER Progamming Registers NIC_PER_
REGS

1024 KB All Masters No

3D40_0000 GIC500 Programming Registers GIC500_R
EGS

1024 KB All Masters No

3D50_0000 Reserved — — — —

3D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB All Masters No

3E00_0000 GPU3D Programming Registers GPU3D_R
EGS

64 KB All Masters No

3E01_0000 GPU2D Programming Registers GPU2D_R
EGS

256 KB All Masters No

3E05_0000 DCNano Programming Registers DCNANO_
REGS

64 KB All Masters No

3E06_0000 DDR Controller Programming Registers DDR_REG
S

64 KB All Masters No

3E07_0000 Reserved — — — —

3E20_0000 GPIOD GPIOD_RE
GS

64 KB All Masters No

3E21_0000 Reserved — — — —

3E40_0000 NIC_LPAV Programming Registers NIC_LPAV
_REGS

1024 KB All Masters No

3E50_0000 Reserved — — — —

4000_0000 Non-
Secure

FlexSPI1 FLEXSPI1 256 MB All Masters System 
Cache

5000_0000 Secure FlexSPI1 FLEXSPI1 256 MB All Masters System 
Cache

6000_0000 Non-
Secure

FlexSPI2 FLEXSPI2 256 MB All Masters System 
Cache

7000_0000 Secure FlexSPI2 FLEXSPI2 256 MB All Masters System 
Cache

8000_0000 Non-
Secure

DRAM DRAM 256 MB All Masters System 
Cache

9000_0000 Secure DRAM DRAM 256 MB All Masters System 
Cache

A000_0000 Non-
Secure

DRAM DRAM 256 MB All Masters System 
Cache

B000_0000 Secure DRAM DRAM 256 MB All Masters System 
Cache

Table continues on the next page...
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Table 5. CM33 memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

C000_0000 Non-
Secure

DRAM DRAM 256 MB All Masters System 
Cache

D000_0000 Secure DRAM DRAM 256 MB All Masters System 
Cache

E000_0000 Non-
Secure

Private Peripheral Bus - Internal PRIV PER 
BUS INT

256 KB M33 No

E004_0000 Private Peripheral Bus - External PRIV PER 
BUS EXT

768 KB M33 No

E010_0000 Reserved — — — —

E100_0000 Reserved — — — —

F000_0000 Secure Private Peripheral Bus - Internal PRIV PER 
BUS INT

256 KB M33 No

F004_0000 Private Peripheral Bus - External PRIV PER 
BUS EXT

768 KB M33 No

F010_0000 Reserved — — — —

F100_0000 Reserved — — — —

1. This is the default Targetted Security Attribute for the memory region at reset. It is set by the IDAU and the SAU configuration. 
The attribute listed is the intended use case for users of TrustZone-M (TZM) security function.

 
SRAM0, SRAM1 and SRAM2 don't have support for exclusive access.

  NOTE  

3.3.6 Nested Vectored Interrupt Controller (NVIC)

3.3.6.1 Interrupt priority levels

This device supports 8 priority levels for interrupts. Therefore, in the NVIC each source in the IPR registers contains 3 bits. For 
example, IPR0 is shown below:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IRQ3

0 0 0 0 0
IRQ2

0 0 0 0 0
IRQ1

0 0 0 0 0
IRQ0

0 0 0 0 0

W

3.3.6.2 Non-Maskable Interrupt (NMI) configuration

The Non-Maskable Interrupt (NMI) request to the NVIC is controlled by the external NMI_b signal. The pin NMI_b signal (ORed 
version of NMI0_b and NMI1_b) is multiplexed on, must be configured for the Non-Maskable Interrupt function to generate the 
non-maskable interrupt request.

3.3.6.3 ARM Interrupt requests

The following table shows the NVIC interrupt request sources in this device.
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Table 7. Interrupt Vector Assignments

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_0000 0 - - Cortex-M33 Initial Stack Pointer

0000_0004 1 - - Cortex-M33 Initial Program Counter

0000_0008 2 - - Cortex-M33 Non maskable interrupt (NMI)

0000_000C 3 - - Cortex-M33 Hard Fault

0000_0010 4 - - Cortex-M33 MemManage Fault

0000_0014 5 - - Cortex-M33 Bus Fault

0000_0018 6 - - Cortex-M33 Usage Fault

0000_001C 7 - - Cortex-M33 Secure Fault

0000_0020 8 - - Reserved -

0000_0024 9 - - Reserved -

0000_0028 10 - - Reserved -

0000_002C 11 - - Cortex-M33 Supervisor call (SVCall)

0000_0030 12 - - Cortex-M33 Debug Monitor

0000_0034 13 - - Reserved -

0000_0038 14 - - Cortex-M33 Pendable request for system 
service (PendableSrvReq)

0000_003C 15 - - Cortex-M33 System tick timer (SysTick)

0000_0040 16 0 0 0 CTI0 Cross Trigger Interface

0000_0044 17 1 0 0 DMA0 DMA channel 0 error or transfer complete

0000_0048 18 2 0 0 DMA0 DMA channel 1 error or transfer complete

0000_004C 19 3 0 0 DMA0 DMA channel 2 error or transfer complete

0000_0050 20 4 0 1 DMA0 DMA channel 3 error or transfer complete

0000_0054 21 5 0 1 DMA0 DMA channel 4 error or transfer complete

0000_0058 22 6 0 1 DMA0 DMA channel 5 error or transfer complete

0000_005C 23 7 0 1 DMA0 DMA channel 6 error or transfer complete

0000_0060 24 8 0 2 DMA0 DMA channel 7 error or transfer complete

0000_0064 25 9 0 2 DMA0 DMA channel 8 error or transfer complete

0000_0068 26 10 0 2 DMA0 DMA channel 9 error or transfer complete

0000_006C 27 11 0 2 DMA0 DMA channel 10 error or transfer complete

0000_0070 28 12 0 3 DMA0 DMA channel 11 error or transfer complete

0000_0074 29 13 0 3 DMA0 DMA channel 12 error or transfer complete

Table continues on the next page...
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Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_0078 30 14 0 3 DMA0 DMA channel 13 error or transfer complete

0000_007C 31 15 0 3 DMA0 DMA channel 14 error or transfer complete

0000_0080 32 16 0 4 DMA0 DMA channel 15 error or transfer complete

0000_0084 33 17 0 4 DMA0 DMA channel 16 error or transfer complete

0000_0088 34 18 0 4 DMA0 DMA channel 17 error or transfer complete

0000_008C 35 19 0 4 DMA0 DMA channel 18 error or transfer complete

0000_0090 36 20 0 5 DMA0 DMA channel 19 error or transfer complete

0000_0094 37 21 0 5 DMA0 DMA channel 20 error or transfer complete

0000_0098 38 22 0 5 DMA0 DMA channel 21 error or transfer complete

0000_009C 39 23 0 5 DMA0 DMA channel 22 error or transfer complete

0000_00A0 40 24 0 6 DMA0 DMA channel 23 error or transfer complete

0000_00A4 41 25 0 6 DMA0 DMA channel 24 error or transfer complete

0000_00A8 42 26 0 6 DMA0 DMA channel 25 error or transfer complete

0000_00AC 43 27 0 6 DMA0 DMA channel 26 error or transfer complete

0000_00B0 44 28 0 7 DMA0 DMA channel 27 error or transfer complete

0000_00B4 45 29 0 7 DMA0 DMA channel 28 error or transfer complete

0000_00B8 46 30 0 7 DMA0 DMA channel 29 error or transfer complete

0000_00BC 47 31 0 7 DMA0 DMA channel 30 error or transfer complete

0000_00C0 48 32 1 8 DMA0 DMA channel 31 error or transfer complete

0000_00C4 49 33 1 8 DMA2 DMA channel 0 error or transfer complete

0000_00C8 50 34 1 8 DMA2 DMA channel 1 error or transfer complete

0000_00CC 51 35 1 8 DMA2 DMA channel 2 error or transfer complete

0000_00D0 52 36 1 9 DMA2 DMA channel 3 error or transfer complete

0000_00D4 53 37 1 9 DMA2 DMA channel 4 error or transfer complete

0000_00D8 54 38 1 9 DMA2 DMA channel 5 error or transfer complete

0000_00DC 55 39 1 9 DMA2 DMA channel 6 error or transfer complete

0000_00E0 56 40 1 10 DMA2 DMA channel 7 error or transfer complete

0000_00E4 57 41 1 10 DMA2 DMA channel 8 error or transfer complete

0000_00E8 58 42 1 10 DMA2 DMA channel 9 error or transfer complete

0000_00EC 59 43 1 10 DMA2 DMA channel 10 error or transfer complete

Table continues on the next page...
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Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_00F0 60 44 1 11 DMA2 DMA channel 11 error or transfer complete

0000_00F4 61 45 1 11 DMA2 DMA channel 12 error or transfer complete

0000_00F8 62 46 1 11 DMA2 DMA channel 13 error or transfer complete

0000_00FC 63 47 1 11 DMA2 DMA channel 14 error or transfer complete

0000_0100 64 48 1 12 DMA2 DMA channel 15 error or transfer complete

0000_0104 65 49 1 12 DMA2 DMA channel 16 error or transfer complete

0000_0108 66 50 1 12 DMA2 DMA channel 17 error or transfer complete

0000_010C 67 51 1 12 DMA2 DMA channel 18 error or transfer complete

0000_0110 68 52 1 13 DMA2 DMA channel 19 error or transfer complete

0000_0114 69 53 1 13 DMA2 DMA channel 20 error or transfer complete

0000_0118 70 54 1 13 DMA2 DMA channel 21 error or transfer complete

0000_011C 71 55 1 13 DMA2 DMA channel 22 error or transfer complete

0000_0120 72 56 1 14 DMA2 DMA channel 23 error or transfer complete

0000_0124 73 57 1 14 DMA2 DMA channel 24 error or transfer complete

0000_0128 74 58 1 14 DMA2 DMA channel 25 error or transfer complete

0000_012C 75 59 1 14 DMA2 DMA channel 26 error or transfer complete

0000_0130 76 60 1 15 DMA2 DMA channel 27 error or transfer complete

0000_0134 77 61 1 15 DMA2 DMA channel 28 error or transfer complete

0000_0138 78 62 1 15 DMA2 DMA channel 29 error or transfer complete

0000_013C 79 63 1 15 DMA2 DMA channel 30 error or transfer complete

0000_0140 80 64 2 16 DMA2 DMA channel 31 error or transfer complete

0000_0144 81 65 2 16 CMC0 Core Mode Controller 0

0000_0148 82 66 2 16 CMC2 Core Mode Controller 2

0000_014C 83 67 2 16 uPower uPower interrupt

0000_0158 84 68 2 17 WUU0 Wake Up Unit 0

0000_015C 85 69 2 17 CGC0 Clock Generation and Control 0

0000_0160 86 70 2 17 CGC1 Clock Generation and Control 1

0000_0164 87 71 2 17 CGC2 Clock Generation and Control 2

0000_0168 88 72 2 18 SIM0 System Integration Module 0

0000_01BC 89 73 2 18 PMC Power Management Controller
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Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_0170 90 74 2 18 MU0_A Messaging Unit 0 - Side A (to communicate with 
A35 core)

0000_0174 91 75 2 18 MU1_A Messaging Unit 1 - Side A (to communicate with 
Fusion DSP)

0000_0178 92 76 2 19 MU2_A Messaging Unit 2 - Side A (to communicate with 
HiFi4 DSP)

0000_017C 93 77 2 19 WDOG0 Watchdog 0 Interrupt

0000_0180 94 78 2 19 WDOG1 Watchdog 1 Interrupt

0000_0184 95 79 2 19 WDOG2 Watchdog 2 Interrupt

0000_0188 96 80 2 20 WDOG3 Watchdog 3 Interrupt

0000_018C 97 81 2 20 WDOG4 Watchdog 4 Interrupt

0000_0190 98 82 2 20 EWM External Watchdog Monitor Interrupt

0000_01BC 99 83 2 20 CMC1 Core Mode Controller 1

0000_0198 100 84 2 21 SNT EdgeLock secure enclave command 
interface interrupt

0000_019C 101 85 2 21 SNT EdgeLock secure enclave secure interrupt

0000_01A0 102 86 2 21 SNT EdgeLock secure enclave non-secure interrupt

0000_01A4 103 87 2 21 BBNSM Non-Secure Non-Volatile Storage 
Consolidated Interrupt

0000_01A8 104 88 2 22 TRDC Trusted Resource Domain Controller interrupt

0000_01AC 105 89 2 22 XRDC Extended Resource Domain Control

0000_01B0 106 90 2 22 LPTMR0 Low Power Timer

0000_01B4 107 91 2 22 LPTMR1 Low Power Timer

0000_01B8 108 92 2 23 -

0000_01BC 109 93 2 23 -

0000_01C0 110 94 2 23 LPIT0 Low Power Periodic Interrupt Timer

0000_01C4 111 95 2 23 TPM0 Timer PWM module

0000_01C8 112 96 3 24 TPM1 Timer PWM module

0000_01CC 113 97 3 24 TPM2 Timer PWM module

0000_01D0 114 98 3 24 TPM3 Timer PWM module

0000_01D4 115 99 3 24 TPM8 Timer PWM module

0000_01BC 116 100 3 25 -
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Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_01DC 117 101 3 25 MRT Multi-Rate Timer interrupt

0000_01E0 118 102 3 25 CAN Controller Area Network interrupt

0000_01E4 119 103 3 25 FlexIO0 Flexible IO

0000_01E8 120 104 3 26 LPI2C0 Low Power Inter-Integrated Circuit module

0000_01EC 121 105 3 26 LPI2C1 Low Power Inter-Integrated Circuit module

0000_01F0 122 106 3 26 LPI2C2 Low Power Inter-Integrated Circuit module

0000_01F4 123 107 3 26 LPI2C3 Low Power Inter-Integrated Circuit module

0000_01F8 124 108 3 27 LPSPI0 Low Power Serial Peripheral Interface

0000_01FC 125 109 3 27 LPSPI1 Low Power Serial Peripheral Interface

0000_0200 126 110 3 27 LPSPI2 Low Power Serial Peripheral Interface

0000_0204 127 111 3 27 LPSPI3 Low Power Serial Peripheral Interface

0000_0208 128 112 3 28 LPUART0 Low Power UART

0000_020C 129 113 3 28 LPUART1 Low Power UART

0000_0210 130 114 3 28 LPUART2 Low Power UART

0000_0214 131 115 3 28 LPUART3 Low Power UART

0000_0218 132 116 3 29 USB0 USB Interrupt from A35 subsystem

0000_021C 133 117 3 29 USB0 PHY USB PHY (used in conjunction with USB0)

0000_0220 134 118 3 29 USB1 USB Interrupt from A35 subsystem

0000_0224 135 119 3 29 USB1 PHY USB PHY (used in conjunction with USB1)

0000_0228 136 120 3 30 MICFIL Digital Microphone interrupt

0000_022C 137 121 3 30 MICFIL Digital Microphone Voice Activity Detection interrupt

0000_0230 138 122 3 30 SAI0 Serial Audio Interface

0000_0234 139 123 3 30 SAI1 Serial Audio Interface

0000_0238 140 124 3 31 SAI2 Serial Audio Interface

0000_023C 141 125 3 31 SAI3 Serial Audio Interface

0000_0240 142 126 3 31 SAI6 Serial Audio Interface

0000_0244 143 127 3 31 SAI7 Serial Audio Interface

0000_0248 144 128 4 32 SPDIF Sony/Phillips Digital Interface

0000_0238 145 129 4 32 DCNano Display Control Nano interrupt

0000_023C 146 130 4 32 DSI DSI controller interrupt
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Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_0240 147 131 4 32 GPU3D Graphic Processor Unit 3D interrupt

0000_0244 148 132 4 33 GPU2D Graphic Processor Unit 2D interrupt

0000_0248 149 133 4 33 GPIOA General Purpose Input/Output interrupt 2

0000_024C 150 134 4 33 GPIOA General Purpose Input/Output interrupt 3

0000_0250 151 135 4 33 GPIOB General Purpose Input/Output interrupt 2

0000_0254 152 136 4 34 GPIOB General Purpose Input/Output interrupt 3

0000_0258 153 137 4 34 GPIOC General Purpose Input/Output interrupt 2

0000_025C 154 138 4 34 GPIOC General Purpose Input/Output interrupt 3

0000_0260 155 139 4 34 GPIOD General Purpose Input/Output interrupt 2

0000_0264 156 140 4 35 GPIOD General Purpose Input/Output interrupt 3

0000_0268 157 141 4 35 GPIOE General Purpose Input/Output interrupt 2

0000_026C 158 142 4 35 GPIOE General Purpose Input/Output interrupt 3

0000_0270 159 143 4 35 GPIOF General Purpose Input/Output interrupt 2

0000_0274 160 144 4 36 GPIOF General Purpose Input/Output interrupt 3

0000_0278 161 145 4 36 -

0000_027C 162 146 4 36 -

0000_0280 163 147 4 36 -

0000_0284 164 148 4 37 -

0000_0288 165 149 4 37 -

0000_028C 166 150 4 37 -

0000_0290 167 151 4 37 ADC0 Analog to Digital Convertor

0000_0294 168 152 4 38 ADC1 Analog to Digital Convertor

0000_0298 169 153 4 38 CMP0 Comparator

0000_029C 170 154 4 38 CMP1 Comparator

0000_02A0 171 155 4 38 DAC0 Digital to Analog Convertor

0000_02A4 172 156 4 39 DAC1 Digital to Analog Convertor

0000_02A8 173 157 4 39 FlexSPI0 FlexSPI controller interface interrupt

0000_02AC 174 158 4 39 FlexSPI1 FlexSPI controller interface interrupt

0000_02B0 175 159 4 39 FlexSPI2 FlexSPI controller interface interrupt

0000_02B4 176 160 5 40 uSDHC0 ultra Secure Digital Host Controller interrupt

Table continues on the next page...

NXP Semiconductors
Core overview and memory mapping

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 65 / 5781



Table 7. Interrupt Vector Assignments (continued)

Address Vector IRQ NVIC 
non-IPR 
register 
number

NVIC IPR 
register 
number

Alias Source Description

0000_02B8 177 161 5 40 uSDHC1 ultra Secure Digital Host Controller interrupt

0000_02BC 178 162 5 40 uSDHC2 ultra Secure Digital Host Controller interrupt

0000_02C0 179 163 5 40 MDDR Multi-Port Double Data Rate

0000_02C4 180 164 5 41 FlexIO1 Flexible IO 1 interrupt

0000_02C8 181 165 5 41 I3C0 Improved Inter-Integrated Circuit 0 interrupt

0000_02CC 182 166 5 41 I3C1 Improved Inter-Integrated Circuit 1 interrupt

0000_02D0 183 167 5 41 CASPER Cryptographic Accelerator and Signal Processing 
Engine with RAM-sharing

0000_02D4 184 168 5 42 PowerQuad PowerQuad Digital Signal Co-Processor

0000_02D8 185 169 5 42 EPDC Electronics Paper Display Controller interrupt

0000_02DC 186 170 5 42 PXP Pixel Processor interrupt

0000_02E0 187 171 5 42 CTI1 Cross Trigger Interface

0000_02E0 188 172 5 43 DMA1 DMA1 Channel 0 error or transfer complete

0000_02E0 189 173 5 43 DMA1 DMA1 Channel 1 error or transfer complete

0000_02E0 190 174 5 43 DMA1 DMA1 Channel 2 error or transfer complete

0000_02E0 191 175 5 43 DMA1 DMA1 Channel 3 error or transfer complete

0000_02E0 192 176 5 44 DMA1 DMA1 Channel 4 error or transfer complete

0000_02E0 193 177 5 44 DMA1 DMA1 Channel 5 error or transfer complete

0000_02E0 194 178 5 44 DMA1 DMA1 Channel 6 error or transfer complete

0000_02E0 195 179 5 44 DMA1 DMA1 Channel 7 error or transfer complete

3.3.7 Wake-up Interrupt Controller

3.3.7.1 Wakeup Interrupt Controller (WIC)

The Wakeup Interrupt Controller (WIC) module is capable of interrupt detection and wake up a processor when it is in low power 
mode. When either processor enters deep sleep mode, the power management unit in the system can power down most of that 
processor domain. When the WIC detects an interrupt belongs to that processor, it wakeups the processor and restores its state, 
before the processor can process the interrupt. There is one instance of WIC used on M33 side.

The following table shows WIC interrupt sources for this device.

Table 8. WIC interrupt sources

WIC Channel Interrupt sources NVIC IRQ # Source Description

0 DMA0 1 DMA channel 0 error or 
transfer complete
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

1 DMA0 2 DMA channel 1 error or 
transfer complete

2 DMA0 3 DMA channel 2 error or 
transfer complete

3 DMA0 4 DMA channel 3 error or 
transfer complete

4 DMA0 5 DMA channel 4 error or 
transfer complete

5 DMA0 6 DMA channel 5 error or 
transfer complete

6 DMA0 7 DMA channel 6 error or 
transfer complete

7 DMA0 8 DMA channel 7 error or 
transfer complete

8 DMA0 9 DMA channel 8 error or 
transfer complete

9 DMA0 10 DMA channel 9 error or 
transfer complete

10 DMA0 11 DMA channel 10 error or 
transfer complete

11 DMA0 12 DMA channel 11 error or 
transfer complete

12 DMA0 13 DMA channel 12 error or 
transfer complete

13 DMA0 14 DMA channel 13 error or 
transfer complete

14 DMA0 15 DMA channel 14 error or 
transfer complete

15 DMA0 16 DMA channel 15 error or 
transfer complete

16 DMA0 17 DMA channel 16 error or 
transfer complete

17 DMA0 18 DMA channel 17 error or 
transfer complete

18 DMA0 19 DMA channel 18 error or 
transfer complete

19 DMA0 20 DMA channel 19 error or 
transfer complete
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

20 DMA0 21 DMA channel 20 error or 
transfer complete

21 DMA0 22 DMA channel 21 error or 
transfer complete

22 DMA0 23 DMA channel 22 error or 
transfer complete

23 DMA0 24 DMA channel 23 error or 
transfer complete

24 DMA0 25 DMA channel 24 error or 
transfer complete

25 DMA0 26 DMA channel 25 error or 
transfer complete

26 DMA0 27 DMA channel 26 error or 
transfer complete

27 DMA0 28 DMA channel 27 error or 
transfer complete

28 DMA0 29 DMA channel 28 error or 
transfer complete

29 DMA0 30 DMA channel 29 error or 
transfer complete

30 DMA0 31 DMA channel 30 error or 
transfer complete

31 DMA0 32 DMA channel 31 error or 
transfer complete

32 DMA2 33 DMA channel 0 error or 
transfer complete

33 DMA2 34 DMA channel 1 error or 
transfer complete

34 DMA2 35 DMA channel 2 error or 
transfer complete

35 DMA2 36 DMA channel 3 error or 
transfer complete

36 DMA2 37 DMA channel 4 error or 
transfer complete

37 DMA2 38 DMA channel 5 error or 
transfer complete

38 DMA2 39 DMA channel 6 error or 
transfer complete
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

39 DMA2 40 DMA channel 7 error or 
transfer complete

40 DMA2 41 DMA channel 8 error or 
transfer complete

41 DMA2 42 DMA channel 9 error or 
transfer complete

42 DMA2 43 DMA channel 10 error or 
transfer complete

43 DMA2 44 DMA channel 11 error or 
transfer complete

44 DMA2 45 DMA channel 12 error or 
transfer complete

45 DMA2 46 DMA channel 13 error or 
transfer complete

46 DMA2 47 DMA channel 14 error or 
transfer complete

47 DMA2 48 DMA channel 15 error or 
transfer complete

48 DMA2 49 DMA channel 16 error or 
transfer complete

49 DMA2 50 DMA channel 17 error or 
transfer complete

50 DMA2 51 DMA channel 18 error or 
transfer complete

51 DMA2 52 DMA channel 19 error or 
transfer complete

52 DMA2 53 DMA channel 20 error or 
transfer complete

53 DMA2 54 DMA channel 21 error or 
transfer complete

54 DMA2 55 DMA channel 22 error or 
transfer complete

55 DMA2 56 DMA channel 23 error or 
transfer complete

56 DMA2 57 DMA channel 24 error or 
transfer complete

57 DMA2 58 DMA channel 25 error or 
transfer complete
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

58 DMA2 59 DMA channel 26 error or 
transfer complete

59 DMA2 60 DMA channel 27 error or 
transfer complete

60 DMA2 61 DMA channel 28 error or 
transfer complete

61 DMA2 62 DMA channel 29 error or 
transfer complete

62 DMA2 63 DMA channel 30 error or 
transfer complete

63 DMA2 64 DMA channel 31 error or 
transfer complete

64 CMC0 65 Core Mode Controller 0

65 CMC2 66 Core Mode Controller 2

66 uPower 67 uPower interrupt

67 WUU0 68 Wake Up Unit 0

68 CGC0 69 Clock Generation and Control 
0

69 CGC1 70 Clock Generation and Control 
1

70 CGC2 71 Clock Generation and Control 
2

71 SIM0 72 System Integration Module 0

72 SIM2 73 System Integration Module 2

73 MU0_A 74 Messaging Unit 0 - Side A (to 
communicate with A35 core)

74 MU1_A 75 Messaging Unit 1 - Side A 
(to communicate with Fusion 

DSP)

75 MU2_A 76 Messaging Unit 2 - Side A 
(to communicate with HiFi4 

DSP)

76 WD0G0 77 Watchdog 0 Interrupt

77 WDOG1 78 Watchdog 1 Interrupt

78 WDOG2 79 Watchdog 2 Interrupt

79 WDOG3 80 Watchdog 3 Interrupt

80 WDOG4 81 Watchdog 4 Interrupt
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

81 EWM 82 External Watchdog Monitor 
Interrupt

82 CMC1 83 Core Mode Controller 1

83 SNT 84 EdgeLock secure enclave 
command interface interrupt

84 SNT 85 EdgeLock secure enclave 
secure interrupt

85 SNT 86 EdgeLock secure enclave 
non-secure interrupt

86 BBNSM 87 Battery Back Non-Secure 
Module

87 TRDC 88 Trusted Resource Domain 
Controller interrupt

88 XRDC 89 Extended Resource Domain 
Control

89 LPTMR0 90 Low Power Timer

90 LPTMR1 91 Low Power Timer

91 Reserved 92 -

92 Reserved 93 -

93 LPIT0 94 Low Power Periodic Interrupt 
Timer

94 TPM0 95 Timer PWM module

95 TPM1 96 Timer PWM module

96 TPM2 97 Timer PWM module

97 TPM3 98 Timer PWM module

98 TPM8 99 Timer PWM module

99 Timers 100 Timers interrupt

100 MRT 101 Multi-Rate Timer interrupt

101 FlexCAN 102 Controller Area Network 
interrupt

102 FlexIO0 103 Flexible IO

103 LPI2C0 104 Low Power Inter-Integrated 
Circuit module

104 LPI2C1 105 Low Power Inter-Integrated 
Circuit module

105 LPI2C2 106 Low Power Inter-Integrated 
Circuit module
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

106 LPI2C3 107 Low Power Inter-Integrated 
Circuit module

107 LPSPI0 108 Low Power Serial Peripheral 
Interface

108 LPSPI1 109 Low Power Serial Peripheral 
Interface

109 LPSPI2 110 Low Power Serial Peripheral 
Interface

110 LPSPI3 111 Low Power Serial Peripheral 
Interface

111 LPUART0 112 Low Power UART

112 LPUART1 113 Low Power UART

113 LPUART2 114 Low Power UART

114 LPUART3 115 Low Power UART

115 USB0 116 USB Interrupt from A35 
subsystem

116 USB0 PHY 117 USB PHY (used in 
conjunction with USB0)

117 USB1 118 USB Interrupt from A35 
subsystem

118 USB0 PHY 119 USB PHY (used in 
conjunction with USB1)

119 MICFIL 120 Microphone Filter interrupt

120 MICFIL 121 Microphone Filter Voice 
Activity Detection interrupt

121 SAI0 122 Serial Audio Interface

122 SAI1 123 Serial Audio Interface

123 SAI2 124 Serial Audio Interface

124 SAI3 125 Serial Audio Interface

125 SAI6 126 Serial Audio Interface

126 SAI7 127 Serial Audio Interface

127 SPDIF 128 Sony/Phillips Digital Interface

128 DCNano 129 Display Control Nano 
interrupt

129 DSI 130 DSI controller interrupt

130 GPU3D 131 Graphic Processor Unit 3D 
interrupt

Table continues on the next page...

NXP Semiconductors
Core overview and memory mapping

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 72 / 5781



Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

131 GPU2D 132 Graphic Processor Unit 2D 
interrupt

132 GPIOA 133 General Purpose Input/
Output interrupt 2

133 GPIOA 134 General Purpose Input/
Output interrupt 3

134 GPIOB 135 General Purpose Input/
Output interrupt 2

135 GPIOB 136 General Purpose Input/
Output interrupt 3

136 GPIOC 137 General Purpose Input/
Output interrupt 2

137 GPIOC 138 General Purpose Input/
Output interrupt 3

138 GPIOD 139 General Purpose Input/
Output interrupt 2

139 GPIOD 140 General Purpose Input/
Output interrupt 3

140 GPIOE 141 General Purpose Input/
Output interrupt 2

141 GPIOE 142 General Purpose Input/
Output interrupt 3

142 GPIOF 143 General Purpose Input/
Output interrupt 2

143 GPIOF 144 General Purpose Input/
Output interrupt 3

144 Reserved 145 -

145 Reserved 146 -

146 Reserved 147 -

147 Reserved 148 -

148 Reserved 149 -

149 Reserved 150 -

150 ADC0 151 Analog to Digital Convertor

151 ADC1 152 Analog to Digital Convertor

152 CMP0 153 Comparator

153 CMP1 154 Comparator

154 DAC0 155 Digital to Analog Convertor
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

155 DAC1 156 Digital to Analog Convertor

156 FlexSPI0 157 FlexSPI controller interface 
interrupt

157 FlexSPI1 158 FlexSPI controller interface 
interrupt

158 FlexSPI2 159 FlexSPI controller interface 
interrupt

159 uSDHC0 160 ultra Secure Digital Host 
Controller interrupt

160 uSDHC1 161 ultra Secure Digital Host 
Controller interrupt

161 uSDHC2 162 ultra Secure Digital Host 
Controller interrupt

162 MDDR 163 Multi-Port Double Data Rate

163 FlexIO1 164 Flexible IO 1 interrupt

164 I3C0 165 Improved Inter-Integrated 
Circuit 0 interrupt

165 I3C1 166 Improved Inter-Integrated 
Circuit 1 interrupt

166 CASPER 167 Cryptographic Accelerator 
and Signal Processing 

Engine with RAM-sharing

167 PowerQuad 168 PowerQuad Digital Signal 
Co-Processor

168 EPDC 169 Electronics Paper Display 
Controller interrupt

169 PXP 170 Pixel Processor interrupt

170 CTI1 171 Cross Trigger Interface 1 (for 
SoC)

171 DMA1 172 DMA1 Channel 0 error or 
transfer complete

172 DMA1 173 DMA1 Channel 1 error or 
transfer complete

173 DMA1 174 DMA1 Channel 2 error or 
transfer complete

174 DMA1 175 DMA1 Channel 3 error or 
transfer complete

175 DMA1 176 DMA1 Channel 4 error or 
transfer complete
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Table 8. WIC interrupt sources (continued)

WIC Channel Interrupt sources NVIC IRQ # Source Description

176 DMA1 177 DMA1 Channel 5 error or 
transfer complete

177 DMA1 178 DMA1 Channel 6 error or 
transfer complete

178 DMA1 179 DMA1 Channel 7 error or 
transfer complete

179 BBSM 180 Battery Back Secure Module

3.4 HiFi4 DSP Platform

3.4.1 Xtensa HiFi4 advanced Audio Digital Signal Processor

The Cadence® Xtensa® HiFi4 Audio Engine is a highly optimized audio processor running at frequencies up to 600 MHz. It 
is geared for efficient execution of audio and voice codecs and pre- and post-processing modules. It includes support for four 
32x32-bit MACs, some support for 72-bit accumulators, limited ability to support eight 32x16-bit MACs, and the ability to issue two 
64-bit loads per cycle. There is an floating point unit included, providing up to four single-precision IEEE floating point MACs per 
cycle. The HiFi4 Audio Engine is a configuration option of the Xtensa LX6 processor. All HiFi4 Audio Engine operations can be 
used as intrinsics in standard C/C++ application.

The HiFi4 Audio Engine is a configuration option of the Xtensa LX6 processor from Cadence. Documentation, software, and 
training is available from Cadence.

3.4.2 HiFi4 implementation options

The following table shows the HiFi implementation options for i.MX 8ULP.

Table 9. HiFi4 implementation options

Option Value

HiFi4 Vector FP Selected

Size of L0 Loop Buffer (in bytes) 256

Memory Protection/MMU Region protection

MUL32 Implementation selection Pipelined + UH/SH

MUL16 Selected

16-bit MAC with 40-bit Accumulator Selected

Non-IEEE Double Precision Floating Point Accelerator Selected

Number of AR register for call windows 32

Byte ordering (endianness) Little Endian

Generate exception on unaligned load/store address Take Exception

L32R Hardware support option Normal L32R

Pipeline length 7
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Table 9. HiFi4 implementation options (continued)

Option Value

Cache prefetch entries 16

Instruction cache size 32768

Instruction cache: Associativity 4

Instruction cache: Line Size 256

Instruction cache: Write Back Selected

Instruction cache: Line Locking Selected

Data cache size 64

Data cache: Associativity 4

Data cache: Line Size 128

Data cache: Write Back Selected

Data cache: Line Locking Selected

Data cache Number of Data Banks 4

Count of Load/Store Units 2

Debug Selected

Debug: Instruction address breakpoint registers 2

Debug: Data address breakpoint registers 2

Debug: On-chip Debug (OCD) Selected

Debug: External Debug Interrupt Selected

Debug: Number of Performance Counters 2

Trace Port (address trace and pipeline status) Selected

Add data trace Selected

Interrupt count 32

Interrupt: Count of interrupt priority levels 4

Interrupt: Timer count 2

Interrupt: EXCM priority level (highest priority of efficiently 
C-callable handlers

2

Interrupt: Debug interrupt level 4

3.4.3 HiFi DSP system memory map
The following table shows device's system memory map in HiFi4 DSP region of application domain.
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Table 10. HiFi4 DSP memory map

Start 
address

Description Alias Size Access Cached

0000_0000 Aliasing of 4KB SSRAM at 0x2000_0000 SSRAM 
aliasing

4 KB Yes -

0000_1000 Reserved — — — —

0100_0000 Reserved — — — —

0400_0000 Flexible Serial Peripheral Interface 1 (Remap to 
40000000 - 47FFFFFF)

FLEXSPI1 128 MB HiFi4 DSP I/D Cache

0C00_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 192 KB HiFi4 DSP I/D Cache

0C03_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 47.8125 MB HiFi4 DSP I/D Cache

0F00_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 15.75 MB HiFi4 DSP I/D Cache

0FFC_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 256 KB HiFi4 DSP I/D Cache

1000_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 96 KB HiFi4 DSP I/D Cache

1001_8000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 15.90625 
MB

HiFi4 DSP I/D Cache

1100_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 48 MB HiFi4 DSP I/D Cache

1400_0000 DRAM (Remap to 80000000 - 8FFFFFFF) DRAM 128 MB HiFi4 DSP I/D Cache

1C00_0000 Reserved — — — —

1C03_0000 Reserved — — — —

1F00_0000 Reserved — — — —

1FFC_0000 Shared SRAM (256KB) SSRAM P7 256 KB HiFi4 DSP No

2000_0000 Shared SRAM (32KB) SSRAM P0 32 KB HiFi4 DSP No

2000_8000 Shared SRAM (32KB) SSRAM P1 32 KB HiFi4 DSP No

2001_0000 Shared SRAM (64KB) SSRAM P2 64 KB HiFi4 DSP No

2002_0000 Shared SRAM (64KB) SSRAM P3 64 KB HiFi4 DSP No

2003_0000 Shared SRAM (64KB) SSRAM P4 64 KB HiFi4 DSP No

2004_0000 Shared SRAM (128KB) SSRAM P5 128 KB HiFi4 DSP No

2006_0000 Shared SRAM (128KB) SSRAM P6 128 KB HiFi4 DSP No

2008_0000 Reserved — — — —

2100_0000 SRAM1 (64KB) SRAM1 64 KB HiFi4 DSP No

2101_0000 Reserved — — — —

2117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB HiFi4 DSP No

2118_0000 HiFi4 DTCM HiFi4 DTCM 64 KB HiFi4 DSP No

2119_0000 Reserved — — — —

2201_0000 SRAM0 (64KB) SRAM0 64 KB HiFi4 DSP No
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Table 10. HiFi4 DSP memory map (continued)

Start 
address

Description Alias Size Access Cached

2202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB HiFi4 DSP No

2206_0000 Reserved — — — —

2300_0000 Reserved — — — —

2600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - -

2600_8000 Reserved — — — —

2700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure 
enclave

512 KB - -

2708_0000 Reserved — — — —

2800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB HiFi4 DSP No

2808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB HiFi4 DSP No

2810_0000 Reserved — — — —

2818_0000 Reserved — — — —

2830_0000 uPower AHB Slave UPOWER 512 KB - -

2838_0000 Reserved — — — —

2840_0000 PowerQ AHB Slave POWERQ 64 KB - -

2841_0000 CASPER AHB Slave 0 CASPER0 64 KB - -

2842_0000 CASPER AHB Slave 1 CASPER1 64 KB - -

2843_0000 Reserved — — — —

2880_0000 GPIOA GPIOA_RE
GS

64 KB HiFi4 DSP No

2881_0000 GPIOB GPIOB_RE
GS

64 KB HiFi4 DSP No

2882_0000 GPIOC GPIOC_RE
GS

64 KB HiFi4 DSP No

2883_0000 ISP_AP ISP_AP 64 KB - -

2884_0000 Reserved — — — —

2890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 
RX FIFO

1024 bytes HiFi4 DSP No

2890_0400 Reserved — — — —

2891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 
TX FIFO

1024 bytes HiFi4 DSP No

2891_0400 Reserved — — — —

2892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 
RX FIFO

1024 bytes HiFi4 DSP No

Table continues on the next page...
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Table 10. HiFi4 DSP memory map (continued)

Start 
address

Description Alias Size Access Cached

2892_0400 Reserved — — — —

2893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 
TX FIFO

1024 bytes HiFi4 DSP No

2893_0400 Reserved — — — —

2900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB HiFi4 DSP No

2980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB HiFi4 DSP No

2A00_0000 Reserved — — — —

2D00_0000 GPIOE GPIOE_RE
GS

64 KB HiFi4 DSP No

2D01_0000 GPIOF GPIOF_RE
GS

64 KB HiFi4 DSP No

2D02_0000 Reserved — — — —

2D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 
RX FIFO

1024 bytes HiFi4 DSP No

2D03_0400 Reserved — — — —

2D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 
TX FIFO

1024 bytes HiFi4 DSP No

2D04_0400 Reserved — — — —

2D20_0000 NIC_AD Programming Registers NIC_AD_RE
GS

1024 KB - -

2D30_0000 NIC_PER Programming Registers NIC_PER_R
EGS

1024 KB - -

2D40_0000 GIC500 Programming Registers GIC500_RE
GS

1024 KB - -

2D50_0000 Reserved — — — —

2D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB HiFi4 DSP No

2E00_0000 GPU3D Programming Registers GPU3D_RE
GS

64 KB - -

2E01_0000 GPU2D Programming Registers GPU2D_RE
GS

256 KB - -

2E05_0000 DCNano Programming Registers DCNANO_R
EGS

64 KB - -

2E06_0000 DDR Controller Programming Registers DDR_REGS 64 KB - -

2E07_0000 Reserved — — — —

2E20_0000 GPIOD GPIOD_RE
GS

64 KB - -

Table continues on the next page...
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Table 10. HiFi4 DSP memory map (continued)

Start 
address

Description Alias Size Access Cached

2E21_0000 Reserved — — — —

2E40_0000 Reserved — — — —

2E50_0000 Reserved — — — —

3000_0000 DRAM (Remap to 9000_0000) DRAM 32 KB HiFi4 DSP I/D Cache1

3000_8000 DRAM (Remap to 9000_8000) DRAM 32 KB HiFi4 DSP I/D Cache

3001_0000 DRAM (Remap to 9001_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3002_0000 DRAM (Remap to 9002_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3003_0000 DRAM (Remap to 9003_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3004_0000 DRAM (Remap to 9004_0000) DRAM 128 KB HiFi4 DSP I/D Cache

3006_0000 DRAM (Remap to 9006_0000) DRAM 128 KB HiFi4 DSP I/D Cache

3008_0000 DRAM (Remap to 9008_0000) DRAM 15.5 MB HiFi4 DSP I/D Cache

3100_0000 DRAM (Remap to 9100_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3101_0000 DRAM (Remap to 9101_0000) DRAM 960 KB HiFi4 DSP I/D Cache

3110_0000 DRAM (Remap to 9110_0000) DRAM 448 KB HiFi4 DSP I/D Cache

3117_0000 DRAM (Remap to 9117_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3118_0000 DRAM (Remap to 9118_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3119_0000 DRAM (Remap to 9119_0000) DRAM 14.5 MB HiFi4 DSP I/D Cache

3201_0000 DRAM (Remap to 9201_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3202_0000 DRAM (Remap to 9202_0000) DRAM 256 KB HiFi4 DSP I/D Cache

3206_0000 DRAM (Remap to 9206_0000) DRAM 15.625 MB HiFi4 DSP I/D Cache

3300_0000 DRAM (Remap to 9300_0000) DRAM 48 MB HiFi4 DSP I/D Cache

3600_0000 DRAM (Remap to 9600_0000) DRAM 32 KB HiFi4 DSP I/D Cache

3600_8000 DRAM (Remap to 9600_8000) DRAM 15.96875 
MB

HiFi4 DSP I/D Cache

3700_0000 DRAM (Remap to 9700_0000) DRAM 512 KB HiFi4 DSP I/D Cache

3708_0000 DRAM (Remap to 9708_0000) DRAM 15.5 MB HiFi4 DSP I/D Cache

3800_0000 DRAM (Remap to 9800_0000) DRAM 512 KB HiFi4 DSP I/D Cache

3808_0000 DRAM (Remap to 9808_0000) DRAM 512 KB HiFi4 DSP I/D Cache

3810_0000 DRAM (Remap to 9810_0000) DRAM 512 KB HiFi4 DSP I/D Cache

3818_0000 DRAM (Remap to 9818_0000) DRAM 1.5 MB HiFi4 DSP I/D Cache

3830_0000 DRAM (Remap to 9830_0000) DRAM 512 KB HiFi4 DSP I/D Cache

3838_0000 DRAM (Remap to 9838_0000) DRAM 512 KB HiFi4 DSP I/D Cache

Table continues on the next page...

NXP Semiconductors
Core overview and memory mapping

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 80 / 5781



Table 10. HiFi4 DSP memory map (continued)

Start 
address

Description Alias Size Access Cached

3840_0000 DRAM (Remap to 9840_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3841_0000 DRAM (Remap to 9841_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3842_0000 DRAM (Remap to 9842_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3843_0000 DRAM (Remap to 9843_0000) DRAM 3.8125 MB HiFi4 DSP I/D Cache

3880_0000 DRAM (Remap to 9880_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3881_0000 DRAM (Remap to 9881_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3882_0000 DRAM (Remap to 9882_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3883_0000 DRAM (Remap to 9883_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3884_0000 DRAM (Remap to 9884_0000) DRAM 768 KB HiFi4 DSP I/D Cache

3890_0000 DRAM (Remap to 9890_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3890_0400 DRAM (Remap to 9890_0400) DRAM 63 KB HiFi4 DSP I/D Cache

3891_0000 DRAM (Remap to 9891_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3891_0400 DRAM (Remap to 9891_0400) DRAM 63 KB HiFi4 DSP I/D Cache

3892_0000 DRAM (Remap to 9892_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3892_0400 DRAM (Remap to 9892_0400) DRAM 63 KB HiFi4 DSP I/D Cache

3893_0000 DRAM (Remap to 9893_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3893_0400 DRAM (Remap to 9893_0400) DRAM 6.81152343
75 MB

HiFi4 DSP I/D Cache

3900_0000 DRAM (Remap to 9900_0000) DRAM 8 MB HiFi4 DSP I/D Cache

3980_0000 DRAM (Remap to 9980_00000) DRAM 8 MB HiFi4 DSP I/D Cache

3A00_0000 DRAM (Remap to 9A00_0000) DRAM 48 MB HiFi4 DSP I/D Cache

3D00_0000 DRAM (Remap to 9D00_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3D01_0000 DRAM (Remap to 9D01_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3D02_0000 DRAM (Remap to 9D02_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3D03_0000 DRAM (Remap to 9D03_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3D03_0400 DRAM (Remap to 9D03_0400) DRAM 63 KB HiFi4 DSP I/D Cache

3D04_0000 DRAM (Remap to 9D04_0000) DRAM 1024 bytes HiFi4 DSP I/D Cache

3D04_0400 DRAM (Remap to 9D04_0400) DRAM 1.74902343
75 MB

HiFi4 DSP I/D Cache

3D20_0000 DRAM (Remap to 9D20_0000) DRAM 1024 KB HiFi4 DSP I/D Cache

3D30_0000 DRAM (Remap to 9D30_0000) DRAM 1024 KB HiFi4 DSP I/D Cache

3D40_0000 DRAM (Remap to 9D40_0000) DRAM 1024 KB HiFi4 DSP I/D Cache

Table continues on the next page...
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Table 10. HiFi4 DSP memory map (continued)

Start 
address

Description Alias Size Access Cached

3D50_0000 DRAM (Remap to 9D50_0000) DRAM 3 MB HiFi4 DSP I/D Cache

3D80_0000 DRAM (Remap to 9D80_0000) DRAM 8 MB HiFi4 DSP I/D Cache

3E00_0000 DRAM (Remap to 9E00_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3E01_0000 DRAM (Remap to 9E01_0000) DRAM 256 KB HiFi4 DSP I/D Cache

3E05_0000 DRAM (Remap to 9E05_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3E06_0000 DRAM (Remap to 9E06_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3E07_0000 DRAM (Remap to 9E07_0000) DRAM 1.5625 MB HiFi4 DSP I/D Cache

3E20_0000 DRAM (Remap to 9E20_0000) DRAM 64 KB HiFi4 DSP I/D Cache

3E21_0000 DRAM (Remap to 9E21_0000) DRAM 1.9375 MB HiFi4 DSP I/D Cache

3E40_0000 DRAM (Remap to 9E40_0000) DRAM 1024 KB HiFi4 DSP I/D Cache

3E50_0000 DRAM (Remap to 9E50_0000) DRAM 27 MB HiFi4 DSP I/D Cache

4000_0000 Reserved — — — —

5000_0000 Reserved — — — —

6000_0000 Reserved — — — —

7000_0000 Reserved — — — —

8000_0000 Reserved — — — —

9000_0000 Reserved — — — —

A000_0000 Reserved — — — —

B000_0000 Reserved — — — —

C000_0000 Reserved — — — —

D000_0000 Reserved — — — —

E000_0000 Reserved — — — —

F000_0000 Reserved — — — —

1. The peripheral address range (0x20000000 - 0x2FFFFFFF) and DDR range (0x30000000 - 0x3FFFFFFF) are in the same 
512M cache attribute region. If the cache is enabled for the DDR range (0x30000000 - 0x3FFFFFFF), then HIFI4 can't access 
the peripheral addresses. Because the peripherals can only be accessed with the cache disabled.

 
SRAM0, SRAM1 and SRAM2 don't have support for exclusive access.

  NOTE  
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3.4.4 HiFi4 DSP interrupt assignments

Table 11. HiFi4 DSP interrupt table

Address IRQ Source Module Source Description Priority Level

0000_0040 0 HiFi4 DSP SYS_IRQ NMI

0000_0044 1 HiFi4 DSP Software IRQ0 L2

0000_0048 2 HiFi4 DSP Internal RTOS Timers 0 L2

0000_004C 3 HiFi4 DSP Internal RTOS Timers 1 L3

0000_0050 4 HiFi4 DSP Profiling IRQ L3

0000_0054 5 HiFi4 DSP Write Error L3

0000_0058 6 DMA2 DMA channel 0 error or 
transfer complete

L1

0000_005C 7 DMA2 DMA channel 1 error or 
transfer complete

L1

0000_0060 8 DMA2 DMA channel 2 error or 
transfer complete

L1

0000_0064 9 DMA2 DMA channel 3 error or 
transfer complete

L1

0000_0068 10 DMA2 DMA channel 4 error or 
transfer complete

L1

0000_006C 11 DMA2 DMA channel 5 error or 
transfer complete

L1

0000_0070 12 DMA2 DMA channel 6 error or 
transfer complete

L1

0000_0074 13 DMA2 DMA channel 7 error or 
transfer complete

L1

0000_0078 14 MU2_B Messaging Unit 2 - 
Side B (to communicate 
with M33)

L1

0000_007C 15 MU3_B Messaging Unit 3 - 
Side B (to communicate 
with A35)

L1

0000_0080 16 WDOG5 Watchdog 5 Interrupt L2

0000_0084 17 TPM8 Timer PWM module L2

0000_0088 18 SAI0 Serial Audio Interface L2

0000_008C 19 SAI1 Serial Audio Interface L2

0000_0090 20 - - L2

0000_0094 21 - - L2

0000_0098 22 SAI4 Serial Audio Interface L2

Table continues on the next page...
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Table 11. HiFi4 DSP interrupt table (continued)

Address IRQ Source Module Source Description Priority Level

0000_009C 23 SAI5 Serial Audio Interface L2

0000_00A0 24 SAI6 Serial Audio Interface L3

0000_00A4 25 SAI7 Serial Audio Interface L3

0000_00A8 26 SPDIF Sonny/Phillips 
Digital Interface

L3

0000_00AC 27 GPIOA GPIO A pins L3

0000_00B0 28 GPIOB GPIO B pins L3

0000_00B4 29 GPIOD GPIO D pins L3

0000_00B8 30 GPIOE GPIO E pins L3

0000_00BC 31 GPIOF GPIO F pins L3

3.5 HiFi Fusion Platform

3.5.1 Overview

3.5.1.1 HiFi Fusion features

• Cadence Xtensa Fusion F1 Audio DSP processor, running at frequencies of up to 200 MHz.

• Hardware Floating Point Unit

• Serial Wire Debug (shared with Cortex-M33 Control Domain CPU)

3.5.2 Fusion DSP memory map

The general features of the Fusion DSP memory map are discussed in the following sections.

3.5.2.1 RAM

The Fusion F1 can access the entire main system RAM, and the TCM memories are physically shared system memories.

3.5.2.1.1 Tightly Coupled Memories (TCMs)

The Fusion F1 uses the Shared System RAM as TCMs for both code (IRAM0 / IRAM1) and data (DRAM0 / DRAM1). This 
shared memory is divided in several partitions allowing parallel accesses to different partitions. Therefore IRAM0 and DRAM0 
are configured to access different partitions of the shared RAM, and IRAM1 / DRAM1 are configured to access other different 
partitions. And the shared RAM can be accessed by other masters too (Cortex M33, DMA controllers, etc).

 
Under no circumstance should the DSP code (“IRAM”/”TCM Code”) and data (“DRAM”/”TCM Data”) regions be 
located in the same shared ram partition. Doing so will cause a permanent lock-up.

  NOTE  

3.5.2.1.2 Main SRAM

The Fusion F1 has access to the entire main SRAM space, unless security is enabled and parts are marked for secure-
only access.
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3.5.2.2 AHB and APB peripherals

The Fusion F1 accesses system peripherals via its AHB master interface using the same busing as the Cortex-M33. Access to 
some peripherals is not possible due to the AHB matrix connections.

If system security is enabled, other peripherals may become unavailable since the Fusion F1 does not have modes similar 
to those supported by the Cortex-M33. System security can selectively lock out any non-secure master from any number of 
specific peripherals.

All APB peripheral are intrinsically accessible to the Fusion F1, but some may be made unavailable through security settings.

3.5.3 Reset behavior

The Fusion F1 is held in reset after a device reset. Before the Fusion F1 begins execution, the Cortex-M33 must load code into a 
memory accessible by the Fusion F1, configure (at a minimum) the Fusion F1 reset vector, and release the Fusion F1 from reset. 
API calls support various portions of this process.

The vector table base address for Fusion F1 is configured by Cortex-M33 using the mapped register VECT_REMAP field in 
FUSION_GPR0 register. See Overview for more details.

3.5.4 Security

The Fusion F1 does not include any mechanism for supporting system security of the type implemented by the Cortex-M33. So, 
if TrustZone is enabled and/or other system security features are enabled, the Fusion F1 will not have access to any secured 
memory regions or peripherals. System security can be very specific, controlled to the level of individual peripherals and individual 
memory partitions. In some cases, peripherals are grouped on AHB matrix ports with the idea that all of those peripherals will likely 
not need to be accessed by the Fusion F1.

• All groups can be secured, allowing access only to secure bus masters

• >All can be left unsecured, allowing access to all bus masters

• Groups can be selectively secured to protect more critical system controls, while allowing access to other masters, including 
the Fusion F1.

3.5.5 HiFi Fusion Memory Map
The following table shows the device's high-level system memory map in real-time domain (RTD) accessed by HiFi Fusion core.

Table 12. HiFi Fusion DSP memory map

Start 
address

Default
1

Description Alias Size Access Cached

0000_0000 Non-
Secure

Shared RAM (768KB, Fusion iRAM bus) SSRAM 768 KB Fusion DSP No

000C_0000 Reserved — — — —

0080_0000 Shared RAM (768KB, Fusion dRAM bus) SSRAM 768 KB Fusion DSP No

008C_0000 Reserved — — — —

0400_0000 Flexible Serial Peripheral Interface 0 FLEXSPI0 128 MB Fusion DSP No

0C00_0000 Reserved — — — —

0C03_0000 Reserved — — — —

0F00_0000 Reserved — — — —

0FFC_0000 Reserved — — — —

Table continues on the next page...
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

1000_0000 Secure Reserved — — — —

100C_0000 Reserved — — — —

1080_0000 Reserved — — — —

108C_0000 Reserved — — — —

1400_0000 Flexible Serial Peripheral Interface 0 FLEXSPI0 128 MB Fusion DSP No

1C00_0000 Reserved — — — —

1C03_0000 Reserved — — — —

1F00_0000 Reserved — — — —

1FFC_0000 Reserved — — — —

2000_0000 Non-
Secure

Reserved — — — —

2000_8000 Reserved — — — —

2001_0000 Reserved — — — —

2002_0000 Reserved — — — —

2003_0000 Reserved — — — —

2004_0000 Reserved — — — —

2006_0000 Reserved — — — —

2008_0000 Reserved — — — —

2100_0000 SRAM1 (64KB) SRAM1 64 KB Fusion DSP No

2101_0000 Reserved — — — —

2110_0000 Reserved — — — —

2117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB Fusion DSP No

2118_0000 HiFi4 DTCM HiFi4 
DTCM

64 KB Fusion DSP No

2119_0000 Reserved — — — —

2201_0000 SRAM0 (64KB) SRAM0 64 KB Fusion DSP No

2202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB Fusion DSP No

2206_0000 Reserved — — — —

2300_0000 Reserved — — — —

2600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - -

2600_8000 Reserved — — — —

2700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure 
enclave

512 KB - -

Table continues on the next page...
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

2708_0000 Reserved — — — —

2800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB Fusion DSP No

2808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB Fusion DSP No

2810_0000 Peripheral Bridge 2 (Fusion DSP) PBRIDGE2 512 KB Fusion DSP No

2818_0000 Reserved — — — —

2830_0000 uPower AHB Slave UPOWER 512 KB - -

2838_0000 Reserved — — — —

2840_0000 PowerQ AHB Slave POWERQ 64 KB — No

2841_0000 CASPER AHB Slave 0 CASPER0 64 KB — No

2842_0000 CASPER AHB Slave 1 CASPER1 64 KB — No

2843_0000 Reserved — — — —

2880_0000 GPIOA GPIOA_RE
GS

64 KB Fusion DSP No

2881_0000 GPIOB GPIOB_RE
GS

64 KB Fusion DSP No

2882_0000 GPIOC GPIOC_RE
GS

64 KB Fusion DSP No

2883_0000 ISP_AP ISP_AP 64 KB - -

2884_0000 Reserved — — — —

2890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 
RX FIFO

1024 bytes Fusion DSP No

2890_0400 Reserved — — — —

2891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 
TX FIFO

1024 bytes Fusion DSP No

2891_0400 Reserved — — — —

2892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 
RX FIFO

1024 bytes Fusion DSP No

2892_0400 Reserved — — — —

2893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 
TX FIFO

1024 bytes Fusion DSP No

2893_0400 Reserved — — — —

2900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB - -

2980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB - -

2A00_0000 Reserved — — — —

Table continues on the next page...
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

2D00_0000 GPIOE GPIOE_RE
GS

64 KB - -

2D01_0000 GPIOF GPIOF_RE
GS

64 KB - -

2D02_0000 Reserved — — — —

2D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 
RX FIFO

1024 bytes - -

2D03_0400 Reserved — — — —

2D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 
TX FIFO

1024 bytes - -

2D04_0400 Reserved — — — —

2D20_0000 NIC_AD Programming Registers NIC_AD_R
EGS

1024 KB - -

2D30_0000 NIC_PER Programming Registers NIC_PER_
REGS

1024 KB - -

2D40_0000 GIC500 Programming Registers GIC500_R
EGS

1024 KB - -

2D50_0000 Reserved — — — —

2D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB - -

2E00_0000 GPU3D Programming Registers GPU3D_R
EGS

64 KB - -

2E01_0000 GPU2D Programming Registers GPU2D_R
EGS

256 KB - -

2E05_0000 DCNano Programming Registers DCNANO_
REGS

64 KB - -

2E06_0000 DDR Controller Programming Registers DDR_REG
S

64 KB - -

2E07_0000 Reserved — — — —

2E20_0000 GPIOD GPIOD_RE
GS

64 KB - -

2E21_0000 Reserved — — — —

2E40_0000 NIC_LPAV Programming Registers NIC_LPAV
_REGS

1024 KB - -

2E50_0000 Reserved — — — —

3000_0000 Secure Shared RAM (512KB) SSRAM 512 KB — No

3008_0000 Reserved — — — —

Table continues on the next page...
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3100_0000 SRAM1 (64KB) SRAM1 64 KB Fusion DSP No

3101_0000 Reserved — — — —

3110_0000 Reserved — — — —

3117_0000 HiFi4 ITCM HiFi4 ITCM 64 KB Fusion DSP No

3118_0000 HiFi4 DTCM HiFi4 
DTCM

64 KB Fusion DSP No

3119_0000 Reserved — — — —

3201_0000 SRAM0 (64KB) SRAM0 64 KB Fusion DSP No

3202_0000 SRAM2 (256KB shared with L2 Cache) SRAM2 256 KB Fusion DSP No

3206_0000 Reserved — — — —

3300_0000 Reserved — — — —

3600_0000 Secure SRAM (32KB) SEC SRAM 32 KB - -

3600_8000 Reserved — — — —

3700_0000 EdgeLock secure enclave AHB Slave EdgeLock 
secure 
enclave

512 KB - -

3708_0000 Reserved — — — —

3800_0000 Peripheral Bridge 0 (RTD) PBRIDGE0 512 KB Fusion DSP No

3808_0000 Peripheral Bridge 1 (RTD) PBRIDGE1 512 KB Fusion DSP No

3810_0000 Peripheral Bridge 2 (Fusion DSP) PBRIDGE2 512 KB Fusion DSP No

3818_0000 Reserved — — — —

3830_0000 uPower AHB Slave UPOWER 512 KB - -

3838_0000 Reserved — — — —

3840_0000 PowerQ AHB Slave POWERQ 64 KB2 — No

3841_0000 CASPER AHB Slave 0 CASPER0 64 KB2 — No

3842_0000 CASPER AHB Slave 1 CASPER1 64 KB2 — No

3843_0000 Reserved — — — —

3880_0000 GPIOA GPIOA_RE
GS

64 KB Fusion DSP No

3881_0000 GPIOB GPIOB_RE
GS

64 KB Fusion DSP No

3882_0000 GPIOC GPIOC_RE
GS

64 KB Fusion DSP No

3883_0000 ISP_AP ISP_AP 64 KB - -

Table continues on the next page...
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3884_0000 Reserved — — — —

3890_0000 FlexSPI0 IP RX FIFO FLEXSPI0 
RX FIFO

1024 bytes Fusion DSP No

3890_0400 Reserved — — — —

3891_0000 FlexSPI0 IP TX FIFO FLEXSPI0 
TX FIFO

1024 bytes Fusion DSP No

3891_0400 Reserved — — — —

3892_0000 FlexSPI1 IP RX FIFO FLEXSPI1 
RX FIFO

1024 bytes Fusion DSP No

3892_0400 Reserved — — — —

3893_0000 FlexSPI1 IP TX FIFO FLEXSPI1 
TX FIFO

1024 bytes Fusion DSP No

3893_0400 Reserved — — — —

3900_0000 Peripheral Bridge 3 (AD) PBRIDGE3 8 MB - -

3980_0000 Peripheral Bridge 4 (AD) PBRIDGE4 8 MB - -

3A00_0000 Reserved — — — —

3D00_0000 GPIOE GPIOE_RE
GS

64 KB - -

3D01_0000 GPIOF GPIOF_RE
GS

64 KB - -

3D02_0000 Reserved — — — —

3D03_0000 FlexSPI2 IP RX FIFO FLEXSPI2 
RX FIFO

1024 bytes - -

3D03_0400 Reserved — — — —

3D04_0000 FlexSPI2 IP TX FIFO FLEXSPI2 
TX FIFO

1024 bytes - -

3D04_0400 Reserved — — — —

3D20_0000 NIC_AD Programming Registers NIC_AD_R
EGS

1024 KB - -

3D30_0000 NIC_PER Programming Registers NIC_PER_
REGS

1024 KB - -

3D40_0000 GIC500 Programming Registers GIC500_R
EGS

1024 KB - -

3D50_0000 Reserved — — — —

3D80_0000 Peripheral Bridge 5 (LPAV) PBRIDGE5 8 MB - -
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Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

3E00_0000 GPU3D Programming Registers GPU3D_R
EGS

64 KB - -

3E01_0000 GPU2D Programming Registers GPU2D_R
EGS

256 KB - -

3E05_0000 DCNano Programming Registers DCNANO_
REGS

64 KB - -

3E06_0000 DDR Controller Programming Registers DDR_REG
S

64 KB - -

3E07_0000 Reserved — — — —

3E20_0000 GPIOD GPIOD_RE
GS

64 KB - -

3E21_0000 Reserved — — — —

3E40_0000 NIC_LPAV Programming Registers NIC_LPAV
_REGS

1024 KB - -

3E50_0000 Reserved — — — —

4000_0000 Non-
Secure

FlexSPI1 FLEXSPI1 256 MB Fusion DSP No

5000_0000 Secure FlexSPI1 FLEXSPI1 256 MB Fusion DSP No

6000_0000 Non-
Secure

FlexSPI2 FLEXSPI2 256 MB Fusion DSP No

7000_0000 Secure FlexSPI2 FLEXSPI2 256 MB Fusion DSP No

8000_0000 Non-
Secure

DRAM (256KB) DRAM 256 MB Fusion DSP No

9000_0000 Secure DRAM (256KB) DRAM 256 MB Fusion DSP No

A000_0000 Non-
Secure

DRAM (256KB) DRAM 256 MB Fusion DSP No

B000_0000 Secure DRAM (256KB) DRAM 256 MB Fusion DSP No

C000_0000 Non-
Secure

DRAM (256KB) DRAM 256 MB Fusion DSP No

D000_0000 Secure DRAM (256KB) DRAM 256 MB Fusion DSP No

E000_0000 Non-
Secure

Private Peripheral Bus - Internal PRIV PER 
BUS INT

256 KB - -

E004_0000 Private Peripheral Bus - External PRIV PER 
BUS EXT

768 KB - -

E010_0000 Reserved — — — —

E100_0000 Reserved — — — —

Table continues on the next page...

NXP Semiconductors
Core overview and memory mapping

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 91 / 5781



Table 12. HiFi Fusion DSP memory map (continued)

Start 
address

Default
1

Description Alias Size Access Cached

F000_0000 Secure Private Peripheral Bus - Internal PRIV PER 
BUS INT

256 KB - -

F004_0000 Private Peripheral Bus - External PRIV PER 
BUS EXT

768 KB - -

F010_0000 Reserved — — — —

F100_0000 Reserved — — — —

1. This is the default Targeted Security Attribute for the memory region at reset. It is set by the IDAU and the SAU configuration. 
The attribute listed is the intended use case for users of TrustZone-M (TZM) security function.

2. Note that the higher 60K space is wrapped to the lowest 4K space

 
SRAM0, SRAM1 and SRAM2 don't have support for exclusive access.

  NOTE  

3.5.6 Interrupts

The connection of interrupts to the Fusion DSP is shown in the table below. Most interrupts are user selectable using the input 
multiplexing feature described in Fusion DSP interrupt input multiplexer. In addition to giving a choice of interrupts needed, 
selecting interrupts allows allocating interrupt priorities to fit the application. L1 interrupts are the lowest priority, L3 are the highest.

One of the Fusion DSP interrupt sources (from interrupt 5 through interrupt 31) can be selected as the Fusion DSP NMI source 
by configuring the Fusion DSP NMI source selection

3.5.6.1 HiFi Fusion DSP interrupt assignments

Table 13. HiFi Fusion DSP interrupt table

Address IRQ Source Module Source Description Priority Level

0000_0040 0 HiFi Fusion DSP SYS_IRQ NMI

0000_0044 1 HiFi Fusion DSP Software IRQ0 L2

0000_0048 2 HiFi Fusion DSP Internal RTOS Timers 0 L2

0000_004C 3 HiFi Fusion DSP Internal RTOS Timers 1 L3

0000_0050 4 HiFi Fusion DSP Profiling IRQ L3

0000_0054 5 DMA0 DMA channel 0 error or 
transfer complete

L1

0000_0058 6 DMA0 DMA channel 1 error or 
transfer complete

L1

0000_005C 7 DMA0 DMA channel 2 error or 
transfer complete

L1

0000_0060 8 DMA0 DMA channel 3 error or 
transfer complete

L1

0000_0064 9 DMA0 DMA channel 4 error or 
transfer complete

L1
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Table 13. HiFi Fusion DSP interrupt table (continued)

Address IRQ Source Module Source Description Priority Level

0000_0068 10 DMA0 DMA channel 5 error or 
transfer complete

L1

0000_006C 11 DMA0 DMA channel 6 error or 
transfer complete

L1

0000_0070 12 DMA0 DMA channel 7 error or 
transfer complete

L1

0000_0074 13 MU1_B Messaging Unit 1 - 
Side B (to communicate 
with M33)

L1

0000_0078 14 WDOG2 Watchdog 2 Interrupt L1

0000_007C 15 LPTMR0 Low Power Timer L1

0000_0080 16 I3C1 Improved Inter-
Integrated 
Circuit module

L2

0000_0084 17 TPM2 Timer PWM module L2

0000_0088 18 TPM3 Timer PWM module L2

0000_008C 19 MRT Multi-Rate 
Timer interrupt

L2

0000_0090 20 LPI2C2 Low Power 
Inter-Integrated 
Circuit module

L2

0000_0094 21 LPI2C3 Low Power 
Inter-Integrated 
Circuit module

L2

0000_0098 22 LPSPI2 Low Power Serial 
Peripheral Interface

L2

0000_009C 23 LPSPI3 Low Power Serial 
Peripheral Interface

L2

0000_00A0 24 LPUART2 Low Power UART L3

0000_00A4 25 System AHB Bus Error interrupt L3

0000_00A8 26 MICFIL Microphone 
Filter interrupt

L3

0000_00AC 27 MICFIL Microphone Filter 
Voice Activity 
Detection interrupt

L3

0000_00B0 28 SAI2 Serial Audio Interface L3

0000_00B4 29 SAI3 Serial Audio Interface L3

0000_00B8 30 GPIOA GPIO A pins L3
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Table 13. HiFi Fusion DSP interrupt table (continued)

Address IRQ Source Module Source Description Priority Level

0000_00BC 31 GPIOB GPIO B pins L3

3.5.7 DMA

There are three DMA controllers that can be used in a number of ways. One of two main intended use cases is to allocate DMA0 to 
the CM33, and DMA1 to CA35, and DMA2 to HiFi4. This case can apply to systems where there is no need to differentiate security 
between the CPUs or between different tasks, and simplifies keeping track of which CPU is using which DMA channels. It can also 
apply if non-secure code and bus masters share DMAC1 with the Fusion F1 to handle non-secure data.

3.5.8 Inter-CPU communication

The Fusion F1 and the CM33 can communicate with each other via various means. Specific hardware is provided to facilitate 
communication. A way to send simple messages is available with the Message Unit peripheral, which provides dedicated 
Fusion F1 to CM33 and CM33 to Fusion F1 channels (see Messaging Unit chapter). In addition, the Semaphore peripheral (see 
Semaphore SEMA42 chapter) can be used to communicate the allocation of resources. The DSPWAKE interrupt may be used 
to wake up the CM33 when it is in reduced power mode, typically so that some service may be requested by the Fusion F1.

3.6 Shared System RAM (SSRAM) arbiter
The Shared System RAM arbiter module manages the read/write accesses to a continuously mapped 768 KB system memory, 
split into 8 memory partitions of 32 to 256 kByte.

There are seven concurrent paths to access the system memory. See Figure 455, for the 7 initiators listed as P0-P6 below.

P0: the Cortex-M33 Code bus

P1: the Cortex-M33 System bus

P2: the Fusion DSP I-RAM0 bus

P3: the Fusion DSP D-RAM0 bus

P4: the HiFi DSP AXI bus

P5: the XBAR_RTD AHB bus

P6: the NIC_LPAV AXI bus

The shared SRAM controller has 7 ports, which are arbitrated to access the 768KB of SRAM Memory. The 7 ports, are able to 
access orthogonal regions of memory in parallel at the same time. The 768KB of SRAM Memory is partitioned into 8 blocks as 
shown by the table below.

The table below lists the partitions, their memory mapping, and the initiators that access them.

Partition 
Num

Base 
address

Size(KB) Initiator 0 Initiator 1 Initiator 2 Initiator 3 Initiator 4 Initiator 5 Initiator 6

0 0x1FFC_0
000

256 CM33-
CODE

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

1 0x2000_0
000

32 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

2 0x2000_8
000

32 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV
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Table continued from the previous page...

Partition 
Num

Base 
address

Size(KB) Initiator 0 Initiator 1 Initiator 2 Initiator 3 Initiator 4 Initiator 5 Initiator 6

3 0x2001_0
000

64 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

4 0x2002_0
000

64 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

5 0x2003_0
000

64 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

6 0x2004_0
000

128 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

7 0x2006_0
000

128 CM33-
SYS

Fusion 
IRAM0

Fusion 
DRAM0

HIFI XBAR_RT
D

NIC_LPAV

Initiators Accessible Size (KB)

CM33-CODE 256

CM33-SYS 512

Fusion IRAM0 768

Fusion DRAM0 768

HIFI4 768

NIC_LPAV 768

XBAR_RTD 768

3.7 Peripheral Memory Maps

3.7.1 Peripheral Bridge 0 (PBRIDGE0) memory map
The following table shows the memory map of the Pbridge0 peripherals in this device.

Table 14. Peripheral Bridge 0 (PBRIDGE0) RTD Non-Secure

Base Slot Module Alias

SYS Modules

2800_0000 0 AHB Crossbar Switch 0 AXBS0

2800_1000 1 Direct Memory Access - Management Page 0 DMA0-MP

2800_2000 2 Direct Memory Access - Channel 0 Control and Configuration 0 DMA0-CH0

2800_3000 3 Direct Memory Access - Channel 1 Control and Configuration 0 DMA0-CH1

2800_4000 4 Direct Memory Access - Channel 2 Control and Configuration 0 DMA0-CH2

2800_5000 5 Direct Memory Access - Channel 3 Control and Configuration 0 DMA0-CH3

2800_6000 6 Direct Memory Access - Channel 4 Control and Configuration 0 DMA0-CH4
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Table 14. Peripheral Bridge 0 (PBRIDGE0) RTD Non-Secure (continued)

Base Slot Module Alias

2800_7000 7 Direct Memory Access - Channel 5 Control and Configuration 0 DMA0-CH5

2800_8000 8 Direct Memory Access - Channel 6 Control and Configuration 0 DMA0-CH6

2800_9000 9 Direct Memory Access - Channel 7 Control and Configuration 0 DMA0-CH7

2800_A000 10 Direct Memory Access - Channel 8 Control and Configuration 0 DMA0-CH8

2800_B000 11 Direct Memory Access - Channel 9 Control and Configuration 0 DMA0-CH9

2800_C000 12 Direct Memory Access - Channel 10 Control and Configuration 0 DMA0-CH10

2800_D000 13 Direct Memory Access - Channel 11 Control and Configuration 0 DMA0-CH11

2800_E000 14 Direct Memory Access - Channel 12 Control and Configuration 0 DMA0-CH12

2800_F000 15 Direct Memory Access - Channel 13 Control and Configuration 0 DMA0-CH13

2801_0000 16 Direct Memory Access - Channel 14 Control and Configuration 0 DMA0-CH14

2801_1000 17 Direct Memory Access - Channel 15 Control and Configuration 0 DMA0-CH15

2801_2000 18 Direct Memory Access - Channel 16 Control and Configuration 0 DMA0-CH16

2801_3000 19 Direct Memory Access - Channel 17 Control and Configuration 0 DMA0-CH17

2801_4000 20 Direct Memory Access - Channel 18 Control and Configuration 0 DMA0-CH18

2801_5000 21 Direct Memory Access - Channel 19 Control and Configuration 0 DMA0-CH19

2801_6000 22 Direct Memory Access - Channel 20 Control and Configuration 0 DMA0-CH20

2801_7000 23 Direct Memory Access - Channel 21 Control and Configuration 0 DMA0-CH21

2801_8000 24 Direct Memory Access - Channel 22 Control and Configuration 0 DMA0-CH22

2801_9000 25 Direct Memory Access - Channel 23 Control and Configuration 0 DMA0-CH23

2801_A000 26 Direct Memory Access - Channel 24 Control and Configuration 0 DMA0-CH24

2801_B000 27 Direct Memory Access - Channel 25 Control and Configuration 0 DMA0-CH25

2801_C000 28 Direct Memory Access - Channel 26 Control and Configuration 0 DMA0-CH26

2801_D000 29 Direct Memory Access - Channel 27 Control and Configuration 0 DMA0-CH27

2801_E000 30 Direct Memory Access - Channel 28 Control and Configuration 0 DMA0-CH28

2801_F000 31 Direct Memory Access - Channel 29 Control and Configuration 0 DMA0-CH29

2802_0000 32 Direct Memory Access - Channel 30 Control and Configuration 0 DMA0-CH30

2802_1000 33 Direct Memory Access - Channel 31 Control and Configuration 0 DMA0-CH31

2802_2000 34 Messaging Unit - Side A (to communicate with A35 core) 0 MU0_A

2802_3000 35 Messaging Unit - Side A (to communicate with Fusion DSP) 1 MU1_A

2802_4000 36 Messaging Unit - Side A (to communicate with HiFi4 DSP) 2 MU2_A

2802_5000 37 Core Mode Controller 0 CMC0

2802_6000 38 System Performance Monitor 0 SYSPM0
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Table 14. Peripheral Bridge 0 (PBRIDGE0) RTD Non-Secure (continued)

Base Slot Module Alias

2802_7000 39 Trigger Multiplexer 0 TRGMUX0

2802_8000 40 Wake Up Unit 0 WUU0

2802_9000 41 Micro Power Subsystem Messaging Unit 0 uPOWER_MU0

2802_A000 42 System Integration Module - Non-Secure 0 SIM0-NS

2802_B000 43 System Integration Module - Secure 0 SIM0-S

TMR Modules

2802_C000 44 Watchdog 0 WDOG0

2802_D000 45 Watchdog 1 WDOG1

2802_E000 46 External Watchdog Monitor 0 EWM

CLK Modules

2802_F000 47 Clock Generation and Control 0 CGC0

2803_0000 48 Peripheral Clock Control 0 PCC0

SEC Modules

2803_1000 49 Trusted Resource Domain Controller - Manager 0 TRDC-MGR

2803_2000 50 Trusted Resource Domain Controller - Master Block Checker 0 TRDC-MBC0

2803_3000 51 Trusted Resource Domain Controller - Master Block Checker 1 TRDC-MBC1

2803_4000 52 Trusted Resource Domain Controller - Master Block Checker 2 TRDC-MBC2

2803_5000 53 Trusted Resource Domain Controller - Master Block Checker 3 TRDC-MBC3

2803_6000 54 Trusted Resource Domain Controller - Master Block Checker 4 TRDC-MBC4

2803_7000 55 Hardware Semaphore Module 0 SEMA42_0

2803_8000 56 Battery Back Non-Secure Module 1 BBNSM

COM Modules

2803_9000 57 Flexible Serial Peripheral Interface 0 FlexSPI0

MEM Modules

TMR Modules

2803_B000 59 Low Power Interrupt Timer 0 LPIT0

COM Modules

2803_C000 60 Flexible Input/Output 0 FlexIO0

2803_D000 61 Improved Inter Integrated Circuit 0 I3C0

2803_E000 62 Low-Power Serial Peripheral Interface 0 LPSPI0

2803_F000 63 Low-Power Serial Peripheral Interface 1 LPSPI1

ANA Modules
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Table 14. Peripheral Bridge 0 (PBRIDGE0) RTD Non-Secure (continued)

Base Slot Module Alias

2804_0000 64 Analog-to-Digital Converter 0 ADC0

2804_1000 65 Comparator 0 CMP0

2804_2000 66 Comparator 1 CMP1

2804_3000 67 Digital-to-Analog Converter 0 DAC0

2804_4000 68 Digital-to-Analog Converter 1 DAC1

2804_5000 69 Reserved —

SYS Modules

2804_6000 70 CM33 Cache Controller 0 CM33CC

2804_7000 71-127 Reserved —

The following table shows the memory map (security region) of the Pbridge0 peripherals in this device.

Table 15. Peripheral Bridge 0 (PBRIDGE0) RTD Secure

Base Slot Module Alias

SYS Modules

3800_0000 0 AHB Crossbar Switch 0 AXBS0

3800_1000 1 Direct Memory Access - Management Page 0 DMA0-MP

3800_2000 2 Direct Memory Access - Channel 0 Control and Configuration 0 DMA0-CH0

3800_3000 3 Direct Memory Access - Channel 1 Control and Configuration 0 DMA0-CH1

3800_4000 4 Direct Memory Access - Channel 2 Control and Configuration 0 DMA0-CH2

3800_5000 5 Direct Memory Access - Channel 3 Control and Configuration 0 DMA0-CH3

3800_6000 6 Direct Memory Access - Channel 4 Control and Configuration 0 DMA0-CH4

3800_7000 7 Direct Memory Access - Channel 5 Control and Configuration 0 DMA0-CH5

3800_8000 8 Direct Memory Access - Channel 6 Control and Configuration 0 DMA0-CH6

3800_9000 9 Direct Memory Access - Channel 7 Control and Configuration 0 DMA0-CH7

3800_A000 10 Direct Memory Access - Channel 8 Control and Configuration 0 DMA0-CH8

3800_B000 11 Direct Memory Access - Channel 9 Control and Configuration 0 DMA0-CH9

3800_C000 12 Direct Memory Access - Channel 10 Control and Configuration 0 DMA0-CH10

3800_D000 13 Direct Memory Access - Channel 11 Control and Configuration 0 DMA0-CH11

3800_E000 14 Direct Memory Access - Channel 12 Control and Configuration 0 DMA0-CH12

3800_F000 15 Direct Memory Access - Channel 13 Control and Configuration 0 DMA0-CH13

3801_0000 16 Direct Memory Access - Channel 14 Control and Configuration 0 DMA0-CH14

3801_1000 17 Direct Memory Access - Channel 15 Control and Configuration 0 DMA0-CH15

3801_2000 18 Direct Memory Access - Channel 16 Control and Configuration 0 DMA0-CH16
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Table 15. Peripheral Bridge 0 (PBRIDGE0) RTD Secure (continued)

Base Slot Module Alias

3801_3000 19 Direct Memory Access - Channel 17 Control and Configuration 0 DMA0-CH17

3801_4000 20 Direct Memory Access - Channel 18 Control and Configuration 0 DMA0-CH18

3801_5000 21 Direct Memory Access - Channel 19 Control and Configuration 0 DMA0-CH19

3801_6000 22 Direct Memory Access - Channel 20 Control and Configuration 0 DMA0-CH20

3801_7000 23 Direct Memory Access - Channel 21 Control and Configuration 0 DMA0-CH21

3801_8000 24 Direct Memory Access - Channel 22 Control and Configuration 0 DMA0-CH22

3801_9000 25 Direct Memory Access - Channel 23 Control and Configuration 0 DMA0-CH23

3801_A000 26 Direct Memory Access - Channel 24 Control and Configuration 0 DMA0-CH24

3801_B000 27 Direct Memory Access - Channel 25 Control and Configuration 0 DMA0-CH25

3801_C000 28 Direct Memory Access - Channel 26 Control and Configuration 0 DMA0-CH26

3801_D000 29 Direct Memory Access - Channel 27 Control and Configuration 0 DMA0-CH27

3801_E000 30 Direct Memory Access - Channel 28 Control and Configuration 0 DMA0-CH28

3801_F000 31 Direct Memory Access - Channel 29 Control and Configuration 0 DMA0-CH29

3802_0000 32 Direct Memory Access - Channel 30 Control and Configuration 0 DMA0-CH30

3802_1000 33 Direct Memory Access - Channel 31 Control and Configuration 0 DMA0-CH31

3802_2000 34 Messaging Unit - Side A (to communicate with A35 core) 0 MU0_A

3802_3000 35 Messaging Unit - Side A (to communicate with Fusion DSP) 1 MU1_A

3802_4000 36 Messaging Unit - Side A (to communicate with HiFi4 DSP) 2 MU2_A

3802_5000 37 Core Mode Controller 0 CMC0

3802_6000 38 System Performance Monitor 0 SYSPM0

3802_7000 39 Trigger Multiplexer 0 TRGMUX0

3802_8000 40 Wake Up Unit 0 WUU0

3802_9000 41 Micro Power Subsystem Messaging Unit 0 uPOWER_MU0

3802_A000 42 System Integration Module - Non-Secure 0 SIM0-NS

3802_B000 43 System Integration Module - Secure 0 SIM0-S

TMR Modules

3802_C000 44 Watchdog 0 WDOG0

3802_D000 45 Watchdog 1 WDOG1

3802_E000 46 External Watchdog Monitor 0 EWM

CLK Modules

3802_F000 47 Clock Generation and Control 0 CGC0

3803_0000 48 Peripheral Clock Control 0 PCC0
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Table 15. Peripheral Bridge 0 (PBRIDGE0) RTD Secure (continued)

Base Slot Module Alias

SEC Modules

3803_1000 49 Trusted Resource Domain Controller - Manager 0 TRDC-MGR

3803_2000 50 Trusted Resource Domain Controller - Master Block Checker 0 TRDC-MBC0

3803_3000 51 Trusted Resource Domain Controller - Master Block Checker 1 TRDC-MBC1

3803_4000 52 Trusted Resource Domain Controller - Master Block Checker 2 TRDC-MBC2

3803_5000 53 Trusted Resource Domain Controller - Master Block Checker 3 TRDC-MBC3

3803_6000 54 Trusted Resource Domain Controller - Master Block Checker 4 TRDC-MBC4

3803_7000 55 Hardware Semaphore Module 0 SEMA42_0

3803_8000 56 Battery Back Non-Secure Module 1 BBNSM

COM Modules

3803_9000 57 Flexible Serial Peripheral Interface 0 FlexSPI0

MEM Modules

TMR Modules

3803_B000 59 Low Power Interrupt Timer 0 LPIT0

COM Modules

3803_C000 60 Flexible Input/Output 0 FlexIO0

3803_D000 61 Improved Inter Integrated Circuit 0 I3C0

3803_E000 62 Low-Power Serial Peripheral Interface 0 LPSPI0

3803_F000 63 Low-Power Serial Peripheral Interface 1 LPSPI1

ANA Modules

3804_0000 64 Analog-to-Digital Converter 0 ADC0

3804_1000 65 Comparator 0 CMP0

3804_2000 66 Comparator 1 CMP1

3804_3000 67 Digital-to-Analog Converter 0 DAC0

3804_4000 68 Digital-to-Analog Converter 1 DAC1

3804_5000 69 Reserved —

SYS Modules

3804_6000 70 CM33 Cache Controller 0 CM33CC

3804_7000 71-127 Reserved —

3.7.2 Peripheral Bridge 1 (PBRIDGE1) memory map
The following table shows the memory map of the Pbridge1 peripherals in this device.
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Table 16. Peripheral Bridge 1 (PBRIDGE1) RTD Non-Secure

Base Slot Module Alias

DBG Modules

2808_0000 0 Debug Access Port ROM 0 DAPROM

2808_1000 1 CoreSight Funnel 0 CS-FNL

2808_2000 2 CoreSight Embedded Trace FIFO 0 CS-ETF

2808_3000 3 CoreSight Trace Port Interface Unit 0 CS-TPIU

2808_4000 4 CoreSight Embedded Trace Router 0 CS-ETR

2808_5000 5 CoreSight Cross Trigger Interface 0 CS-CTI0

2808_6000 6 CoreSight Single Wire Output 0 CS-SWO

2808_7000 7 CoreSight Timestamp Generator 0 CS-TSGEN

CORE Modules

2808_8000 8 Cortex-A35 Debug ROM 0 A35-DBGROM

2808_9000 9 Cortex-A35 CPU Debug 0 A35-DBG0

2808_A000 10 Cortex-A35 Performance Monitoring Unit 0 A35-PMU0

2808_B000 11 Cortex-A35 Cross Trigger Interface 0 A35-CTI0

2808_C000 12 Cortex-A35 Embedded Trace Module 0 A35-ETM0

2808_D000 13 Cortex-A35 CPU Debug 1 A35-DBG1

2808_E000 14 Cortex-A35 Performance Monitoring Unit 1 A35-PMU1

2808_F000 15 Cortex-A35 Cross Trigger Interface 1 A35-CTI1

2809_0000 16 Cortex-A35 Embedded Trace Module 1 A35-ETM1

CLK Modules

2809_1000 17 Peripheral Clock Control 1 PCC1

COM Modules

2809_2000 18 Flexible Serial Peripheral Interface 1 FlexSPI1

TMR Modules

2809_3000 19 Low-Power Timer 0 LPTMR0

2809_4000 20 Low-Power Timer 1 LPTMR1

2809_5000 21 Timer/PWM Module 0 TPM0

2809_6000 22 Timer/PWM Module 1 TPM1

DBG Modules

2809_7000 23 CoreSight Cross Trigger Interface 1 CS-CTI1

COM Modules

2809_8000 24 Low-Power Inter Integrated Circuit 0 LPI2C0
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Table 16. Peripheral Bridge 1 (PBRIDGE1) RTD Non-Secure (continued)

Base Slot Module Alias

2809_9000 25 Low-Power Inter Integrated Circuit 1 LPI2C1

2809_A000 26 Low-Power Universal Asynchronous Receive/Transmit 0 LPUART0

2809_B000 27 Low-Power Universal Asynchronous Receive/Transmit 1 LPUART1

HMI Modules

2809_C000 28 Serial Audio Interface 0 SAI0

2809_D000 29 Serial Audio Interface 1 SAI1

2809_E000 30 Reserved —

2809_F000 31 Reserved —

280A_0000 32 Reserved —

SYS Modules

280A_1000 33 Input/Output Multiplexing Controller 0 IOMUXC0

ANA Modules

280A_2000 34 Analog-to-Digital Converter 1 ADC1

280A_6000 38 Reserved —

280A_7000 39 Reserved —

COM Modules

280A_8000 40-43 Flexible Controller Area Network 0 FlexCAN0

280A_C000 44-127 Reserved —

The following table shows the memory map (security region) of the Pbridge1 peripherals in this device.

Table 17. Peripheral Bridge 1 (PBRIDGE1) RTD Secure

Base Slot Module Alias

DBG Modules

3808_0000 0 Debug Access Port ROM 0 DAPROM

3808_1000 1 CoreSight Funnel 0 CS-FNL

3808_2000 2 CoreSight Embedded Trace FIFO 0 CS-ETF

3808_3000 3 CoreSight Trace Port Interface Unit 0 CS-TPIU

3808_4000 4 CoreSight Embedded Trace Router 0 CS-ETR

3808_5000 5 CoreSight Cross Trigger Interface 0 CS-CTI0

3808_6000 6 CoreSight Single Wire Output 0 CS-SWO

3808_7000 7 CoreSight Timestamp Generator 0 CS-TSGEN

CORE Modules

3808_8000 8 Cortex-A35 Debug ROM 0 A35-DBGROM
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Table 17. Peripheral Bridge 1 (PBRIDGE1) RTD Secure (continued)

Base Slot Module Alias

3808_9000 9 Cortex-A35 CPU Debug 0 A35-DBG0

3808_A000 10 Cortex-A35 Performance Monitoring Unit 0 A35-PMU0

3808_B000 11 Cortex-A35 Cross Trigger Interface 0 A35-CTI0

3808_C000 12 Cortex-A35 Embedded Trace Module 0 A35-ETM0

3808_D000 13 Cortex-A35 CPU Debug 1 A35-DBG1

3808_E000 14 Cortex-A35 Performance Monitoring Unit 1 A35-PMU1

3808_F000 15 Cortex-A35 Cross Trigger Interface 1 A35-CTI1

3809_0000 16 Cortex-A35 Embedded Trace Module 1 A35-ETM1

CLK Modules

3809_1000 17 Peripheral Clock Control 1 PCC1

COM Modules

3809_2000 18 Flexible Serial Peripheral Interface 1 FlexSPI1

TMR Modules

3809_3000 19 Low-Power Timer 0 LPTMR0

3809_4000 20 Low-Power Timer 1 LPTMR1

3809_5000 21 Timer/PWM Module 0 TPM0

3809_6000 22 Timer/PWM Module 1 TPM1

DBG Modules

3809_7000 23 CoreSight Cross Trigger Interface 1 CS-CTI1

COM Modules

3809_8000 24 Low-Power Inter Integrated Circuit 0 LPI2C0

3809_9000 25 Low-Power Inter Integrated Circuit 1 LPI2C1

3809_A000 26 Low-Power Universal Asynchronous Receive/Transmit 0 LPUART0

3809_B000 27 Low-Power Universal Asynchronous Receive/Transmit 1 LPUART1

HMI Modules

3809_C000 28 Serial Audio Interface 0 SAI0

3809_D000 29 Serial Audio Interface 1 SAI1

3809_E000 30 Reserved —

3809_F000 31 Reserved —

380A_0000 32 Reserved —

SYS Modules

380A_1000 33 Input/Output Multiplexing Controller 0 IOMUXC0
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Table 17. Peripheral Bridge 1 (PBRIDGE1) RTD Secure (continued)

Base Slot Module Alias

ANA Modules

380A_2000 34 Analog-to-Digital Converter 1 ADC1

TST Modules

380A_6000 38 Reserved —

380A_7000 39 Reserved —

COM Modules

380A_8000 40-43 Flexible Controller Area Network 0 FlexCAN

380A_C000 44-127 Reserved —

3.7.3 Peripheral Bridge 2 (PBRIDGE2) memory map
The following table shows the memory map of the Pbridge2 peripherals in this device.

Table 18. Peripheral Bridge 2 (PBRIDGE2) Fusion DSP Non-Secure

Base Slot Module Alias

SYS Modules

2810_0000 0 Messaging Unit - Side B (to communicate with M33 core) 1 MU1_B

TMR Modules

2810_1000 1 Watchdog 2 WDOG2

CLK Modules

2810_2000 2 Peripheral Clock Control 2 PCC2

2810_3000 3 Reserved —

2810_4000 4 Reserved —

TMR Modules

2810_5000 5 Timer/PWM Module 2 TPM2

2810_6000 6 Timer/PWM Module 3 TPM3

2810_7000 7 Multi Rate Time 0 MRT

COM Modules

2810_8000 8 Low-Power Inter Integrated Circuit 2 LPI2C2

2810_9000 9 Low-Power Inter Integrated Circuit 3 LPI2C3

2810_A000 10 Improved Inter Integrated Circuit 1 I3C1

2810_B000 11 Low-Power Universal Asynchronous Receive/Transmit 2 LPUART2

2810_C000 12 Low-Power Universal Asynchronous Receive/Transmit 3 LPUART3

2810_D000 13 Low-Power Serial Peripheral Interface 2 LPSPI2

2810_E000 14 Low-Power Serial Peripheral Interface 3 LPSPI3
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Table 18. Peripheral Bridge 2 (PBRIDGE2) Fusion DSP Non-Secure (continued)

Base Slot Module Alias

HMI Modules

2810_F000 15 Serial Audio Interface 2 SAI2

2811_0000 16 Serial Audio Interface 3 SAI3

2811_1000 17 PDM Microphone Interface 0 MICFIL

2811_2000 18-127 Reserved —

The following table shows the memory map (security region) of the Pbridge2 peripherals in this device.

Table 19. Peripheral Bridge 2 (PBRIDGE2) Fusion DSP Secure

Base Slot Module Alias

SYS Modules

3810_0000 0 Messaging Unit - Side B (to communicate with M33 core) 1 MU1_B

TMR Modules

3810_1000 1 Watchdog 2 WDOG2

CLK Modules

3810_2000 2 Peripheral Clock Control 2 PCC2

3810_3000 3 Reserved —

3810_4000 4 Reserved —

TMR Modules

3810_5000 5 Timer/PWM Module 2 TPM2

3810_6000 6 Timer/PWM Module 3 TPM3

3810_7000 7 Multi Rate Time 0 MRT

COM Modules

3810_8000 8 Low-Power Inter Integrated Circuit 2 LPI2C2

3810_9000 9 Low-Power Inter Integrated Circuit 3 LPI2C3

3810_A000 10 Improved Inter Integrated Circuit 1 I3C1

3810_B000 11 Low-Power Universal Asynchronous Receive/Transmit 2 LPUART2

3810_C000 12 Low-Power Universal Asynchronous Receive/Transmit 3 LPUART3

3810_D000 13 Low-Power Serial Peripheral Interface 2 LPSPI2

3810_E000 14 Low-Power Serial Peripheral Interface 3 LPSPI3

HMI Modules

3810_F000 15 Serial Audio Interface 2 SAI2

3811_0000 16 Serial Audio Interface 3 SAI3

3811_1000 17 PDM Microphone Interface 0 MICFIL

3811_2000 18-127 Reserved —
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3.7.4 Peripheral Bridge 3 (PBRIDGE3) Memory Map
The following table shows the memory map of the Pbridge3 peripherals in this device.

Table 20. Peripheral Bridge 3 (PBRIDGE3) AD Non-Secure

Base Slot Module Alias

SYS Modules

2900_0000 0 AHB Crossbar Switch 1 AXBS1

2901_0000 1 Direct Memory Access - Management Page 1 DMA1-MP

2902_0000 2 Direct Memory Access - Channel 0 Control and Configuration 1 DMA1-CH0

2903_0000 3 Direct Memory Access - Channel 1 Control and Configuration 1 DMA1-CH1

2904_0000 4 Direct Memory Access - Channel 2 Control and Configuration 1 DMA1-CH2

2905_0000 5 Direct Memory Access - Channel 3 Control and Configuration 1 DMA1-CH3

2906_0000 6 Direct Memory Access - Channel 4 Control and Configuration 1 DMA1-CH4

2907_0000 7 Direct Memory Access - Channel 5 Control and Configuration 1 DMA1-CH5

2908_0000 8 Direct Memory Access - Channel 6 Control and Configuration 1 DMA1-CH6

2909_0000 9 Direct Memory Access - Channel 7 Control and Configuration 1 DMA1-CH7

290A_0000 10 Direct Memory Access - Channel 8 Control and Configuration 1 DMA1-CH8

290B_0000 11 Direct Memory Access - Channel 9 Control and Configuration 1 DMA1-CH9

290C_0000 12 Direct Memory Access - Channel 10 Control and Configuration 1 DMA1-CH10

290D_0000 13 Direct Memory Access - Channel 11 Control and Configuration 1 DMA1-CH11

290E_0000 14 Direct Memory Access - Channel 12 Control and Configuration 1 DMA1-CH12

290F_0000 15 Direct Memory Access - Channel 13 Control and Configuration 1 DMA1-CH13

2910_0000 16 Direct Memory Access - Channel 14 Control and Configuration 1 DMA1-CH14

2911_0000 17 Direct Memory Access - Channel 15 Control and Configuration 1 DMA1-CH15

2912_0000 18 Direct Memory Access - Channel 16 Control and Configuration 1 DMA1-CH16

2913_0000 19 Direct Memory Access - Channel 17 Control and Configuration 1 DMA1-CH17

2914_0000 20 Direct Memory Access - Channel 18 Control and Configuration 1 DMA1-CH18

2915_0000 21 Direct Memory Access - Channel 19 Control and Configuration 1 DMA1-CH19

2916_0000 22 Direct Memory Access - Channel 20 Control and Configuration 1 DMA1-CH20

2917_0000 23 Direct Memory Access - Channel 21 Control and Configuration 1 DMA1-CH21

2918_0000 24 Direct Memory Access - Channel 22 Control and Configuration 1 DMA1-CH22

2919_0000 25 Direct Memory Access - Channel 23 Control and Configuration 1 DMA1-CH23

291A_0000 26 Direct Memory Access - Channel 24 Control and Configuration 1 DMA1-CH24

291B_0000 27 Direct Memory Access - Channel 25 Control and Configuration 1 DMA1-CH25

291C_0000 28 Direct Memory Access - Channel 26 Control and Configuration 1 DMA1-CH26
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Table 20. Peripheral Bridge 3 (PBRIDGE3) AD Non-Secure (continued)

Base Slot Module Alias

291D_0000 29 Direct Memory Access - Channel 27 Control and Configuration 1 DMA1-CH27

291E_0000 30 Direct Memory Access - Channel 28 Control and Configuration 1 DMA1-CH28

291F_0000 31 Direct Memory Access - Channel 29 Control and Configuration 1 DMA1-CH29

2920_0000 32 Direct Memory Access - Channel 30 Control and Configuration 1 DMA1-CH30

2921_0000 33 Direct Memory Access - Channel 31 Control and Configuration 1 DMA1-CH31

2922_0000 34 Messaging Unit - Side B (to communicate with M33 core) 0 MU0_B

2923_0000 35 Messaging Unit - Side A (to communicate with HiFi4 DSP) 3 MU3_A

2924_0000 36 Core Mode Controller 1 CMC1

2925_0000 37 Trigger Multiplexer 1 TRGMUX1

2926_0000 38 Wake Up Unit 1 WUU1

2927_0000 39 System Performance Monitor 1 SYSPM1

2928_0000 40 Micro Power Subsystem Messaging Unit 1 uPOWER_MU1

2929_0000 41 System Integration Module 1 SIM1

TMR Modules

292A_0000 42 Watchdog 3 WDOG3

292B_0000 43 Watchdog 4 WDOG4

CLK Modules

292C_0000 44 Clock Generation and Control 1 CGC1

292D_0000 45 Peripheral Clock Control 3 PCC3

SEC Modules

292E_0000 46 Cryptographic Acceleration and Assurance Module 0 CAAM

292F_0000 47 Extended Resource Domain Controller - Manager 0 XRDC-MGR

2930_0000 48 Hardware Semaphore Module 1 SEMA42_1

MEM Modules

TMR Modules

2932_0000 50 Low Power Interrupt Timer 1 LPIT1

2933_0000 51 Timer/PWM Module 4 TPM4

2934_0000 52 Timer/PWM Module 5 TPM5

COM Modules

2935_0000 53 Flexible Input/Output 1 FlexIO1

2936_0000 54 Improved Inter Integrated Circuit 2 I3C2

2937_0000 55 Low-Power Inter Integrated Circuit 4 LPI2C4
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Table 20. Peripheral Bridge 3 (PBRIDGE3) AD Non-Secure (continued)

Base Slot Module Alias

2938_0000 56 Low-Power Inter Integrated Circuit 5 LPI2C5

2939_0000 57 Low-Power Universal Asynchronous Receive/Transmit 4 LPUART4

293A_0000 58 Low-Power Universal Asynchronous Receive/Transmit 5 LPUART5

293B_0000 59 Low-Power Serial Peripheral Interface 4 LPSPI4

293C_0000 60 Low-Power Serial Peripheral Interface 5 LPSPI5

293D_0000 61 Reserved —

293E_0000 62-127 Reserved —

The following table shows the memory map (security region) of the Pbridge3 peripherals in this device.

Table 21. Peripheral Bridge 3 (PBRIDGE3) AD Secure

Base Slot Module Alias

SYS Modules

3900_0000 0 AHB Crossbar Switch 1 AXBS1

3901_0000 1 Direct Memory Access - Management Page 1 DMA1-MP

3902_0000 2 Direct Memory Access - Channel 0 Control and Configuration 1 DMA1-CH0

3903_0000 3 Direct Memory Access - Channel 1 Control and Configuration 1 DMA1-CH1

3904_0000 4 Direct Memory Access - Channel 2 Control and Configuration 1 DMA1-CH2

3905_0000 5 Direct Memory Access - Channel 3 Control and Configuration 1 DMA1-CH3

3906_0000 6 Direct Memory Access - Channel 4 Control and Configuration 1 DMA1-CH4

3907_0000 7 Direct Memory Access - Channel 5 Control and Configuration 1 DMA1-CH5

3908_0000 8 Direct Memory Access - Channel 6 Control and Configuration 1 DMA1-CH6

3909_0000 9 Direct Memory Access - Channel 7 Control and Configuration 1 DMA1-CH7

390A_0000 10 Direct Memory Access - Channel 8 Control and Configuration 1 DMA1-CH8

390B_0000 11 Direct Memory Access - Channel 9 Control and Configuration 1 DMA1-CH9

390C_0000 12 Direct Memory Access - Channel 10 Control and Configuration 1 DMA1-CH10

390D_0000 13 Direct Memory Access - Channel 11 Control and Configuration 1 DMA1-CH11

390E_0000 14 Direct Memory Access - Channel 12 Control and Configuration 1 DMA1-CH12

390F_0000 15 Direct Memory Access - Channel 13 Control and Configuration 1 DMA1-CH13

3910_0000 16 Direct Memory Access - Channel 14 Control and Configuration 1 DMA1-CH14

3911_0000 17 Direct Memory Access - Channel 15 Control and Configuration 1 DMA1-CH15

3912_0000 18 Direct Memory Access - Channel 16 Control and Configuration 1 DMA1-CH16

3913_0000 19 Direct Memory Access - Channel 17 Control and Configuration 1 DMA1-CH17

3914_0000 20 Direct Memory Access - Channel 18 Control and Configuration 1 DMA1-CH18
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Table 21. Peripheral Bridge 3 (PBRIDGE3) AD Secure (continued)

Base Slot Module Alias

3915_0000 21 Direct Memory Access - Channel 19 Control and Configuration 1 DMA1-CH19

3916_0000 22 Direct Memory Access - Channel 20 Control and Configuration 1 DMA1-CH20

3917_0000 23 Direct Memory Access - Channel 21 Control and Configuration 1 DMA1-CH21

3918_0000 24 Direct Memory Access - Channel 22 Control and Configuration 1 DMA1-CH22

3919_0000 25 Direct Memory Access - Channel 23 Control and Configuration 1 DMA1-CH23

391A_0000 26 Direct Memory Access - Channel 24 Control and Configuration 1 DMA1-CH24

391B_0000 27 Direct Memory Access - Channel 25 Control and Configuration 1 DMA1-CH25

391C_0000 28 Direct Memory Access - Channel 26 Control and Configuration 1 DMA1-CH26

391D_0000 29 Direct Memory Access - Channel 27 Control and Configuration 1 DMA1-CH27

391E_0000 30 Direct Memory Access - Channel 28 Control and Configuration 1 DMA1-CH28

391F_0000 31 Direct Memory Access - Channel 29 Control and Configuration 1 DMA1-CH29

3920_0000 32 Direct Memory Access - Channel 30 Control and Configuration 1 DMA1-CH30

3921_0000 33 Direct Memory Access - Channel 31 Control and Configuration 1 DMA1-CH31

3922_0000 34 Messaging Unit - Side B (to communicate with M33 core) 0 MU0_B

3923_0000 35 Messaging Unit - Side A (to communicate with HiFi4 DSP) 3 MU3_A

3924_0000 36 Core Mode Controller 1 CMC1

3925_0000 37 Trigger Multiplexer 1 TRGMUX1

3926_0000 38 Wake Up Unit 1 WUU1

3927_0000 39 System Performance Monitor 1 SYSPM1

3928_0000 40 Micro Power Subsystem Messaging Unit 1 uPOWER_MU1

3929_0000 41 System Integration Module 1 SIM1

TMR Modules

392A_0000 42 Watchdog 3 WDOG3

392B_0000 43 Watchdog 4 WDOG4

CLK Modules

392C_0000 44 Clock Generation and Control 1 CGC1

392D_0000 45 Peripheral Clock Control 3 PCC3

SEC Modules

392E_0000 46 Cryptographic Acceleration and Assurance Module 0 CAAM

392F_0000 47 Extended Resource Domain Controller - Manager 0 XRDC-MGR

3930_0000 48 Hardware Semaphore Module 1 SEMA42_1

MEM Modules
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Table 21. Peripheral Bridge 3 (PBRIDGE3) AD Secure (continued)

Base Slot Module Alias

TMR Modules

3932_0000 50 Low Power Interrupt Timer 1 LPIT1

3933_0000 51 Timer/PWM Module 4 TPM4

3934_0000 52 Timer/PWM Module 5 TPM5

COM Modules

3935_0000 53 Flexible Input/Output 1 FlexIO1

3936_0000 54 Improved Inter Integrated Circuit 2 I3C2

3937_0000 55 Low-Power Inter Integrated Circuit 4 LPI2C4

3938_0000 56 Low-Power Inter Integrated Circuit 5 LPI2C5

3939_0000 57 Low-Power Universal Asynchronous Receive/Transmit 4 LPUART4

393A_0000 58 Low-Power Universal Asynchronous Receive/Transmit 5 LPUART5

393B_0000 59 Low-Power Serial Peripheral Interface 4 LPSPI4

393C_0000 60 Low-Power Serial Peripheral Interface 5 LPSPI5

393D_0000 61 Reserved —

393E_0000 62-127 Reserved —

3.7.5 Peripheral Bridge 4 (PBRIDGE4) Memory Map
The following table shows the memory map of the Pbridge4 peripherals in this device.

Table 22. Peripheral Bridge 4 (PBRIDGE4) AD Non-Secure

Base Slot Module Alias

CLK Modules

2980_0000 0 Peripheral Clock Control 4 PCC4

COM Modules

2981_0000 1 Flexible Serial Peripheral Interface 2 FlexSPI2

TMR Modules

2982_0000 2 Timer/PWM Module 6 TPM6

2983_0000 3 Timer/PWM Module 7 TPM7

COM Modules

2984_0000 4 Low-Power Inter Integrated Circuit 6 LPI2C6

2985_0000 5 Low-Power Inter Integrated Circuit 7 LPI2C7

2986_0000 6 Low-Power Universal Asynchronous Receive/Transmit 6 LPUART6

2987_0000 7 Low-Power Universal Asynchronous Receive/Transmit 7 LPUART7

HMI Modules
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Table 22. Peripheral Bridge 4 (PBRIDGE4) AD Non-Secure (continued)

Base Slot Module Alias

2988_0000 8 Serial Audio Interface 4 SAI4

2989_0000 9 Serial Audio Interface 5 SAI5

298A_0000 10 Reserved —

298B_0000 11 Reserved —

SYS Modules

298C_0000 12 Input/Output Multiplexing Controller 1 IOMUXC1

MEM Modules

298D_0000 13 Ultra Secure Digital Host Controller 0 uSDHC0

298E_0000 14 Ultra Secure Digital Host Controller 1 uSDHC1

298F_0000 15 Ultra Secure Digital Host Controller 2 uSDHC2

COM Modules

2990_0000 16 Universal Serial Bus Controller 0 USB0

2991_0000 17 Universal Serial Bus Controller Physical Control 0 USB0 PHY

2992_0000 18 Universal Serial Bus Controller 1 USB1

2993_0000 19 Universal Serial Bus Controller Physical Control 1 USB1 PHY

SYS Modules

2994_0000 20 Universal Serial Bus Controller PL301 Cross Bar Switch 0 USB_XBAR

COM Modules

2995_0000 21 Ethernet Controller 0 ENET

TST Modules

2996_0000 23-127 Reserved —

The following table shows the memory map (security region) of the Pbridge4 peripherals in this device.

Table 23. Peripheral Bridge 4 (PBRIDGE4) AD Secure

Base Slot Module Alias

CLK Modules

3980_0000 0 Peripheral Clock Control 4 PCC4

COM Modules

3981_0000 1 Flexible Serial Peripheral Interface 2 FlexSPI2

TMR Modules

3982_0000 2 Timer/PWM Module 6 TPM6

3983_0000 3 Timer/PWM Module 7 TPM7

COM Modules
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Table 23. Peripheral Bridge 4 (PBRIDGE4) AD Secure (continued)

Base Slot Module Alias

3984_0000 4 Low-Power Inter Integrated Circuit 6 LPI2C6

3985_0000 5 Low-Power Inter Integrated Circuit 7 LPI2C7

3986_0000 6 Low-Power Universal Asynchronous Receive/Transmit 6 LPUART6

3987_0000 7 Low-Power Universal Asynchronous Receive/Transmit 7 LPUART7

HMI Modules

3988_0000 8 Serial Audio Interface 4 SAI4

3989_0000 9 Serial Audio Interface 5 SAI5

398A_0000 10 Reserved —

398B_0000 11 Reserved —

SYS Modules

398C_0000 12 Input/Output Multiplexing Controller 1 IOMUXC1

MEM Modules

398D_0000 13 Ultra Secure Digital Host Controller 0 uSDHC0

398E_0000 14 Ultra Secure Digital Host Controller 1 uSDHC1

398F_0000 15 Ultra Secure Digital Host Controller 2 uSDHC2

COM Modules

3990_0000 16 Universal Serial Bus Controller 0 USB0

3991_0000 17 Universal Serial Bus Controller Physical Control 0 USB0 PHY

3992_0000 18 Universal Serial Bus Controller 1 USB1

3993_0000 19 Universal Serial Bus Controller Physical Control 1 USB1 PHY

SYS Modules

3994_0000 20 Universal Serial Bus Controller PL301 Cross Bar Switch 0 USB_XBAR

COM Modules

3995_0000 21 Ethernet Controller 0 ENET

TST Modules

3996_0000 23-127 Reserved —

3.7.6 Peripheral Bridge 5 (PBRIDGE5) Memory Map
The following table shows the memory map of the Pbridge5 peripherals in this device.

Table 24. Peripheral Bridge 5 (PBRIDGE5) LPAV Non-Secure

Base Slot Module Alias

SYS Modules

2D80_0000 0 Direct Memory Access - Management Page 2 DMA2-MP
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Table 24. Peripheral Bridge 5 (PBRIDGE5) LPAV Non-Secure (continued)

Base Slot Module Alias

2D81_0000 1 Direct Memory Access - Channel 0 Control and Configuration 2 DMA2-CH0

2D82_0000 2 Direct Memory Access - Channel 1 Control and Configuration 2 DMA2-CH1

2D83_0000 3 Direct Memory Access - Channel 2 Control and Configuration 2 DMA2-CH2

2D84_0000 4 Direct Memory Access - Channel 3 Control and Configuration 2 DMA2-CH3

2D85_0000 5 Direct Memory Access - Channel 4 Control and Configuration 2 DMA2-CH4

2D86_0000 6 Direct Memory Access - Channel 5 Control and Configuration 2 DMA2-CH5

2D87_0000 7 Direct Memory Access - Channel 6 Control and Configuration 2 DMA2-CH6

2D88_0000 8 Direct Memory Access - Channel 7 Control and Configuration 2 DMA2-CH7

2D89_0000 9 Direct Memory Access - Channel 8 Control and Configuration 2 DMA2-CH8

2D8A_0000 10 Direct Memory Access - Channel 9 Control and Configuration 2 DMA2-CH9

2D8B_0000 11 Direct Memory Access - Channel 10 Control and Configuration 2 DMA2-CH10

2D8C_0000 12 Direct Memory Access - Channel 11 Control and Configuration 2 DMA2-CH11

2D8D_0000 13 Direct Memory Access - Channel 12 Control and Configuration 2 DMA2-CH12

2D8E_0000 14 Direct Memory Access - Channel 13 Control and Configuration 2 DMA2-CH13

2D8F_0000 15 Direct Memory Access - Channel 14 Control and Configuration 2 DMA2-CH14

2D90_0000 16 Direct Memory Access - Channel 15 Control and Configuration 2 DMA2-CH15

2D91_0000 17 Direct Memory Access - Channel 16 Control and Configuration 2 DMA2-CH16

2D92_0000 18 Direct Memory Access - Channel 17 Control and Configuration 2 DMA2-CH17

2D93_0000 19 Direct Memory Access - Channel 18 Control and Configuration 2 DMA2-CH18

2D94_0000 20 Direct Memory Access - Channel 19 Control and Configuration 2 DMA2-CH19

2D95_0000 21 Direct Memory Access - Channel 20 Control and Configuration 2 DMA2-CH20

2D96_0000 22 Direct Memory Access - Channel 21 Control and Configuration 2 DMA2-CH21

2D97_0000 23 Direct Memory Access - Channel 22 Control and Configuration 2 DMA2-CH22

2D98_0000 24 Direct Memory Access - Channel 23 Control and Configuration 2 DMA2-CH23

2D99_0000 25 Direct Memory Access - Channel 24 Control and Configuration 2 DMA2-CH24

2D9A_0000 26 Direct Memory Access - Channel 25 Control and Configuration 2 DMA2-CH25

2D9B_0000 27 Direct Memory Access - Channel 26 Control and Configuration 2 DMA2-CH26

2D9C_0000 28 Direct Memory Access - Channel 27 Control and Configuration 2 DMA2-CH27

2D9D_0000 29 Direct Memory Access - Channel 28 Control and Configuration 2 DMA2-CH28

2D9E_0000 30 Direct Memory Access - Channel 29 Control and Configuration 2 DMA2-CH29

2D9F_0000 31 Direct Memory Access - Channel 30 Control and Configuration 2 DMA2-CH30

2DA0_0000 32 Direct Memory Access - Channel 31 Control and Configuration 2 DMA2-CH31
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Table 24. Peripheral Bridge 5 (PBRIDGE5) LPAV Non-Secure (continued)

Base Slot Module Alias

2DA1_0000 33 Messaging Unit - Side B (to communicate with M33 core) 2 MU2_B

2DA2_0000 34 Messaging Unit - Side B (to communicate with A35 core) 3 MU3_B

SEC Modules

2DA3_0000 35 Hardware Semaphore Module 2 SEMA42_2

SYS Modules

2DA4_0000 36 Core Mode Controller 2 CMC2

2DA5_0000 37 System Integration Module 2 SIM2

CLK Modules

2DA6_0000 38 Clock Generation and Control 2 CGC2

2DA7_0000 39 Peripheral Clock Control 5 PCC5

TMR Modules

2DA8_0000 40 Timer/PWM Module 8 TPM8

HMI Modules

2DA9_0000 41 Serial Audio Interface 6 SAI6

2DAA_0000 42 Serial Audio Interface 7 SAI7

2DAB_0000 43 Sony/Philips Digital Interface 0 SPDIF

2DAC_0000 44 Image Sensor Interface 0 ISI

2DAD_0000 45 MIPI CSI CSR Registers CSI_CSR

2DAE_0000 46 Reserved —

2DAF_0000 47 MIPI CSI RX Controller Registers CSI2RX_REG

2DB0_0000 48 MIPI DSI Registers 0 DSI_REG

2DB1_0000 49 Reserved —

TMR Modules

2DB2_0000 50 Watchdog 5 WDOG5

HMI Modules

2DB3_0000 51 Electronics Paper Display Controller 0 EPDC

2DB4_0000 52 Pixel Processor 0 PXP

2DB5_0000 54-127 Reserved —

The following table shows the memory map (security region) of the Pbridge0 peripherals in this device.

Table 25. Peripheral Bridge 5 (PBRIDGE5) LPAV Secure

Base Slot Module Alias

SYS Modules
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Table 25. Peripheral Bridge 5 (PBRIDGE5) LPAV Secure (continued)

Base Slot Module Alias

3D80_0000 0 Direct Memory Access - Management Page 2 DMA2-MP

3D81_0000 1 Direct Memory Access - Channel 0 Control and Configuration 2 DMA2-CH0

3D82_0000 2 Direct Memory Access - Channel 1 Control and Configuration 2 DMA2-CH1

3D83_0000 3 Direct Memory Access - Channel 2 Control and Configuration 2 DMA2-CH2

3D84_0000 4 Direct Memory Access - Channel 3 Control and Configuration 2 DMA2-CH3

3D85_0000 5 Direct Memory Access - Channel 4 Control and Configuration 2 DMA2-CH4

3D86_0000 6 Direct Memory Access - Channel 5 Control and Configuration 2 DMA2-CH5

3D87_0000 7 Direct Memory Access - Channel 6 Control and Configuration 2 DMA2-CH6

3D88_0000 8 Direct Memory Access - Channel 7 Control and Configuration 2 DMA2-CH7

3D89_0000 9 Direct Memory Access - Channel 8 Control and Configuration 2 DMA2-CH8

3D8A_0000 10 Direct Memory Access - Channel 9 Control and Configuration 2 DMA2-CH9

3D8B_0000 11 Direct Memory Access - Channel 10 Control and Configuration 2 DMA2-CH10

3D8C_0000 12 Direct Memory Access - Channel 11 Control and Configuration 2 DMA2-CH11

3D8D_0000 13 Direct Memory Access - Channel 12 Control and Configuration 2 DMA2-CH12

3D8E_0000 14 Direct Memory Access - Channel 13 Control and Configuration 2 DMA2-CH13

3D8F_0000 15 Direct Memory Access - Channel 14 Control and Configuration 2 DMA2-CH14

3D90_0000 16 Direct Memory Access - Channel 15 Control and Configuration 2 DMA2-CH15

3D91_0000 17 Direct Memory Access - Channel 16 Control and Configuration 2 DMA2-CH16

3D92_0000 18 Direct Memory Access - Channel 17 Control and Configuration 2 DMA2-CH17

3D93_0000 19 Direct Memory Access - Channel 18 Control and Configuration 2 DMA2-CH18

3D94_0000 20 Direct Memory Access - Channel 19 Control and Configuration 2 DMA2-CH19

3D95_0000 21 Direct Memory Access - Channel 20 Control and Configuration 2 DMA2-CH20

3D96_0000 22 Direct Memory Access - Channel 21 Control and Configuration 2 DMA2-CH21

3D97_0000 23 Direct Memory Access - Channel 22 Control and Configuration 2 DMA2-CH22

3D98_0000 24 Direct Memory Access - Channel 23 Control and Configuration 2 DMA2-CH23

3D99_0000 25 Direct Memory Access - Channel 24 Control and Configuration 2 DMA2-CH24

3D9A_0000 26 Direct Memory Access - Channel 25 Control and Configuration 2 DMA2-CH25

3D9B_0000 27 Direct Memory Access - Channel 26 Control and Configuration 2 DMA2-CH26

3D9C_0000 28 Direct Memory Access - Channel 27 Control and Configuration 2 DMA2-CH27

3D9D_0000 29 Direct Memory Access - Channel 28 Control and Configuration 2 DMA2-CH28

3D9E_0000 30 Direct Memory Access - Channel 29 Control and Configuration 2 DMA2-CH29

3D9F_0000 31 Direct Memory Access - Channel 30 Control and Configuration 2 DMA2-CH30

Table continues on the next page...
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Table 25. Peripheral Bridge 5 (PBRIDGE5) LPAV Secure (continued)

Base Slot Module Alias

3DA0_0000 32 Direct Memory Access - Channel 31 Control and Configuration 2 DMA2-CH31

3DA1_0000 33 Messaging Unit - Side B (to communicate with M33 core) 2 MU2_B

3DA2_0000 34 Messaging Unit - Side B (to communicate with A35 core) 3 MU3_B

SEC Modules

3DA3_0000 35 Hardware Semaphore Module 2 SEMA42_2

SYS Modules

3DA4_0000 36 Core Mode Controller 2 CMC2

3DA5_0000 37 System Integration Module 2 SIM2

CLK Modules

3DA6_0000 38 Clock Generation and Control 2 CGC2

3DA7_0000 39 Peripheral Clock Control 5 PCC5

TMR Modules

3DA8_0000 40 Timer/PWM Module 8 TPM8

HMI Modules

3DA9_0000 41 Serial Audio Interface 6 SAI6

3DAA_0000 42 Serial Audio Interface 7 SAI7

3DAB_0000 43 Sony/Philips Digital Interface 0 SPDIF

3DAC_0000 44 Image Sensor Interface 0 ISI

3DAD_0000 45 MIPI CSI Registers 0 CSI_REG

3DAE_0000 46 Reserved —

3DAF_0000 47 MIPI CSI PHY Registers 0 CSI_PHY_REG

3DB0_0000 48 MIPI DSI Registers 0 DSI_REG

3DB1_0000 49 Reserved —

TMR Modules

3DB2_0000 50 Watchdog 5 WDOG5

HMI Modules

3DB3_0000 51 Electronics Paper Display Controller 0 EPDC

3DB4_0000 52 Pixel Processor 0 PXP

TST Modules
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Chapter 4
Clocking
4.1 Introduction
This chapter details the clock sources, distribution and management within i.MX 8ULP. These functions are under joint control 
of the Clock Generation and Control (CGC) modules, Peripheral Clock Control (PCC) modules, and Core Mode Controller 
(CMC) blocks.

The clocking scheme provides clear separation between Real Time Domain (RTD), Low Power Audio and Video (LPAV) domain 
and Application Domain (AD). Except for a few clock sources shared between three domains, such as the System Oscillator clock, 
and the Free Running Oscillator(FRO), clock sources and clock management are separated and contained within each domain. 
RTD clock management consists of RTD _CGC, PCC0, PCC1, PCC2 and CMC0 modules. AD clock management consists of 
AD_CGC, PCC3, PCC4, and CMC1 modules. LPAV domain clock management consists of LPAV_CGC and PCC5.

4.2 Clock Distribution
The CGC modules generate and distribute clocks on the device. CGC functions include:

• clock reference selection

• generation of clock used to derive processor, system, peripheral bus and external memory interface clocks

• source selection for peripheral clocks

• control of power-saving clock-gating mode

PCC modules control clock selection, optional division and clock gating mode for peripherals. PCCs within a domain create two 
groups of clock options called BUS and PLAT clocks. Therefore, for each domain, clock selection options are available namely:

• Platform (PLAT) clock is the clock for the bus interconnect, whether it is the NIC (AXI bus) or AXBS (AHB bus) fabric. 
PCC0_PLAT, PCC1_PLAT, PCC2_PLAT for RTD domain. PCC3_PLAT and PCC4_PLAT for AD domain. PCC5_PLAT 
LPAV domain.

• Bus (BUS) clock is the clock for the IP Bus which connects the programming interface of each peripheral to the Peripheral 
Bridge (PBRG) it is assigned to. The Bus clock frequency is typically integer divided from the respective Platform clock. 
PCC0_BUS, PCC1_BUS and PCC2_BUS for RTD domain. PCC3_BUS and PCC4_BUS for AD domain. PCC5_BUS for 
LPAV domain.

• Slow (SLOW) clock is the clock for the IP Bus which connects the programming interface of peripherals that operate at low 
frequency to the respective PBRG. The Slow clock frequency is typically integer divided from the respective Bus clock.

Details of clock options available for these groups are shown in Table 32, Table 33, and Table 34. Among other clocking options, 
each peripheral is assigned a PCC slot. The peripheral slot and PCC group assignment for each peripheral is shown in Table 35. 
Clocks for peripherals are selected based on PCC slot and sources available to that group. Clock selection for peripherals are 
shown in Peripheral clock diagrams. PCC slots referred in that section should be inferred from Table 36, and Table 37.

4.3 External Clock Sources
In normal functional mode, this device operates off two primary external reference clocks: System oscillator clock (SOSC) and 
RTC oscillator clock (ROSC):

• System oscillator clock is a high frequency reference clock with a frequency in the range of 16 MHz to 32 MHz. This clock is 
used as a reference clock to the on-chip PLLs which generate all the required high frequency clocks.

• RTC oscillator clock is the 32.768 kHz constant frequency, real-time clock.

4.4 Internal Clock Sources
This device is capable of generating these internal reference clocks:
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• The FRO is the Free Running Oscillator clock generating a 192 MHz nominal frequency.

• The LPO is the Low Power Oscillator clock generating a 1 MHz nominal frequency.

• The RTC OSC has the capability to provide nominal 32 kHz IRC in absence of the external RTC OSC reference clock.

 
The internal oscillator is automatically multiplexed in the clocking system when the system detects a loss of clock. 
The internal oscillator will provide clocks to the same on-chip modules as the external 32 kHz oscillator. The internal 
oscillator is not precise relative to a crystal. While it will provide a clock to the system, it generally will not be precise 
enough for long-term time keeping. The internal oscillator is anticipated to be useful for quicker start-up times and 
tampering prevention, but it should not be used as the exclusive source for the 32 kHz clocks. An external 32 kHz 
clock source must be used for production systems.

  NOTE  

4.5 Clock generation

4.5.1 Oscillators
The System oscillator, in conjunction with an external crystal or resonator, generates a reference clock for the device. The System 
oscillator module supports 16-32 MHz crystals or resonators. It also provides the option for external input bypass clock from 
EXTAL0 input pin directly.

The RTC oscillator is in the VBAT domain. The RTC oscillator module, in conjunction with an external crystal, generates a 32.768 
kHz real-time reference clock for the RTC and will always be enabled and supplying clock to SRTC. This is the default clock source.

4.5.2 PLLs
Following are the six PLLs in this device clock structure.

• PLL0 (SPLL) is a fixed-frequency PLL. In addition to the main clock output of 480 MHz, PLL0 (SPLL) also includes 4 Phase 
Fractional Dividers (PFDs) that can generate other clock frequencies for core, system buses and peripherals. PLL0 is the 
system PLL for the RTD domain.

• PLL1 (APLL) is a FracN PLL. This PLL supports frequency tuning for audio applications. PLL1 (APLL) output clock is 
dedicated to audio peripherals, and it should be disabled for power saving when audio applications are not in use.

• PLL2 (SPLL) is a FracN PLL generating a clock output frequency between 650 MHz to 1 GHz. This PLL is used exclusively 
for the A35.

• PLL3 (SPLL) is a FracN PLL with additional PFDs. Each PFD has an independently programmable divider value, N, ranging 
from 13 to 34, which controls its output frequency. Output clocks of PLL3 (SPLL) and their PFDs are available clock options 
for AD system buses and other peripherals in the AD domain.

• Clock generation PLL4 (SPLL) is a FracNPLL with additional PFDs. Each PFD has an independently programmable 
divider value, N, ranging from 12-35, which controls its output frequency. Output clocks of PLL4 and their PFDs are 
available clock options for LPAV system buses, DDR, and other peripherals in the LPAV domain.

• The sixth PLL is the DSI PLL. It is embedded in the DSI PHY block. The output clock of this PLL has been ported to outside 
and can be selected as a clock source for other modules as well.
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• When PLL is enabled, SOSC should be used as PLL clock reference.

• In the integer PLLs, although it is possible to change the PLL parameters, they are tuned at 480 MHz, so 
MULT*refclk = 480 MHz.

• In the fractional PLL (PLL1, PLL3, and PLL4) VCO can be tuned to frequencies ranging from 500 MHz to 600 
MHz using MULT, NUM and DENOM parameters.

• PLL2 VCO output frequency is given by following formula: refclk * (MULT + NUM/DENOM), where fractional 
value NUM/DENOM should be within ±2.

• PLL output frequencies must always be higher than 16 MHz.

  NOTE  

4.5.2.1 PLL PFD Output

All PLLs on 8ULP either have VCO base frequency of 480 MHz or 528 MHz except PLL2 that supports VCO up-to 1GHz. Following 
table shows all the possible combination of PFD output supported for 24 MHz input clock.

PFD Output = 18/N x FVCO where N = 12 to 35

Table 26. PFD FRAC(N) options for PFD output frequency

PLL VCO (Mhz) FRAC (N) PFD Output (MHz)

480 12 720

480 13 664

480 14 617.142

480 15 576

480 16 540

480 17 508.235

480 18 480

480 19 454.736

480 20 432

480 21 411.428

480 22 392.727

480 23 375.652

480 24 254.117

480 25 345.6

480 26 332.307

480 27 320

Table continues on the next page...
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Table 26. PFD FRAC(N) options for PFD output frequency (continued)

PLL VCO (Mhz) FRAC (N) PFD Output (MHz)

480 28 308.571

480 29 297.931

480 30 288

480 31 278.709

480 32 270

480 33 261.818

480 34 254.117

480 35 246.857

528 12 792

528 13 731.07

528 14 678.8

528 15 633.6

528 16 594

528 17 559.0588235

528 18 528

528 19 500.2105263

528 20 475.2

528 21 452.5714286

528 22 432

528 23 413.217

528 24 396

528 25 380.16

528 26 365.538

528 27 352

528 28 339.428

Table continues on the next page...
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Table 26. PFD FRAC(N) options for PFD output frequency (continued)

PLL VCO (Mhz) FRAC (N) PFD Output (MHz)

528 29 327.724

528 30 316.8

528 31 306.580

528 32 297

528 33 288

528 34 279.529

528 35 271.5

PLLx PFDy and VCO Maximum Frequency Restrictions

The 8ULP PLLs PFDs and VCOs maximum frequency should be followed for the device to operate properly:

Table 27. PLL PFD and VCO max frequency

PLL PLL Output Freq (MHz)

PLL0 vco_clk 480

pfd0_clk 400

pfd1_clk 480

pfd2_clk 480

pfd3_clk 400

PLL1 vco_clk 542

pfd0_clk 432

pfd1_clk 400

pfd2_clk 542

pfd3_clk 480

PLL2 vco_clk 1000

PLL3 vco_clk 542

pfd0_clk 460

pfd1_clk 400

pfd2_clk 332

pfd3_clk 400

PLL4 vco_clk 533

pfd0_clk 600

pfd1_clk 316.8

Table continues on the next page...
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Table 27. PLL PFD and VCO max frequency (continued)

PLL PLL Output Freq (MHz)

pfd2_clk 400

pfd3_clk 480

4.5.3 Core, platform, and system bus clocks

There are several asynchronous system clock domains on this device. The primary domains are:

• Application Domain: CA35 Cores, Platform and System buses

• Low Power Audio and Video Domain: HIFI4 DSP, Platform and System buses

• Real Time Domain: CM33 Core, Fusion DSP, Platform and System buses

Table 28. Synchronous Clocks used by each platform and peripherals: Real Time Domain

Module cm33_platclk cm33_busclk cm33_slowclk

AXBS0 Yes - -

DMA0 Yes - -

MU0_A - Yes -

MU1_A - Yes -

MU2_A - Yes -

CMC0 - Yes -

SYSPM0 Yes - -

TRGMUX0 - Yes -

LLWU0 - - Yes

uPower MUA RTD - Yes -

RTD_SIM (Non-secure) - Yes -

RTD_SIM (Secure) - Yes -

WDOG0 - Yes -

WDOG1 - Yes -

EWM - Yes -

RTD_CGC - Yes -

PCC0 - Yes -

TRDC-MGR Yes - -

TRDC-MBC0 Yes - -

TRDC-MBC1 Yes - -

TRDC-MBC2 Yes - -

TRDC-MBC3 Yes - -

Table continues on the next page...
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Table 28. Synchronous Clocks used by each platform and peripherals: Real Time Domain (continued)

Module cm33_platclk cm33_busclk cm33_slowclk

TRDC-MBC4 Yes - -

SEMA42_0 - Yes -

BBNSM - Yes -

FlexSPI 0 Yes - -

LPIT0 - Yes -

FlexIO 0 - Yes -

I3C0 - Yes -

LPSPI0 - Yes -

LPSPI1 - Yes -

ADC0 - Yes -

CMP0 - - Yes

CMP1 - - Yes

DAC0 - Yes -

DAC1 - Yes -

CM33 Cache Controller Yes - -

EdgeLock secure enclave 
LPUART

- Yes -

uPower WDOG - Yes -

OCOTP1 - Yes -

TPIU Yes - -

SWO Yes - -

PCC1 - Yes -

FlexSPI1 Yes Yes -

LPTMR0 - - Yes

LPTMR1 - - Yes

TPM0 - Yes -

TPM1 - Yes -

LPI2C0 - Yes -

LPI2C1 - Yes -

LPUART0 - Yes -

LPUART1 - Yes -

SAI0 - Yes -

SAI1 - Yes -

Table continues on the next page...
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Table 28. Synchronous Clocks used by each platform and peripherals: Real Time Domain (continued)

Module cm33_platclk cm33_busclk cm33_slowclk

DIGITAL_FILTER_A - Yes -

DIGITAL_FILTER_B - Yes -

IOMUXC_RTD (IOMUXC0) - Yes -

ADC1 - Yes -

FlexCAN - Yes -

RGPIOA Yes - -

RGPIOB Yes - -

RGPIOC Yes - -

Table 29. Synchronous Clocks used by each platform and peripherals: DSP domain

Module dsp_platclk dsp_busclk dsp_slowclk

MU1_B - Yes -

WDOG2 - Yes -

PCC2 - Yes -

TPM2 - Yes -

TPM3 - Yes -

MRT - Yes -

LPI2C2 - Yes -

LPI2C3 - Yes -

I3C1 - Yes -

LPUART2 - Yes -

LPUART3 - Yes -

LPSPI2 - Yes -

LPSPI3 - Yes -

SAI2 - Yes -

SAI3 - Yes -

MICFIL/PDM - Yes -

Table 30. Synchronous clocks used by each platform and peripherals: Application domain

Module xbar_apclk nic_perclk xbar_busclk xbar_slowclk

AXBS1 Yes - - -

DMA1 Yes - - -

MU0_B - - Yes -

Table continues on the next page...
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Table 30. Synchronous clocks used by each platform and peripherals: Application domain (continued)

Module xbar_apclk nic_perclk xbar_busclk xbar_slowclk

MU3_A - - Yes -

CMC1 - - Yes -

TRGMUX1 - - Yes -

LLWU1 - - - Yes

SYSPM1 Yes - - -

uPower MUA APD - - Yes -

APD_SIM (SIM1) - - Yes -

WDOG3 - - Yes -

WDOG4 - - Yes -

AD_CGC (CGC1) - - Yes -

PCC3 - - Yes -

CAAM1 - Yes Yes -

XRDC-MGR Yes - - -

SEMA42_1 - - Yes -

LPIT1 - - Yes -

TPM4 - - Yes -

TPM5 - - Yes -

FlexIO1 - - Yes -

I3C2 - - Yes -

LPI2C4 - - Yes -

LPI2C5 - - Yes -

LPUART4 - - Yes -

LPUART5 - - Yes -

LPSPI4 - - Yes -

LPSPI5 - - Yes -

PCC4 - - Yes -

FlexSPI2 Yes - Yes -

TPM6 - - Yes -

TPM7 - - Yes -

LPI2C6 - - Yes -

LPI2C7 - - Yes -

LPUART6 - - Yes -

Table continues on the next page...
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Table 30. Synchronous clocks used by each platform and peripherals: Application domain (continued)

Module xbar_apclk nic_perclk xbar_busclk xbar_slowclk

LPUART7 - - Yes -

SAI4 - - Yes -

SAI5 - - Yes -

DIGITAL_FILTER_E - - Yes -

DIGITAL_FILTER_F - - Yes -

IOMUXC APD 
(IOMUXC1)

- - Yes -

uSDHC0 - Yes Yes -

uSDHC1 - Yes Yes -

uSDHC2 - Yes Yes -

USB0 - Yes - -

USB0 PHY - - Yes -

USB1 - Yes - -

USB1 PHY - - Yes -

USB_XBAR - - Yes -

ENET - Yes Yes -

RGPIOE Yes - - -

RGPIOF Yes - - -

1. Chapter only available in security reference manual

Table 31. Synchronous clocks used by each platform and peripherals: Low-power audio video (LPAV) domain

Module lpav_axi_clk lpav_ahb lpav_bus_clk

DMA2-MP Yes - -

MU2_B - - Yes

MU3_B - - Yes

SEMA42_2 - - Yes

CMC2 - - Yes

AVD_SIM (SIM2) - - Yes

LPAV_CGC (CGC2) - - Yes

PCC5 - - Yes

TPM8 - - Yes

SAI6 - - Yes

SAI7 - - Yes

Table continues on the next page...
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Table 31. Synchronous clocks used by each platform and peripherals: Low-power audio video (LPAV) domain (continued)

Module lpav_axi_clk lpav_ahb lpav_bus_clk

SPDIF - Yes -

ISI Yes - Yes

CSI REGS - - Yes

CSI Yes - Yes

DSI Yes - Yes

WDOG5 - - Yes

EPDC Yes - -

PXP Yes - -

GPU2D Yes Yes -

GPU3D Yes Yes -

DCNANO/LC - Yes -

LPDDR4 Yes - -

CSI clk_ui Yes - -

CSI clk_esc Yes - -

RGPIOD - Yes -

Table 32. Clock sources mapped to different PCC0/1/2 clock selects PCS

PCS PCC0[PCS] 
(PCC0_PLAT)

PCC0[PCS] 
(PCC0_BUS)

PCC1[PCS] 
(PCC1_PLAT)

PCC1[PCS] 
(PCC1_BUS)

PCC2[PCS] 
(PCC2_PLAT)

PCC2[PCS] 
(PCC2_BUS)

7 PLL0_PFD3_CL
K PLL0_PFD1_DIV PLL0_PFD3_CL

K PLL0_PFD1_DIV OFF PLL0_PFD1_DIV

6 FRO192CLK PLL0_PFD2_DIV FRO192CLK PLL0_PFD2_DIV OFF PLL0_PFD2_DIV

5 CM33_PLATCLK PLL1_PFD1_DIV CM33_PLATCLK PLL1_VCO_DIV OFF PLL1_VCO_DIV

4 FRODIV1 CM33_BUSCLK FRODIV1 CM33_BUSCLK OFF DSP_BUS_CLK

3 SOSCDIV1 FRODIV2 SOSCDIV1 FRODIV2 OFF FRODIV3

2 OFF SOSCDIV2 OFF SOSCDIV2 OFF SOSCDIV3

1 OFF LPO OFF LPO OFF LPO

0 OFF OFF OFF OFF OFF OFF
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Table 33. Clock sources mapped to different PCC3/4 clock selects PCS

PCS PCC3[PCS] 
(PCC3_PLAT) PCC3[PCS] (PCC3_BUS) PCC4[PCS] 

(PCC4_PLAT) PCC4[PCS] (PCC4_BUS)

7 OFF PLL3_PFD0_DIV1 PLL3_PFD1_DIV2 PLL3_PFD0_DIV1

6 OFF PLL3_PFD0_DIV2 PLL3_PFD2_DIV1 PLL3_VCO_DIV

5 OFF PLL3_PFD1_DIV1 PLL3_PFD2_DIV2 XBAR_BUSCLK

4 OFF XBAR_BUSCLK PLL3_PFD3_DIV1 FRODIV2

3 OFF FRODIV2 PLL3_PFD3_DIV2 SOSCDIV2

2 OFF SOSCDIV2 FRODIV1 LPO

1 OFF LPO SOSCDIV1 OFF

0 OFF OFF OFF OFF

Table 34. Clock sources mapped to different PCC5 clock selects PCS

PCS PCC5[PCS] (PCC5_PLAT) PCC5[PCS] (PCC5_BUS)

7 PLL4_PFD0_DIV1 PLL4_PFD3_DIV1

6 PLL4_PFD0_DIV2 PLL4_VCO_DIV

5 PLL4_PFD1_DIV1 LPAV_BUS_CLK

4 PLL4_PFD1_DIV2 FRODIV2

3 PLL4_PFD2_DIV1 SOSCDIV2

2 PLL4_PFD2_DIV2 LPO

1 PLL4_PFD3_DIV2 OFF

0 OFF OFF

Table 35. PCC0 slots and corresponding PCC0 to peripheral mapping table: Real-time domain

PCC0:Slot No. Peripheral PCC Mux used

44 WDOG0 PCC0_BUS

45 WDOG1 PCC0_BUS

57 FlexSPI0 PCC0_PLAT

59 LPIT0 PCC0_BUS

60 FlexIO0 PCC0_BUS

61 I3C0 PCC0_BUS

Table continues on the next page...
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Table 35. PCC0 slots and corresponding PCC0 to peripheral mapping table: Real-time domain (continued)

PCC0:Slot No. Peripheral PCC Mux used

62 LPSPI0 PCC0_BUS

63 LPSPI1 PCC0_BUS

64 ADC0 PCC0_BUS

67 DAC0 PCC0_BUS

68 DAC1 PCC0_BUS

76 EdgeLock secure enclave LPUART PCC0_BUS

78 uPower WDOG PCC0_BUS

Table 36. PCC1 slots and corresponding PCC1 to peripheral mapping table: Real-time domain

PCC1:Slot No. Peripheral PCC Mux used

3 TPIU PCC1_PLAT

6 SWO PCC1_PLAT

18 FlexSPI1 PCC1_PLAT

21 TPM0 PCC1_BUS

22 TPM1 PCC1_BUS

24 LPI2C0 PCC1_BUS

25 LPI2C1 PCC1_BUS

26 LPUART0 PCC1_BUS

27 LPUART1 PCC1_BUS

34 ADC1 PCC1_BUS

40 FlexCAN PCC1_BUS

Table 37. PCC2 slots and corresponding PCC2 to peripheral mapping table: DSP domain

PCC2:Slot No. Peripheral PCC Mux used

1 WDOG2 PCC2_BUS

5 TPM2 PCC2_BUS

6 TPM3 PCC2_BUS

8 LPI2C2 PCC2_BUS

9 LPI2C3 PCC2_BUS

10 I3C1 PCC2_BUS

11 LPUART2 PCC2_BUS

12 LPUART3 PCC2_BUS

Table continues on the next page...
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Table 37. PCC2 slots and corresponding PCC2 to peripheral mapping table: DSP domain (continued)

PCC2:Slot No. Peripheral PCC Mux used

13 LPSPI2 PCC2_BUS

14 LPSPI3 PCC2_BUS

Table 38. PCC3 slots and corresponding PCC3 to peripheral mapping table: Application domain

PCC3 

Slot

Peripheral PCC Mux used

42 WDOG3 PCC3_BUS

43 WDOG4 PCC3_BUS

50 LPIT1 PCC3_BUS

51 TPM4 PCC3_BUS

52 TPM5 PCC3_BUS

53 FlexIO1 PCC3_BUS

54 I3C2 PCC3_BUS

55 LPI2C4 PCC3_BUS

56 LPI2C5 PCC3_BUS

57 LPUART4 PCC3_BUS

58 LPUART5 PCC3_BUS

59 LPSPI4 PCC3_BUS

60 LPSPI5 PCC3_BUS

Table 39. PCC4 slots and corresponding PCC4 to peripheral mapping table: Application domain

PCC4

Slot

Peripheral PCC Mux used

1 FlexSPI2 PCC4_PLAT

2 TPM6 PCC4_BUS

3 TPM7 PCC4_BUS

4 LPI2C6 PCC4_BUS

5 LPI2C7 PCC4_BUS

6 LPUART6 PCC4_BUS

7 LPUART7 PCC4_BUS

13 uSDHC0 PCC4_PLAT

Table continues on the next page...
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Table 39. PCC4 slots and corresponding PCC4 to peripheral mapping table: Application domain (continued)

PCC4

Slot

Peripheral PCC Mux used

14 uSDHC1 PCC4_PLAT

15 uSDHC2 PCC4_PLAT

Table 40. PCC5 slots and corresponding PCC5 to peripheral mapping table: Low-power audio video domain

PCC5 No. Peripheral PCC Mux used

40 TPM8 PCC5_BUS

47 CSI PCC5_PLAT

48 DSI PCC5_PLAT

50 WDOG5 PCC5_BUS

51 EPDC PCC5_PLAT

60 GPU2D PCC5_PLAT

61 GPU3D PCC5_PLAT

62 DC Nano PCC5_PLAT

67 CSI clk_ui PCC5_PLAT

68 CSI clk_esc PCC5_PLAT

4.5.4 Peripheral clock diagrams
The following figures show the clocking diagrams for real-time domain.
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CM33 - Platform

CM33MIX_FCLK

CM33MIX_PLAT_HCLK
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CM33MIX_IPG_CLK_DMA0

CM33MIX_IPG_CLK_ROMCP
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CM33_CORECLK
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PCC SLOTCM33_CORECLK

PCC SLOTCM33_CORECLK

CM33_CORECLK

CM33_CORECLK

CM33MIX_IPG_CLK_CASPERCM33_CORECLK

CM33MIX_IPG_CLK_POWERQCM33_CORECLK

DBGMIX_DAPCLKCM33_CORECLK

DBGMIX_DAPCLK_JTAGAPCM33_CORECLK

DBGMIX_DAPCLK_CM33APCM33_CORECLK

DBGMIX_DAPCLK_FUSIONAPCM33_CORECLK

DBGMIX_DAPCLK_HIFI4APCM33_CORECLK

DBGMIX_DAPCLK_SYSAPCM33_CORECLK

DBGMIX_HCLK_S400APCM33_CORECLK

DBGMIX_HCLK_UPOWERAPCM33_CORECLK

DBGMIX_SWCLKTCK_SWJSW_CLK_TCK

DBGMIX_RTCK_JTAG_JTAGAPJTAG_RTCK_P

PERIPH_PLAT[7:0]

PCC SLOT

DIV

PERIPH_PLAT[7:0]

PCC SLOT

DIV

DBGMIX_SWO_TRACECLKIN

DBGMIX_TPIU_TRACECLKIN

Figure 7. CM33 platform clocking

CM33 ROM

CKCM33_CORECLK

Figure 8. CM33 ROM clocking
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ADC

IPG_CLK_S

IPG_CLK

ADC_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

DIV

CM33_BUSCLK

Figure 9. ADC clocking

CMC0

CMC_CLKCM33_CORECLK

LPO_1KHZRTC1K

CORE_CLKCM33_CORECLK

IPG_CLK_SCM33_CORECLK

Figure 10. CMC0 clocking

FLEXSPI0

IPG_CLK_S

IPG_CLK

HCLK

IPG_CLK_SFCK

CM33_CORECLK

PERIPH_PLAT[7:0]

PCC SLOT

CM33_CORECLK

CM33_CORECLK

DIV

FLEXSPI1

IPG_CLK_S

IPG_CLK

HCLK

IPG_CLK_SFCK

CM33_BUSCLK

PERIPH_PLAT[7:0]

PCC SLOT

CM33_CORECLK

CM33_BUSCLK

DIV

Figure 11. FlexSPI clocking

FLEXIO

PCLK

FLEXIO_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

DIV

Figure 12. FlexIO clocking
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I3C

CLK_SLOW

PCLK

FCLKPERIPH_BUS[7:0]

PCC SLOT
CM33_BUSCLK

DIV

LPOCLK_LV

CLK_SLOW_TCLPOCLK_LV

Figure 13. I3C clocking

IOMUX_RTD

IPG_CLK_SCM33_BUSCLK

Figure 14. IOMUXC0 clocking

LPI2C

IPG_CLK_S

IPG_CLK

LPI2C_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

LPI2C_CLK

DIV

CM33_BUSCLK

Figure 15. LPI2C clocking

LPTPM

IPG_CLK_S

IPG_CLK

LPTPM_CLKPERIPH_BUS[7:0]

PCC SLOT
CM33_BUSCLK

DIV

CM33_BUSCLK

Figure 16. LPTPM clocking

LPUART

PCLK

LPUART_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

LPUART_CLK_N

DIV

Figure 17. LPUART clocking
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LPSPI

IPG_CLK_S

IPG_CLK

LPSPI_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

LPSPI_CLK

DIV

CM33_BUSCLK

Figure 18. LPSPI clocking

LPIT

IPG_CLK_S

IPG_CLK

IPG_PER_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

IPG_UNGATED_PER_CLK

DIV

CM33_BUSCLK

Figure 19. LPIT clocking

MQS0

HMCLKMQS1_CLK

SAI0_IPP_DO_SAI_TXBCLK BCLK

Figure 20. MQS clocking
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MU0

IPG_CLK_MUA

IPG_CLK_S_MUACM33_BUSCLK

PCC SLOTCM33_BUSCLK

IPG_CLK_MUB

IPG_CLK_S_MUBXBAR_BUSCLK

PCC SLOTXBAR_BUSCLK

MU1

IPG_CLK_MUA

IPG_CLK_S_MUACM33_BUSCLK

PCC SLOTCM33_BUSCLK

IPG_CLK_MUB

IPG_CLK_S_MUBDSP_BUSCLK

PCC SLOTDSP_BUSCLK

MU2

IPG_CLK_MUA

IPG_CLK_S_MUACM33_BUSCLK

PCC SLOTCM33_BUSCLK

IPG_CLK_MUB

IPG_CLK_S_MUBLPAV_BUS_CLK

PCC SLOTLPAV_BUS_CLK

Figure 21. MU clocking

OCOTP

IPG_CLKELE_OTP_APB_CLK

Figure 22. OCOTP clocking
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PCC0

IPG_CLK_SLOWCM33_SLOWCLK

IPG_CLK_BUSCM33_BUSCLK

IPG_CLK_SYSCM33_CORECLK

IPG_CLK_SCM33_BUSCLK

SCG_ASYNC_SLOW_CLKS[7:0]1´b0

SCG_ASYNC_BUS_CLKS[7]PLL0PFD1DIV

SCG_ASYNC_BUS_CLKS[6]PLL0PFD2DIV

SCG_ASYNC_BUS_CLKS[5]PLL1PFD1DIV

SCG_ASYNC_BUS_CLKS[4]CM33_BUSCLK

SCG_ASYNC_BUS_CLKS[3]FRODIV2

SCG_ASYNC_BUS_CLKS[2]SOSCDIV2

SCG_ASYNC_BUS_CLKS[1]LPOCLK_LV

SCG_ASYNC_BUS_CLKS[0]1'b0

SCG_ASYNC_PLAT_CLKS[7]PLL0PFD3CLK

SCG_ASYNC_PLAT_CLKS[6]FRO192CLK

SCG_ASYNC_PLAT_CLKS[5]CM33_CORECLK

SCG_ASYNC_PLAT_CLKS[4]

SCG_ASYNC_PLAT_CLKS[3]

FRODIV1

SCG_ASYNC_PLAT_CLKS[2]

SOSCDIV1

SCG_ASYNC_PLAT_CLKS[1]1'b0

SCG_ASYNC_PLAT_CLKS[0]1'b0

1'b0

Figure 23. PCC0 clocking

PCC1

IPG_CLK_SLOWCM33_SLOWCLK

IPG_CLK_BUSCM33_BUSCLK

IPG_CLK_SYSCM33_CORECLK

IPG_CLK_SCM33_BUSCLK

SCG_ASYNC_SLOW_CLKS[7:0]1´b0

SCG_ASYNC_BUS_CLKS[7]PLL0PFD1DIV

SCG_ASYNC_BUS_CLKS[6]PLL0PFD2DIV

SCG_ASYNC_BUS_CLKS[5]PLL1VCODIV

SCG_ASYNC_BUS_CLKS[4]CM33_BUSCLK

SCG_ASYNC_BUS_CLKS[3]FRODIV2

SCG_ASYNC_BUS_CLKS[2]SOSCDIV2

SCG_ASYNC_BUS_CLKS[1]LPOCLK_LV

SCG_ASYNC_BUS_CLKS[0]1'b0

SCG_ASYNC_PLAT_CLKS[7]PLL0PFD3CLK

SCG_ASYNC_PLAT_CLKS[6]FRO192CLK

SCG_ASYNC_PLAT_CLKS[5]CM33_CORECLK

SCG_ASYNC_PLAT_CLKS[4]FRODIV1

SCG_ASYNC_PLAT_CLKS[3]SOSCDIV1

SCG_ASYNC_PLAT_CLKS[2]1'b0

SCG_ASYNC_PLAT_CLKS[1]1'b0

SCG_ASYNC_PLAT_CLKS[0]1'b0

Figure 24. PCC1 clocking
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POWERSYS

AHB_CLK_MST

AHB_CLK_SLV

AHB_CLK_DBG

IPG_CLK_MUA_RTD

IPG_CLK_MUA_APD

IPG_CLK_S_MUA_RTD

CM33_CORECLK

PCC SLOTXBAR_BUSCLK

PCC SLOTCM33_BUSCLK

CM33_CORECLK

CM33_BUSCLK

CM33_CORECLK

IPG_CLK_S_MUA_APDXBAR_BUSCLK

LPO_CLKRTC1K

INT_CLKRTC32K

PERIPH_BUS[7:0]

PCC SLOT

DIV EXT_CLK

CLK_1MHZ_1P8LPOCLK_1P8

Figure 25. Powersys clocking

RGPIO

HCLK
PCC SLOTCM33_CORECLK

Figure 26. RGPIO clocking

RTD_SIM

IPG_CLK_SCM33_BUSCLK

IPG_CLKCM33_BUSCLK

TS_TMR_CLKLPOCLK_LV

RTD_SIM_SEC

IPG_CLK_SCM33_BUSCLK

IPG_CLKCM33_BUSCLK

Figure 27. SIM0 clocking
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SAI

IPG_CLK

IPG_CLK_S

IPG_CLK_SAI_MCLK

IPG_CLK_SAI_MCLK[2]

IPG_CLK_SAI_MCLK[3]

SAI_RX_BCLK_IN

SAI_TX_BCLK_IN

1b´0

1b´0

PCC SLOTCM33_BUSCLK

CM33_BUSCLK

SAI_CLK

SAI_CLK

SAI_CLK

Figure 28. SAI clocking

SEMA42_0

CLK
PCC SLOTCM33_BUSCLK

Figure 29. SEMA42_0 clocking

EdgeLock secure enclave

S4_CLK

SYS_HCLK

SYS_DBG_CLK

SYS_MU_IPG_CLK

SYS_32K_CLK

CM33_CORECLK

CM33_CORECLK

RTC32K

CM33_CORECLK

PERIPH_BUS[7:0]

PCC SLOT

DIV SYS_LPUART_BAUD_CLK

SYS_TRUST_HCLKCM33_CORECLK

CM33_CORECLK

Figure 30. EdgeLock secure enclave clocking

TCD_DMA0_RAM

CLK
PCC SLOTCM33_CORECLK

Figure 31. DMA0 TCM clocking

TRGMUX

IPG_CLK_SCM33_BUSCLK

Figure 32. TRGMUX clocking
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WDOG

IPG_CLK_GATED

EXT_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

DIV

IPG_CLK_SCM33_BUSCLK

IPG_CLK_UNGATEDCM33_BUSCLK

LPO_CLKRTC1K

INT_CLKRTC32K

Figure 33. WDOG clocking

DAC

IPG_CLK_S

IPG_CLK

ANA8M_CLKPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

DIV

CM33_BUSCLK

Figure 34. DAC clocking

DIGITAL_FILTER
IPG_CLK

PCC SLOTCM33_BUSCLK

IPG_CLK_OSCRTC1K

Figure 35. Digital filter clocking

EWM
IPG_CLK

PCC SLOTCM33_BUSCLK

LPO_CLK[0]RTC1K

IPG_CLK_SCM33_BUSCLK

LPO_CLK[1]RTC1K

LPO_CLK[2]RTC1K

LPO_CLK[3]RTC1K

Figure 36. EWM clocking
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FLEXCAN

IPG_CLK_S

IPG_CLK_TS

IPG_CLK_PEPERIPH_BUS[7:0]

PCC SLOTCM33_BUSCLK

IPG_CLK_PE_NOGATE

DIV

CM33_BUSCLK

IPG_CLK_CHI

IPG_CLK

Figure 37. FlexCAN clocking

The following figures show the clocking diagrams for always-on real-time domain.

CMP
IPG_CLK

PCC SLOTCM33_SLOWCLK

CMP_SLOW_CLKBBNSM_CLK_32K_1P8V

IPG_CLK_SCM33_SLOWCLK

CMP_FAST_CLKCM33_SLOWCLK

RR_CLOCKLPTIMER_PRESCALER_CLK

Figure 38. CMP clocking

DIGITAL_FILTER_RESET

IPG_CLK_OSCCLK_1KHZ

IPG_CLKCM33_SLOWCLK

Figure 39. Digital Filter Reset

LLWU
IPG_CLK_3V

PCC SLOTCM33_SLOWCLK

PMC_CLK_1KHZ_3VCLK_1KHZ

IPG_CLK_S_3VCM33_SLOWCLK

Figure 40. LLWU clocking

NXP Semiconductors
Clocking

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 141 / 5781



LPTMR

IPG_CLK_1KHZCLK_1KHZ

IPG_CLK_SCM33_SLOWCLK

IPG_CLK_32KHZBBNSM_CLK_32K_1P8V

IPG_CLK_ERCLKOSC_CLK_1P8V

IPG_CLK_IRCLKLPOCLK_1P8

Figure 41. LPTMR clocking

The following figures show the clocking diagrams for application domain.

CA35 - Platform

CA35MIX_CA35CLK

CA35MIX_HCLK

CA35MIX_SRAMC0

CA35MIX_HCLK_DMA1

CA35MIX_HCLK_SYSPM1

CA35MIX_HCLK_PBRG3

CA35MIX_HCLK_PBRG4

CA35MIX_NICAPCLK

CA35MIX_NICAPCLK_R

CA35MIX_NICAPCLK_SRAMC2

CA35_CORECLK

PCC SLOTXBAR_APCLK

PCC SLOTXBAR_APCLK

XBAR_APCLK

NIC_APCLK

XBAR_APCLK

XBAR_APCLK

XBAR_APCLK

NIC_APCLK

NIC_APCLK

NIC_PERCLK CA35MIX_NICPERCLK

NIC_PERCLK CA35MIX_NICPERCLK_R

Figure 42. CA35 platform clocking

CA35 ROM

CKXBAR_APCLK

Figure 43. CA35 ROM clocking

APD_SIM

IPG_CLK_SXBAR_BUSCLK

IPG_CLKXBAR_BUSCLK

TS_TMR_CLKLPOCLK_OUT

TMR_DEST_CLKCA35_CORECLK

Figure 44. SIM_APD clocking
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TCD_DMA1_RAM

CLK
PCC SLOTXBAR_APCLK

Figure 45. DMA1 TCD clocking

CAAM

IPG_CLK_S

IPG_CLK

ACLK

XBAR_BUSCLK

PCC SLOT

NIC_PERCLK

XBAR_BUSCLK

CKILRTC32K

Figure 46. CAAM clocking

CMC1

CMC_CLKXBAR_BUSCLK

LPO_1KHZRTC1K

CORE_CLKCA35_CORECLK

IPG_CLK_SXBAR_BUSCLK

CMC_RAW_CLKXBAR_BUSCLK

Figure 47. CMC1 clocking

DIGITAL_FILTER
IPG_CLK

PCC SLOTXBAR_BUSCLK

IPG_CLK_OSCRTC1K

Figure 48. Digital filter clocking
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ENET

IPG_CLK_S

IPG_CLK

IPG_CLK_MAC0

XBAR_BUSCLK

PCC SLOT

NIC_PERCLK

XBAR_BUSCLK

IPG_CLK_MAC0_SXBAR_BUSCLK

IPG_CLK_TIME

IPG_CLK_RMII
RMII_CLKIN (50MHz)

ENET_TS_CLKIN

EXTAL (24MHz)

EXT_AUDIO_MCLK

CGC1.ENETSTAMP[CLKOUT_SEL]

Internal clock (from FRO192)

RMII Clock input (50Mhz)  

External Tmestamp clock  

24Mhz External crystal oscillator

External Audio Master Clock

Figure 49. ENET clocking

FLEXSPI

IPG_CLK_S

IPG_CLK

HCLK

IPG_CLK_SFCK

XBAR_BUSCLK

PERIPH_PLAT[7:0]

PCC SLOT

XBAR_APCLK

XBAR_BUSCLK

DIV

Figure 50. FlexSPI clocking

FLEXIO

PCLK

FLEXIO_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

DIV

Figure 51. FlexIO clocking
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I3C

CLK_SLOW

PCLK

FCLKPERIPH_BUS[7:0]

PCC SLOT
XBAR_BUSCLK

DIV

LPOCLK_OUT

CLK_SLOW_TCLPOCLK_OUT

Figure 52. I3C clocking

IOMUX_APD

IPG_CLK_SXBAR_BUSCLK

Figure 53. IOMUXC1 clocking

LPI2C

IPG_CLK_S

IPG_CLK

LPI2C_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

LPI2C_CLK

DIV

XBAR_BUSCLK

Figure 54. LPI2C clocking

LPTPM

IPG_CLK_S

IPG_CLK

LPTPM_CLKPERIPH_BUS[7:0]

PCC SLOT
XBAR_BUSCLK

DIV

XBAR_BUSCLK

Figure 55. LPTPM clocking

LPIT

IPG_CLK_S

IPG_CLK

IPG_PER_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

IPG_UNGATED_PER_CLK

DIV

XBAR_BUSCLK

Figure 56. LPIT clocking
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LPUART

PCLK

LPUART_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

LPUART_CLK_N

DIV

Figure 57. LPUART clocking

LPSPI

IPG_CLK_S

IPG_CLK

LPSPI_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

LPSPI_CLK

DIV

XBAR_BUSCLK

Figure 58. LPSPI clocking

MQS1

HMCLKMQS1_CLK

SAI4_IPP_DO_SAI_TXBCLK BCLK

Figure 59. MQS1 clocking

MU3

IPG_CLK_MUA

IPG_CLK_S_MUAXBAR_BUSCLK

PCC SLOTXBAR_BUSCLK

IPG_CLK_MUB

IPG_CLK_S_MUBLPAV_BUS_CLK

PCC SLOTLPAV_BUS_CLK

Figure 60. MU3 clocking
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PCC3

IPG_CLK_SLOWXBAR_SLOWCLK

IPG_CLK_BUSXBAR_BUSCLK

IPG_CLK_SYSXBAR_APCLK

IPG_CLK_SXBAR_BUSCLK

SCG_ASYNC_SLOW_CLKS[7:0]1´b0

SCG_ASYNC_BUS_CLKS[7]PLL3PFD0DIV1

SCG_ASYNC_BUS_CLKS[6]PLL3PFD0DIV2

SCG_ASYNC_BUS_CLKS[5]PLL3PFD1DIV1

SCG_ASYNC_BUS_CLKS[4]XBAR_BUSCLK

SCG_ASYNC_BUS_CLKS[3]FRODIV2

SCG_ASYNC_BUS_CLKS[2]SOSCDIV2

SCG_ASYNC_BUS_CLKS[1]LPOCLK_OUT

SCG_ASYNC_BUS_CLKS[0]1´b0

SCG_ASYNC_PLAT_CLKS[7:0]1´b0

Figure 61. PCC3 clocking

PCC4

IPG_CLK_SLOW1´b0

IPG_CLK_BUSXBAR_BUSCLK

IPG_CLK_SYSNIC_PERCLK

IPG_CLK_SXBAR_BUSCLK

SCG_ASYNC_SLOW_CLKS[7:0]1´b0

SCG_ASYNC_BUS_CLKS[7]PLL3PFD0DIV1

SCG_ASYNC_BUS_CLKS[6]PLL3VCODIV

SCG_ASYNC_BUS_CLKS[5]XBAR_BUSCLK

SCG_ASYNC_BUS_CLKS[4]FRODIV2

SCG_ASYNC_BUS_CLKS[3]SOSCDIV2

SCG_ASYNC_BUS_CLKS[2]LPOCLK_OUT

SCG_ASYNC_BUS_CLKS[1]1´b0

SCG_ASYNC_BUS_CLKS[0]1´b0

SCG_ASYNC_PLAT_CLKS[7]PLL3PFD1DIV2

SCG_ASYNC_PLAT_CLKS[6]PLL3PFD2DIV1

SCG_ASYNC_PLAT_CLKS[5]PLL3PFD2DIV2

SCG_ASYNC_PLAT_CLKS[4]PLL3PFD3DIV1

SCG_ASYNC_PLAT_CLKS[3]PLL3PDF3DIV2

SCG_ASYNC_PLAT_CLKS[2]FRODIV1

SCG_ASYNC_PLAT_CLKS[1]SOSCDIV1

SCG_ASYNC_PLAT_CLKS[0]1´b0

Figure 62. PCC4 clocking

RGPIO

HCLK
PCC SLOTNIC_PERCLK

Figure 63. RGPIO clocking
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SAI

IPG_CLK

IPG_CLK_S

IPG_CLK_SAI_MCLK

IPG_CLK_SAI_MCLK[2]

IPG_CLK_SAI_MCLK[3]

SAI_RX_BCLK_IN

SAI_TX_BCLK_IN

1b’0

1b’0

PCC SLOTXBAR_BUSCLK

XBAR_BUSCLK

SAI_CLK

SAI_CLK

SAI_CLK

Figure 64. SAI clocking

SEMA42_1

CLK
PCC SLOTXBAR_BUSCLK

Figure 65. SEMA42_1 clocking

TRGMUX

IPG_CLK_SXBAR_BUSCLK

Figure 66. TRGMUX clocking
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USB PHY

IPG_CLK

IPG_CLK_S

PCC SLOTXBAR_BUSCLK

CLK_XTALPLLUSB_SRC_MUX

CKIL_32KRTC32K

UTMI_120_INGRESS_CLK UTMI_120_EGRESS_CLK

USB OTG

IPG_AHB_CLK

IPG_CLK_32KHZ

IPG_CLK_S_PL301

OTG_UTMI_SIECLOCK

UTMI_CLK

RTC32K

XBAR_BUSCLK

PCC SLOTNIC_PERCLK

IPG_CLK_SXBAR_BUSCLK

XBAR_BUSCLK

Figure 67. USB clocking

USDHC0

IPG_CLK_S

IPG_CLK

HCLK

IPG_CLK_PERCLK

XBAR_BUSCLK

PERIPH_PLAT[7:0]

PCC SLOT

XBAR_APCLK

IPG_CLK_32KHZRTC_32K

XBAR_BUSCLK

USDHC[1:2]

IPG_CLK_S

IPG_CLK

HCLK

IPG_CLK_PERCLK

XBAR_BUSCLK

PERIPH_PLAT[7:0]

PCC SLOT

NIC_PERCLK

IPG_CLK_32KHZRTC_32K

XBAR_BUSCLK

Figure 68. uSDHC clocking
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WDOG

IPG_CLK_GATED

EXT_CLKPERIPH_BUS[7:0]

PCC SLOTXBAR_BUSCLK

DIV

IPG_CLK_SXBAR_BUSCLK

IPG_CLK_UNGATEDXBAR_BUSCLK

LPO_CLKRTC1K

INT_CLKRTC32K

Figure 69. WDOG clocking

The following figures show the clocking diagrams for always-on application domain.

DIGITAL_FILTER_RESET

IPG_CLK_OSCCLK_1KHZ

IPG_CLKXBAR_SLOWCLK

Figure 70. Digital filter clocking

LLWU
IPG_CLK_3V

PCC SLOTXBAR_SLOWCLK

PMC_CLK_1KHZ_3VCLK_1KHZ

IPG_CLK_S_3VXBAR_SLOWCLK

Figure 71. LLWU clocking

The following figures show the clocking diagrams for low-power audio video domain.

LPAV - Platform

CA35MIX_HCLK_LPAVMIX

LPAVMIX_U_PL301_LPAV_M4_CLK

XBAR_APCLK

PCC SLOTLPAV_AXI_CLK

CA35MIX_HCLK_LPAVMIXLPAV_AXI_CLK

CA35MIX_HCLK_LPAVMIX_RLPAV_AXI_CLK

LPAVMIX_U_PL301_LPAV_S2_CLKLPAV_AHB_CLK

LPAVMIX_U_PL301_LPAV_S4_CLKLPAV_AHB_CLK

Figure 72. LPAV platform clocking
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HIFI4 - Platform

HIFIMIX_HIFI4_CLKHIFI4_CLK

HIFIMIX_HIFI4_PBCLKLPAV_BUS_CLK

HIFIMIX_HIFI4_PLAT_CLKNIC_HIFI_CLK

Figure 73. LPAV HIFI4 clocking

AVD_SIM

IPG_CLK_SLPAV_BUS_CLK

IPG_CLKLPAV_BUS_CLK

Figure 74. SIM2 clocking

CMC2

CMC_CLKLPAV_BUS_CLK

LPO_1KHZRTC1K

CORE_CLK

IPG_CLK_SLPAV_BUS_CLK

1'b0

Figure 75. CMC2 clocking

CSI

PCLK

CLKPERIPH_PLAT[7:0]

PCC SLOTLPAV_BUS_CLK

DIV

PERIPH_PLAT[7:0]

PCC SLOT

DIV CLK_UI

PERIPH_PLAT[7:0]

PCC SLOT

DIV CLK_ESC

Figure 76. MIPI CSI clocking

DCNANO

HCLK

CLK

FROM_PANEL[0]PERIPH_PLAT[7:0]

PCC SLOT

LPAV_AXI_CLK

LPAV_AHB_CLK

Figure 77. LCDIF (DCNANO) clocking
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DSI

CLKREF

PCLK

DPI_PCLK

RXCLKESC

TXCLKESC

LPAV_BUS_CLK

DIV 8

OSC_CLK_LV_OUT

DCNANO_DISPLAY0CLK

IPP_EPDC_SDCLK

PERIPH_PLAT[7:0]

PCC SLOTLPAV_BUS_CLK

DIV

Figure 78. MIPI DSI clocking

EPDC

ACLK

PIXCLKPERIPH_PLAT[7:0]

PCC SLOTLPAV_AXI_CLK

DIV

Figure 79. EPDC clocking

GPU2D

HCLK

ACLK0

CLK2XPERIPH_PLAT[7:0]

PCC SLOT

LPAV_AXI_CLK

LPAV_AHB_CLK

Figure 80. GPU2D clocking

GPU3D

HCLK

ACLK

CLKCOREPERIPH_PLAT[7:0]

PCC SLOT

LPAV_AXI_CLK

LPAV_AHB_CLK

Figure 81. GPU3D clocking
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ISI

APB_CLK
PCC SLOTLPAV_BUS_CLK

PERIPH_PLAT[7:0]

CSI_CLK_UI 
PCC SLOT

DIV
IN_PIXEL_CLK[0]

LPAV_AXI_CLK AXI_CLK[1:0]

IPG_PROC_UNGATED_CLKLPAV_AXI_CLK

LPAV_AXI_CLK IPG_PROC_CLK[1:0]

AXI_UNGATED_CLKLPAV_AXI_CLK

Figure 82. ISI clocking

TCD_DMA2_RAM

CLK
PCC SLOTLPAV_AXI_CLK

Figure 83. eDMA2 TCD RAM clocking

LPTPM

IPG_CLK_S

IPG_CLK

LPTPM_CLKPERIPH_BUS[7:0]

PCC SLOT
LPAV_BUS_CLK

DIV

LPAV_BUS_CLK

Figure 84. LPTPM clocking

LLWU
IPG_CLK_3V

PCC SLOTXBAR_SLOWCLK

PMC_CLK_1KHZ_3VCLK_1KHZ

IPG_CLK_S_3VXBAR_SLOWCLK

Figure 85. LLWU clocking
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PCC5

IPG_CLK_SLOW1´b0

IPG_CLK_BUSLPAV_BUS_CLK

IPG_CLK_SYSLPAV_AXI_CLK

IPG_CLK_SLPAV_BUS_CLK

SCG_ASYNC_SLOW_CLKS[7:0]1´b0

SCG_ASYNC_BUS_CLKS[7]PLL4PFD3DIV1

SCG_ASYNC_BUS_CLKS[6]PLL4VCODIV

SCG_ASYNC_BUS_CLKS[5]LPAV_BUS_CLK

SCG_ASYNC_BUS_CLKS[4]FRODIV2

SCG_ASYNC_BUS_CLKS[3]SOSCDIV2

SCG_ASYNC_BUS_CLKS[2]LPOCLK_OUT

SCG_ASYNC_BUS_CLKS[1]1´b0

SCG_ASYNC_BUS_CLKS[0]1´b0

SCG_ASYNC_PLAT_CLKS[7]PLL4PFD0DIV1

SCG_ASYNC_PLAT_CLKS[6]PLL4PFD0DIV2

SCG_ASYNC_PLAT_CLKS[5]PLL4PFD1DIV1

SCG_ASYNC_PLAT_CLKS[4]PLL4PFD1DIV2

SCG_ASYNC_PLAT_CLKS[3]PLL4PDF2DIV1

SCG_ASYNC_PLAT_CLKS[2]PLL4PDF2DIV2

SCG_ASYNC_PLAT_CLKS[1]PLL4PDF3DIV2

SCG_ASYNC_PLAT_CLKS[0]1´b0

Figure 86. PCC5 clocking

PXP

CLK
PCC SLOTLPAV_AXI_CLK

Figure 87. PXP clocking

RGPIO

HCLK
PCC SLOTLPAV_AHB_CLK

Figure 88. RGPIO clocking

SEMA42_2

CLK
PCC SLOTLPAV_BUS_CLK

Figure 89. SEMA42_2 clocking
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SPDIF

GCLKW_T0
PCC SLOTLPAV_AHB_CLK

IPG_CLK_SLPAV_BUS_CLK

EXTAL_CLKOSC_CLK_LV_OUT

TX_CLKSPDIF_CLK

TX_CLK11'b0

TX_CLK21'b0

TX_CLK31'b0

TX_CLK41'b0

TX_CLK51'b0

Figure 90. SPDIF clocking

WDOG

IPG_CLK_GATED

EXT_CLKPERIPH_BUS[7:0]

PCC SLOTLPAV_BUS_CLK

DIV

IPG_CLK_SLPAV_BUS_CLK

IPG_CLK_UNGATEDLPAV_BUS_CLK

LPO_CLKRTC1K

INT_CLKRTC32K

Figure 91. WDOG clocking

SAI

IPG_CLK

IPG_CLK_S

IPG_CLK_SAI_MCLK

IPG_CLK_SAI_MCLK[2]

IPG_CLK_SAI_MCLK[3]

SAI_RX_BCLK_IN

SAI_TX_BCLK_IN

1b´0

1b´0

PCC SLOTLPAV_BUS_CLK

LPAV_BUS_CLK

SAI_CLK

SAI_CLK

SAI_CLK

Figure 92. SAI clocking

The following figures show the clocking diagrams for Hifi Fusion domain.
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Fusion - Platform

FUSMIX_FUSION_PLAT_HCLK

FUSMIX_FUSION_BCLK

FUSMIX_IPG_CLK_TRDC

FUSMIX_FUSION_CLK

FUSMIX_FUSION_PBCLK

DSP_CORECLK

DSP_CORECLK

DSP_BUSCLK

DSP_CORECLK

DSP_CORECLK

Figure 93. HiFi Fusion clocking

I3C

CLK_SLOW

PCLK

FCLKPERIPH_BUS[7:0]

PCC SLOT
DSP_BUSCLK

DIV

LPOCLK_LV

CLK_SLOW_TCLPOCLK_LV

Figure 94. I3C clocking

LPI2C

IPG_CLK_S

IPG_CLK

LPI2C_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTDSP_BUSCLK

LPI2C_CLK

DIV

DSP_BUSCLK

Figure 95. LPI2C clocking

LPTPM

IPG_CLK_S

IPG_CLK

LPTPM_CLKPERIPH_BUS[7:0]

PCC SLOT
DSP_BUSCLK

DIV

DSP_BUSCLK

Figure 96. LPTPM clocking
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LPSPI

IPG_CLK_S

IPG_CLK

LPSPI_DIV_CLKPERIPH_BUS[7:0]

PCC SLOTDSP_BUSCLK

LPSPI_CLK

DIV

DSP_BUSCLK

Figure 97. LPSPI clocking

LPUART

PCLK

LPUART_CLKPERIPH_BUS[7:0]

PCC SLOTDSP_BUSCLK

LPUART_CLK_N

DIV

Figure 98. LPUART clocking

MICFIL

IPG_CLK

IPG_CLK_APP

IPG_CLK_S

IPG_CLK_APP_FREEEMICFIL_CLK

EMICFIL_CLK

DSP_BUSCLK

PCC SLOTDSP_BUSCLK

EMICFIL_CLK

EMICFIL_CLK

EMICFIL_CLK

IPG_CLK_APP_NONSTOP

IPG_CLK_DECFIL

IPG_CLK_DECFIL_FREE

Figure 99. MICFIL clocking
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PCC2

IPG_CLK_SLOW

IPG_CLK_BUSDSP_BUSCLK

IPG_CLK_SYSDSP_CORECLK

IPG_CLK_SDSP_BUSCLK

SCG_ASYNC_SLOW_CLKS[7:0]1'b0

SCG_ASYNC_BUS_CLKS[7]PLL0PFD1DIV

SCG_ASYNC_BUS_CLKS[6]PLL0PFD2DIV

SCG_ASYNC_BUS_CLKS[5]PLL1VCODIV

SCG_ASYNC_BUS_CLKS[4]DSP_BUSCLK

SCG_ASYNC_BUS_CLKS[3]FRODIV3

SCG_ASYNC_BUS_CLKS[2]SOSCDIV3

SCG_ASYNC_BUS_CLKS[1]LPOCLK_LV

SCG_ASYNC_BUS_CLKS[0]1'b0

SCG_ASYNC_PLAT_CLKS[7:0]1'b0

1'b0

Figure 100. PCC2 clocking

MRT

CLK
PCC SLOTDSP_BUSCLK

Figure 101. MRT clocking

SAI

IPG_CLK

IPG_CLK_S

IPG_CLK_SAI_MCLK

IPG_CLK_SAI_MCLK[2]

IPG_CLK_SAI_MCLK[3]

SAI_RX_BCLK_IN

SAI_TX_BCLK_IN

1b´0

1b´0

PCC SLOTDSP_BUSCLK

DSP_BUSCLK

SAI_CLK

SAI_CLK

SAI_CLK

Figure 102. SAI clocking
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WDOG

IPG_CLK_GATED

EXT_CLKPERIPH_BUS[7:0]

PCC SLOTDSP_BUSCLK

DIV

IPG_CLK_SDSP_BUSCLK

IPG_CLK_UNGATEDDSP_BUSCLK

LPO_CLKRTC1K

INT_CLKRTC32K

Figure 103. WDOG clocking

4.5.5 Clock ratio restrictions
The clock ratio restrictions among the core, platform and IP bus clocks are listed as follows:

• A35 cores clock frequency is higher than Application Domain platform clock frequency.

• Clock ratio must be integers between NIC_APCLK, NIC_PERCLK, XBAR_APCLK and XBAR_BUSCLK

• AD slow clock must be slower and an integer division of XBAR_BUSCLK

• Clock ratio must be integers between HIFI4_CLK and NIC_HIFI_CLK. They are asynchronous to remaining clocks of 
LPAV domain

• Clock ratio must be integers between NIC_LPAV_AXI, NIC_LPAV_AHB_CLK and LPAV_BUS_CLK

• Clock ratio must be integers between CM33 core/platform and CM33 system IP bus.

• CM33 slow clock must be slower and an integer division of CM33 system IP bus.

• Clock ratio must be integers between DSP core/platform and DSP system IP bus.

• DSP slow clock must be slower and an integer division of DSP system IP bus

4.5.6 Clock Source Restrictions at Low Voltage Conditions
The PLL4 PFD0 PLL output clock maximum frequency when VDD_DIG2 = 1.0 V nominal is 528 MHz.

The PLL2_VCO output clock maximum frequency when VDD_DIG1 = 1.0 V nominal is 725 MHz.

When VDD_DIG0, VDD_DIG1 or VDD_DIG2 is at 0.9 V nominal, the fastest clock source available is the FRO192 for the 
corresponding domain.

4.5.7 Clock dividers
The CGCs and PCCs utilize clock dividers to divide the input source clocks and generate required functional clocks for 
various modules.

• The dividers implemented in CGC and PCCs are integer dividers and can provide any integer division value starting from 
divide-by-1.

• Division value of a divider is generally controlled by programming a register field.

— The maximum amount of time required to change the divided output clock frequency after programming a register bit 
is 1 clock cycle of input undivided clock + 1 cycle of output clock.
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4.5.8 Default setting and clock gating
Extensive clock gating is used on this device. Clock gating is implemented at clock tree branches in the CGC for system clocks 
and in the PCCs for peripheral clocks. The clock gating is controlled by register bit programming and the low power mode of the

respective domain.

After the system reset of this device, the following clocks will be enabled by default:

Real Time Domain

• CM33 Core clock (FRO)

• CM33 Platform clock (FRO)

• CM33 Bus clock(FRO)

• CM33 Slow clock (FRO)

Application Domain

• CA35 Core clock (FRO)

• NIC AP clock (FRO)

• NIC PER clock (FRO)

• XBAR AP clock (FRO)

• XBAR Bus clock (FRO)

• AD Slow clock (FRO)

The remainder of the clocks will be gated and can be enabled by the software or boot code.

4.5.9 LPDDR4 CLK_D2 and CLK_PHY_BYPASS clock configuration

FF

IF_FLOPS

IF_FLOPS

GPR0_GPR0[0]

DQ[31:0]

CTRL

LPDDR4

LPAV_SIM

DIV DIV

LPAV_SIM

FRO192

PLL4_VCO

PHY

CK/DQS

CLK_D2

SIM_DDR_CTRL_DIV2_EN

LPAV_CGC_DDR_CLK

CLK_PHY_BYPASS

PLL

FF

Bypass FFFF
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Table 41. Supported frequency ranges for LPDDR4

VDD_DIG2 Operating 
Voltage (Vnom.)

Supported Freq Range(MHz)

LPDDR4 Internal PLL Bypass mode LPDDR4 Internal PLL On Mode

Min. Max. Min. Max.

1.05 5 150 150 528

1 5 150 150 528

0.9 5 100 - -

Considering the table above, follow the steps below to configure the LPDDR4 clocks.

LPDDR4 Internal PLL On Mode:

1. Use PLL4_VCO as DDR_CLK clock source plus the LPDDR4 internal PLL.

2. Configure LPAV_CGC to generate the desired freq, for example set DDR_CLK to 266.5 MHz.

3. Set AVD_SIM.GPR0[0](SIM_DDR_CTRL_DIV2_EN) to 0, which will let the DDR_CLK to drive directly the LPDDR4 
clock (CLK_D2 = 266.5 MHz)

4. Clear DENALI_PHY_1624.PHY_PLL_BYPASS to 0.

5. LPDDR4 internal PLL is going generate the 528 MHz.

LPDDR4 Internal PLL Bypass Mode: 

1. It is recommended to select the FRO192 as the DDR_CLK clock source for the lowest power consumption.

2. Configure LPAV_CGC to generate the DDR_CLK equal to 96 MHz, which is the FRO192 divided by 2.

3. Set AVD_SIM.GPR0[0](SIM_DDR_CTRL_DIV2_EN) to 1, which will let the DDR_CLK divided by 2 to drive the LPDDR4 
clock (CLK_D2 = 48 MHz) .

4. Set DENALI_PHY_1624.PHY_PLL_BYPASS to 1.

5. CLK_PHY_BYPASS is connected to DDR_CLK at 96 MHz.
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Chapter 5
Peripheral Clock Controller (PCC)
5.1 Chip-specific PCC information
Table 42. Reference links to related information

Topic Related module Reference

Full description PCC PCC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

5.1.1 Module instances
This device has 6 instances of the PCC module: PCC0-PCC5.

5.1.2 Async/sync clock configuration
Configuring peripheral sync clock without configuring async clock is invalid. The user/SW needs to configure all IP clocks in order 
for the low-power entry to work as expected. Otherwise, it would be considered as wrong or invalid configuration.

5.1.3 SSADO bit configuration
PCC_[peripheral_module][SSADO] = "11" must not be used, since peripheral instances can only be owned by a single domain at 
a time.

PCC_[peripheral_module][SSADO] must be either "01" (i.e. owner is RTD) or "10" (i.e. owner is AD) when the respective 
peripheral instance is owned by a given domain, otherwise it could be "00" (when the peripheral instance is not in use by 
any domain).

5.1.4 PCC0-4 register access
PCC0-4 registers are writable only in Supervisor mode.

5.2 Introduction
The Peripheral Clock Control (PCC) module provides clock control and configuration for on-chip peripherals. Each peripheral has 
its own clock control and configuration register.

5.3 Features
The PCC module enables software to configure the following clocking options for each peripheral:

• Interface clock gating

• Functional clock source selection

• Functional clock divide values

Below is a block diagram of the PCC module:
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Interface clock control

Functional clock control (when available)

PCC

Clock option 1

Clock option 2

Clock option 6

Clock option 3

[PCS]

001

Clock option 4

Clock option 5

Clock option 7

to module
functional clock

Gate

[CGC]

Chip-specific clock to module
interface clock

Divider

[FRAC, PCD]

OFF External
clock 000

=  Not all module functional clocks have a divider or an external clock option.

111

110

010

011

100

101

=  Internal bus interface clock for module registers and logic
=  Clock for module applications (Not all modules have functional clocks.)

Interface clock
Functional clock 

Figure 104. PCC Block Diagram

5.4 Functional description
The PCC module provides on-chip peripherals (modules) their own dedicated PCC registers for clock gating and configuration 
options. Each module's PCC register contains a clock gating control bit (CGC) for the module's interface clock. Before a module 
can be used, its interface clock must be enabled (CGC = 1) in the module's PCC register.

If a module has a functional clock, its PCC register may provide options for the clock source, selected by programming the 
Peripheral Clock Select (PCS) field. Optionally, a module may also have a clock divider, selected by programming the Peripheral 
Clock Divider (PCD) field along with a Fraction (FRAC) field. Before configuring a functional clock, the module's interface clock 
must be disabled (CGC = 0).

5.5 Memory map and register definition
Each module has its own dedicated PCC register, which controls the clock gating, clock source and divider (when applicable) for 
that specific module. See each module's PCC register for details.

PCC registers can be written only in supervisor mode using 32-bit accesses.

 
To configure the clocking options available to a given module or to modify an existing configuration, first disable 
the module's interface clock by writing 0 to its CGC bit.

  NOTE  

5.6 PCC register descriptions
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5.6.1 PCC memory map
PCC0 base address: 2803_0000h

Offset Register Width

(In bits)

Access Reset value

4h PCC DMA0_MP Register (PCC_DMA0_MP) 32 RW 8000_0000h

8h PCC DMA0_CH0 Register (PCC_DMA0_CH0) 32 RW 8000_0000h

Ch PCC DMA0_CH1 Register (PCC_DMA0_CH1) 32 RW 8000_0000h

10h PCC DMA0_CH2 Register (PCC_DMA0_CH2) 32 RW 8000_0000h

14h PCC DMA0_CH3 Register (PCC_DMA0_CH3) 32 RW 8000_0000h

18h PCC DMA0_CH4 Register (PCC_DMA0_CH4) 32 RW 8000_0000h

1Ch PCC DMA0_CH5 Register (PCC_DMA0_CH5) 32 RW 8000_0000h

20h PCC DMA0_CH6 Register (PCC_DMA0_CH6) 32 RW 8000_0000h

24h PCC DMA0_CH7 Register (PCC_DMA0_CH7) 32 RW 8000_0000h

28h PCC DMA0_CH8 Register (PCC_DMA0_CH8) 32 RW 8000_0000h

2Ch PCC DMA0_CH9 Register (PCC_DMA0_CH9) 32 RW 8000_0000h

30h PCC DMA0_CH10 Register (PCC_DMA0_CH10) 32 RW 8000_0000h

34h PCC DMA0_CH11 Register (PCC_DMA0_CH11) 32 RW 8000_0000h

38h PCC DMA0_CH12 Register (PCC_DMA0_CH12) 32 RW 8000_0000h

3Ch PCC DMA0_CH13 Register (PCC_DMA0_CH13) 32 RW 8000_0000h

40h PCC DMA0_CH14 Register (PCC_DMA0_CH14) 32 RW 8000_0000h

44h PCC DMA0_CH15 Register (PCC_DMA0_CH15) 32 RW 8000_0000h

48h PCC DMA0_CH16 Register (PCC_DMA0_CH16) 32 RW 8000_0000h

4Ch PCC DMA0_CH17 Register (PCC_DMA0_CH17) 32 RW 8000_0000h

50h PCC DMA0_CH18 Register (PCC_DMA0_CH18) 32 RW 8000_0000h

54h PCC DMA0_CH19 Register (PCC_DMA0_CH19) 32 RW 8000_0000h

58h PCC DMA0_CH20 Register (PCC_DMA0_CH20) 32 RW 8000_0000h

5Ch PCC DMA0_CH21 Register (PCC_DMA0_CH21) 32 RW 8000_0000h

60h PCC DMA0_CH22 Register (PCC_DMA0_CH22) 32 RW 8000_0000h

64h PCC DMA0_CH23 Register (PCC_DMA0_CH23) 32 RW 8000_0000h

68h PCC DMA0_CH24 Register (PCC_DMA0_CH24) 32 RW 8000_0000h

6Ch PCC DMA0_CH25 Register (PCC_DMA0_CH25) 32 RW 8000_0000h

70h PCC DMA0_CH26 Register (PCC_DMA0_CH26) 32 RW 8000_0000h

74h PCC DMA0_CH27 Register (PCC_DMA0_CH27) 32 RW 8000_0000h

78h PCC DMA0_CH28 Register (PCC_DMA0_CH28) 32 RW 8000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

7Ch PCC DMA0_CH29 Register (PCC_DMA0_CH29) 32 RW 8000_0000h

80h PCC DMA0_CH30 Register (PCC_DMA0_CH30) 32 RW 8000_0000h

84h PCC DMA0_CH31 Register (PCC_DMA0_CH31) 32 RW 8000_0000h

88h PCC MU0_A Register (PCC_MU0_A) 32 RW 8000_0000h

8Ch PCC MU1_A Register (PCC_MU1_A) 32 RW 8000_0000h

90h PCC MU2_A Register (PCC_MU2_A) 32 RW 8000_0000h

98h PCC SYSPM0 Register (PCC_SYSPM0) 32 RW 8000_0000h

A0h PCC WUU0 Register (PCC_WUU0) 32 RW 8000_0000h

A4h PCC uPower_MUA_RTD Register (PCC_uPower_MUA_RTD) 32 RW 8000_0000h

B0h PCC WDOG0 Register (PCC_WDOG0) 32 RW D000_0000h

B4h PCC WDOG1 Register (PCC_WDOG1) 32 RW D000_0000h

C4h PCC TRDC_MGR Register (PCC_TRDC_MGR) 32 RW C000_0000h

C8h PCC TRDC_MBC0 Register (PCC_TRDC_MBC0) 32 RW C000_0000h

CCh PCC TRDC_MBC1 Register (PCC_TRDC_MBC1) 32 RW C000_0000h

D0h PCC TRDC_MBC2 Register (PCC_TRDC_MBC2) 32 RW C000_0000h

D4h PCC TRDC_MBC3 Register (PCC_TRDC_MBC3) 32 RW C000_0000h

D8h PCC TRDC_MRC Register (PCC_TRDC_MRC) 32 RW C000_0000h

DCh PCC SEMA42_0 Register (PCC_SEMA42_0) 32 RW 8000_0000h

E0h PCC BBNSM Register (PCC_BBNSM) 32 RW 8000_0000h

E4h PCC FlexSPI0 Register (PCC_FlexSPI0) 32 RW 8000_0000h

E8h PCC ROMCP0 Register (PCC_ROMCP0) 32 RW 8000_0000h

ECh PCC LPIT0 Register (PCC_LPIT0) 32 RW 8000_0000h

F0h PCC FlexIO0 Register (PCC_FlexIO0) 32 RW 8000_0000h

F4h PCC I3C0 Register (PCC_I3C0) 32 RW 8000_0000h

F8h PCC LPSPI0 Register (PCC_LPSPI0) 32 RW 8000_0000h

FCh PCC LPSPI1 Register (PCC_LPSPI1) 32 RW 8000_0000h

100h PCC ADC0 Register (PCC_ADC0) 32 RW 8000_0000h

104h PCC CMP0 Register (PCC_CMP0) 32 RW 8000_0000h

108h PCC CMP1 Register (PCC_CMP1) 32 RW 8000_0000h

10Ch PCC DAC0 Register (PCC_DAC0) 32 RW 8000_0000h

110h PCC DAC1 Register (PCC_DAC1) 32 RW 8000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

118h PCC CM33_Cache_Controller Register 
(PCC_CM33_Cache_Controller)

32 RW 8000_0000h

130h PCC S400_LPUART Register (PCC_S400_LPUART) 32 RW 8000_0000h

138h PCC Powersys_WDOG Register (PCC_Powersys_WDOG) 32 RW C000_0000h

13Ch PCC OCOTP Register (PCC_OCOTP) 32 RW C000_0000h

5.6.2 PCC DMA0_MP Register (PCC_DMA0_MP)

Offset

Register Offset

PCC_DMA0_MP 4h

Function
This register is for the DMA0_MP module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

Table continues on the next page...
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Field Function

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.3 PCC DMA0_CH0 Register (PCC_DMA0_CH0)

Offset

Register Offset

PCC_DMA0_CH0 8h

Function
This register is for the DMA0_CH0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.4 PCC DMA0_CH1 Register (PCC_DMA0_CH1)

Offset

Register Offset

PCC_DMA0_CH1 Ch

Function
This register is for the DMA0_CH1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.5 PCC DMA0_CH2 Register (PCC_DMA0_CH2)

Offset

Register Offset

PCC_DMA0_CH2 10h

Function
This register is for the DMA0_CH2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 171 / 5781



Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.6 PCC DMA0_CH3 Register (PCC_DMA0_CH3)

Offset

Register Offset

PCC_DMA0_CH3 14h

Function
This register is for the DMA0_CH3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.7 PCC DMA0_CH4 Register (PCC_DMA0_CH4)

Offset

Register Offset

PCC_DMA0_CH4 18h

Function
This register is for the DMA0_CH4 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.8 PCC DMA0_CH5 Register (PCC_DMA0_CH5)

Offset

Register Offset

PCC_DMA0_CH5 1Ch

Function
This register is for the DMA0_CH5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.9 PCC DMA0_CH6 Register (PCC_DMA0_CH6)

Offset

Register Offset

PCC_DMA0_CH6 20h

Function
This register is for the DMA0_CH6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.10 PCC DMA0_CH7 Register (PCC_DMA0_CH7)

Offset

Register Offset

PCC_DMA0_CH7 24h

Function
This register is for the DMA0_CH7 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.11 PCC DMA0_CH8 Register (PCC_DMA0_CH8)

Offset

Register Offset

PCC_DMA0_CH8 28h

Function
This register is for the DMA0_CH8 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.12 PCC DMA0_CH9 Register (PCC_DMA0_CH9)

Offset

Register Offset

PCC_DMA0_CH9 2Ch

Function
This register is for the DMA0_CH9 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.13 PCC DMA0_CH10 Register (PCC_DMA0_CH10)

Offset

Register Offset

PCC_DMA0_CH10 30h

Function
This register is for the DMA0_CH10 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.14 PCC DMA0_CH11 Register (PCC_DMA0_CH11)

Offset

Register Offset

PCC_DMA0_CH11 34h

Function
This register is for the DMA0_CH11 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.15 PCC DMA0_CH12 Register (PCC_DMA0_CH12)

Offset

Register Offset

PCC_DMA0_CH12 38h

Function
This register is for the DMA0_CH12 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.16 PCC DMA0_CH13 Register (PCC_DMA0_CH13)

Offset

Register Offset

PCC_DMA0_CH13 3Ch

Function
This register is for the DMA0_CH13 module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 189 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.17 PCC DMA0_CH14 Register (PCC_DMA0_CH14)

Offset

Register Offset

PCC_DMA0_CH14 40h

Function
This register is for the DMA0_CH14 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.18 PCC DMA0_CH15 Register (PCC_DMA0_CH15)

Offset

Register Offset

PCC_DMA0_CH15 44h

Function
This register is for the DMA0_CH15 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.19 PCC DMA0_CH16 Register (PCC_DMA0_CH16)

Offset

Register Offset

PCC_DMA0_CH16 48h

Function
This register is for the DMA0_CH16 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.20 PCC DMA0_CH17 Register (PCC_DMA0_CH17)

Offset

Register Offset

PCC_DMA0_CH17 4Ch

Function
This register is for the DMA0_CH17 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.21 PCC DMA0_CH18 Register (PCC_DMA0_CH18)

Offset

Register Offset

PCC_DMA0_CH18 50h

Function
This register is for the DMA0_CH18 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.22 PCC DMA0_CH19 Register (PCC_DMA0_CH19)

Offset

Register Offset

PCC_DMA0_CH19 54h

Function
This register is for the DMA0_CH19 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.23 PCC DMA0_CH20 Register (PCC_DMA0_CH20)

Offset

Register Offset

PCC_DMA0_CH20 58h

Function
This register is for the DMA0_CH20 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.24 PCC DMA0_CH21 Register (PCC_DMA0_CH21)

Offset

Register Offset

PCC_DMA0_CH21 5Ch

Function
This register is for the DMA0_CH21 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.25 PCC DMA0_CH22 Register (PCC_DMA0_CH22)

Offset

Register Offset

PCC_DMA0_CH22 60h

Function
This register is for the DMA0_CH22 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.26 PCC DMA0_CH23 Register (PCC_DMA0_CH23)

Offset

Register Offset

PCC_DMA0_CH23 64h

Function
This register is for the DMA0_CH23 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.27 PCC DMA0_CH24 Register (PCC_DMA0_CH24)

Offset

Register Offset

PCC_DMA0_CH24 68h

Function
This register is for the DMA0_CH24 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.28 PCC DMA0_CH25 Register (PCC_DMA0_CH25)

Offset

Register Offset

PCC_DMA0_CH25 6Ch

Function
This register is for the DMA0_CH25 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.29 PCC DMA0_CH26 Register (PCC_DMA0_CH26)

Offset

Register Offset

PCC_DMA0_CH26 70h

Function
This register is for the DMA0_CH26 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.30 PCC DMA0_CH27 Register (PCC_DMA0_CH27)

Offset

Register Offset

PCC_DMA0_CH27 74h

Function
This register is for the DMA0_CH27 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.31 PCC DMA0_CH28 Register (PCC_DMA0_CH28)

Offset

Register Offset

PCC_DMA0_CH28 78h

Function
This register is for the DMA0_CH28 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.32 PCC DMA0_CH29 Register (PCC_DMA0_CH29)

Offset

Register Offset

PCC_DMA0_CH29 7Ch

Function
This register is for the DMA0_CH29 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.33 PCC DMA0_CH30 Register (PCC_DMA0_CH30)

Offset

Register Offset

PCC_DMA0_CH30 80h

Function
This register is for the DMA0_CH30 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.34 PCC DMA0_CH31 Register (PCC_DMA0_CH31)

Offset

Register Offset

PCC_DMA0_CH31 84h

Function
This register is for the DMA0_CH31 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.35 PCC MU0_A Register (PCC_MU0_A)

Offset

Register Offset

PCC_MU0_A 88h

Function
This register is for the MU0_A module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.36 PCC MU1_A Register (PCC_MU1_A)

Offset

Register Offset

PCC_MU1_A 8Ch

Function
This register is for the MU1_A module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.37 PCC MU2_A Register (PCC_MU2_A)

Offset

Register Offset

PCC_MU2_A 90h

Function
This register is for the MU2_A module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.38 PCC SYSPM0 Register (PCC_SYSPM0)

Offset

Register Offset

PCC_SYSPM0 98h

Function
This register is for the SYSPM0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.39 PCC WUU0 Register (PCC_WUU0)

Offset

Register Offset

PCC_WUU0 A0h

Function
This register is for the WUU0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.40 PCC uPower_MUA_RTD Register (PCC_uPower_MUA_RTD)

Offset

Register Offset

PCC_uPower_MUA_RT
D

A4h

Function
This register is for the uPower_MUA_RTD module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.41 PCC WDOG0 Register (PCC_WDOG0)

Offset

Register Offset

PCC_WDOG0 B0h

Function
This register is for the WDOG0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.6.42 PCC WDOG1 Register (PCC_WDOG1)

Offset

Register Offset

PCC_WDOG1 B4h

Function
This register is for the WDOG1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.43 PCC TRDC_MGR Register (PCC_TRDC_MGR)

Offset

Register Offset

PCC_TRDC_MGR C4h

Function
This register is for the TRDC_MGR module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.44 PCC TRDC_MBC0 Register (PCC_TRDC_MBC0)

Offset

Register Offset

PCC_TRDC_MBC0 C8h

Function
This register is for the TRDC_MBC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 238 / 5781



Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.45 PCC TRDC_MBC1 Register (PCC_TRDC_MBC1)

Offset

Register Offset

PCC_TRDC_MBC1 CCh

Function
This register is for the TRDC_MBC1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.46 PCC TRDC_MBC2 Register (PCC_TRDC_MBC2)

Offset

Register Offset

PCC_TRDC_MBC2 D0h

Function
This register is for the TRDC_MBC2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.47 PCC TRDC_MBC3 Register (PCC_TRDC_MBC3)

Offset

Register Offset

PCC_TRDC_MBC3 D4h

Function
This register is for the TRDC_MBC3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.48 PCC TRDC_MRC Register (PCC_TRDC_MRC)

Offset

Register Offset

PCC_TRDC_MRC D8h

Function
This register is for the TRDC_MRC module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.49 PCC SEMA42_0 Register (PCC_SEMA42_0)

Offset

Register Offset

PCC_SEMA42_0 DCh

Function
This register is for the SEMA42_0 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.50 PCC BBNSM Register (PCC_BBNSM)

Offset

Register Offset

PCC_BBNSM E0h

Function
This register is for the BBNSM module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.6.51 PCC FlexSPI0 Register (PCC_FlexSPI0)

Offset

Register Offset

PCC_FlexSPI0 E4h

Function
This register is for the FlexSPI0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control

Table continues on the next page...
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.52 PCC ROMCP0 Register (PCC_ROMCP0)

Offset

Register Offset

PCC_ROMCP0 E8h

Function
This register is for the ROMCP0 module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 252 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.53 PCC LPIT0 Register (PCC_LPIT0)

Offset

Register Offset

PCC_LPIT0 ECh

Function
This register is for the LPIT0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.6.54 PCC FlexIO0 Register (PCC_FlexIO0)

Offset

Register Offset

PCC_FlexIO0 F0h

Function
This register is for the FlexIO0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.55 PCC I3C0 Register (PCC_I3C0)

Offset

Register Offset

PCC_I3C0 F4h

Function
This register is for the I3C0 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.56 PCC LPSPI0 Register (PCC_LPSPI0)

Offset

Register Offset

PCC_LPSPI0 F8h

Function
This register is for the LPSPI0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.57 PCC LPSPI1 Register (PCC_LPSPI1)

Offset

Register Offset

PCC_LPSPI1 FCh
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Function
This register is for the LPSPI1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.58 PCC ADC0 Register (PCC_ADC0)

Offset

Register Offset

PCC_ADC0 100h

Function
This register is for the ADC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.6.59 PCC CMP0 Register (PCC_CMP0)

Offset

Register Offset

PCC_CMP0 104h

Function
This register is for the CMP0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.60 PCC CMP1 Register (PCC_CMP1)

Offset

Register Offset

PCC_CMP1 108h

Function
This register is for the CMP1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.61 PCC DAC0 Register (PCC_DAC0)

Offset

Register Offset

PCC_DAC0 10Ch

Function
This register is for the DAC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

Table continues on the next page...
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 275 / 5781



5.6.62 PCC DAC1 Register (PCC_DAC1)

Offset

Register Offset

PCC_DAC1 110h

Function
This register is for the DAC1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.63 PCC CM33_Cache_Controller Register (PCC_CM33_Cache_Controller)

Offset

Register Offset

PCC_CM33_Cache_Con
troller

118h

Function
This register is for the CM33_Cache_Controller module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.6.64 PCC S400_LPUART Register (PCC_S400_LPUART)

Offset

Register Offset

PCC_S400_LPUART 130h

Function
This register is for the S400_LPUART module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.
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Field Function

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.65 PCC Powersys_WDOG Register (PCC_Powersys_WDOG)

Offset

Register Offset

PCC_Powersys_WDOG 138h
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Function
This register is for the Powersys_WDOG module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0

PCS SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 283 / 5781



Table continued from the previous page...

Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.6.66 PCC OCOTP Register (PCC_OCOTP)

Offset

Register Offset

PCC_OCOTP 13Ch

Function
This register is for the OCOTP module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.
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Field Function

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.7 PCC register descriptions
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5.7.1 PCC memory map
PCC1 base address: 2809_1000h

Offset Register Width

(In bits)

Access Reset value

Ch PCC TPIU Register (PCC_TPIU) 32 RW 8000_0000h

18h PCC SWO Register (PCC_SWO) 32 RW 8000_0000h

48h PCC FlexSPI1 Register (PCC_FlexSPI1) 32 RW 8000_0000h

4Ch PCC LPTMR0 Register (PCC_LPTMR0) 32 RW 8000_0000h

50h PCC LPTMR1 Register (PCC_LPTMR1) 32 RW 8000_0000h

54h PCC TPM0 Register (PCC_TPM0) 32 RW 8000_0000h

58h PCC TPM1 Register (PCC_TPM1) 32 RW 8000_0000h

60h PCC LPI2C0 Register (PCC_LPI2C0) 32 RW 8000_0000h

64h PCC LPI2C1 Register (PCC_LPI2C1) 32 RW 8000_0000h

68h PCC LPUART0 Register (PCC_LPUART0) 32 RW 8000_0000h

6Ch PCC LPUART1 Register (PCC_LPUART1) 32 RW 8000_0000h

70h PCC SAI0 Register (PCC_SAI0) 32 RW 8000_0000h

74h PCC SAI1 Register (PCC_SAI1) 32 RW 8000_0000h

78h PCC DIGITAL_FILTER_A Register (PCC_DIGITAL_FILTER_A) 32 RW 8000_0000h

7Ch PCC DIGITAL_FILTER_B Register (PCC_DIGITAL_FILTER_B) 32 RW 8000_0000h

88h PCC ADC1 Register (PCC_ADC1) 32 RW 8000_0000h

A0h PCC Flexcan Register (PCC_Flexcan) 32 RW 8000_0000h

B4h PCC RGPIOA Register (PCC_RGPIOA) 32 RW 8000_0000h

B8h PCC RGPIOB Register (PCC_RGPIOB) 32 RW 8000_0000h

BCh PCC RGPIOC Register (PCC_RGPIOC) 32 RW 8000_0000h

5.7.2 PCC TPIU Register (PCC_TPIU)

Offset

Register Offset

PCC_TPIU Ch

Function
This register is for the TPIU module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

Table continues on the next page...
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Table continued from the previous page...

Field Function

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.3 PCC SWO Register (PCC_SWO)

Offset

Register Offset

PCC_SWO 18h

Function
This register is for the SWO module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.4 PCC FlexSPI1 Register (PCC_FlexSPI1)

Offset

Register Offset

PCC_FlexSPI1 48h

Function
This register is for the FlexSPI1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.5 PCC LPTMR0 Register (PCC_LPTMR0)

Offset

Register Offset

PCC_LPTMR0 4Ch

Function
This register is for the LPTMR0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

Table continues on the next page...
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.7.6 PCC LPTMR1 Register (PCC_LPTMR1)

Offset

Register Offset

PCC_LPTMR1 50h

Function
This register is for the LPTMR1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.7.7 PCC TPM0 Register (PCC_TPM0)

Offset

Register Offset

PCC_TPM0 54h

Function
This register is for the TPM0 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.8 PCC TPM1 Register (PCC_TPM1)

Offset

Register Offset

PCC_TPM1 58h

Function
This register is for the TPM1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

Table continues on the next page...
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.9 PCC LPI2C0 Register (PCC_LPI2C0)

Offset

Register Offset

PCC_LPI2C0 60h
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Function
This register is for the LPI2C0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.10 PCC LPI2C1 Register (PCC_LPI2C1)

Offset

Register Offset

PCC_LPI2C1 64h

Function
This register is for the LPI2C1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.7.11 PCC LPUART0 Register (PCC_LPUART0)

Offset

Register Offset

PCC_LPUART0 68h

Function
This register is for the LPUART0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.12 PCC LPUART1 Register (PCC_LPUART1)

Offset

Register Offset

PCC_LPUART1 6Ch

Function
This register is for the LPUART1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.13 PCC SAI0 Register (PCC_SAI0)

Offset

Register Offset

PCC_SAI0 70h

Function
This register is for the SAI0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.7.14 PCC SAI1 Register (PCC_SAI1)

Offset

Register Offset

PCC_SAI1 74h

Function
This register is for the SAI1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.7.15 PCC DIGITAL_FILTER_A Register (PCC_DIGITAL_FILTER_A)

Offset

Register Offset

PCC_DIGITAL_FILTER_
A

78h

Function
This register is for the DIGITAL_FILTER_A module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.7.16 PCC DIGITAL_FILTER_B Register (PCC_DIGITAL_FILTER_B)

Offset

Register Offset

PCC_DIGITAL_FILTER_
B

7Ch

Function
This register is for the DIGITAL_FILTER_B module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.7.17 PCC ADC1 Register (PCC_ADC1)

Offset

Register Offset

PCC_ADC1 88h

Function
This register is for the ADC1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.18 PCC Flexcan Register (PCC_Flexcan)

Offset

Register Offset

PCC_Flexcan A0h

Function
This register is for the Flexcan module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.7.19 PCC RGPIOA Register (PCC_RGPIOA)

Offset

Register Offset

PCC_RGPIOA B4h

Function
This register is for the RGPIOA module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.7.20 PCC RGPIOB Register (PCC_RGPIOB)

Offset

Register Offset

PCC_RGPIOB B8h

Function
This register is for the RGPIOB module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.7.21 PCC RGPIOC Register (PCC_RGPIOC)

Offset

Register Offset

PCC_RGPIOC BCh

Function
This register is for the RGPIOC module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.8 PCC register descriptions

5.8.1 PCC memory map
PCC2 base address: 2810_2000h

Offset Register Width

(In bits)

Access Reset value

0h PCC MU1_B Register (PCC_MU1_B) 32 RW 8000_0000h

4h PCC WDOG2 Register (PCC_WDOG2) 32 RW D000_0000h

14h PCC TPM2 Register (PCC_TPM2) 32 RW 8000_0000h

18h PCC TPM3 Register (PCC_TPM3) 32 RW 8000_0000h

1Ch PCC MRT Register (PCC_MRT) 32 RW 8000_0000h

20h PCC LPI2C2 Register (PCC_LPI2C2) 32 RW 8000_0000h

24h PCC LPI2C3 Register (PCC_LPI2C3) 32 RW 8000_0000h

28h PCC I3C1 Register (PCC_I3C1) 32 RW 8000_0000h

2Ch PCC LPUART2 Register (PCC_LPUART2) 32 RW 8000_0000h

30h PCC LPUART3 Register (PCC_LPUART3) 32 RW 8000_0000h

34h PCC LPSPI2 Register (PCC_LPSPI2) 32 RW 8000_0000h

38h PCC LPSPI3 Register (PCC_LPSPI3) 32 RW 8000_0000h

3Ch PCC SAI2 Register (PCC_SAI2) 32 RW 8000_0000h

40h PCC SAI3 Register (PCC_SAI3) 32 RW 8000_0000h

44h PCC MICFIL Register (PCC_MICFIL) 32 RW 9000_0000h
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5.8.2 PCC MU1_B Register (PCC_MU1_B)

Offset

Register Offset

PCC_MU1_B 0h

Function
This register is for the MU1_B module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.8.3 PCC WDOG2 Register (PCC_WDOG2)

Offset

Register Offset

PCC_WDOG2 4h

Function
This register is for the WDOG2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.4 PCC TPM2 Register (PCC_TPM2)

Offset

Register Offset

PCC_TPM2 14h

Function
This register is for the TPM2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.5 PCC TPM3 Register (PCC_TPM3)

Offset

Register Offset

PCC_TPM3 18h
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Function
This register is for the TPM3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.6 PCC MRT Register (PCC_MRT)

Offset

Register Offset

PCC_MRT 1Ch

Function
This register is for the MRT module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.8.7 PCC LPI2C2 Register (PCC_LPI2C2)

Offset

Register Offset

PCC_LPI2C2 20h

Function
This register is for the LPI2C2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.8 PCC LPI2C3 Register (PCC_LPI2C3)

Offset

Register Offset

PCC_LPI2C3 24h

Function
This register is for the LPI2C3 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.9 PCC I3C1 Register (PCC_I3C1)

Offset

Register Offset

PCC_I3C1 28h

Function
This register is for the I3C1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.10 PCC LPUART2 Register (PCC_LPUART2)

Offset

Register Offset

PCC_LPUART2 2Ch
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Function
This register is for the LPUART2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 352 / 5781



Table continued from the previous page...

Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.11 PCC LPUART3 Register (PCC_LPUART3)

Offset

Register Offset

PCC_LPUART3 30h

Function
This register is for the LPUART3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.8.12 PCC LPSPI2 Register (PCC_LPSPI2)

Offset

Register Offset

PCC_LPSPI2 34h

Function
This register is for the LPSPI2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.13 PCC LPSPI3 Register (PCC_LPSPI3)

Offset

Register Offset

PCC_LPSPI3 38h

Function
This register is for the LPSPI3 module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 358 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.8.14 PCC SAI2 Register (PCC_SAI2)

Offset

Register Offset

PCC_SAI2 3Ch

Function
This register is for the SAI2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.8.15 PCC SAI3 Register (PCC_SAI3)

Offset

Register Offset

PCC_SAI3 40h

Function
This register is for the SAI3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.8.16 PCC MICFIL Register (PCC_MICFIL)

Offset

Register Offset

PCC_MICFIL 44h

Function
This register is for the MICFIL module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9 PCC register descriptions

5.9.1 PCC memory map
PCC3 base address: 292D_0000h

Offset Register Width

(In bits)

Access Reset value

4h PCC DMA1_MP Register (PCC_DMA1_MP) 32 RW 8000_0000h

8h PCC DMA1_CH0 Register (PCC_DMA1_CH0) 32 RW 8000_0000h

Ch PCC DMA1_CH1 Register (PCC_DMA1_CH1) 32 RW 8000_0000h

10h PCC DMA1_CH2 Register (PCC_DMA1_CH2) 32 RW 8000_0000h

14h PCC DMA1_CH3 Register (PCC_DMA1_CH3) 32 RW 8000_0000h

18h PCC DMA1_CH4 Register (PCC_DMA1_CH4) 32 RW 8000_0000h

1Ch PCC DMA1_CH5 Register (PCC_DMA1_CH5) 32 RW 8000_0000h

20h PCC DMA1_CH6 Register (PCC_DMA1_CH6) 32 RW 8000_0000h

24h PCC DMA1_CH7 Register (PCC_DMA1_CH7) 32 RW 8000_0000h

28h PCC DMA1_CH8 Register (PCC_DMA1_CH8) 32 RW 8000_0000h

2Ch PCC DMA1_CH9 Register (PCC_DMA1_CH9) 32 RW 8000_0000h

30h PCC DMA1_CH10 Register (PCC_DMA1_CH10) 32 RW 8000_0000h
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Offset Register Width

(In bits)

Access Reset value

34h PCC DMA1_CH11 Register (PCC_DMA1_CH11) 32 RW 8000_0000h

38h PCC DMA1_CH12 Register (PCC_DMA1_CH12) 32 RW 8000_0000h

3Ch PCC DMA1_CH13 Register (PCC_DMA1_CH13) 32 RW 8000_0000h

40h PCC DMA1_CH14 Register (PCC_DMA1_CH14) 32 RW 8000_0000h

44h PCC DMA1_CH15 Register (PCC_DMA1_CH15) 32 RW 8000_0000h

48h PCC DMA1_CH16 Register (PCC_DMA1_CH16) 32 RW 8000_0000h

4Ch PCC DMA1_CH17 Register (PCC_DMA1_CH17) 32 RW 8000_0000h

50h PCC DMA1_CH18 Register (PCC_DMA1_CH18) 32 RW 8000_0000h

54h PCC DMA1_CH19 Register (PCC_DMA1_CH19) 32 RW 8000_0000h

58h PCC DMA1_CH20 Register (PCC_DMA1_CH20) 32 RW 8000_0000h

5Ch PCC DMA1_CH21 Register (PCC_DMA1_CH21) 32 RW 8000_0000h

60h PCC DMA1_CH22 Register (PCC_DMA1_CH22) 32 RW 8000_0000h

64h PCC DMA1_CH23 Register (PCC_DMA1_CH23) 32 RW 8000_0000h

68h PCC DMA1_CH24 Register (PCC_DMA1_CH24) 32 RW 8000_0000h

6Ch PCC DMA1_CH25 Register (PCC_DMA1_CH25) 32 RW 8000_0000h

70h PCC DMA1_CH26 Register (PCC_DMA1_CH26) 32 RW 8000_0000h

74h PCC DMA1_CH27 Register (PCC_DMA1_CH27) 32 RW 8000_0000h

78h PCC DMA1_CH28 Register (PCC_DMA1_CH28) 32 RW 8000_0000h

7Ch PCC DMA1_CH29 Register (PCC_DMA1_CH29) 32 RW 8000_0000h

80h PCC DMA1_CH30 Register (PCC_DMA1_CH30) 32 RW 8000_0000h

84h PCC DMA1_CH31 Register (PCC_DMA1_CH31) 32 RW 8000_0000h

88h PCC MU0_B Register (PCC_MU0_B) 32 RW 8000_0000h

8Ch PCC MU3_A Register (PCC_MU3_A) 32 RW 8000_0000h

98h PCC WUU1 Register (PCC_WUU1) 32 RW 8000_0000h

9Ch PCC SYSPM1 Register (PCC_SYSPM1) 32 RW 8000_0000h

A0h PCC uPower_MUA_APD Register (PCC_uPower_MUA_APD) 32 RW 8000_0000h

A8h PCC WDOG3 Register (PCC_WDOG3) 32 RW D000_0000h

ACh PCC WDOG4 Register (PCC_WDOG4) 32 RW D000_0000h

B8h PCC CAAM Register (PCC_CAAM) 32 RW C000_0000h

BCh PCC XRDC_MGR Register (PCC_XRDC_MGR) 32 RW C000_0000h

C0h PCC SEMA42_1 Register (PCC_SEMA42_1) 32 RW 8000_0000h
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Offset Register Width

(In bits)

Access Reset value

C4h PCC ROMCP1 Register (PCC_ROMCP1) 32 RW 8000_0000h

C8h PCC LPIT1 Register (PCC_LPIT1) 32 RW 8000_0000h

CCh PCC TPM4 Register (PCC_TPM4) 32 RW 8000_0000h

D0h PCC TPM5 Register (PCC_TPM5) 32 RW 8000_0000h

D4h PCC FlexIO1 Register (PCC_FlexIO1) 32 RW 8000_0000h

D8h PCC I3C2 Register (PCC_I3C2) 32 RW 8000_0000h

DCh PCC LPI2C4 Register (PCC_LPI2C4) 32 RW 8000_0000h

E0h PCC LPI2C5 Register (PCC_LPI2C5) 32 RW 8000_0000h

E4h PCC LPUART4 Register (PCC_LPUART4) 32 RW 8000_0000h

E8h PCC LPUART5 Register (PCC_LPUART5) 32 RW 8000_0000h

ECh PCC LPSPI4 Register (PCC_LPSPI4) 32 RW 8000_0000h

F0h PCC LPSPI5 Register (PCC_LPSPI5) 32 RW 8000_0000h

5.9.2 PCC DMA1_MP Register (PCC_DMA1_MP)

Offset

Register Offset

PCC_DMA1_MP 4h

Function
This register is for the DMA1_MP module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.3 PCC DMA1_CH0 Register (PCC_DMA1_CH0)

Offset

Register Offset

PCC_DMA1_CH0 8h

Function
This register is for the DMA1_CH0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.4 PCC DMA1_CH1 Register (PCC_DMA1_CH1)

Offset

Register Offset

PCC_DMA1_CH1 Ch

Function
This register is for the DMA1_CH1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.5 PCC DMA1_CH2 Register (PCC_DMA1_CH2)

Offset

Register Offset

PCC_DMA1_CH2 10h

Function
This register is for the DMA1_CH2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.6 PCC DMA1_CH3 Register (PCC_DMA1_CH3)

Offset

Register Offset

PCC_DMA1_CH3 14h

Function
This register is for the DMA1_CH3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.7 PCC DMA1_CH4 Register (PCC_DMA1_CH4)

Offset

Register Offset

PCC_DMA1_CH4 18h

Function
This register is for the DMA1_CH4 module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 376 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.8 PCC DMA1_CH5 Register (PCC_DMA1_CH5)

Offset

Register Offset

PCC_DMA1_CH5 1Ch

Function
This register is for the DMA1_CH5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.9 PCC DMA1_CH6 Register (PCC_DMA1_CH6)

Offset

Register Offset

PCC_DMA1_CH6 20h

Function
This register is for the DMA1_CH6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.10 PCC DMA1_CH7 Register (PCC_DMA1_CH7)

Offset

Register Offset

PCC_DMA1_CH7 24h

Function
This register is for the DMA1_CH7 module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 381 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.11 PCC DMA1_CH8 Register (PCC_DMA1_CH8)

Offset

Register Offset

PCC_DMA1_CH8 28h

Function
This register is for the DMA1_CH8 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.12 PCC DMA1_CH9 Register (PCC_DMA1_CH9)

Offset

Register Offset

PCC_DMA1_CH9 2Ch

Function
This register is for the DMA1_CH9 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.13 PCC DMA1_CH10 Register (PCC_DMA1_CH10)

Offset

Register Offset

PCC_DMA1_CH10 30h

Function
This register is for the DMA1_CH10 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.14 PCC DMA1_CH11 Register (PCC_DMA1_CH11)

Offset

Register Offset

PCC_DMA1_CH11 34h

Function
This register is for the DMA1_CH11 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.15 PCC DMA1_CH12 Register (PCC_DMA1_CH12)

Offset

Register Offset

PCC_DMA1_CH12 38h

Function
This register is for the DMA1_CH12 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.16 PCC DMA1_CH13 Register (PCC_DMA1_CH13)

Offset

Register Offset

PCC_DMA1_CH13 3Ch

Function
This register is for the DMA1_CH13 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.17 PCC DMA1_CH14 Register (PCC_DMA1_CH14)

Offset

Register Offset

PCC_DMA1_CH14 40h

Function
This register is for the DMA1_CH14 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.18 PCC DMA1_CH15 Register (PCC_DMA1_CH15)

Offset

Register Offset

PCC_DMA1_CH15 44h

Function
This register is for the DMA1_CH15 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.19 PCC DMA1_CH16 Register (PCC_DMA1_CH16)

Offset

Register Offset

PCC_DMA1_CH16 48h

Function
This register is for the DMA1_CH16 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.20 PCC DMA1_CH17 Register (PCC_DMA1_CH17)

Offset

Register Offset

PCC_DMA1_CH17 4Ch

Function
This register is for the DMA1_CH17 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.21 PCC DMA1_CH18 Register (PCC_DMA1_CH18)

Offset

Register Offset

PCC_DMA1_CH18 50h

Function
This register is for the DMA1_CH18 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Table continued from the previous page...

Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.22 PCC DMA1_CH19 Register (PCC_DMA1_CH19)

Offset

Register Offset

PCC_DMA1_CH19 54h

Function
This register is for the DMA1_CH19 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.23 PCC DMA1_CH20 Register (PCC_DMA1_CH20)

Offset

Register Offset

PCC_DMA1_CH20 58h

Function
This register is for the DMA1_CH20 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.24 PCC DMA1_CH21 Register (PCC_DMA1_CH21)

Offset

Register Offset

PCC_DMA1_CH21 5Ch

Function
This register is for the DMA1_CH21 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.25 PCC DMA1_CH22 Register (PCC_DMA1_CH22)

Offset

Register Offset

PCC_DMA1_CH22 60h

Function
This register is for the DMA1_CH22 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.26 PCC DMA1_CH23 Register (PCC_DMA1_CH23)

Offset

Register Offset

PCC_DMA1_CH23 64h

Function
This register is for the DMA1_CH23 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.27 PCC DMA1_CH24 Register (PCC_DMA1_CH24)

Offset

Register Offset

PCC_DMA1_CH24 68h

Function
This register is for the DMA1_CH24 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.28 PCC DMA1_CH25 Register (PCC_DMA1_CH25)

Offset

Register Offset

PCC_DMA1_CH25 6Ch

Function
This register is for the DMA1_CH25 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.29 PCC DMA1_CH26 Register (PCC_DMA1_CH26)

Offset

Register Offset

PCC_DMA1_CH26 70h

Function
This register is for the DMA1_CH26 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.30 PCC DMA1_CH27 Register (PCC_DMA1_CH27)

Offset

Register Offset

PCC_DMA1_CH27 74h

Function
This register is for the DMA1_CH27 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.31 PCC DMA1_CH28 Register (PCC_DMA1_CH28)

Offset

Register Offset

PCC_DMA1_CH28 78h

Function
This register is for the DMA1_CH28 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.32 PCC DMA1_CH29 Register (PCC_DMA1_CH29)

Offset

Register Offset

PCC_DMA1_CH29 7Ch

Function
This register is for the DMA1_CH29 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.33 PCC DMA1_CH30 Register (PCC_DMA1_CH30)

Offset

Register Offset

PCC_DMA1_CH30 80h

Function
This register is for the DMA1_CH30 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.34 PCC DMA1_CH31 Register (PCC_DMA1_CH31)

Offset

Register Offset

PCC_DMA1_CH31 84h

Function
This register is for the DMA1_CH31 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.35 PCC MU0_B Register (PCC_MU0_B)

Offset

Register Offset

PCC_MU0_B 88h

Function
This register is for the MU0_B module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.36 PCC MU3_A Register (PCC_MU3_A)

Offset

Register Offset

PCC_MU3_A 8Ch

Function
This register is for the MU3_A module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.37 PCC WUU1 Register (PCC_WUU1)

Offset

Register Offset

PCC_WUU1 98h

Function
This register is for the WUU1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.38 PCC SYSPM1 Register (PCC_SYSPM1)

Offset

Register Offset

PCC_SYSPM1 9Ch

Function
This register is for the SYSPM1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.39 PCC uPower_MUA_APD Register (PCC_uPower_MUA_APD)

Offset

Register Offset

PCC_uPower_MUA_AP
D

A0h

Function
This register is for the uPower_MUA_APD module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 430 / 5781



Table continued from the previous page...

Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.40 PCC WDOG3 Register (PCC_WDOG3)

Offset

Register Offset

PCC_WDOG3 A8h

Function
This register is for the WDOG3 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.41 PCC WDOG4 Register (PCC_WDOG4)

Offset

Register Offset

PCC_WDOG4 ACh

Function
This register is for the WDOG4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.42 PCC CAAM Register (PCC_CAAM)

Offset

Register Offset

PCC_CAAM B8h
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Function
This register is for the CAAM module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.43 PCC XRDC_MGR Register (PCC_XRDC_MGR)

Offset

Register Offset

PCC_XRDC_MGR BCh

Function
This register is for the XRDC_MGR module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed 
0 0 0

SSADO 
0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.9.44 PCC SEMA42_1 Register (PCC_SEMA42_1)

Offset

Register Offset

PCC_SEMA42_1 C0h

Function
This register is for the SEMA42_1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.45 PCC ROMCP1 Register (PCC_ROMCP1)

Offset

Register Offset

PCC_ROMCP1 C4h

Function
This register is for the ROMCP1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.9.46 PCC LPIT1 Register (PCC_LPIT1)

Offset

Register Offset

PCC_LPIT1 C8h

Function
This register is for the LPIT1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 444 / 5781



Table continued from the previous page...

Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.9.47 PCC TPM4 Register (PCC_TPM4)

Offset

Register Offset

PCC_TPM4 CCh

Function
This register is for the TPM4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.48 PCC TPM5 Register (PCC_TPM5)

Offset

Register Offset

PCC_TPM5 D0h

Function
This register is for the TPM5 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.49 PCC FlexIO1 Register (PCC_FlexIO1)

Offset

Register Offset

PCC_FlexIO1 D4h

Function
This register is for the FlexIO1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.50 PCC I3C2 Register (PCC_I3C2)

Offset

Register Offset

PCC_I3C2 D8h
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Function
This register is for the I3C2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.51 PCC LPI2C4 Register (PCC_LPI2C4)

Offset

Register Offset

PCC_LPI2C4 DCh

Function
This register is for the LPI2C4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.9.52 PCC LPI2C5 Register (PCC_LPI2C5)

Offset

Register Offset

PCC_LPI2C5 E0h

Function
This register is for the LPI2C5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.53 PCC LPUART4 Register (PCC_LPUART4)

Offset

Register Offset

PCC_LPUART4 E4h

Function
This register is for the LPUART4 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.54 PCC LPUART5 Register (PCC_LPUART5)

Offset

Register Offset

PCC_LPUART5 E8h

Function
This register is for the LPUART5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.55 PCC LPSPI4 Register (PCC_LPSPI4)

Offset

Register Offset

PCC_LPSPI4 ECh
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Function
This register is for the LPSPI4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.9.56 PCC LPSPI5 Register (PCC_LPSPI5)

Offset

Register Offset

PCC_LPSPI5 F0h

Function
This register is for the LPSPI5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10 PCC register descriptions

5.10.1 PCC memory map
PCC4 base address: 2980_0000h
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Offset Register Width

(In bits)

Access Reset value

4h PCC FlexSPI2 Register (PCC_FlexSPI2) 32 RW 8000_0000h

8h PCC TPM6 Register (PCC_TPM6) 32 RW 8000_0000h

Ch PCC TPM7 Register (PCC_TPM7) 32 RW 8000_0000h

10h PCC LPI2C6 Register (PCC_LPI2C6) 32 RW 8000_0000h

14h PCC LPI2C7 Register (PCC_LPI2C7) 32 RW 8000_0000h

18h PCC LPUART6 Register (PCC_LPUART6) 32 RW 8000_0000h

1Ch PCC LPUART7 Register (PCC_LPUART7) 32 RW 8000_0000h

20h PCC SAI4 Register (PCC_SAI4) 32 RW 8000_0000h

24h PCC SAI5 Register (PCC_SAI5) 32 RW 8000_0000h

28h PCC DIGITAL_FILTER_E Register (PCC_DIGITAL_FILTER_E) 32 RW 8000_0000h

2Ch PCC DIGITAL_FILTER_F Register (PCC_DIGITAL_FILTER_F) 32 RW 8000_0000h

34h PCC uSDHC0 Register (PCC_uSDHC0) 32 RW 8000_0000h

38h PCC uSDHC1 Register (PCC_uSDHC1) 32 RW 8000_0000h

3Ch PCC uSDHC2 Register (PCC_uSDHC2) 32 RW 8000_0000h

40h PCC USB0 Register (PCC_USB0) 32 RW 8000_0000h

44h PCC USB0_PHY Register (PCC_USB0_PHY) 32 RW 8000_0000h

48h PCC USB1 Register (PCC_USB1) 32 RW 8000_0000h

4Ch PCC USB1_PHY Register (PCC_USB1_PHY) 32 RW 8000_0000h

50h PCC USB_XBAR Register (PCC_USB_XBAR) 32 RW 8000_0000h

54h PCC ENET Register (PCC_ENET) 32 RW 8000_0000h

78h PCC RGPIOE Register (PCC_RGPIOE) 32 RW 8000_0000h

7Ch PCC RGPIOF Register (PCC_RGPIOF) 32 RW 8000_0000h

5.10.2 PCC FlexSPI2 Register (PCC_FlexSPI2)

Offset

Register Offset

PCC_FlexSPI2 4h

Function
This register is for the FlexSPI2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 474 / 5781



Table continued from the previous page...

Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.3 PCC TPM6 Register (PCC_TPM6)

Offset

Register Offset

PCC_TPM6 8h

Function
This register is for the TPM6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

Table continues on the next page...
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.4 PCC TPM7 Register (PCC_TPM7)

Offset

Register Offset

PCC_TPM7 Ch
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Function
This register is for the TPM7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select

Table continues on the next page...
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

Table continues on the next page...
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.5 PCC LPI2C6 Register (PCC_LPI2C6)

Offset

Register Offset

PCC_LPI2C6 10h

Function
This register is for the LPI2C6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 480 / 5781



Table continued from the previous page...

Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.
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5.10.6 PCC LPI2C7 Register (PCC_LPI2C7)

Offset

Register Offset

PCC_LPI2C7 14h

Function
This register is for the LPI2C7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.7 PCC LPUART6 Register (PCC_LPUART6)

Offset

Register Offset

PCC_LPUART6 18h

Function
This register is for the LPUART6 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 487 / 5781



Table continued from the previous page...

Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.8 PCC LPUART7 Register (PCC_LPUART7)

Offset

Register Offset

PCC_LPUART7 1Ch

Function
This register is for the LPUART7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.10.9 PCC SAI4 Register (PCC_SAI4)

Offset

Register Offset

PCC_SAI4 20h
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Function
This register is for the SAI4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 This read-only bit field is reserved and always has the value 0.
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Field Function

—

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.10 PCC SAI5 Register (PCC_SAI5)

Offset

Register Offset

PCC_SAI5 24h

Function
This register is for the SAI5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.
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Field Function

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.11 PCC DIGITAL_FILTER_E Register (PCC_DIGITAL_FILTER_E)

Offset

Register Offset

PCC_DIGITAL_FILTER_
E

28h

Function
This register is for the DIGITAL_FILTER_E module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.
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Field Function

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.12 PCC DIGITAL_FILTER_F Register (PCC_DIGITAL_FILTER_F)

Offset

Register Offset

PCC_DIGITAL_FILTER_
F

2Ch
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Function
This register is for the DIGITAL_FILTER_F module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.13 PCC uSDHC0 Register (PCC_uSDHC0)

Offset

Register Offset

PCC_uSDHC0 34h

Function
This register is for the uSDHC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.14 PCC uSDHC1 Register (PCC_uSDHC1)

Offset

Register Offset

PCC_uSDHC1 38h

Function
This register is for the uSDHC1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.15 PCC uSDHC2 Register (PCC_uSDHC2)

Offset

Register Offset

PCC_uSDHC2 3Ch

Function
This register is for the uSDHC2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

Table continues on the next page...
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Field Function

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.16 PCC USB0 Register (PCC_USB0)

Offset

Register Offset

PCC_USB0 40h

Function
This register is for the USB0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.
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Field Function

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.17 PCC USB0_PHY Register (PCC_USB0_PHY)

Offset

Register Offset

PCC_USB0_PHY 44h

Function
This register is for the USB0_PHY module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 505 / 5781



Table continued from the previous page...

Field Function

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 506 / 5781



5.10.18 PCC USB1 Register (PCC_USB1)

Offset

Register Offset

PCC_USB1 48h

Function
This register is for the USB1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control

Table continues on the next page...
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.19 PCC USB1_PHY Register (PCC_USB1_PHY)

Offset

Register Offset

PCC_USB1_PHY 4Ch

Function
This register is for the USB1_PHY module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.20 PCC USB_XBAR Register (PCC_USB_XBAR)

Offset

Register Offset

PCC_USB_XBAR 50h

Function
This register is for the USB_XBAR module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.10.21 PCC ENET Register (PCC_ENET)

Offset

Register Offset

PCC_ENET 54h

Function
This register is for the ENET module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control

Table continues on the next page...
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.22 PCC RGPIOE Register (PCC_RGPIOE)

Offset

Register Offset

PCC_RGPIOE 78h

Function
This register is for the RGPIOE module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.10.23 PCC RGPIOF Register (PCC_RGPIOF)

Offset

Register Offset

PCC_RGPIOF 7Ch

Function
This register is for the RGPIOF module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11 PCC register descriptions

5.11.1 PCC memory map
PCC5 base address: 2DA7_0000h

Offset Register Width

(In bits)

Access Reset value

0h PCC DMA2_MP Register (PCC_DMA2_MP) 32 RW 8000_0000h

4h PCC DMA2_CH0 Register (PCC_DMA2_CH0) 32 RW 8000_0000h

8h PCC DMA2_CH1 Register (PCC_DMA2_CH1) 32 RW 8000_0000h

Ch PCC DMA2_CH2 Register (PCC_DMA2_CH2) 32 RW 8000_0000h

10h PCC DMA2_CH3 Register (PCC_DMA2_CH3) 32 RW 8000_0000h

14h PCC DMA2_CH4 Register (PCC_DMA2_CH4) 32 RW 8000_0000h

18h PCC DMA2_CH5 Register (PCC_DMA2_CH5) 32 RW 8000_0000h

1Ch PCC DMA2_CH6 Register (PCC_DMA2_CH6) 32 RW 8000_0000h

20h PCC DMA2_CH7 Register (PCC_DMA2_CH7) 32 RW 8000_0000h

24h PCC DMA2_CH8 Register (PCC_DMA2_CH8) 32 RW 8000_0000h

28h PCC DMA2_CH9 Register (PCC_DMA2_CH9) 32 RW 8000_0000h

2Ch PCC DMA2_CH10 Register (PCC_DMA2_CH10) 32 RW 8000_0000h

30h PCC DMA2_CH11 Register (PCC_DMA2_CH11) 32 RW 8000_0000h

34h PCC DMA2_CH12 Register (PCC_DMA2_CH12) 32 RW 8000_0000h

38h PCC DMA2_CH13 Register (PCC_DMA2_CH13) 32 RW 8000_0000h

3Ch PCC DMA2_CH14 Register (PCC_DMA2_CH14) 32 RW 8000_0000h

40h PCC DMA2_CH15 Register (PCC_DMA2_CH15) 32 RW 8000_0000h

44h PCC DMA2_CH16 Register (PCC_DMA2_CH16) 32 RW 8000_0000h

48h PCC DMA2_CH17 Register (PCC_DMA2_CH17) 32 RW 8000_0000h

4Ch PCC DMA2_CH18 Register (PCC_DMA2_CH18) 32 RW 8000_0000h

50h PCC DMA2_CH19 Register (PCC_DMA2_CH19) 32 RW 8000_0000h

54h PCC DMA2_CH20 Register (PCC_DMA2_CH20) 32 RW 8000_0000h

58h PCC DMA2_CH21 Register (PCC_DMA2_CH21) 32 RW 8000_0000h

5Ch PCC DMA2_CH22 Register (PCC_DMA2_CH22) 32 RW 8000_0000h

60h PCC DMA2_CH23 Register (PCC_DMA2_CH23) 32 RW 8000_0000h

64h PCC DMA2_CH24 Register (PCC_DMA2_CH24) 32 RW 8000_0000h

68h PCC DMA2_CH25 Register (PCC_DMA2_CH25) 32 RW 8000_0000h

6Ch PCC DMA2_CH26 Register (PCC_DMA2_CH26) 32 RW 8000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

70h PCC DMA2_CH27 Register (PCC_DMA2_CH27) 32 RW 8000_0000h

74h PCC DMA2_CH28 Register (PCC_DMA2_CH28) 32 RW 8000_0000h

78h PCC DMA2_CH29 Register (PCC_DMA2_CH29) 32 RW 8000_0000h

7Ch PCC DMA2_CH30 Register (PCC_DMA2_CH30) 32 RW 8000_0000h

80h PCC DMA2_CH31 Register (PCC_DMA2_CH31) 32 RW 8000_0000h

84h PCC MU2_B Register (PCC_MU2_B) 32 RW 8000_0000h

88h PCC MU3_B Register (PCC_MU3_B) 32 RW 8000_0000h

8Ch PCC SEMA42_2 Register (PCC_SEMA42_2) 32 RW 8000_0000h

A0h PCC TPM8 Register (PCC_TPM8) 32 RW 8000_0000h

A4h PCC SAI6 Register (PCC_SAI6) 32 RW 8000_0000h

A8h PCC SAI7 Register (PCC_SAI7) 32 RW 8000_0000h

ACh PCC SPDIF Register (PCC_SPDIF) 32 RW 8000_0000h

B0h PCC ISI Register (PCC_ISI) 32 RW 8000_0000h

B4h PCC CSI_REGS Register (PCC_CSI_REGS) 32 RW 8000_0000h

BCh PCC CSI Register (PCC_CSI) 32 RW 8000_0000h

C0h PCC DSI Register (PCC_DSI) 32 RW 8000_0000h

C8h PCC WDOG5 Register (PCC_WDOG5) 32 RW D000_0000h

CCh PCC EPDC Register (PCC_EPDC) 32 RW 8000_0000h

D0h PCC PXP Register (PCC_PXP) 32 RW 8000_0000h

F0h PCC GPU2D Register (PCC_GPU2D) 32 RW 8000_0000h

F4h PCC GPU3D Register (PCC_GPU3D) 32 RW 8000_0000h

F8h PCC DC_Nano Register (PCC_DC_Nano) 32 RW 8000_0000h

108h PCC LPDDR4 Register (PCC_LPDDR4) 32 RW 8000_0000h

10Ch PCC CSI_clk_ui Register (PCC_CSI_clk_ui) 32 RW 8000_0000h

110h PCC CSI_clk_esc Register (PCC_CSI_clk_esc) 32 RW 8000_0000h

114h PCC RGPIOD Register (PCC_RGPIOD) 32 RW 8000_0000h

5.11.2 PCC DMA2_MP Register (PCC_DMA2_MP)

Offset

Register Offset

PCC_DMA2_MP 0h
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Function
This register is for the DMA2_MP module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner

Table continues on the next page...
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.3 PCC DMA2_CH0 Register (PCC_DMA2_CH0)

Offset

Register Offset

PCC_DMA2_CH0 4h

Function
This register is for the DMA2_CH0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 520 / 5781



Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.4 PCC DMA2_CH1 Register (PCC_DMA2_CH1)

Offset

Register Offset

PCC_DMA2_CH1 8h

Function
This register is for the DMA2_CH1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.5 PCC DMA2_CH2 Register (PCC_DMA2_CH2)

Offset

Register Offset

PCC_DMA2_CH2 Ch

Function
This register is for the DMA2_CH2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.6 PCC DMA2_CH3 Register (PCC_DMA2_CH3)

Offset

Register Offset

PCC_DMA2_CH3 10h

Function
This register is for the DMA2_CH3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.7 PCC DMA2_CH4 Register (PCC_DMA2_CH4)

Offset

Register Offset

PCC_DMA2_CH4 14h

Function
This register is for the DMA2_CH4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.8 PCC DMA2_CH5 Register (PCC_DMA2_CH5)

Offset

Register Offset

PCC_DMA2_CH5 18h

Function
This register is for the DMA2_CH5 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.9 PCC DMA2_CH6 Register (PCC_DMA2_CH6)

Offset

Register Offset

PCC_DMA2_CH6 1Ch

Function
This register is for the DMA2_CH6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.10 PCC DMA2_CH7 Register (PCC_DMA2_CH7)

Offset

Register Offset

PCC_DMA2_CH7 20h

Function
This register is for the DMA2_CH7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.11 PCC DMA2_CH8 Register (PCC_DMA2_CH8)

Offset

Register Offset

PCC_DMA2_CH8 24h

Function
This register is for the DMA2_CH8 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.12 PCC DMA2_CH9 Register (PCC_DMA2_CH9)

Offset

Register Offset

PCC_DMA2_CH9 28h

Function
This register is for the DMA2_CH9 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.13 PCC DMA2_CH10 Register (PCC_DMA2_CH10)

Offset

Register Offset

PCC_DMA2_CH10 2Ch

Function
This register is for the DMA2_CH10 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.14 PCC DMA2_CH11 Register (PCC_DMA2_CH11)

Offset

Register Offset

PCC_DMA2_CH11 30h

Function
This register is for the DMA2_CH11 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.15 PCC DMA2_CH12 Register (PCC_DMA2_CH12)

Offset

Register Offset

PCC_DMA2_CH12 34h

Function
This register is for the DMA2_CH12 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.16 PCC DMA2_CH13 Register (PCC_DMA2_CH13)

Offset

Register Offset

PCC_DMA2_CH13 38h

Function
This register is for the DMA2_CH13 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.17 PCC DMA2_CH14 Register (PCC_DMA2_CH14)

Offset

Register Offset

PCC_DMA2_CH14 3Ch

Function
This register is for the DMA2_CH14 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.18 PCC DMA2_CH15 Register (PCC_DMA2_CH15)

Offset

Register Offset

PCC_DMA2_CH15 40h

Function
This register is for the DMA2_CH15 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.19 PCC DMA2_CH16 Register (PCC_DMA2_CH16)

Offset

Register Offset

PCC_DMA2_CH16 44h

Function
This register is for the DMA2_CH16 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.20 PCC DMA2_CH17 Register (PCC_DMA2_CH17)

Offset

Register Offset

PCC_DMA2_CH17 48h

Function
This register is for the DMA2_CH17 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.21 PCC DMA2_CH18 Register (PCC_DMA2_CH18)

Offset

Register Offset

PCC_DMA2_CH18 4Ch

Function
This register is for the DMA2_CH18 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.22 PCC DMA2_CH19 Register (PCC_DMA2_CH19)

Offset

Register Offset

PCC_DMA2_CH19 50h

Function
This register is for the DMA2_CH19 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.23 PCC DMA2_CH20 Register (PCC_DMA2_CH20)

Offset

Register Offset

PCC_DMA2_CH20 54h

Function
This register is for the DMA2_CH20 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.24 PCC DMA2_CH21 Register (PCC_DMA2_CH21)

Offset

Register Offset

PCC_DMA2_CH21 58h

Function
This register is for the DMA2_CH21 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.25 PCC DMA2_CH22 Register (PCC_DMA2_CH22)

Offset

Register Offset

PCC_DMA2_CH22 5Ch

Function
This register is for the DMA2_CH22 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.26 PCC DMA2_CH23 Register (PCC_DMA2_CH23)

Offset

Register Offset

PCC_DMA2_CH23 60h

Function
This register is for the DMA2_CH23 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 559 / 5781



Table continued from the previous page...

Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.27 PCC DMA2_CH24 Register (PCC_DMA2_CH24)

Offset

Register Offset

PCC_DMA2_CH24 64h

Function
This register is for the DMA2_CH24 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.28 PCC DMA2_CH25 Register (PCC_DMA2_CH25)

Offset

Register Offset

PCC_DMA2_CH25 68h

Function
This register is for the DMA2_CH25 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.29 PCC DMA2_CH26 Register (PCC_DMA2_CH26)

Offset

Register Offset

PCC_DMA2_CH26 6Ch

Function
This register is for the DMA2_CH26 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.30 PCC DMA2_CH27 Register (PCC_DMA2_CH27)

Offset

Register Offset

PCC_DMA2_CH27 70h

Function
This register is for the DMA2_CH27 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.31 PCC DMA2_CH28 Register (PCC_DMA2_CH28)

Offset

Register Offset

PCC_DMA2_CH28 74h

Function
This register is for the DMA2_CH28 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.32 PCC DMA2_CH29 Register (PCC_DMA2_CH29)

Offset

Register Offset

PCC_DMA2_CH29 78h

Function
This register is for the DMA2_CH29 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.
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Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.33 PCC DMA2_CH30 Register (PCC_DMA2_CH30)

Offset

Register Offset

PCC_DMA2_CH30 7Ch

Function
This register is for the DMA2_CH30 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.34 PCC DMA2_CH31 Register (PCC_DMA2_CH31)

Offset

Register Offset

PCC_DMA2_CH31 80h

Function
This register is for the DMA2_CH31 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.35 PCC MU2_B Register (PCC_MU2_B)

Offset

Register Offset

PCC_MU2_B 84h

Function
This register is for the MU2_B module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 574 / 5781



Table continued from the previous page...

Field Function

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.36 PCC MU3_B Register (PCC_MU3_B)

Offset

Register Offset

PCC_MU3_B 88h

Function
This register is for the MU3_B module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.37 PCC SEMA42_2 Register (PCC_SEMA42_2)

Offset

Register Offset

PCC_SEMA42_2 8Ch

Function
This register is for the SEMA42_2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 This read-only bit field is reserved and always has the value 0.
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Field Function

—

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.38 PCC TPM8 Register (PCC_TPM8)

Offset

Register Offset

PCC_TPM8 A0h

Function
This register is for the TPM8 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

Table continues on the next page...
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.39 PCC SAI6 Register (PCC_SAI6)

Offset

Register Offset

PCC_SAI6 A4h

Function
This register is for the SAI6 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

Table continues on the next page...

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 581 / 5781



Table continued from the previous page...

Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.40 PCC SAI7 Register (PCC_SAI7)

Offset

Register Offset

PCC_SAI7 A8h

Function
This register is for the SAI7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.41 PCC SPDIF Register (PCC_SPDIF)

Offset

Register Offset

PCC_SPDIF ACh

Function
This register is for the SPDIF module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22 Stop and "Stop ACK" Domain Owner
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Field Function

SSADO This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.42 PCC ISI Register (PCC_ISI)

Offset

Register Offset

PCC_ISI B0h

Function
This register is for the ISI module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.
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Field Function

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.43 PCC CSI_REGS Register (PCC_CSI_REGS)

Offset

Register Offset

PCC_CSI_REGS B4h

Function
This register is for the CSI_REGS module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.
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Field Function

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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5.11.44 PCC CSI Register (PCC_CSI)

Offset

Register Offset

PCC_CSI BCh

Function
This register is for the CSI module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.45 PCC DSI Register (PCC_DSI)

Offset

Register Offset

PCC_DSI C0h

Function
This register is for the DSI module.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 592 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.46 PCC WDOG5 Register (PCC_WDOG5)

Offset

Register Offset

PCC_WDOG5 C8h

Function
This register is for the WDOG5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR CGC 
Reserv

ed SWRS
T 

0
PCS SSADO 

0

W

Reset 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.47 PCC EPDC Register (PCC_EPDC)

Offset

Register Offset

PCC_EPDC CCh
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Function
This register is for the EPDC module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 Peripheral Clock Source Select
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Field Function

PCS This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.48 PCC PXP Register (PCC_PXP)

Offset

Register Offset

PCC_PXP D0h

Function
This register is for the PXP module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Present
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Field Function

PR This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

NXP Semiconductors
Peripheral Clock Controller (PCC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 601 / 5781



5.11.49 PCC GPU2D Register (PCC_GPU2D)

Offset

Register Offset

PCC_GPU2D F0h

Function
This register is for the GPU2D module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28 Software Reset Control

Table continues on the next page...
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Field Function

SWRST This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.50 PCC GPU3D Register (PCC_GPU3D)

Offset

Register Offset

PCC_GPU3D F4h

Function
This register is for the GPU3D module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.
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Field Function

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.51 PCC DC_Nano Register (PCC_DC_Nano)

Offset

Register Offset

PCC_DC_Nano F8h

Function
This register is for the DC_Nano module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.
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Field Function

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.
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Field Function

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.52 PCC LPDDR4 Register (PCC_LPDDR4)

Offset

Register Offset

PCC_LPDDR4 108h
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Function
This register is for the LPDDR4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed SWRS

T 

0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

SWRST

Software Reset Control

This read/write bit enables the peripheral Software Reset.

0b - Software Reset.

1b - No SoftWare Reset.

27

—

This read-only bit field is reserved and always has the value 0.

26-24 This read-only bit field is reserved and always has the value 0.
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Field Function

—

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.

5.11.53 PCC CSI_clk_ui Register (PCC_CSI_clk_ui)

Offset

Register Offset

PCC_CSI_clk_ui 10Ch

Function
This register is for the CSI_clk_ui module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.
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Field Function

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.54 PCC CSI_clk_esc Register (PCC_CSI_clk_esc)

Offset

Register Offset

PCC_CSI_clk_esc 110h
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Function
This register is for the CSI_clk_esc module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0
PCS SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FRAC PCD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

PCS

Peripheral Clock Source Select

This read/write bit field is used for peripherals that support various clock selections.
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Field Function

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

000b - Clock is off (or test clock is enabled).

001b - Clock option 1

010b - Clock option 2

011b - Clock option 3

100b - Clock option 4

101b - Clock option 5

110b - Clock option 6

111b - Clock option 7

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

FRAC

Peripheral Clock Divider Fraction

This read/write bit field sets the fraction multiply value for the fractional clock divider used as a clock source. 
Divider output clock = Divider input clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.

 
When dividing by 1 (PCD = 000), do not set the FRAC bit; otherwise, the output clock 
is disabled.

  NOTE  

0b - Fractional value is 0.

1b - Fractional value is 1.

2-0

PCD

Peripheral Clock Divider Select

This read/write bit field is used for peripherals that require a clock divider. Divider output clock = Divider input 
clock x [(FRAC+1)/(PCD+1)].

This field can be written only when the clock is disabled (CGC = 0). Similarly, if the INUSE flag is set, this 
field is locked.
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Field Function

000b - Divide by 1.

001b - Divide by 2.

010b - Divide by 3.

011b - Divide by 4.

100b - Divide by 5.

101b - Divide by 6.

110b - Divide by 7.

111b - Divide by 8.

5.11.55 PCC RGPIOD Register (PCC_RGPIOD)

Offset

Register Offset

PCC_RGPIOD 114h

Function
This register is for the RGPIOD module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PR 
CGC 

Reserv
ed 

0 0 0
SSADO 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PR

Present

This bit shows whether the peripheral is present on this device.
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Field Function

0b - Peripheral is not present.

1b - Peripheral is present.

30

CGC

Clock Gate Control

This read/write bit enables the interface clock for the peripheral, allowing access to the module's registers. 
It also controls whether the clock selection and divider options can be modified.

0b - Clock disabled. The current clock selection and divider options are not locked and can be 
modified.

1b - Clock enabled. The current clock selection and divider options are locked and cannot be 
modified.

29

—

This read-only bit field is reserved. This bit can change values but is a don't-care.

28

—

This read-only bit field is reserved and always has the value 0.

27

—

This read-only bit field is reserved and always has the value 0.

26-24

—

This read-only bit field is reserved and always has the value 0.

23-22

SSADO

Stop and "Stop ACK" Domain Owner

This read/write bit field sets the owner domain to deal with the stop/ack from IP. SSADO is a 2-bit control 
signal used for controlling the peripherials' ack to each domains' stop request.

00b - PCC ack to both domains' stop are always 0.

01b - PCC handles ACK from PERI for domain 0 stop, and ack to domain 1 stop is always 0.

10b - PCC handles ACK from PERI for domain 1 stop, and ack to domain 0 stop is always 0.

11b - PCC handles ACK from PERI for domain 0 stop Domain 1 stop.

21-4

—

This read-only bit field is reserved and always has the value 0.

3

—

This read-only bit field is reserved and always has the value 0.

2-0

—

This read-only bit field is reserved and always has the value 0.
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Chapter 6
Clock Generation and Control (CGC0)
6.1 Chip-specific RTD_CGC information
Table 43. Reference links to related information

Topic Related module Reference

Full description RTD_CGC RTD_CGC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

6.1.1 Module instances
This device has one instances of the CGC module in real-time domain (RTD).

6.1.2 CLKOUT restrictions
The following clock restrictions apply for RTD CLKOUT0 signal.

• For 1.1 V(1.0 V wcs): No restriction

• For 1.0 V(0.9 V wcs): No restriction

• For 0.9 V(0.8 V wcs): The FRO192 is the only available clock source for the whole RTD. RTD clocks can be exposed to 
the CLKOUT.

6.2 Overview
The RTD_CGC module is a specific chip module created to control the clock configuration for the realtime domain.
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6.2.1 Block diagram
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Figure 105. RTD_CGC block diagram

6.2.2 Features
The RTD_CGC includes the following features:

• Configuration of the following clock sources:

— Oscillator using a crystal from 16 to 32 MHz

— Free Running Oscillator with tuner running at 192 MHz

— Low Power Oscillator with 1 MHz

— PLL0 running at 480 MHz with 4 PFDs

— PLL1 running at 528 MHz with 4 PFDs

— Real Time Clock Oscillator at 32 kHz

• Glitchless Clock Switcher 8 to 1

• Clock divider with control signals to halt and reset clock division

• Sync signal between platform and bus clocks for CM33 core

• Sync signal between platform and bus blocks from Fusion DSP core

• CLKOUT selection from 8 clock sources
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• 60 Hz output generated from RTC32 kHz

• Clock selection for system audio interface

6.3 Functional description
The following sections describe functional details of the RTD_CGC module.

6.3.1 Operating modes

The RTD_CGC operates in normal mode, in sleep or deep sleep mode the RTD_CGC will turn off all clock sources that are not 
set to be enabled in the Control Status Register that exists for each clock source, in the Power Down or Deep Power Down modes 
the RTD_CGC will be powered down.

6.3.1.1 Low power modes

During Sleep/Deep Sleep, Power Down or Deep Power Down modes the RTD_CGC will configure the clocks sources that must 
be running, this configuration is done using the bit fields ending with *PDEN or *DSEN from *CSR registers.

The System OSC Control Status Register (SOSCCSR) is the only register with both *PDEN and *DSEN bits to control the enable 
of clock from crystal oscillator, the SOSCPDEN will force this source to be enabled in Power Down or Deep Power Down modes, 
the SOSCDSEN will force this source to be enabled in Sleep or Deep Sleep Mode.

FRO 192MHz, LPO 1MHz, PLL 480MHz, PLL 528 MHz clock sources can be enabled in Sleep or Deep Sleep modes. When PLL 
is enabled the digital core supply must be greater than 0.8 V.

 
PLL cannot be active if the voltage is below 0.8 V. In deepsleep mode, the VDD_DIG* can be reduced to 0.65 V.

  NOTE  

Bit 0 (SOSCEN) of register System OSC Control Status Register (SOSCCSR) comes enabled after POR. Clear the bit 0 
(SOSCEN) of register System OSC Control Status Register (SOSCCSR) to disable the System Oscillator and reduce power 
consumption if it is not used as a clock source.

6.3.2 Operations

The RTD_CGC configures and controls the clock sources for CM33, DSP and peripherals in the realtime domain. There are 
several clock sources that requires proper setup before they can be used.

List of clock sources:

Crystal Oscillator There is no special requirements to the setup of this clock source.

Free Running 
Oscillator 192MHz

FRO 192MHz is the default clock source for the system, it is calibrated from factory but has a feature 
to auto tune the frequency using the crystal oscillator as reference.

LPO 1MHz There is no special requirements to the setup of this clock source.

RTC OSC 32kHz There is no special requirements to the setup of this clock source.

PLL0 
480MHz

PLL0 can use crystal oscillator or FRO 24 Mhz as clock reference, user has to configure all PLL's VCO 
parameters, reference clock selection and locktime before enabling the PLL. After PLL is stable (user should 
check the PLL valid flag), the user can then configure the PFDs (dividers), wait for them to be stable (check 
PFD valid flag) and then ungate the PFDs.

PLL1 
528MHz

PLL1 can use crystal oscillator or FRO 24 Mhz as clock reference, user has to configure all PLL's VCO 
parameters, reference clock selection and locktime before enabling the PLL. After PLL is stable (user should 
check the PLL valid flag), the user can then configure the PFDs (dividers), wait for them to be stable (check 
PFD valid flag) and then ungate the PFDs.
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For CM33, there is a glitchless switcher to select the clock source that creates the core, bus and slow clocks. For each one of those 
clocks, a divider is provided to create the final ratio between those synchronous clocks. The ratio value for each clock is defined as:

cm33_clk = output of glitchless clock switcher (GS Mux in the Figure 105)

cm33_coreclk = cm33_clk     / cm33clk.divcore
cm33_busclk  = cm33_coreclk / cm33clk.divbus
cm33_slowclk = cm33_coreclk / cm33clk.divslow

A write to any register that selects the clock division synchronously stop the clocks, the new value is updated to affected dividers, 
and all dividers resume their operation at the same time.

In the case of Fusion DSP core the clocks are created in the same way:

dsp_clk = output of glitchless clock switcher (GS Mux in the Figure 105)

dsp_coreclk = dsp_clk     / fusionclk.divcore
dsp_busclk  = dsp_coreclk / fusionclk.divbus
dsp_slowclk = dsp_coreclk / fusionclk.divslow

To guarantee that all synchronous clocks are in phase there is a logic that continuously check if a positive edge of all synchronous 
clocks are coincident, user can select if an interrupt is generated or the dividers are halted and reseted by programming the 
bit clkdivrst.cm33_phase_sel.

6.3.3 Clocks

The RTD_CGC has two clock inputs named ipg_clk and ipg_clk_s.

Both are used for registers/logic connected to IPS bus and it is expected to be at the same frequency of bus clock.

6.3.4 Interrupts

This table describes the interrupts that RTD_CGC generates.

Signal Description

rtd_cgc_async_int If CM33, FUSION or SOSC clocks are out of sync and corresponding interrupt enable 
register is set to 1, an interrupt is generated.

rtd_cgc_loc_rst_req If SOSC clock is out of sync, a reset request is generated.

rtd_cgc_lol_rst_req This interrupt is disabled in the RTD_CGC.

6.4 External signals
This table describes the RTD_CGC module signals.

Signal I/O Description

XTAL I SOSC Crystal input

EXTAL I/O SOSC Crystal output or External clock input

Table continues on the next page...
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Table continued from the previous page...

Signal I/O Description

XTAL32 I RTC OSC 32KHz Crystal input

EXTAL32 I/O RTC OSC 32KHz Crystal output or External clock input

CLKOUT0 O RTD System Clock Output

6.5 Application information

The RTD_CGC has two PLLs with specific requirements to be programmed.

PLL0 and PLL1 setup are controlled by an internal module, user must select reference clock, the PLL multiplier, the fractional 
numerator/denominator and spread spectrum before the PLLEN bit is asserted.

After PLLs are stable (user should check the PLL valid flag), the user can then configure the PFDs (dividers), wait for them to be 
stable (check PFD valid flag) and then ungate the PFDs.

6.6 Memory Map and register definition
This section includes the RTD_CGC module memory map and detailed descriptions of all registers.

6.6.1 RTD_CGC register descriptions

6.6.1.1 RTD_CGC memory map

CGC0 base address: 2802_F000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0000_0000h

10h Clock Selection and Dividers for the M33 Domain (CM33CLK) 32 RW 0820_0087h

1Ch Clock Selection and Dividers for the Fusion DSP Domain 
(FUSIONCLK)

32 RW 0800_0085h

20h Clockout selection for Real Time Domain (CLKOUTCFG) 32 RW 0000_0000h

90h Clk Dividers Reset (CLKDIVRST) 32 RW 0008_0008h

104h System OSC Control Status Register (SOSCCSR) 32 RW 0000_0000h

108h Clock Dividers for the SYS OSC Oscillator (SOSCDIV) 32 RW 0080_8080h

10Ch System Oscillator Configuration Register (SOSCCFG) 32 RW 0000_0000h

200h FRO Control Status Register (FROCSR) 32 RW 0300_0000h

204h FRO Control Register (FROCTRL) 32 RW 0000_0000h

208h FRO Cap Val Register (FROCAPVAL) 32 R 0000_0000h

210h RD Trim Values for FRO (FRORDTRIM) 32 RW 0000_0258h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

214h SC TRIM value for FRO (FROSCTRIM) 32 RW 0000_001Fh

220h Clock Dividers for the FFRO 192 MHz Oscillator (FRODIV) 32 RW 0080_8080h

230h Trim values loaded from fuses (FRORDTRIM_FUSE) 32 R 0000_0000h

240h SC Trim Values loaded from fuses (FROSCTRIM_FUSE) 32 R 0000_0000h

300h Low Power OSC Control Status Register (LPOSCCSR) 32 RW 0000_0000h

304h LPO Oscillator Control Register (LPOSCCTRL) 32 RW 007B_C4D4h

404h ROSCCSR (ROSCCTRL) 32 RW 0100_0000h

500h System OSC Control Status Register (PLL0CSR) 32 RW 0000_0000h

504h Clock Dividers for the fractional PLL0 (PLL0DIV_VCO) 32 RW 0000_0080h

508h Clock Dividers for the fractional PLL0 (PLL0DIV_PFD_0) 32 RW 0000_8080h

510h PLL0 Register Enable (PLL0CFG) 32 RW 0003_0000h

514h PLL0 Configuration Register (PLL0PFDCFG) 32 RW 8080_8080h

524h PLL LOCK Configuration Register (PLL0LOCK) 32 RW 0000_0600h

600h PLL1 Control Status Register (PLL1CSR) 32 RW 0000_0000h

604h Clock Dividers for the fractional PLL1 (PLL1DIV_VCO) 32 RW 0000_0080h

608h Clock Dividers for the fractional PLL1 (PLL1DIV_PFD_0) 32 RW 0000_8080h

610h PLL1 Configuration Register (PLL1CFG) 32 RW 0016_0000h

614h PLL1 Configuration Register (PLL1PFDCFG) 32 RW 8080_8080h

618h PLL Denominator Register (PLL1DENOM) 32 RW 0000_0001h

61Ch PLL Numerator Register (PLL1NUM) 32 RW 0000_0000h

620h PLL Spread Spectrum Register (PLL1SS) 32 RW 0000_0000h

624h PLL LOCK Configuration Register (PLL1LOCK) 32 RW 0000_1300h

808h Clock Dividers for the RTC Oscillator (RTCDIV) 32 RW 0000_0511h

900h AUD_CLK0 source to SAI0-3 (AUD_CLK0) 32 RW 0000_0000h

904h SAI3-0 Clock Source Selection (SAI3_0_CLK) 32 RW 0000_0000h

908h Multiplexer to select the audio clock connected to the TPM clock 
input (TPM3_2CLK)

32 RW 0000_0000h

90Ch Multiplexer to select the audio clock connected to the MQS clock 
input (MQS0CLK)

32 RW 0000_0000h

914h Multiplexer to select the eMICFIL clock source (EMICFIL) 32 RW 0000_0000h
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6.6.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
This register records the specific version of the RTD_CGC module in the chip.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number, indicating the feature set present in this instance of 
RTD_CGC.

6.6.1.3 Clock Selection and Dividers for the M33 Domain (CM33CLK)

Offset

Register Offset

CM33CLK 10h

Function
The CM33CLK register selects the clock source and the clock frequency division for core, bus and slow clocks of M33 domain.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CM33L
OC... SCS 

SCSW 
DIVCORE Reserved 

W

Reset 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DIVBUS 

Reserv
ed 

DIVSLOW 
W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1

Fields

Field Function

31

CM33LOCKED

CM33 CLK Register Locked

A clock source selection or clock division change is in progress, access to CM33CLK register is locked.

30-28

SCS

Clock Selection for M33 Domain

Selects the clock source for M33 Clock Dividers

000 - FRO 192 MHz

001 - PLL0 PFD0

010 - PLL1 PFD0

011 - SOSC

100 - Reserved

101 - Reserved

110 - PLL0

111 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-21

DIVCORE

Clock Division for Core Clock

Select the clock division for core_clk of the M33 domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E.

20-13

—

Reserved

12-7 Clock Division for Bus Clk

Table continues on the next page...
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Table continued from the previous page...

Field Function

DIVBUS Select the clock division for bus_clk of the M33 domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E.

Maximum Ratio between Core Clock and Bus Clock must be 16.

6

—

Reserved

5-0

DIVSLOW

Clock Division for Slow Clock

Select the clock division for slow_clk of the M33 domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E.

6.6.1.4 Clock Selection and Dividers for the Fusion DSP Domain (FUSIONCLK)

Offset

Register Offset

FUSIONCLK 1Ch

Function
The FUSIONCLK register selects the clock source and the clock frequency division for core, bus and slow clocks of DSP 
domain.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FUSIO
NL... SCS 

SCSW 
DIVCORE Reserved 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DIVBUS 

Reserv
ed 

DIVSLOW 
W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1

Fields

Field Function

31 FUSION CLK Register Locked

Table continues on the next page...
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Table continued from the previous page...

Field Function

FUSIONLOCKE
D

A clock source selection or clock division change is in progress, access to FUSIONCLK register is 
locked.

30-28

SCS

Clock Selection for DSP Domain

Selects the clock source for M33 Clock Dividers

000 - FRO 192 MHz

001 - PLL0 PFD0

010 - PLL0 PFD1

011 - SOSC

100 - Reserved

101 - Reserved

110 - PLL0

111 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-21

DIVCORE

Clock Division for Core Clock

Select the clock division for core_clk of the DSP domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E.

20-13

—

Reserved

12-7

DIVBUS

Clock Division for Bus Clk

Select the clock division for bus_clk of the DSP domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E.

Maximum Ratio between Core Clock and Bus Clock must be 16.

6

—

Reserved

5-0

DIVSLOW

Clock Division for Slow Clock

Select the clock division for slow_clk of the DSP domain, the selected division is the value of the field + 
1.

Valid range is 0 - 3E.
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6.6.1.5 Clockout selection for Real Time Domain (CLKOUTCFG)

Offset

Register Offset

CLKOUTCFG 20h

Function
Select the clock source redirected to CLKOUT pin

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CLKO
UT_...

CLKOUT_SEL CLKOUT_DIV 
Reserv

ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

CLKOUT_EN

Clockout Enable

Enable the selected clockout signal to the pads.

27-23

CLKOUT_SEL

Select the clock source redirected to CLKOUT pin

00000 cm33_coreclk

00001 cm33_busclk

00010 cm33_slowclk

00011 dsp_coreclk

00100 dsp_busclk

00101 dsp_slowclk

00110 fro192clk

00111 pll0vcodiv

01000 pll1vcodiv

Table continues on the next page...
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Table continued from the previous page...

Field Function

01001 osc_clk

01010 lpoclk

01011 pll0pfd0clk

01100 pll0pfd1clk

01101 pll0pfd2clk

01110 pll0pfd3clk

01111 pll1pfd0clk

10000 pll1pfd1clk

10001 pll1pfd2clk

10010 pll1pfd3clk

10011 reserved

.

.

.

11111 reserved

22-17

CLKOUT_DIV

Select the clock division for the CLKOUT pin

The selected division is the value of the field + 1.

Valid range is 0 - 3F.

16-0

—

Reserved

6.6.1.6 Clk Dividers Reset (CLKDIVRST)

Offset

Register Offset

CLKDIVRST 90h

Function

The CLKDIVRST register will select if the clock dividers of system clocks should reset when synchronous clock are out of phase.

The user has 3 options to deal with out-of-phase condition: only reset the clock dividers, issue an interrupt, or issue a reset request. 
If only reset the clock dividers is selected, the user must check the OUT_OF_PHASE bit field, halt clock dividers and only after 
that, enable the reset of clock dividers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CM33_
RE...

CM33_
IN...

CM33_
RS...

CM33_
OU...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

FUSIO
N_...

FUSIO
N_...

FUSIO
N_...

FUSIO
N_...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-20

—

Reserved

19

CM33_RESET_
EN

Enable of reset generation when CM33 system clocks are out of phase

0 - No reset is generated when cm33 system clocks are out of phase

1 - A reset is generated when cm33 system clocks are out of phase

18

CM33_INTERR
UPT_EN

Selection between interrupt generation or clock dividers reset when cm33 system clocks are out of phase

0 - No interrupt is generated when cm33 system clocks are out of phase

1 - An interrupt is generated when cm33 system clocks are out of phase

17

CM33_RST_DI
VIDERS_EN

CM33 system clocks dividers out of phase interrupt

0 - The cm33 clock dividers are not reset when cm33 clocks are out of phase

1 - The cm33 clock dividers are reset when cm33 clocks are out of phase

16

CM33_OUT_OF
_PHASE

CM33 system clocks dividers reset

0 - The cm33 system clocks are in phase

1 - The cm33 system clocks are out of phase, write one to clear this flag

15-4

—

Reserved

3

FUSION_RESE
T_EN

Enable of reset generation when fusion system clocks are out of phase

0 - No reset is generated when fusion system clocks are out of phase

1 - A reset is generated when fusion system clocks are out of phase

2 Selection between interrupt generation or clock dividers reset when fusion system clocks are out of phase

Table continues on the next page...
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Table continued from the previous page...

Field Function

FUSION_INTE
RRUPT_EN

0 - No interrupt is generated when fusion system clocks are out of phase

1 - An interrupt is generated when fusion system clocks are out of phase

1

FUSION_RST_
DIVIDERS_EN

Fusion system clocks dividers out of phase interrupt

0 - The fusion clock dividers are not reset when fusion clocks are out of phase

1 - The fusion clock dividers are reset when fusion clocks are out of phase

0

FUSION_OUT_
OF_PHASE

Fusion system clocks dividers reset

0 - The fusion system clocks are in phase

1 - The fusion system clocks are out of phase, write on to clear this flag

6.6.1.7 System OSC Control Status Register (SOSCCSR)

Offset

Register Offset

SOSCCSR 104h

Function
System Oscillator Control Status Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

SOSC
ERR 

SOSC
SEL 

SOSC
VLD LK Reserved 

SOSC
CMRE 

SOSC
CM 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SOSC
DSEN 

SOSC
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

26

SOSCERR

System OSC Clock Error

This flag is reset on Chip POR only, software can also clear this flag by writing a logic one.

0 - System OSC Clock Monitor is disabled or has not detected an error

1 - System OSC Clock Monitor is enabled and detected an error

25

SOSCSEL

System OSC Selected

0 - System OSC is not used as clock source

1 - System OSC is used as clock source

24

SOSCVLD

System OSC Valid

0 - System OSC is not enabled or clock is not valid

1 - System OSC is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-18

—

Reserved

17

SOSCCMRE

System OSC Clock Monitor Reset Enable

0 - Clock Monitor generates interrupt when error detected

1 - Clock Monitor generates reset when error detected

16

SOSCCM

System OSC Clock Monitor

Enables the clock monitor when SOSCVLD is set.

0 - System OSC Clock Monitor is disabled

1 - System OSC Clock Monitor is enabled

15-2

—

Reserved

1

SOSCDSEN

System OSC Enable in Deep Sleep

0 - System OSC is disabled in Deep Sleep

1 - System OSC is enabled in Deep Sleep

0

SOSCEN

System OSC Enable

0 - System OSC is disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1 - System OSC is enabled

6.6.1.8 Clock Dividers for the SYS OSC Oscillator (SOSCDIV)

Offset

Register Offset

SOSCDIV 108h

Function
The OSCDIV register selects the clock division for the soscdiv1, soscdiv2, and soscdiv3.

Halt bits are used to disable the clock divider operation.

Div bit fields can be freely modified but once a new division is in progress, the locked bit field is set to indicate this condition.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

DIV3HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

22 The value of clock division was changed and access to DIV3 is locked.

Table continues on the next page...
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Field Function

DIV3LOCKED 0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for Platform Clock

Select the clock division for soscdiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked.

0 - DIV2 bit field is unlocked

1 - DIV2 bit field is locked

13-8

DIV2

Clock Division for Bus Clock

Select the clock division for soscdiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for Slow Clock

Select the clock division for soscdiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F.

6.6.1.9 System Oscillator Configuration Register (SOSCCFG)

Offset

Register Offset

SOSCCFG 10Ch

Function
System Oscillator Configuration Register
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved HGO 

SYSO
SC_...

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

HGO

High Gain Oscillator Select

Controls the crystal oscillator power mode of operations.

0 - Configure crystal oscillator for low-power operation

1 - Configure crystal oscillator for high-gain operation

2

SYSOSC_BYP
ASS_EN

System Oscillator Bypass Enable

Selects the source for the external reference clock. This bit selects which clock is output from the System 
OSC (SOSC) into the RTD_CGC, thus either the crystal oscillator or from an external clock input.

0 - Internal crystal oscillator of OSC requested

1 - External reference clock selected

1-0

—

Reserved

6.6.1.10 FRO Control Status Register (FROCSR)

Offset

Register Offset

FROCSR 200h

Function
FROCSR has the controls and status bit of FRO clock source.

The FRO is disabled during Deep Power Down or Power Down modes if is not used as clock source.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FROS
EL 

FROV
LD LK Reserved 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

FROD
SEN 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

FROSEL

FRO Selected

0 - FRO is not used as clock source

1 - FRO is used as clock source

24

FROVLD

FRO Valid

0 - FRO is not enabled or clock is not valid

1 - FRO is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2

—

Reserved

1

FRODSEN

FRO Enable in Sleep Mode

0 - FRO is disabled in Sleep/Deep Sleep Modes

1 - FRO is enabled in Sleep/Deep Sleep Modes

0

—

Reserved
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6.6.1.11 FRO Control Register (FROCTRL)

Offset

Register Offset

FROCTRL 204h

Function
FRO Control Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ENA_
TUNE 

Reserved THRESH_RANGE_LOW THRESH_RANGE_UP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EXP_COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ENA_TUNE

Enable Tuning

Setting ENA_TUNE bit will start the tuning process. Tuning will continue indefinitely until ENA_TUNE bit 
is cleared.

0 - Stop tuning

1 - Start tuning

30-26

—

Reserved

25-21

THRESH_RAN
GE_LOW

Threshold Range Lower Limit

The upper and lower threshold values define a range of counts above EXP_COUNT to keep the 
oscillator within the target range. An API routine must provide the Threshold Range Lower Limit value.

20-16

THRESH_RAN
GE_UP

Threshold Range Upper Limit

The upper and lower threshold values define a range of counts above EXP_COUNT to keep the 
oscillator within the target range. An API routine must provide the Threshold Range Upper Limit value.

15-0

EXP_COUNT

Expected Count

The “ideal” count value for the Target Counter. The EXP_COUNT field is a function of the ratio of the 
reference clock frequency and the ideal target clock frequency.
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6.6.1.12 FRO Cap Val Register (FROCAPVAL)

Offset

Register Offset

FROCAPVAL 208h

Function
FRO Cap Val Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA_
VA... Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CAPVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

DATA_VALID

Data Valid

DATA_VALID bit is set by hardware when CAPVAL is loaded at the end of each measurement cycle. 
DATA_VALID is cleared automatically when the Trim Register is written to. The DATA_VALID flag 
may be used for software gross tuning, which is likely on initial start-up, especially when using a low 
frequency reference clock.

0 - CAPVAL data is not valid

1 - CAPVAL data is valid

30-16

—

Reserved

15-0

CAPVAL

Captured Value

The Target Count value captured at the end of the measurement cycle
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6.6.1.13 RD Trim Values for FRO (FRORDTRIM)

Offset

Register Offset

FRORDTRIM 210h

Function
Resistive Divider Trim Values for FRO

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRIM 

W

Reset 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0

Fields

Field Function

31-11

—

Reserved

10-0

TRIM

Trim

TRIM is the trim value supplied to the oscillator, and is initialized by the bootcode. During operation, 
the FRO_Tuner increments or decrements the TRIM value as required, to get the oscillator into its 
target frequency range and keep it there. Software may also write to the TRIM field to perform “gross 
tuning”, which is likely on initial start-up, especially when using a low-frequency reference clock. Writing 
to the TRIM field also clears the DATA_VALID flag in the Captured Value Register (FRO_CAPVAL). The 
0x01BF reset value shown applies only to the hardware initialization on reset. For production parts, the 
reset value is modified by the bootcode before the execution of user software.

6.6.1.14 SC TRIM value for FRO (FROSCTRIM)

Offset

Register Offset

FROSCTRIM 214h
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Function
Switched Capacitor Trim Values for FRO

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRIM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

Fields

Field Function

31-6

—

Reserved

5-0

TRIM

Switched Capacitor TRIM Value for FRO

6.6.1.15 Clock Dividers for the FFRO 192 MHz Oscillator (FRODIV)

Offset

Register Offset

FRODIV 220h

Function
The FFRODIV register selects the clock division for the ffrodiv1, ffrodiv2 and ffrodiv3.

Halt bits are used to disable the clock divider operation.

Div bit fields can be freely modified but once a new division is in progress, the locked bit field is set to indicate this condition.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked.

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for Platform Clock.

Select the clock division for ffrodiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted.

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked.

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for Bus Clock

Select the clock division for ffrodiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

DIV1HALT

Divider 1 Halted.

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked.

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for Slow Clock

Select the clock division for ffrodiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

6.6.1.16 Trim values loaded from fuses (FRORDTRIM_FUSE)

Offset

Register Offset

FRORDTRIM_FUSE 230h

Function
Register to store data for FRO RD trim loaded from fuses.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

RD_TRIM_FROM_FUSES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

10-0

RD_TRIM_FRO
M_FUSES

This register captures the value of FRO trim that were defined by fuses.

6.6.1.17 SC Trim Values loaded from fuses (FROSCTRIM_FUSE)

Offset

Register Offset

FROSCTRIM_FUSE 240h

Function
Register to store data for FRO CS Trim loaded from fuses.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SC_TRIM_FROM_FUSES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-0

SC_TRIM_FRO
M_FUSES

SC TRIM Values loaded from fuses
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6.6.1.18 Low Power OSC Control Status Register (LPOSCCSR)

Offset

Register Offset

LPOSCCSR 300h

Function
Low Power Oscillator Control Status Register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

LPOS
CVLD LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LPOS
CDS...

LPOS
CEN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

LPOSCVLD

Low Power OSC Valid

0 - LPOSC is not enabled or clock is not valid

1 - LPOSC is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2

—

Reserved

1

LPOSCDSEN

Low Power OSC Enable in Deep Sleep

0 - LPOSC is disabled in Deep Sleep

Table continues on the next page...
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Table continued from the previous page...

Field Function

1 - LPOSC is enabled in Deep Sleep

0

LPOSCEN

Low Power OSC Enable

0 - LPOSC module is disabled

1 - LPOSC module is enabled

6.6.1.19 LPO Oscillator Control Register (LPOSCCTRL)

Offset

Register Offset

LPOSCCTRL 304h

Function
This register is reset to a value of 0x807B C4D4; however, the value found here is determined by what is programmed in the 
respective word’s location within the Fuse OTP.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIS_
ZTC 

ZTC 
W

Reset 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ZTC PTAT BIASCURRENT 

W

Reset 1 1 0 0 0 1 0 0 1 1 0 1 0 1 0 0

Fields

Field Function

31-23

—

Reserved

22

DIS_ZTC

Disable ZTC

Disable ZTC (formerly known as SEL) deactivates an additional small amount of ZTC current, which is 
needed in a few process corners to achieve ± 4% accuracy over process and temperature. 0 - A small 
amount of ZTC current is not deactivated 1 - A small amount of ZTC current is deactivated

Table continues on the next page...
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Field Function

21-14

ZTC

ZTC

Adjust ZTC component for temperature curvature (process-independent)

13-8

PTAT

PTAT

Adjust PTAT component for temperature curvature (process-independent)

7-0

BIASCURRENT

BIASCURRENT

32-set core bias current at room temperature (center frequency setting)

6.6.1.20 ROSCCSR (ROSCCTRL)

Offset

Register Offset

ROSCCTRL 404h

Function
RTC OSC Control Status Register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ROSC
ERR 

ROSC
SEL 

ROSC
VLD LK Reserved 

ROSC
CMRE 

ROSC
CM 

W W1C

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26 RTC OSC Clock Error

This flag is reset on Chip POR only, software can also clear this flag by writing a logic one.
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Field Function

ROSCERR 0 - RTC OSC Clock Monitor is disabled or has not detected an error

1 - RTC OSC Clock Monitor is enabled and detected an error

25

ROSCSEL

RTC OSC Selected

0 - RTC OSC is not used as clock source

1 - RTC OSC is used as clock source

24

ROSCVLD

RTC OSC Valid

0 - RTC OSC is not enabled or clock is not valid

1 - RTC OSC is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-18

—

Reserved

17

ROSCCMRE

RTC OSC Clock Monitor Reset Enable

Reserved bit - writes to this bit will not have any effect.

16

ROSCCM

RTC OSC Clock Monitor

Reserved bit - writes to this bit will not have any effect.

15-0

—

Reserved

6.6.1.21 System OSC Control Status Register (PLL0CSR)

Offset

Register Offset

PLL0CSR 500h

Function
System Oscillator Control Status Register
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLLSE
L 

PLLVL
D LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLL0D
SEN 

PLL0E
N W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

PLLSEL

PLL0 Selected

0 - PLL0 is not used as clock source

1 - PLL0 is used as clock source

24

PLLVLD

PLL0 Valid

0 - PLL0 is not enabled or clock is not valid

1 - PLL0 is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2

—

Reserved

1

PLL0DSEN

PLL0 Enable in Deep Sleep

0 - PLL0 is disabled in Sleep/Deep Sleep modes

1 - PLL0 is enabled in Sleep/Deep Sleep modes

0

PLL0EN

PLL0 Enable

When configuring the PLL0, PLL0LEN should be set/cleared first. Then the rest of the configuration 
process can be completed (disable PFDs, etc).

0 - PLL0 is disabled

1 - PLL0 is enabled
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6.6.1.22 Clock Dividers for the fractional PLL0 (PLL0DIV_VCO)

Offset

Register Offset

PLL0DIV_VCO 504h

Function
The PLL0DIV_VCO Register control the division value of the PLL0 VCO Clock

Halt bits are used to disable the clock divider operation

Div bit fields can be freely modified but once a new division is in progress the locked bit field is set to indicate this condition.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL0 VCO Clock

Select the clock division for pll0vcodiv clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F
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6.6.1.23 Clock Dividers for the fractional PLL0 (PLL0DIV_PFD_0)

Offset

Register Offset

PLL0DIV_PFD_0 508h

Function
The PLL0DIV register selects the clock division for the pll0pfd1div and pll0pfd2div.

Halt bits are used to disable the clock divider operation

Div bit fields can be freely modified but once a new division is in progress the locked bit field is set to indicate this condition.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL0 PFD2 Clock

Select the clock division for pll0pfd2div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL0 PFD1 Clock

Select the clock division for pll0pfd1div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

6.6.1.24 PLL0 Register Enable (PLL0CFG)

Offset

Register Offset

PLL0CFG 510h

Function
The PLL0CFG register will configure the PLL0 enable

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved MULT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HOLD
RIN...

Reserved 
DOUB
LE_...

DOUB
LE_...

HALF_
CP...

HALF_
LR...

Reserved 
SOUR

CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

18-16

MULT

System PLL Multiplier

Multiplier for the System PLL. The MULT bits establish the multiplication factor applied to the PLL 
reference clock frequency.

PLL Output Frequency = Divided Reference Frequency * MULT

Valid Div Input Reference frequency are (in MHz): 24 (default), 32, 30, 19.2 and 16

Valid MULT values are 15, 16, 20, 22, 25, or 30

000 - Reserved

001 - MULT = 15

010 - MULT = 16

011 - MULT = 20

100 - MULT = 22

101 - MULT = 25

110 - MULT = 30

111 - Reserved

15-14

—

Reserved

13

HOLDRING_OF
F

HOLDRING_OFF

Use HOLDRING_OFF to avoid multi-wave problems within the VCO. Assert HOLDRING_OFF bit in the 
1st half of lock time; de-assert HOLDRING_OFF bit in the 2nd half of lock time.

0 - Disable

1 - Enable

12-7

—

Reserved

6

DOUBLE_CP_C
URRENT

Double Charge Pump Current

0 - Double Charge Pump Current Disabled

1 - Double Charge Pump Current Enabled

5

DOUBLE_LF_R

Double Resistor in Low Pass Filter

0 - Double Resistor in Low Pass Filter Disabled

1 - Double Resistor in Low Pass Filter Enabled

4 Half Charge Pump Current

0 - Half Charge Pump Current Disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

HALF_CP_CUR
RENT

1 - Half Charge Pump Current Enabled

3

HALF_LR_R

Half Resistor in Low Pass Filter

0 - Half Resistor in Low Pass Filter Disabled

1 - Half Resistor in Low Pass Filter Enabled

2-1

—

Reserved

0

SOURCE

Clock Source

Configures the input clock source for the System PLL.

0 - System OSC (SOSC)

1 - FRO 24MHz

6.6.1.25 PLL0 Configuration Register (PLL0PFDCFG)

Offset

Register Offset

PLL0PFDCFG 514h

Function
The PLL0PFDCFG register configures the PFD0 to PFD3 from PLL0

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFD3_
CL...

PFD3_
VA... PFD3 

PFD2_
CL...

PFD2_
VA... PFD2 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFD1_
CL...

PFD1_
VA... PFD1 

PFD0_
CL...

PFD0_
VA... PFD0 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fields

Field Function

31

PFD3_CLKGAT
E

Clock gate of PFD3

30

PFD3_VALID

PFD3_VALID

Indicates when PFD3 clock is valid. Will clear when PFD3 is written with a new value and will set once 
PFD3 clock becomes stable.

29-24

PFD3

PLL Fractional Divider 3

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd3_frac.

23

PFD2_CLKGAT
E

Clock gate of PFD2

22

PFD2_VALID

PFD2_VALID

Indicates when PFD2 clock is valid. Will clear when PFD2 is written with a new value and will set once 
PFD2 clock becomes stable.

21-16

PFD2

PLL Fractional Divider 2

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd2_frac

15

PFD1_CLKGAT
E

Clock gate of PFD1

14

PFD1_VALID

PFD1_VALID

Indicates when PFD1 clock is valid. Will clear when PFD1 is written with a new value and will set once 
PFD1 clock becomes stable.

13-8

PFD1

PLL Fractional Divider 1

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd1_frac

7

PFD0_CLKGAT
E

Clock gate of PFD0

6

PFD0_VALID

PFD0_VALID

Indicates when PFD0 clock is valid. Will clear when PFD0 is written with a new value and will set once 
PFD0 clock becomes stable.

5-0

PFD0

PLL Fractional Divider 0

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac
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6.6.1.26 PLL LOCK Configuration Register (PLL0LOCK)

Offset

Register Offset

PLL0LOCK 524h

Function
Defines the delay time when the PLL0 lock can be considered valid.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK_TIME 

W

Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

LOCK_TIME

LOCK_TIME

Configures the number of reference clocks to count before PLL is considered locked and valid.

6.6.1.27 PLL1 Control Status Register (PLL1CSR)

Offset

Register Offset

PLL1CSR 600h

Function
PLL1 Main Control and Status Register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLLSE
L 

PLLVL
D LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLLDS
EN 

PLLEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

PLLSEL

PLL1 Selected

0 - PLL1 is not used as clock source

1 - PLL1 is used as clock source

24

PLLVLD

PLL1 Valid

0 - PLL1 is not enabled or clock is not valid

1 - PLL1 is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2

—

Reserved

1

PLLDSEN

PLL1 Enable in Deep Sleep

0 - PLL1 is disabled in Sleep/Deep Sleep modes

1 - PLL1 is enabled in Sleep/Deep Sleep modes

0

PLLEN

PLL Enable

When configuring the PLL, PLLLEN should be set/cleared first. Then the rest of the configuration 
process can be completed (disable PFDs, etc).

0 - PLL is disabled

1 - PLL is enabled

NXP Semiconductors
Clock Generation and Control (CGC0)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 656 / 5781



6.6.1.28 Clock Dividers for the fractional PLL1 (PLL1DIV_VCO)

Offset

Register Offset

PLL1DIV_VCO 604h

Function
The PLL1DIV_VCO Register controls the division value of the PLL1 VCO Clock.

Halt bits are used to disable the clock divider operation.

Div bit fields can be freely modified but once a new division is in progress the locked bit field will be set to indicate this condition.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL1 VCO Clock

Select the clock division for pll1vcodiv clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F
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6.6.1.29 Clock Dividers for the fractional PLL1 (PLL1DIV_PFD_0)

Offset

Register Offset

PLL1DIV_PFD_0 608h

Function
The PLL1DIV register selects the clock division for the pll0pfd1div and pll0pfd2div.

Halt bits are used to disable the clock divider operation.

Div bit fields can be freely modified but once a new division is in progress the locked bit field will be set to indicate this condition.

DIV2HALT and DIV1HALT bits are not connected to clock dividers and a write has no effect on clock dividers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked.

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL1 PFD2 Clock

Select the clock division for pll1pfd2div clock, the selected division is the value of the field + 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

Write to DIV1 Locked

5-0

DIV1

Clock Division for PLL1 PFD1 Clock

Select the clock division for pll1pfd2div clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

6.6.1.30 PLL1 Configuration Register (PLL1CFG)

Offset

Register Offset

PLL1CFG 610h

Function
PLL1 Auxiliary Configuration Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved MULT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HOLD
RIN...

PFD_
OFF...

DITHE
R_...

Reserved 
DOUB
LE_...

DOUB
LE_...

HALF_
CP...

HALF_
LR...

Reserved 
SOUR

CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

22-16

MULT

System PLL Multiplier

Multiplier for the System PLL. The MULT bits establish the multiplication factor applied to the PLL 
reference clock frequency.

• PLL Output Frequency = Divided Reference Frequency * MULT

• The PLL Reference input frequency is limited to the following discrete frequencies: 32, 30, 26, 24, 19.2, 
16 MHz.

• Valid MULT values are 33, 27, 22, 20, 17, 16

MULT should be greater than 20 when PLL1NUM is not 0

15-14

—

Reserved

13

HOLDRING_OF
F

Hold Ring Off Control

Use HOLDRING_OFF to avoid multi-wave problems within the VCO. Assert HOLDRING_OFF bit in the 
1st half of lock time; de-assert HOLDRING_OFF bit in the 2nd half of lock time.

0 - Disable

1 - Enable

12

PFD_OFFSET_
EN

PFD_OFFSET_EN

PFD_OFFSET_EN

11

DITHER_EN

DITHER_EN

DITHER_EN

10-7

—

Reserved

6

DOUBLE_CP_C
URRENT

Double Charge Pump Current

0 - Double Charge Pump Current Disabled

1 - Double Charge Pump Current Enabled

5

DOUBLE_LF_R

Double Resistor in Low Pass Filter

0 - Double Resistor in Low Pass Filter Disabled

1 - Double Resistor in Low Pass Filter Enabled

4

HALF_CP_CUR
RENT

Half Charge Pump Current

0 - Half Charge Pump Current Disabled

1 - Half Charge Pump Current Enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

HALF_LR_R

Half Resistor in Low Pass Filter

0 - Half Resistor in Low Pass Filter Disabled

1 - Half Resistor in Low Pass Filter Enabled

2-1

—

Reserved

0

SOURCE

Clock Source

Configures the input clock source for the System PLL. 0 - System OSC (SOSC) 1 - FRO 24MHz

6.6.1.31 PLL1 Configuration Register (PLL1PFDCFG)

Offset

Register Offset

PLL1PFDCFG 614h

Function
The PLL1PFDCFG register will configure the PFD0 from PLL1

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFD3_
CL...

PFD3_
VA... PFD3 

PFD2_
CL...

PFD2_
VA... PFD2 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFD1_
CL...

PFD1_
VA... PFD1 

PFD0_
CL...

PFD0_
VA... PFD0 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31

PFD3_CLKGAT
E

Clock gate of PFD3

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

PFD3_VALID

PFD3_VALID

Indicates when PFD3 clock is valid. Will clear when PFD3 is written with a new value and will set once 
PFD3 clock becomes stable.

29-24

PFD3

PLL Fractional Divider 3

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd3_frac

23

PFD2_CLKGAT
E

Clock gate of PFD2

22

PFD2_VALID

PFD2_VALID

Indicates when PFD2 clock is valid. Will clear when PFD2 is written with a new value and will set once 
PFD0 clock becomes stable.

21-16

PFD2

PLL Fractional Divider 2

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd2_frac

15

PFD1_CLKGAT
E

Clock gate of PFD1

14

PFD1_VALID

PFD1_VALID

Indicates when PFD1 clock is valid. Will clear when PFD1 is written with a new value and will set once 
PFD1 clock becomes stable.

13-8

PFD1

PLL Fractional Divider 1

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd1_frac

7

PFD0_CLKGAT
E

Clock gate of PFD0

6

PFD0_VALID

PFD0_VALID

Indicates when PFD0 clock is valid. Will clear when PFD0 is written with a new value and will set once 
PFD0 clock becomes stable.

5-0

PFD0

PLL Fractional Divider 0

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac
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6.6.1.32 PLL Denominator Register (PLL1DENOM)

Offset

Register Offset

PLL1DENOM 618h

Function
30-bit denominator of the Auxiliary PLL Fractional-Loop divider NOTE: The value of numerator must always be configured to 
be less than the value of the denominator.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-30

—

Reserved

29-0

DENOM

PLL Denominator Register

30-bit denominator of the System PLL Fractional-Loop divider NOTE: The value of numerator must 
always be configured to be less than the value of the denominator.

6.6.1.33 PLL Numerator Register (PLL1NUM)

Offset

Register Offset

PLL1NUM 61Ch

Function
This register defines the PLL1 numerator value that are used for the final output frequency.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-0

NUM

PLL Numerator Register

30-bit numerator of the Auxiliary PLL Fractional-Loop divider NOTE: The value of numerator must always 
be configured to be less than the value of the denominator

6.6.1.34 PLL Spread Spectrum Register (PLL1SS)

Offset

Register Offset

PLL1SS 620h

Function
This register controls the parameters for the PLL1 Spread Spectrum feature

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ENABL
E 

STEP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

STOP

STOP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
depth. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in DENOM 
register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

15

ENABLE

ENABLE

Enables the spread spectrum modulation. 0 - Spectrum modulation is disabled 1 - Spectrum modulation 
is enabled

14-0

STEP

STEP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
frequency. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in 
DENOM register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

6.6.1.35 PLL LOCK Configuration Register (PLL1LOCK)

Offset

Register Offset

PLL1LOCK 624h

Function
Defines the delay time when the PLL1 lock can be considered valid.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK_TIME 

W

Reset 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-0

LOCK_TIME

LOCK_TIME

Configures the number of reference clocks to count before PLL is considered locked and valid.

6.6.1.36 Clock Dividers for the RTC Oscillator (RTCDIV)

Offset

Register Offset

RTCDIV 808h

Function
The RTCDIV register selects the clock division for the real time clock. The divided clock is available at RTC_CLOCKOUT pins.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HALTD
IV 

DIV1 
W

Reset 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1

Fields

Field Function

31-11

—

Reserved

10

HALTDIV

RTC Divider Halted

0 - RTC divider is running

1 - RTC divider is halted

9-0

DIV1

Clock Division for Slow Clock

Select the clock division for RTC clock, the selected division is the value of the field + 1.

Valid range is 1 - 3FE
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6.6.1.37 AUD_CLK0 source to SAI0-3 (AUD_CLK0)

Offset

Register Offset

AUD_CLK0 900h

Function
Selects the clock source used by the AUD_CLK0

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AUD_CLK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

AUD_CLK0

AUD_CLK0 Clock Source Selection

0000 EXT_AUD_MCLK0 External audio master clock input 0 from pin

0001 SAI0_RX_BCLK SAI0 receiver serial bit clock

0010 SAI0_TX_BCLK SAI0 transmitter serial bit clock

0011 SAI1_RX_BCLK SAI1 receiver serial bit clock

0100 SAI1_TX_BCLK SAI1 transmitter serial bit clock

0101 Reserved

0110 Reserved

0111 Reserved

1000 Reserved

1001 Reserved

1010 Reserved

1011 Reserved
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Table continued from the previous page...

Field Function

1100 Reserved

1101 Reserved

1110 Reserved

1111 Reserved

6.6.1.38 SAI3-0 Clock Source Selection (SAI3_0_CLK)

Offset

Register Offset

SAI3_0_CLK 904h

Function
Selects the clock source used by the SAI0/1/2/3

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved SAI3CLK Reserved SAI2CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SAI1CLK Reserved SAI0CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-24

SAI3CLK

Clock Source for SAI3

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 EXT_AUD_MCLK1 External audio master clock input 1 from pin

10 SAI2_TX_BCLK SAI2 transmitter serial bit clock

11 SYS_OSC Main reference clock to the chip

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-18

—

Reserved

17-16

SAI2CLK

Clock Source for SAI2

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 EXT_AUD_MCLK1 External audio master clock input 1 from pin

10 SAI3_RX_BCLK SAI3 receiver serial bit clock

11 SYS_OSC Main reference clock to the chip

15-10

—

Reserved

9-8

SAI1CLK

Clock Source for SAI1

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 AUD_CLK0 Common audio clock in RTD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

7-2

—

Reserved

1-0

SAI0CLK

Clock Source for SAI0

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 AUD_CLK0 Common audio clock in RTD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

6.6.1.39 Multiplexer to select the audio clock connected to the TPM clock input (TPM3_2CLK)

Offset

Register Offset

TPM3_2CLK 908h

Function
Selects the clock source used by the TPM3 and TPM2
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TPM3CLK Reserved TPM2CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-8

TPM3CLK

Clock Selection for TPM3

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 AUD_CLK0 Common audio clock in RTD

10 AUD_CLK2 Common audio clock in LPAV

11 TPM3_PCC Selected clock from PCC_TPM3

7-2

—

Reserved

1-0

TPM2CLK

Clock Selection for TPM2

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 EXT_AUD_MCLK1 External audio master clock input 1 from pin

10 TPM2_PCC Selected clock from PCC_TPM2

11 Reserved

6.6.1.40 Multiplexer to select the audio clock connected to the MQS clock input (MQS0CLK)

Offset

Register Offset

MQS0CLK 90Ch

Function
Selects the clock source used by the MQS0
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved MQS0CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

MQS0CLK

Clock Selection for MQS0

00 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

01 AUD_CLK0 Common audio clock in RTD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

6.6.1.41 Multiplexer to select the eMICFIL clock source (EMICFIL)

Offset

Register Offset

EMICFIL 914h

Function
Selects the clock source used by the eMICFIL
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved MICFILCLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

MICFILCLK

Clock Source for eMICFIL

000 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

001 FRO24_CLK 24Mhz FRO clock

010 SYS_OSC Main reference clock to the chip

011 EXT_AUD_MCLK1 External audio master clock input 1 from pin

100 32K_RTC_CLK 32K RTC clock

101 1Mhz_LPO_CLK 1Mhz LPO clock

110 Reserved

111 Reserved
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Chapter 7
Clock Generation and Control (CGC1)
7.1 Chip-specific AD_CGC information
Table 44. Reference links to related information

Topic Related module Reference

Full description AD_CGC AD_CGC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

7.1.1 Module instances
This device has one instance of the CGC module in application domain (AD).

7.1.2 CLKOUT restrictions
The following clock restrictions apply for AD CLKOUT (CLKOUT1) signal.

• For 1.1 V(1.0 V wcs): No restriction

• For 1.0 V(0.9 V wcs): The A35 core clock cannot be exposed at clkout pin due to clkout divider timing limitations, or the 
frequency has to be reduced to 353.61 MHz.

• For 0.9 V(0.8 V wcs): The FRO192 is the only available clock source for the whole AD, including the CA35 core clock, 
which can be exposed to the CLKOUT.

7.2 Overview
The AD_CGC module is a specific chip module created to control the clock configuration for the application domain.
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7.2.1 Block diagram

Figure 106. AD_CGC block diagram

7.2.2 Features
The AD_CGC includes the following features:

• Configuration of the following clock sources:

— PLL2 running at 1GHz

— PLL3 running at 528 MHz with 4 PFDs

• Glitchless Clock Switcher 8 to 1

• Clock divider with control signals to halt and reset clock division

• Sync signal between platform and bus clocks for application domain crossbar

• CLKOUT selection from 8 clock sources

• Clock selection for system audio interface

7.3 Functional description
The following sections describe functional details of the AD_CGC module.
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7.3.1 Operating modes

This section describes all functional operation modes of the AD_CGC module.

7.3.1.1 Low power modes

During Sleep/Deep Sleep, Power Down or Deep Power Down modes the AD_CGC configure the clocks sources that must be 
running. The configuration is done using the bit fields ending with *DSEN from *CSR registers. The PLL2 1 GHz and PLL3 528 
MHz clock sources can be enabled in Sleep or Deep Sleep modes. AD_CGC can use other clock sources that are configured in 
real time domain like FRO 192 MHz or crystal oscillator, the real-time domain will not disable those clock sources if they are in 
use in AD_CGC.

7.3.2 Operations

The SW needs to ensure there is no traffic from XBAR_AD masters that can reach XBAR_RTD (via XBAR_AD.S5) before 
XBAR_AD stall is requested. A XBAR_AD stall is requested every time a clock source or clock ratio change is requested. Based on 
the fact that the RTD has AXBS0 and AXBS1, and AD_AXBS access->RTD peripheral (e.g. FLEXSPI1) and RTD (e.g. EdgeLock 
secure enclave/uPower) access->AD memory (e.g. SRAM1) are both going through AXBS1 M7 port, when AD AXBS receives the 
halt request (no RTD_AXBS halt), and if there is on-going traffic from AD (e.g. DMA1/uSDHC0) accessing the RTD peripherals 
(e.g. FlexSPI1), and at the same time, there is traffic from RTD AXBS0 masters (e.g. uPower or EdgeLock secure enclave) 
accessing the AD peripherals (e.g. SRAM0), these two traffic are both routed via the AXBS1 M7 port, deadlock can occur.

7.3.3 Clocks

The AD_CGC has two clock inputs named ipg_clk and ipg_clk_s.

Both are used for registers/logic connected to IPS bus and it is expected to be at the same frequency of bus clock.

7.3.4 Interrupts

This table describes the interrupts that AD_CGC generates.

Signal Description

ad_cgc_async_int If NIC clocks (NIC_APCLK, NIC_PERCLK, XBAR_APCLK, XBAR_BUSCLK or 
AD_SLOW_CLK) are out of sync and NIC_INTERRUPT_EN register is set to 1 an 
interrupt is generated

ad_cgc_loc_rst_req This interrupt is disabled in the AD_CGC

ad_cgc_lol_rst_req This interrupt is disabled in the AD_CGC

nic_clks_out_of_sync If NIC clocks (NIC_APCLK, NIC_PERCLK, XBAR_APCLK, XBAR_BUSCLK or 
AD_SLOW_CLK) are out of sync and NIC_RESET_EN register is set to 1 a reset request 
is generated

7.4 External signals
This table describes the AD_CGC module signals.

Signal I/O Description

CLKOUT1 O AD System Clock Output
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7.5 Application information

The AD_CGC has two PLLs with specific requirements to be programmed.

PLL2 setup is controlled by an internal module, user must select reference clock, the PLL multiplier, the fractional numerator/
denominator and spread spectrum before the PLLEN bit is asserted.

Once PLL2 is running and the PLLEN is set to 0 user must wait 1us before PLLEN again.

For PLL3 user has to configure all VCO parameters, reference clock selection and locktime before enabling the PLL. After PLL is 
stable (user should check the PLL valid flag), the PFDs (dividers) can be configured. User must wait for them to be stable (check 
PFD valid flag) and then ungate the PFDs.

7.6 Memory Map and register definition
This section includes the AD_CGC module memory map and detailed descriptions of all registers.

7.6.1 AD_CGC register descriptions

7.6.1.1 AD_CGC memory map

CGC1 base address: 292C_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0000_0000h

14h Clock Selection and Dividers for the CA35 Domain (CA35CLK) 32 RW 0800_0000h

20h Clockout selection for Application Domain (CLKOUTCFG) 32 RW 0000_0000h

34h Clock Selection and Dividers for the NIC/XBAR Domain (NICCLK) 32 RW 0820_4000h

38h Clock Selection and Dividers for the NIC/XBAR Domain (XBARCLK) 32 RW 0000_4087h

90h Clk Dividers Reset (CLKDIVRST) 32 RW 0008_0000h

108h Clock Dividers for the SYS OSC Oscillator (SOSCDIV) 32 RW 0080_8080h

208h Clock Dividers for the FFRO 192 MHz Oscillator (FRODIV) 32 RW 0080_8080h

500h PLL2 Control Status Register (PLL2CSR) 32 RW 0000_0000h

510h PLL2 Configuration Register (PLL2CFG) 32 RW 0016_0000h

518h Fractional PLL2 Denominator Control Register (PLL2DENOM) 32 RW 0000_0001h

51Ch Fractional PLL2 Numerator Control Register (PLL2NUM) 32 RW 0000_0000h

520h Fractional PLL2 Spread Spectrum Control Register (PLL2SS) 32 RW 0000_0000h

600h PLL3 Control Status Register (PLL3CSR) 32 RW 0000_0000h

604h Clock Dividers for the fractional PLL3 (PLL3DIV_VCO) 32 RW 0000_0080h

608h Clock Dividers for the fractional PLL3 (PLL3DIV_PFD_0) 32 RW 8080_8080h

60Ch Clock Dividers for the fractional PLL3 (PLL3DIV_PFD_1) 32 RW 8080_8080h

610h PLL3 Configuration Register (PLL3CFG) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

614h PLL3 Configuration Register (PLL3PFDCFG) 32 RW 8080_8080h

618h PLL3 Denominator Register (PLL3DENOM) 32 RW 1FFF_FFDBh

61Ch PLL3 Numerator Register (PLL3NUM) 32 RW 0000_0007h

620h PLL3 Spread Spectrum Register (PLL3SS) 32 RW 0000_0000h

624h PLL3 LOCK Configuration Register (PLL3LOCK) 32 RW 0000_1300h

700h Clock Selection for Ethernet Time Stamp (ENETSTAMP) 32 RW 0000_0000h

810h PLLUSB Register Enable (PLLUSBCFG) 32 RW 0000_0000h

900h AUD_CLK1 source to SAI4-5 (AUD_CLK1) 32 RW 0000_0000h

904h SAI5-4 Clock Source Selection (SAI5_4_CLK) 32 RW 0000_0000h

908h Multiplexer to select the audio clock connected to the TPM clock 
input (TPM6_7CLK)

32 RW 0000_0000h

90Ch Multiplexer to select the audio clock connected to the MQS clock 
input (MQS1CLK)

32 RW 0000_0000h

7.6.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
This register records the specific version of the AD_CGC module in the chip.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the specification.

Current revision is 00000000

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the specification.

Current revision is 00000000

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number, indicating the feature set present in this instance of 
AD_CGC.

0000_0000_0000_0010b - Master only with standard feature set.

0000_0000_0000_0011b - Master and slave with standard feature set.

7.6.1.3 Clock Selection and Dividers for the CA35 Domain (CA35CLK)

Offset

Register Offset

CA35CLK 14h

Function
The CA35CLK register will select the clock source and the clock frequency division for core, plat, bus and slow clocks of CA35 
domain.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CA35L
OC... Reserv

ed 
SCS 

SCSW 
DIVCORE Reserved 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

CA35LOCKED

CA35CLK Register Locked

A change to clock source or clock ratio is in progress and the access to CA35CLK register is locked

0 - Access to CA35CLK register is unlocked

1 - Access to CA35CLK register is locked

30

—

Reserved

29-28

SCS

Clock Selection for CA35 Domain

Selects the clock source for CA35 Clock Dividers

00 - FRO 192 MHz

01 - PLL2 CLK

10 - SYS OSC

11 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-21

DIVCORE

Clock Division for Core Clock

Select the clock division for core_clk of the CA35 domain, the selected division is the value of the field + 
1.

Valid range is 0 - 3F

20-0

—

Reserved

7.6.1.4 Clockout selection for Application Domain (CLKOUTCFG)

Offset

Register Offset

CLKOUTCFG 20h

Function
Select the clock source redirected to CLKOUT pin
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CLKO
UT_...

Reserv
ed 

CLKOUT_SEL CLKOUT_DIV 
Reserv

ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

CLKOUT_EN

Clockout Enable

Enable the selected clockout signal to the pads

0 - CLKOUT division is not halted and CLKOUT pin is receiving selected clock

1 - CLKOUT division is halted and CLKOUT pin is not receiving selected clock

27

—

Reserved

26-23

CLKOUT_SEL

Select the clock source redirected to CLKOUT pin

0000 ca35_coreclk

0001 nic_apclk

0010 nic_perclk

0011 xbar_apclk

0100 xbar_busclk

0101 xbar_slowclk

0110 fro192clk

0111 pll2clk

1000 pll3vcodiv

1001 osc_clk

1010 lpoclk

1011 pll3pfd0clk

1100 pll3pfd1clk

1101 pll3pfd2clk

Table continues on the next page...
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Table continued from the previous page...

Field Function

1110 pll3pfd3clk

1111 Reserved

NOTE: In lower voltages – 1.0 V and 0.9 V nominal, CA35 core clock cannot be exposed at CLKOUT1 pin 
due to clkout divider timing limitations. The voltage has to be raised to 1.1 V nominal, or the frequency has 
to be reduced to 243 MHz@1.0 V nominal or 200 MHz@0.9 V nominal.

22-17

CLKOUT_DIV

Select the clock division for the CLKOUT pin

The selected division is the value of the field + 1

Valid range is 0 - 3F

16-0

—

Reserved

7.6.1.5 Clock Selection and Dividers for the NIC/XBAR Domain (NICCLK)

Offset

Register Offset

NICCLK 34h

Function
The NICCLK register will select the clock source and the clock frequency division for NIC AP, NIC PER, XBAR AP and XBAR 
BUS of NIC/XBAR domain.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NICLO
CK... Reserv

ed 
SCS 

SCSW 
NIC_AD_DIVPLAT 

Reserv
ed 

NIC_PER_DIVPLAT 
W

Reset 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NIC_PER_DIVP
LAT 

Reserved 
W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

NICLOCKED

NICCLK Register Locked

A change to clock source or clock ratio is in progress and the access to NICCLK register is locked

0 - Access to NICCLK register is unlocked

1 - Access to NICCLK register is locked

30

—

Reserved

29-28

SCS

Clock Selection for NIC Domain

Selects the clock source for NICCLK Dividers

00 - FRO 192 MHz

01 - PLL3 PFD0

10 - SYS OSC

11 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-21

NIC_AD_DIVPL
AT

Clock Division for Platform Clock

Select the clock division for plat_clk of the Application domain, the selected division is the value of the 
field + 1.

Valid range is 0 - 3E

20

—

Reserved

19-14

NIC_PER_DIVP
LAT

Clock Division for Core Clock

Select the clock division for core_clk of the Application domain, the selected division is the value of the 
field + 1.

Valid range is 0 - 3E

13-0

—

Reserved
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7.6.1.6 Clock Selection and Dividers for the NIC/XBAR Domain (XBARCLK)

Offset

Register Offset

XBARCLK 38h

Function
The XBARCLK register will select the clock source and the clock frequency division for NIC AP, NIC PER, XBAR AP and 
XBAR BUS of NIC/XBAR domain.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
XBARL
OC... Reserved XBAR_AD_DIVPLAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R XBAR_AD_DIV
PLAT 

Reserv
ed 

XBAR_DIVBUS 
Reserv

ed 
AD_SLOW 

W

Reset 0 1 0 0 0 0 0 0 1 0 0 0 0 1 1 1

Fields

Field Function

31

XBARLOCKED

XBARCLK Register Locked

A change to clock source or clock ratio is in progress and the access to XBARCLK register is locked

0 - Access to XBARCLK register is unlocked

1 - Access to XBARCLK register is locked

30-20

—

Reserved

19-14

XBAR_AD_DIV
PLAT

Clock Division for Plat Clk

Select the clock division for platform clock of the Application domain, the selected division is the value of 
the field + 1.

Valid range is 0 - 3E

13

—

Reserved

12-7 Clock Division for Bus Clock

Table continues on the next page...
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Table continued from the previous page...

Field Function

XBAR_DIVBUS Select the clock division for bus clock of the Application domain, the selected division is the value of the 
field + 1.

Valid range is 0 - 3E

Maximum Ratio between Plat Clock and Bus Clock must be 16.

6

—

Reserved

5-0

AD_SLOW

Clock Division for Slow Clock

Select the clock division for slow clock of the Application domain, the selected division is the value of the 
field + 1.

Valid range is 0 - 3E

7.6.1.7 Clk Dividers Reset (CLKDIVRST)

Offset

Register Offset

CLKDIVRST 90h

Function

The CLKDIVRST register will select if the clock dividers of system clocks should reset when synchronous clock are out of phase.

The user has 3 options to deal with out-of-phase condition: only reset the clock dividers, issue an interrupt, or issue a reset request. 
If only reset the clock dividers is selected, the user must check the OUT_OF_PHASE bit field, halt clock dividers and only after 
that, enable the reset of clock dividers.

During an AD_CGC reset, all AD_CGC clock sources are reset but system clock dividers aren’t, which can bring AD_CGC to detect 
a Loss of Sync event during reset, so AD CMC can capture two reset requests instead of one.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

NIC_R
ES...

NIC_IN
T...

NIC_R
ST...

NIC_O
UT...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-20

—

Reserved

19

NIC_RESET_E
N

0 - No reset will be generated when NIC system clocks are out of phase

1 - A reset will be generated when NIC system clocks are out of phase

18

NIC_INTERRU
PT_EN

Selection between interrupt generation or clock dividers reset when NIC clocks are out of phase

0 - No interrupt will be generated when NIC system clocks are out of phase

1 - An interrupt will be generated when NIC system clocks are out of phase

17

NIC_RST_DIVI
DERS_EN

NIC clocks dividers out of phase interrupt

0 - The NIC clock dividers are not reset when NIC clocks are out of phase

1 - The NIC clock dividers are reset when NIC clocks are out of phase

16

NIC_OUT_OF_
PHASE

NIC clocks dividers reset

0 - The NIC system clocks are in phase

1 - The NIC system clocks are out of phase, write on to clear this flag

15-0

—

Reserved

7.6.1.8 Clock Dividers for the SYS OSC Oscillator (SOSCDIV)

Offset

Register Offset

SOSCDIV 108h

Function
The OSCDIV register selects the clock division for the soscdiv1, soscdiv2 and soscdiv3.

NXP Semiconductors
Clock Generation and Control (CGC1)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 685 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for Platform Clock

Select the clock division for soscdiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for Bus Clock

Select the clock division for soscdiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for Slow Clock

Select the clock division for soscdiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7.6.1.9 Clock Dividers for the FFRO 192 MHz Oscillator (FRODIV)

Offset

Register Offset

FRODIV 208h

Function
The FFRODIV register selects the clock division for the ffrodiv1, ffrodiv2 and ffrodiv3.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for FFRO Clock

Select the clock division for ffrodiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for FFRO Clock

Select the clock division for ffrodiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for FFRO Clock

Select the clock division for ffrodiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F
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7.6.1.10 PLL2 Control Status Register (PLL2CSR)

Offset

Register Offset

PLL2CSR 500h

Function
The PLL2CSR gives the current status and enable during normal and low power modes of the 1GHz PLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLLSE
L 

PLLVL
D LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLLDS
EN 

PLLEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

PLLSEL

PLL Selected

0 - PLL is not the system clock source

1 - PLL is the system clock source

24

PLLVLD

PLL Valid

0 - PLL is not enabled or clock is not valid

1 - PLL is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2 Reserved

Table continues on the next page...

NXP Semiconductors
Clock Generation and Control (CGC1)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 689 / 5781



Table continued from the previous page...

Field Function

—

1

PLLDSEN

PLL2 Enable in Deep Sleep

 
The PLL can only disable automatically when PLLDSEN is '0' with following conditions:

• System enters sleep/deep sleep mode

• pllsel is '0' - no clock root is sourced from it

• APD/RTD CMC request clock off if PLL is enabled

  NOTE  

0 - PLL2 is disabled in Sleep/Deep Sleep modes

1 - PLL2 is enabled in Sleep/Deep Sleep modes

0

PLLEN

PLL Enable

When configuring the PLL, PLLLEN should be set/cleared first.If PLL2 is running and PLLEN is set to 0 
the user must wait for 1us before assert PLLEN again.

0 - PLL is disabled

1 - PLL is enabled

7.6.1.11 PLL2 Configuration Register (PLL2CFG)

Offset

Register Offset

PLL2CFG 510h

Function
Defines additional PLL2 configurations: Multiplication factor and the reference clock.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved MULT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SOUR
CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-23

—

Reserved

22-16

MULT

System PLL Multiplier

Multiplier for the System PLL. The MULT bits establish the multiplication factor applied to the PLL 
reference clock frequency. The frequency multiply factor should be within range of 27-54.

15-1

—

Reserved

0

SOURCE

Clock Source

Configures the input clock source for the System PLL.

0 - System OSC (SOSC)

1 - FRO 24MHz

7.6.1.12 Fractional PLL2 Denominator Control Register (PLL2DENOM)

Offset

Register Offset

PLL2DENOM 518h

Function
This register contains fractional pll denominator control registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fields

Field Function

31-30

—

Reserved

29-0

DENOM

Denominator

Denominator of Fractional Loop Divider. Unsigned number.

7.6.1.13 Fractional PLL2 Numerator Control Register (PLL2NUM)

Offset

Register Offset

PLL2NUM 51Ch

Function
This register contains fractional pll numerator control registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-0

NUM

Numerator

Numerator of PLL Fractional Loop Divider. Signed number.
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7.6.1.14 Fractional PLL2 Spread Spectrum Control Register (PLL2SS)

Offset

Register Offset

PLL2SS 520h

Function
This register contains fractional pll spread spectrum control registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ENABL
E 

STEP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STOP

Stop

Spread Spectrum Stop Register. Frequency change = step/B*24MHz.

15

ENABLE

Enable

This bit enables the spread spectrum modulation.

14-0

STEP

Step

Spread Spectrum Step The max frequency change = stop/B*24MHz.

7.6.1.15 PLL3 Control Status Register (PLL3CSR)

Offset

Register Offset

PLL3CSR 600h

Function
PLL3 global enable bit, enable in low power modes, lock bit and status bits.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLLSE
L 

PLLVL
D LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLLDS
EN 

PLLEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

PLLSEL

PLL Selected

0 - PLL is not the system clock source

1 - PLL is the system clock source

24

PLLVLD

PLL Valid

0 - PLL is not enabled or clock is not valid

1 - PLL is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2

—

Reserved

1

PLLDSEN

PLL3 Enable in Deep Sleep

0 - PLL3 is disabled in Sleep/Deep Sleep modes

1 - PLL3 is enabled in Sleep/Deep Sleep modes

0

PLLEN

PLL Enable

When configuring the PLL, PLLLEN should be set/cleared first. Then the rest of the configuration 
process can be completed (disable PFDs, etc).

0 - PLL is disabled

1 - PLL is enabled
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7.6.1.16 Clock Dividers for the fractional PLL3 (PLL3DIV_VCO)

Offset

Register Offset

PLL3DIV_VCO 604h

Function
The PLL3DIV_VCO Register control the division value of the PLL3 VCO Clock

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL3 VCO Clock

Select the clock division for pll3vcodiv clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F
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7.6.1.17 Clock Dividers for the fractional PLL3 (PLL3DIV_PFD_0)

Offset

Register Offset

PLL3DIV_PFD_0 608h

Function
The PLL3DIV_PFD_0 register selects the clock division for the pll3pfd0div1, pll3pfd0div2, pll3pfd1div1 and pll3pfd1div2 clocks

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DIV4H
ALT 

DIV4L
OC... DIV4 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31

DIV4HALT

Divider 4 Halted

0 - Clock division is enabled

1 - Clock division is halted

30

DIV4LOCKED

The value of clock division was changed and access to DIV4 is locked

0 - DIV4 bit field is unlocked.

1 - DIV4 bit field is locked.

29-24

DIV4

Clock Division for PLL3 PFD1 Clock

Select the clock division for pll3pfd1div2 clock, the selected division is the value of the field + 1.

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for PLL3 PFD1 Clock

Select the clock division for pll3pfd1div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL3 PFD0 Clock

Select the clock division for pll3pfd0div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL3 PFD0 Clock

Select the clock division for pll3pfd0div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7.6.1.18 Clock Dividers for the fractional PLL3 (PLL3DIV_PFD_1)

Offset

Register Offset

PLL3DIV_PFD_1 60Ch

Function
The PLL3DIV_PFD_1 register selects the clock division for the pll3pfd0div1, pll3pfd0div2, pll3pfd1div1 and pll3pfd1div2 clocks
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DIV4H
ALT 

DIV4L
OC... DIV4 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31

DIV4HALT

Divider 4 Halted

0 - Clock division is enabled

1 - Clock division is halted

30

DIV4LOCKED

The value of clock division was changed and access to DIV4 is locked

0 - DIV4 bit field is unlocked.

1 - DIV4 bit field is locked.

29-24

DIV4

Clock Division for PLL3 PFD3 Clock

Select the clock division for pll3pfd3div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for PLL3 PFD3 Clock

Select the clock division for pll3pfd3div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL3 PFD2 Clock

Select the clock division for pll3pfd2div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL3 PFD2 Clock

Select the clock division for pll3pfd2div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7.6.1.19 PLL3 Configuration Register (PLL3CFG)

Offset

Register Offset

PLL3CFG 610h

Function
PLL3 auxiliar configuration register
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved MULT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HOLD
RIN...

PFD_
OFF...

DITHE
R_...

Reserved 
DOUB
LE_...

DOUB
LE_...

HALF_
CP...

HALF_
LR...

Reserved 
SOUR

CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

MULT

System PLL Multiplier

Multiplier for the System PLL. The MULT bits establish the multiplication factor applied to the PLL 
reference clock frequency.

PLL Output Frequency = Divided Reference Frequency * MULT

The PLL Reference input frequency is limited to the following discrete frequencies: 32, 30, 26, 24, 19.2, 
16 MHz.

Valid MULT values are 33, 27, 22, 20, 17, 16

MULT should be greater than 20 when NUM is not 0.

15-14

—

Reserved

13

HOLDRING_OF
F

HOLDRING_OFF

HOLDRING_OFF

12

PFD_OFFSET_
EN

PFD_OFFSET_EN

PFD_OFFSET_EN

11

DITHER_EN

DITHER_EN

DITHER_EN

10-7

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

6

DOUBLE_CP_C
URRENT

DOUBLE_CP_CURRENT

DOUBLE_CP_CURRENT

5

DOUBLE_LF_R

DOUBLE_LF_R

DOUBLE_LF_R

4

HALF_CP_CUR
RENT

HALF_CP_CURRENT

HALF_CP_CURRENT

3

HALF_LR_R

HALF_LR_R

HALF_LR_R

2-1

—

Reserved

0

SOURCE

Clock Source

Configures the input clock source for the System PLL. 0 - System OSC (SOSC) 1 - FRO 24MHz

7.6.1.20 PLL3 Configuration Register (PLL3PFDCFG)

Offset

Register Offset

PLL3PFDCFG 614h

Function
The PLL3PFDCFG register will configure the PFD0 from PLL3

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFD3_
CL...

PFD3_
VA... PFD3 

PFD2_
CL...

PFD2_
VA... PFD2 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFD1_
CL...

PFD1_
VA... PFD1 

PFD0_
CL...

PFD0_
VA... PFD0 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fields

Field Function

31

PFD3_CLKGAT
E

Clock gate of PFD3

30

PFD3_VALID

PFD3_VALID

Indicates when PFD3 clock is valid. Will clear when PFD3 is written with a new value and will set once 
PFD3 clock becomes stable.

29-24

PFD3

PLL Fractional Divider 3

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac

23

PFD2_CLKGAT
E

Clock gate of PFD2

22

PFD2_VALID

PFD2_VALID

Indicates when PFD2 clock is valid. Will clear when PFD2 is written with a new value and will set once 
PFD2 clock becomes stable.

21-16

PFD2

PLL Fractional Divider 2

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac

15

PFD1_CLKGAT
E

Clock gate of PFD1

14

PFD1_VALID

PFD1_VALID

Indicates when PFD1 clock is valid. Will clear when PFD1 is written with a new value and will set once 
PFD1 clock becomes stable.

13-8

PFD1

PLL Fractional Divider 1

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac

7

PFD0_CLKGAT
E

Clock gate of PFD0

6

PFD0_VALID

PFD0_VALID

Indicates when PFD0 clock is valid. Will clear when PFD0 is written with a new value and will set once 
PFD0 clock becomes stable.

5-0

PFD0

PLL Fractional Divider 0

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac
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7.6.1.21 PLL3 Denominator Register (PLL3DENOM)

Offset

Register Offset

PLL3DENOM 618h

Function
30-bit denominator of the Auxiliary PLL Fractional-Loop divider NOTE: The value of numerator must always be configured to 
be less than the value of the denominator.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DENOM 

W

Reset 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DENOM 

W

Reset 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1

Fields

Field Function

31-30

—

Reserved

29-0

DENOM

PLL Denominator Register

30-bit denominator of the System PLL Fractional-Loop divider NOTE: The value of numerator must 
always be configured to be less than the value of the denominator.

7.6.1.22 PLL3 Numerator Register (PLL3NUM)

Offset

Register Offset

PLL3NUM 61Ch

Function
Defines the numerator factor for the PLL3 output clock.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Fields

Field Function

31-30

—

Reserved

29-0

NUM

PLL Numerator Register

30-bit numerator of PLL Fractional-Loop divider NOTE: The value of numerator must always be 
configured to be less than the value of the denominator

7.6.1.23 PLL3 Spread Spectrum Register (PLL3SS)

Offset

Register Offset

PLL3SS 620h

Function
This register controls the parameters for the PLL3 Spread Spectrum feature

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ENABL
E 

STEP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

STOP

STOP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
depth. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in DENOM 
register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

15

ENABLE

ENABLE

Enables the spread spectrum modulation.

0 - Spectrum modulation is disabled

1 - Spectrum modulation is enabled

14-0

STEP

STEP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
frequency. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in 
DENOM register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

7.6.1.24 PLL3 LOCK Configuration Register (PLL3LOCK)

Offset

Register Offset

PLL3LOCK 624h

Function
Defines the delay time when the PLL3 lock can be considered valid.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK_TIME 

W

Reset 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

LOCK_TIME

LOCK_TIME

Configures the number of reference clocks to count before PLL is considered locked and valid.

7.6.1.25 Clock Selection for Ethernet Time Stamp (ENETSTAMP)

Offset

Register Offset

ENETSTAMP 700h

Function
Select the clock source for Ethernet time stamp

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved CLKOUT_SEL Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

CLKOUT_SEL

Selection of clock source used for Ethernet time stamp.

CLKOUT_SEL selects one of the following clock sources:

000 - RMII Clock

001 - External Timestamp Clock

Table continues on the next page...
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Table continued from the previous page...

Field Function

010 - External Crystal Oscillator

011 - External Audio Master Clock

100 - Internal FRO 24MHz Clock

101 - Reserved

110 - Reserved

111 - Reserved

23-0

—

Reserved

7.6.1.26 PLLUSB Register Enable (PLLUSBCFG)

Offset

Register Offset

PLLUSBCFG 810h

Function
The PLLUSB_ENABLE register will configure the PLLUSB reference clock source

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SOUR
CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

SOURCE

Clock Source

Configures the input clock source for the USB PLL.

0 - System OSC (SOSC)

1 - FRO 24MHz

7.6.1.27 AUD_CLK1 source to SAI4-5 (AUD_CLK1)

Offset

Register Offset

AUD_CLK1 900h

Function
Selects the clock source used by the AUD_CLK1

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AUD_CLK1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

AUD_CLK1

AUD_CLK1 Clock Source Selection

000 EXT_AUD_MCLK2 External audio master clock input 2 from pin

001 SAI4_RX_BCLK SAI4 receiver serial bit clock

010 SAI4_TX_BCLK SAI4 transmitter serial bit clock

011 SAI5_RX_BCLK SAI5 receiver serial bit clock

Table continues on the next page...
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Table continued from the previous page...

Field Function

100 SAI5_TX_BCLK SAI5 transmitter serial bit clock

101 Reserved

110 Reserved

111 Reserved

7.6.1.28 SAI5-4 Clock Source Selection (SAI5_4_CLK)

Offset

Register Offset

SAI5_4_CLK 904h

Function
Selects the clock source used by the SAI5/4

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SAI5CLK Reserved SAI4CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-8

SAI5CLK

Clock Source for SAI5

00 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

01 AUD_CLK1 Common audio clock in AD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-2

—

Reserved

1-0

SAI4CLK

Clock Source for SAI4

00 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

01 AUD_CLK1 Common audio clock in AD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

7.6.1.29 Multiplexer to select the audio clock connected to the TPM clock input (TPM6_7CLK)

Offset

Register Offset

TPM6_7CLK 908h

Function
Selects the clock source used by the TPM7 and TPM6

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TPM7CLK Reserved TPM6CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-8 Clock Selection for TPM7

Table continues on the next page...
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Table continued from the previous page...

Field Function

TPM7CLK 00 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

01 AUD_CLK1 Common audio clock in AD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

7-2

—

Reserved

1-0

TPM6CLK

Clock Selection for TPM6

00 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

01 AUD_CLK1 Common audio clock in AD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip

7.6.1.30 Multiplexer to select the audio clock connected to the MQS clock input (MQS1CLK)

Offset

Register Offset

MQS1CLK 90Ch

Function
Selects the clock source used by the MQS1

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved MQS1CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-2

—

Reserved

1-0

MQS1CLK

Clock Selection for MQS1

00 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

01 AUD_CLK1 Common audio clock in AD

10 AUD_CLK2 Common audio clock in LPAV

11 SYS_OSC Main reference clock to the chip
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Chapter 8
Clock Generation and Control (CGC2)
8.1 Chip-specific LPAV_CGC information
Table 45. Reference links to related information

Topic Related module Reference

Full description LPAV_CGC LPAV_CGC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

8.1.1 Module instances
This device has one instance of the CGC module in low-power audio video (LPAV) domain.

8.1.2 Power consumption constraint

 
If LPAV master domain is the AD, PLL4 is not selected as LPAV system clock source, then make sure PLL4 is 
disabled by setting PLL4CSR[PLLEN]=0 before AD enters in Power Down mode, otherwise PLL4 will be kept 
enabled and there will be extra power consumption.

  NOTE  

8.1.3 CLKOUT restrictions
The following clock restrictions apply for LPAV CLKOUT2 signal.

• For 1.1 V(1.0 V wcs): No restriction

• For 1.0 V(0.9 V wcs): No restriction

• For 0.9 V(0.8 V wcs): The FRO192 is the only available clock source for the whole RTD. RTD clocks can be exposed to 
the CLKOUT.

8.2 Overview
The LPAV_CGC module is a specific chip module created to control the clock configuration for the audio video domain.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 713 / 5781



8.2.1 Block diagram

SYSTEM CLOCKS PCC CLOCKS

DDR_CLK

CLOCK SOURCES

LPAV CGC

aaa-045422

FRO192CLK - 0
PLL4CLK - 1

PLL4PFD0CLK - 2
OSCCLK - 3

GS: Glitchless Switcher

HIFI4_CLK

NIC_HIFI_CLK

OSCCLK

FRO24CLK
LPAV SPLL

PLL4
528 MHz

PLL4CLK

PFD0 (N)
PLL4PFD0CLK

PFD1 (N)
PLL4PFD1CLK

PFD2 (N)
PLL4PFD2CLK

PFD3 (N)
PLL4PFD3CLK

DDR_CLK

FRO192CLK

FRODIV1

FRODIV2

FRODIV3
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SOSCDIV1

SOSCDIV2

SOSCDIV3

PLL4PFD1CLK

PLL4PFD1CLK

PLL4PFD2CLK

PLL4PFD1DIV1

PLL4PFD1DIV2

PLL4PFD2DIV1

PLL4VCODIV

PLL4PFD0DIV1

PLL4PFD0DIV2

PLL4PFD0CLK

PLL4CLK

PLL4PFD0CLK

PLL4PFD3CLK

PLL4PFD2CLK

PLL4PFD3CLK

PLL4PFD2DIV2

PLL4PFD3DIV1

PLL4PFD3DIV3

FRO192CLK - 0
PLL4PFD1CLK - 1

OSCCLK - 2

FRO192CLK - 0
PLL4PFD1CLK - 1

OSCCLK - 2

PLL4CLK - 4
PLL4CLK - 5
PLL4CLK - 6
PLL4CLK - 7

NIC_LPAV_AXI_CLK

NIC_LPAV_AHB_CLK

CM33_SLOWCLK

lpav_cgc_async_int

lpav_cgc_lol_rst_req

ipg_sync_nic_hifi_clk

ipg_sync_nic_lpav_bus_clk
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FRODIV[div1] +

SOSCDIV[div2] +

SOSCDIV[div3] +

SOSCDIV[div1] +

PLL4PFD1DIV[div1] +

PLL4PFD2DIV[div1] +

PLL4VCODIV[div1] +

PLL4PFD1DIV[div1] +

PLL4PFD2DIV[div1] +

PLL4VCODIV[div1] +

PLL4PFD1DIV[div1] +

PLL4PFD2DIV[div1] +

PLL4VCODIV[div1] +

Clock Monitor for:
- Loss-of-Lock (PLLs)

On-the-Fly freq change:
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change enable
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PLLs PFDs update and
clock gate for PFD

values change

CLKOUT
selection

LPAV_CGC Control and
Status Registers DIVCLKOUT

busclk SYNCs
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(busclken_reuse)

GS

GS

GS

DIVHIFI4

DIVHIFI4*DIVNICHIFI

DIVLPAVAXI

DIVLPAVAXI*DIVLPAVAHB

DIVLPAVAXI*DIVLPAVBUS

GS

Figure 107. LPAV_CGC block diagram

8.2.2 Features
The LPAV_CGC includes the following features:

• Configuration of the following clock sources:

— PLL4 running at 528 MHz with 4 PFDs

• Glitchless Clock Switcher 8 to 1

• Clock divider with control signals to halt and reset clock division

• Sync signal between platform and bus clocks for lpav platform

• CLKOUT selection from 8 clock sources

• Clock selection for system audio interface

8.3 Functional description
The following sections describe functional details of the LPAV_CGC module.
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8.3.1 Operating modes

The LPAV_CGC operates in normal mode, in sleep or deep sleep mode the LPAV_CGC will turn off all clock sources that are not 
set to be enabled in the Control Status Register that exists for each clock source, in the Power Down or Deep Power Down modes 
the LPAV_CGC will be powered down.

8.3.1.1 Low power modes

During Sleep/Deep Sleep, Power Down or Deep Power Down modes the LPAV_CGC will configure the clocks sources that must 
be running, this configuration is done using the bit fields ending with *DSEN from *CSR registers. The PLL4 528 MHz clock source 
can be enabled in Sleep or Deep Sleep modes. LPAV_CGC can use other clock sources that are configured in realtime domain 
like FRO 192MHz or crystal oscillator, the realtime domain will not disable those clock sources if they are in use in LPAV_CGC.

8.3.2 Operations

This section describes the LPAV_CGC module’s operations.

8.3.3 Clocks

The LPAV_CGC has two clock inputs named ipg_clk and ipg_clk_s

Both are used for registers/logic connected to IPS bus and it is expected to be at the same frequency of bus clock.

8.3.4 Interrupts

This table describes the interrupts that LPAV_CGC generates.

Signal Description

lpav_cgc_async_int If HIFI or NIC clocks are out of sync and corresponding interrupt enable register is set to 
1 an interrupt is generated

lpav_cgc_loc_rst_req This interrupt is disabled in the LPAV_CGC

lpav_cgc_lol_rst_req This interrupt is disabled in the LPAV_CGC

8.4 External Signals
This table describes the LPAV_CGC module signals.

Signal I/O Description

CLKOUT2 O LPAV System Clock Output

8.5 Application information

The LPAV_CGC has one PLL with specific requirements to be programmed.

PLL4 setup is controlled by an internal module, user must select reference clock, the PLL multiplier, the fractional numerator/
denominator and spread spectrum before the PLLEN bit is asserted.

After PLL4 is stable (user should check the PLL valid flag), the user can then configure the PFDs (dividers), wait for them to be 
stable (check PFD valid flag) and then ungate the PFDs.
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If LPAV master domain is the AD the PLL4 is not selected as LPAV system clock source, make sure PLL4 is disabled by 
setting PLL4CSR[PLLEN]=0 before AD enters in Power Down mode otherwise PLL4 will be kept enabled and there will be extra 
power consumption.

8.6 Memory Map and register definition
This section includes the LPAV_CGC module memory map and detailed descriptions of all registers.

8.6.1 LPAV_CGC register descriptions

8.6.1.1 LPAV_CGC memory map

CGC2 base address: 2DA6_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0000_0000h

14h Clock Selection and Dividers for the HIFI Domain (HIFICLK) 32 RW 0800_4000h

20h Clockout selection for LPAV Domain (CLKOUTCFG) 32 RW 0000_0000h

3Ch Clock Selection and Dividers for the HIFI Domain (NICLPAVCLK) 32 RW 0800_4180h

40h Clock Selection and Dividers for the DDR Domain (DDRCLK) 32 RW 0800_0000h

90h Clk Dividers Reset (CLKDIVRST) 32 RW 0008_0008h

108h Clock Dividers for the SOSC CLK (SOSCDIV) 32 RW 0080_8080h

208h Clock Dividers for the FRO (FRODIV) 32 RW 0080_8080h

600h PLL Control Status Register (PLL4CSR) 32 RW 0000_0000h

604h Clock Dividers for the fractional PLL4 (PLL4DIV_VCO) 32 RW 0000_0080h

608h Clock Dividers for the fractional PLL4 (PLL4DIV_PFD_0) 32 RW 8080_8080h

60Ch Clock Dividers for the fractional PLL4 (PLL4DIV_PFD_1) 32 RW 8080_8080h

610h PLL4 Configuration Register (PLL4CFG) 32 RW 0016_0000h

614h PLL4 Configuration Register (PLL4PFDCFG) 32 RW 8080_8080h

618h PLL Denominator Register (PLL4DENOM) 32 RW 0000_0001h

61Ch PLL Numerator Register (PLL4NUM) 32 RW 0000_0000h

620h PLL Spread Spectrum Register (PLL4SS) 32 RW 0000_0000h

624h PLL LOCK Configuration Register (PLL4LOCK) 32 RW 0000_1300h

900h AUD_CLK2 source to SAI7-6 (AUD_CLK2) 32 RW 0000_0000h

904h SAI7-6 Clock Source Selection (SAI7_6_CLK) 32 RW 0000_0000h

908h Multiplexer to select the audio clock connected to the TPM clock 
input (TPM8CLK)

32 RW 0000_0000h

910h Multiplexer to select the audio clock connected to the SPDIF clock 
input (SPDIFCLK)

32 RW 0000_0000h
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8.6.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
This register records the specific version of the LPAV_CGC module in the chip.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number, indicating the feature set present in this instance of 
LPAV_CGC.

0000_0000_0000_0010b - Master only with standard feature set.

0000_0000_0000_0011b - Master and slave with standard feature set.

8.6.1.3 Clock Selection and Dividers for the HIFI Domain (HIFICLK)

Offset

Register Offset

HIFICLK 14h
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Function
The HIFICLK register will select the clock source and the clock frequency division for hifi4clk and nic_hifi_clk domain.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
HIFILO

C... SCS 
SCSW 

HIFI_DIVCORE 
Reserv

ed 
NIC_HIFI_DIVPLAT 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NIC_HIFI_DIVP
LAT 

Reserved 
W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

HIFILOCKED

HIFICLK Register Locked

30-28

SCS

Clock Selection for HIFI Domain

Selects the clock source for HIFI Clock Dividers

000 - FRO 192 MHz

001 - PLL4CLK

010 - PLL4PFD0CLK

011 - OSCCLK

100 - Reserved

101 - Reserved

110 - Reserved

111 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-21

HIFI_DIVCORE

Clock Division for Core Clock

Select the clock division for core_clk of the HIFI domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E

20 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

19-14

NIC_HIFI_DIVP
LAT

Clock Division for Platform Clock

Select the clock division for plat_clk of the HIFI domain, the selected division is the value of the field + 1.

Valid range is 0 - 3E

Maximum Ratio between Hifi Core Clock and Platform Clock must be 16.

Maximum value of Hifi Core Clock Ratio multiplied by Platform Clock ratio must be 64.

13-0

—

Reserved

8.6.1.4 Clockout selection for LPAV Domain (CLKOUTCFG)

Offset

Register Offset

CLKOUTCFG 20h

Function
Select the clock source redirected to CLKOUT pin

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CLKO
UT_...

Reserv
ed 

CLKOUT_SEL CLKOUT_DIV 
Reserv

ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28

CLKOUT_EN

Clockout Enable

Enable the selected clockout signal to the pads

27

—

Reserved

26-23

CLKOUT_SEL

Select the clock source redirected to CLKOUT pin

0000 hifi4_clk

0001 nic_hifi_clk

0010 lpav_axi_clk

0011 lpav_ahb_clk

0100 lpav_bus_clk

0101 ddr_clk

0110 fro192clk

0111 pll4vcodiv

1000 reserved

1001 osc_clk

1010 lpoclk

1011 pll4pfd0clk

1100 pll4pfd1clk

1101 pll4pfd2clk

1110 pll4pfd3clk

1111 reserved

22-17

CLKOUT_DIV

Select the clock division for the CLKOUT pin

The selected division is the value of the field + 1

Valid range is 0 - 3F

16-0

—

Reserved

8.6.1.5 Clock Selection and Dividers for the HIFI Domain (NICLPAVCLK)

Offset

Register Offset

NICLPAVCLK 3Ch
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Function
The NICLPAVCLK register will select the clock source and the clock frequency division for NIC LPAV AXI, NIC LPAV AHB and 
the LPAV BUS clocks.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NICLO
CK... Reserv

ed 
SCS 

SCSW 
Reserved LPAV_AXI_CLK Reserved 

LPAV_AHB_CL
K 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LPAV_AHB_CL
K 

Reserved LPAV_BUS_CLK Reserved 
W

Reset 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0

Fields

Field Function

31

NICLOCKED

NIC CLK Register Locked

30

—

Reserved

29-28

SCS

Clock Selection for HIFI domain

Selects the clock source for NIC Clock Dividers

000 - FRO 192 MHz

001 - PLL4PFD1CLK

010 - OSCCLK

011 - Reserved

27

SCSW

Clock switched to selected clock source

1 - Clock is running and switch has finished

0 - Clock is not running or switching is in progress

26-25

—

Reserved

24-21

LPAV_AXI_CLK

Clock Division for AXI Clock

Select the clock division for axi clock of the HIFI domain, the selected division is the value of the field + 1.

Valid range is 0 - D

Table continues on the next page...
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Table continued from the previous page...

Field Function

20-18

—

Reserved

17-14

LPAV_AHB_CL
K

Clock Division for AHB Clock

Select the clock division for ahb clk of the HIFI domain, the selected division is the value of the field + 1.

Valid range is 0 - D

Maximum Ratio between AXI Clock and AHB Clock must be 16.

Maximum value of AXI Clock Ratio multiplied by AHB Clock ratio must be 64.

13-11

—

Reserved

10-7

LPAV_BUS_CL
K

Clock Division for Bus Clk

Select the clock division for bus clk of the HIFI domain, the selected division is the value of the field + 1.

Valid range is 0 - D

Maximum Ratio between AXI Clock and Bus Clock must be 16.

Maximum Ratio between AHB Clock and Bus Clock must be 16.

Maximum value of AXI Core Clock Ratio multiplied by Bus Clock ratio must be 64.

6-0

—

Reserved

8.6.1.6 Clock Selection and Dividers for the DDR Domain (DDRCLK)

Offset

Register Offset

DDRCLK 40h

Function
The DDRCLK register selects the clock source and division for the ddr_clk.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DDRL
OCK... SCS 

SCSW 
DDR_DIV Reserved 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

DDRLOCKED

DDR CLK Register Locked

30-28

SCS

Clock Selection for DDR Clock

Selects the clock source for DDR Clock

000 - FRO 192 MHz

001 - PLL4PFD1

010 - OSCCLK

011 - Reserved

1xx - PLL4CLK

This mux was implemented with two muxes in cascade, PLL4CLK input has priority over other inputs. This 
was to achieve minimum logic levels on PLL4CLK clock path to DDR module.

27

SCSW

Clock switched to selected clock source

1 - Clock switch is running and has finished

0 - Clock is not running or switching is in progress

26-21

DDR_DIV

Clock Division for DDR Clock

Select the clock division for ddr_clk, the selected division is the value of the field + 1.

Valid range is 0 - 3E

20-0

—

Reserved
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8.6.1.7 Clk Dividers Reset (CLKDIVRST)

Offset

Register Offset

CLKDIVRST 90h

Function
The CLKDIVRST register will select if the clock dividers of system clocks should reset when synchronous clock are out of 
phase.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

HIFI_R
E...

HIFI_I
N...

HIFI_R
S...

HIFI_O
U...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

NICLP
AV...

NICLP
AV...

NICLP
AV...

NICLP
AV...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-20

—

Reserved

19

HIFI_RESET_E
N

0 - No reset will be generated when hifi4 system clocks are out of phase

1 - A reset will be generated when hifi4 system clocks are out of phase

18

HIFI_INTERRU
PT_EN

Selection between interrupt generation or clock dividers reset when hifi4 clocks are out of phase

0 - No interrupt will be generated when hifi4 system clocks are out of phase

1 - An interrupt will be generated when hifi4 system clocks are out of phase

17

HIFI_RST_DIVI
DERS_EN

HIFI4 clocks dividers out of phase interrupt

0 - The hifi4 clock dividers are not reset when hifi4 clocks are out of phase

1 - The hifi4 clock dividers are reset when hifi4 clocks are out of phase

16 HIFI4 clocks dividers reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

HIFI_OUT_OF_
PHASE

0 - The hifi4 system clocks are in phase

1 - The hifi4 system clocks are out of phase, write on to clear this flag

15-4

—

Reserved

3

NICLPAV_RES
ET_EN

0 - No reset will be generated when nic system clocks are out of phase

1 - A reset will be generated when nic system clocks are out of phase

2

NICLPAV_INTE
RRUPT_EN

Selection between interrupt generation or clock dividers reset when nic clocks are out of phase

0 - No interrupt will be generated when nic system clocks are out of phase

1 - An interrupt will be generated when nic system clocks are out of phase

1

NICLPAV_RST
_DIVIDERS_EN

NIC clocks dividers out of phase interrupt

0 - The nic clock dividers are not reset when nic clocks are out of phase

1 - The nic clock dividers are reset when nic clocks are out of phase

0

NICLPAV_OUT
_OF_PHASE

NIC clocks dividers reset

0 - The nic system clocks are in phase

1 - The nic system clocks are out of phase, write on to clear this flag

8.6.1.8 Clock Dividers for the SOSC CLK (SOSCDIV)

Offset

Register Offset

SOSCDIV 108h

Function
The OSCDIV register selects the clock division for the soscdiv1,soscdiv2 and soscdiv3.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

Write to DIV3 Locked

21-16

DIV3

Clock Division for Platform Clock

Select the clock division for ffrodiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

Write to DIV2 Locked

13-8

DIV2

Clock Division for Bus Clock

Select the clock division for ffrodiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1 - Clock division is halted

6

DIV1LOCKED

Write to DIV1 Locked

5-0

DIV1

Clock Division for Slow Clock

Select the clock division for ffrodiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

8.6.1.9 Clock Dividers for the FRO (FRODIV)

Offset

Register Offset

FRODIV 208h

Function
The FRODIV register selects the clock division for the frodiv1, frodiv2 and frodiv3.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23 Divider 3 Halted
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Table continued from the previous page...

Field Function

DIV3HALT 0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for Platform Clock

Select the clock division for ffrodiv3 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for Bus Clock

Select the clock division for ffrodiv2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for Slow Clock

Select the clock division for ffrodiv1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F
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8.6.1.10 PLL Control Status Register (PLL4CSR)

Offset

Register Offset

PLL4CSR 600h

Function
PLL4 global enable bit, enable in low power modes, lock bit and status bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLLSE
L 

PLLVL
D LK Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLLDS
EN 

PLLEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

PLLSEL

PLL Selected

0 - PLL is not the system clock source

1 - PLL is the system clock source

24

PLLVLD

PLL Valid

0 - PLL is not enabled or clock is not valid

1 - PLL is enabled and output clock is valid

23

LK

Lock Register

This bit field can be cleared/set at any time.

0 - This Control Status Register can be written.

1 - This Control Status Register cannot be written.

22-2 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

1

PLLDSEN

PLL4 Enable in Deep Sleep

0 - PLL4 is disabled in Sleep/Deep Sleep modes

1 - PLL4 is enabled in Sleep/Deep Sleep modes

0

PLLEN

PLL Enable

When configuring the PLL, PLLLEN should be set/cleared first. Then the rest of the configuration 
process can be completed (disable PFDs, etc).

0 - PLL is disabled

1 - PLL is enabled

8.6.1.11 Clock Dividers for the fractional PLL4 (PLL4DIV_VCO)

Offset

Register Offset

PLL4DIV_VCO 604h

Function
The PLL4DIV_VCO Register controls the division value of the PLL4 VCO Clock

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL4 VCO Clock

Select the clock division for pll4vcodiv clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

8.6.1.12 Clock Dividers for the fractional PLL4 (PLL4DIV_PFD_0)

Offset

Register Offset

PLL4DIV_PFD_0 608h

Function
The PLL4DIV_PFD_0 register selects the clock division for the pll4pfd0div1, pll4pfd0div2, pll4pfd1div1 and pll4pfd1div2 clocks

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DIV4H
ALT 

DIV4L
OC... DIV4 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fields

Field Function

31

DIV4HALT

Divider 4 Halted

0 - Clock division is enabled

1 - Clock division is halted

30

DIV4LOCKED

The value of clock division was changed and access to DIV4 is locked

0 - DIV4 bit field is unlocked.

1 - DIV4 bit field is locked.

29-24

DIV4

Clock Division for PLL4 PFD1 Clock

Select the clock division for pll4pfd1div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for PLL4 PFD1 Clock

Select the clock division for pll4pfd1div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL4 PFD0 Clock

Select the clock division for pll4pfd0div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

Table continues on the next page...
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Field Function

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.

5-0

DIV1

Clock Division for PLL4 PFD0 Clock

Select the clock division for pll4pfd0div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

8.6.1.13 Clock Dividers for the fractional PLL4 (PLL4DIV_PFD_1)

Offset

Register Offset

PLL4DIV_PFD_1 60Ch

Function
The PLL4DIV_PFD_1 register selects the clock division for the pll4pfd2div1, pll4pfd2div2, pll4pfd3div1 and pll4pfd3div2 clocks.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DIV4H
ALT 

DIV4L
OC... DIV4 

DIV3H
ALT 

DIV3L
OC... DIV3 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIV2H
ALT 

DIV2L
OC... DIV2 

DIV1H
ALT 

DIV1L
OC... DIV1 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31

DIV4HALT

Divider 4 Halted

0 - Clock division is enabled

1 - Clock division is halted
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Field Function

30

DIV4LOCKED

The value of clock division was changed and access to DIV4 is locked

0 - DIV4 bit field is unlocked.

1 - DIV4 bit field is locked.

29-24

DIV4

Clock Division for PLL4 PFD3 Clock

Select the clock division for pll4pfd3div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

23

DIV3HALT

Divider 3 Halted

0 - Clock division is enabled

1 - Clock division is halted

22

DIV3LOCKED

The value of clock division was changed and access to DIV3 is locked

0 - DIV3 bit field is unlocked.

1 - DIV3 bit field is locked.

21-16

DIV3

Clock Division for PLL4 PFD3 Clock

Select the clock division for pll4pfd3div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

15

DIV2HALT

Divider 2 Halted

0 - Clock division is enabled

1 - Clock division is halted

14

DIV2LOCKED

The value of clock division was changed and access to DIV2 is locked

0 - DIV2 bit field is unlocked.

1 - DIV2 bit field is locked.

13-8

DIV2

Clock Division for PLL4 PFD2 Clock

Select the clock division for pll4pfd2div2 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

7

DIV1HALT

Divider 1 Halted

0 - Clock division is enabled

1 - Clock division is halted

6

DIV1LOCKED

The value of clock division was changed and access to DIV1 is locked

0 - DIV1 bit field is unlocked.

1 - DIV1 bit field is locked.
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Field Function

5-0

DIV1

Clock Division for PLL4 PFD2 Clock

Select the clock division for pll4pfd2div1 clock, the selected division is the value of the field + 1.

Valid range is 0 - 3F

8.6.1.14 PLL4 Configuration Register (PLL4CFG)

Offset

Register Offset

PLL4CFG 610h

Function
PLL4 auxiliar configuration register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved MULT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HOLD
RIN...

PFD_
OFF...

DITHE
R_...

Reserved 
DOUB
LE_...

DOUB
LE_...

HALF_
CP...

HALF_
LR...

Reserved 
SOUR

CE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

MULT

System PLL Multiplier

Multiplier for the System PLL. The MULT bits establish the multiplication factor applied to the PLL 
reference clock frequency.

• PLL Output Frequency = Divided Reference Frequency * MULT

• The PLL Reference input frequency is limited to the following discrete frequencies: 32, 30, 26, 24, 19.2, 
16 MHz.
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Field Function

• Valid MULT values are 33, 27, 22, 20, 17, 16.

MULT should be greater than 20 when PLL4NUM is not 0

15-14

—

Reserved

13

HOLDRING_OF
F

HOLDRING_OFF

HOLDRING_OFF

12

PFD_OFFSET_
EN

PFD_OFFSET_EN

PFD_OFFSET_EN

11

DITHER_EN

DITHER_EN

DITHER_EN

10-7

—

Reserved

6

DOUBLE_CP_C
URRENT

DOUBLE_CP_CURRENT

DOUBLE_CP_CURRENT

5

DOUBLE_LF_R

DOUBLE_LF_R

DOUBLE_LF_R

4

HALF_CP_CUR
RENT

HALF_CP_CURRENT

HALF_CP_CURRENT

3

HALF_LR_R

HALF_LR_R

HALF_LR_R

2-1

—

Reserved

0

SOURCE

Clock Source

Configures the input clock source for the System PLL. 0 - System OSC (SOSC) 1 - FRO 24MHz
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8.6.1.15 PLL4 Configuration Register (PLL4PFDCFG)

Offset

Register Offset

PLL4PFDCFG 614h

Function
The PLL4PFDCFG register will configure the PLL4 PFD0-3 settings

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFD3_
CL...

PFD3_
VA... PFD3 

PFD2_
CL...

PFD2_
VA... PFD2 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFD1_
CL...

PFD1_
VA... PFD1 

PFD0_
CL...

PFD0_
VA... PFD0 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31

PFD3_CLKGAT
E

Clock gate of PFD3

30

PFD3_VALID

PFD3_VALID

Indicates when PFD3 clock is valid. Will clear when PFD3 is written with a new value and will set once 
PFD3 clock becomes stable.

29-24

PFD3

PLL Fractional Divider 3

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac. Controls the PFD3 FRAC(N) divide value

23

PFD2_CLKGAT
E

Clock gate of PFD2

22

PFD2_VALID

PFD2_VALID
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Field Function

Indicates when PFD2 clock is valid. Will clear when PFD2 is written with a new value and will set once 
PFD2 clock becomes stable.

21-16

PFD2

PLL Fractional Divider 2

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac. Controls the PFD2 FRAC(N) divide value

15

PFD1_CLKGAT
E

Clock gate of PFD1

14

PFD1_VALID

PFD1_VALID

Indicates when PFD1 clock is valid. Will clear when PFD1 is written with a new value and will set once 
PFD1 clock becomes stable.

13-8

PFD1

PLL Fractional Divider 1

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac. Controls the PFD1 FRAC(N) divide value

7

PFD0_CLKGAT
E

Clock gate of PFD0

6

PFD0_VALID

PFD0_VALID

Indicates when PFD0 clock is valid. Will clear when PFD0 is written with a new value and will set once 
PFD0 clock becomes stable.

5-0

PFD0

PLL Fractional Divider 0

Controls the fractional divide value. Valid pfd values are 12-35. PFD output frequency = PLL output 
frequency * 18 / pfd0_frac

8.6.1.16 PLL Denominator Register (PLL4DENOM)

Offset

Register Offset

PLL4DENOM 618h

Function
30-bit denominator of the Auxiliary PLL Fractional-Loop divider NOTE: The value of numerator must always be configured to 
be less than the value of the denominator.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-30

—

Reserved

29-0

DENOM

PLL Denominator Register

30-bit denominator of the System PLL Fractional-Loop divider NOTE: The value of numerator must 
always be configured to be less than the value of the denominator.

8.6.1.17 PLL Numerator Register (PLL4NUM)

Offset

Register Offset

PLL4NUM 61Ch

Function
Defines the numerator factor for the PLL4 output clock.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

—

Reserved

29-0

NUM

PLL Numerator Register

30-bit numerator of the Auxiliary PLL Fractional-Loop divider NOTE: The value of numerator must always 
be configured to be less than the value of the denominator

8.6.1.18 PLL Spread Spectrum Register (PLL4SS)

Offset

Register Offset

PLL4SS 620h

Function
This register controls the parameters for the PLL4 Spread Spectrum feature

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ENABL
E 

STEP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STOP

STOP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
depth. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in DENOM 
register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

15

ENABLE

ENABLE

Enables the spread spectrum modulation. 0 - Spectrum modulation is disabled 1 - Spectrum modulation 
is enabled

Table continues on the next page...
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Field Function

14-0

STEP

STEP

STOP and STEP together control the modulation depth (maximum frequency change) and modulation 
frequency. Modulation Depth = (STOP/DENOM)*Fref where DENOM is the DENOM field value in 
DENOM register. Modulation Frequency = (STEP/(2*STOP))*Fref, where Fref = 24Mhz.

8.6.1.19 PLL LOCK Configuration Register (PLL4LOCK)

Offset

Register Offset

PLL4LOCK 624h

Function
Defines the delay time when the PLL4 lock can be considered valid.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK_TIME 

W

Reset 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

LOCK_TIME

LOCK_TIME

Configures the number of reference clocks to count before PLL is considered locked and valid.
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8.6.1.20 AUD_CLK2 source to SAI7-6 (AUD_CLK2)

Offset

Register Offset

AUD_CLK2 900h

Function
Selects the clock source used by the AUD_CLK2.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AUD_CLK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

AUD_CLK2

AUD_CLK2 Clock Source Selection

000 EXT_AUD_MCLK3 External audio master clock input 3 from pin

001 SAI6_RX_BCLK SAI6 receiver serial bit clock

010 SAI6_TX_BCLK SAI6 transmitter serial bit clock

011 SAI7_RX_BCLK SAI7 receiver serial bit clock

100 SAI7_TX_BCLK SAI7 transmitter serial bit clock

101 SPDIF_RX SPDIF receiver clock

110 Reserved

111 Reserved
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8.6.1.21 SAI7-6 Clock Source Selection (SAI7_6_CLK)

Offset

Register Offset

SAI7_6_CLK 904h

Function
Selects the clock source used by the SAI7/6

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SAI7CLK Reserved SAI6CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-8

SAI7CLK

Clock Source for SAI7

000 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

001 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

010 AUD_CLK0 Common audio clock in RTD

011 AUD_CLK1 Common audio clock in AD

100 AUD_CLK2 Common audio clock in LPAV

101 SYS_OSC Main reference clock to the chip

110 Reserved

111 Reserved

7-3

—

Reserved

2-0 Clock Source for SAI6

Table continues on the next page...
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Table continued from the previous page...

Field Function

SAI6CLK 000 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

001 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

010 AUD_CLK0 Common audio clock in RTD

011 AUD_CLK1 Common audio clock in AD

100 AUD_CLK2 Common audio clock in LPAV

101 SYS_OSC Main reference clock to the chip

110 Reserved

111 Reserved

8.6.1.22 Multiplexer to select the audio clock connected to the TPM clock input (TPM8CLK)

Offset

Register Offset

TPM8CLK 908h

Function
Selects the clock source used by the TPM8

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TPM8CLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0 Clock Selection for TPM8

Table continues on the next page...
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Table continued from the previous page...

Field Function

TPM8CLK 000 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

001 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

010 AUD_CLK0 Common audio clock in RTD

011 AUD_CLK1 Common audio clock in AD

100 AUD_CLK2 Common audio clock in LPAV

101 TPM8_PCC Selected clock from PCC_TPM8

110 Reserved

111 Reserved

8.6.1.23 Multiplexer to select the audio clock connected to the SPDIF clock input (SPDIFCLK)

Offset

Register Offset

SPDIFCLK 910h

Function
Selects the clock source used by the SPDIF

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SPDIFCLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0 Clock Selection for SPDIF

Table continues on the next page...
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Table continued from the previous page...

Field Function

SPDIFCLK 000 AUD_PLL_CLK0 Audio clock generated from the Audio PLL in RTD - PLL1PFD2DIV

001 AUD_PLL_CLK1 Audio clock generated from the Audio PLL in AD - PLL3PFD1DIV1

010 AUD_CLK0 Common audio clock in RTD

011 AUD_CLK1 Common audio clock in AD

100 AUD_CLK2 Common audio clock in LPAV

101 SYS_OSC Main reference clock to the chip

110 Reserved

111 Reserved
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Chapter 9
Power Management
9.1 Overview
This device implements power architecture to be able to support PMIC and Non-PMIC use-cases. The intention is to be able to 
minimize system cost. 8ULP includes three separate power domains, one for Cortex-M33, one for Cortex-A35 and other for LPAV 
domain. Power to Cortex-A35 or LPAV domain can be shut-down completely as an option while the system is on Cortex-M33 
power supply. In addition, there are other power islands that maintain power on for specific logic in very low power modes. Several 
low power techniques are implemented on 8ULP Family to enable power efficient applications.

 
Following acronyms are used for different domains throughout the document:

• CM33 domain, M33 domain: RTD

• CA35 domain, A35 domain: APD/AD

• Low-Power Audio Video domain: LPAV/AVD

  NOTE  

9.1.1 Power supply and segments

Table 46. 8ULP power supplies

Supply Name1 Power Domain/Segment Description

VDD_DIG1 AP Domain A35 Core complex and platform 
along with other associated logic and 
application domain memory.

VDD_DIG2 LPAV Domain Separate Low Power AV domain that 
includes HiFi4 DSP, DDR, GPUs and 
Display controller. VDD_DIG2 must be 
tied to VDD_DIG1 at board level.

VDD_DIG0 RT Domain M33 Core, Fusion DSP, EdgeLock 
secure enclave security memories and 
associated logic.

VDD_PMC18_DIG0 M33 LDO input Input supply to the M33 LDO which 
regulates the power supply for the 
VDD_DIG0 rail when internal LDO is 
used.

VDD_ANA18 Analog 1.8 V supply 1.8 V supply to analog circuitry

VDD_ANA33 Analog 3.3 V supply 3.3 V supply to ADC analog circuitry

VDD_CSI11 CSI 1.1 V supply Power supply to MIPI CSI digital 
logic. VDD_CSI11 should be tied to 
VDD_DIG1/2 at board level.

VDD_CSI18 CSI 1.8 V supply Power supply to MIPI CSI analog 
circuitry

VDD_DSI11 DSI 1.1 V supply Power supply to MIPI DSI digital 
logic. VDD_DSI11 should be tied to 
VDD_DIG1/2 at board level.

Table continues on the next page...
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Table 46. 8ULP power supplies (continued)

Supply Name1 Power Domain/Segment Description

VDD_DSI18 DSI 1.8 V supply Power supply to MIPI DSI analog 
circuitry

VDD_DSI_PLL11 DSI PLL supply Power supply to MIPI DSI PLL logic. 
VDD_DSI_PLL11 should be tied to 
VDD_DIG1/2 at board level.

USBx_18 USB 1.8 V supply 1.8 V supply to USB analog circuitry

USBx_33 USB 3.3 V supply 3.3 V supply to USB analog circuitry

VDD_PLL18_x PLL 1.8 V supply 1.8 V supply to system PLL analog 
circuitry

VDD_FUSE18 Fuse 1.8 V supply 1.8 V supply to the fuse box for efuse 
programing and sensing

VDD_PMC18 PMC 1.8 V supply 1.8 V supply to a selected set of 
peripherals in the always on domain, 
which is also known as DGO domain.

VDD_VBAT42 VBAT input supply Power supply to VBAT LDO, which 
supplies VBAT logic and IOs

VDD_PTA Port A supply 1.8 V or 3.3 V supply to port A IOs

VDD_PTB Port B supply 1.8 V (only) supply to port B IOs

VDD_PTC Port C supply 1.8 V or 3.3 V supply to port C IOs

VDD_PTD Port D supply 1.8 V or 3.3 V supply to port D IOs

VDD_PTE Port E supply 1.8 V or 3.3 V supply to port E IOs

VDD_PTF Port F supply 1.8 V or 3.3 V supply to port F IOs

VDD18_IOFEF_x IO Reference supply 1.8 V reference voltage for port A-F IO 
rails

VDD_DDR_PLL DDR PLL supply Power supply to DDR PLL logic. 
VDD_DDR_PLL should be tied to 
VDD_DIG1/2 at board level.

VDDQ_DDR DDR IO Output Driver supply 1.2 V (LPDDR3), 1.1 V (LPDDR4), 0.6 
V (LPDDR4X) supply for DDR IO Output 
Driver

VDDQX_DDR DDR IO Pre-Driver supply 1.2 V (LPDDR3), 1.1 V (LPDDR4/4X) 
supply for DDR IO Pre-Driver

VDDQX_AO_DDR DDR Always On IO 1.2 V (LPDDR3), 1.1 V (LPDDR4/4X) 
supply for CKE/RESET_N pins

1. For voltage ranges, see the device data sheet.

9.1.2 8ULP Timing closure
Refer to the device data sheet for information on Timing closure criteria.
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9.1.3 i.MX 8ULP Power Management Scheme
Following figure shows the base Power Management scheme for 8ULP.
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Figure 108. Power Management Scheme

“Fast NIC Domain” above corresponds to combination of NIC_AP and NIC_PER as part of A35 domain.

Next section shows different use-cases for 8ULP Power Management.
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Figure 109. CASE 1: External PMIC (M33 Powered by internal LDO)
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Figure 110. CASE 2: External PMIC (M33 LDO bypass)

 
Unlike 7ULP1, 8ULP does allow M33 LDO to be bypassed in functional mode, thus allowing VDD_DIG0 to be 
controlled by external PMIC regulated supply.

  NOTE  
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Figure 111. CASE 3: External PMIC (Independent DIG0, DIG1, DIG2 supply)

Though this is not necessary, 8ULP does support full capability where VDD_DIG1 and VDD_DIG2 shall be tied together on board. 
VDD_DIG0 power supply voltage can be independently sourced from VDD_DIG1/2.

Both VDD_DIG1 and VDD_DIG2 must derive from same source as part of PMIC with no more than 50 mV difference.

9.1.3.1 Low/High Voltage Detects (LVDs/HVDs)
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Figure 112. Low/High Voltage Detects(LVD/HVD)
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9.1.4 Application domain (A35) power modes

Table 47. Application domain (A35) power modes

A35 power modes Description Exit

Active • All logic is functional in this mode.

• Bus clock and peripherals functional.

• Voltage and bias configurable by SW1

• Allows Dynamic Voltage Scaling (DVS)

• Max Core/NIC_AP/NIC_PER/XBAR_APD Freq: 1.0 
GHz/460/230/230 MHz

WFI

Partial Active • Core complex/NIC_PER/NIC_AP Power gated.

• Peripheral only operation (XBAR_AP active)2

• Max XBAR_AP/Bus block Freq: 230/115 MHz

• Voltage and bias configurable by SW

 
Bandgap needs to be enabled to have the FRO192 OSC 
running, when AD is woken up by an interrupt from Partial 
Active mode, with RTD in Deep Sleep mode.

  NOTE  

 
When Partial Active mode is exited, all AD peripherals 
(including IOMUXC1) will be reset. These need to be 
reconfigured to allow usage of AD and LPAVD peripherals 
in Active mode thereafter.

  NOTE  

Reset

Sleep3, 4, 5 • A35 core in Wait-for-Interrupt (WFI)

• Core/System6/Peripheral clock gating configurable by software

• LVDs could be optionally turned off.

Interrupt7/Reset

Deep Sleep4,5,8 • Core/System/peripherals clock gated.

• A35 core is in wait-for-interrupt(WFI) state.

• SRAM contents retained

• DDR can be in self-refresh

• Voltage and bias (RBB only) level configured separately by software.

• IO supplies ON, LVD protection enabled

Interrupt/Reset

Power Down • Core/System/peripherals power gated.

• Core supply (DIG1) kept enabled9

• AD SRAM (SRAM0 and SRAM2) power gated

• Wakeup through wake-up unit(WUU)10 in CA35 always-ON domain.

• DDR in self-refresh (optional)

Wake-up Interrupt/Reset

Table continues on the next page...
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Table 47. Application domain (A35) power modes (continued)

A35 power modes Description Exit

Deep Power Down11 • DIG1 supply completely OFF

• Wakeup through wake-up unit(WUU)10 in CA35 always-ON domain.

• DDR in self-refresh (optional)

Wakeup 
Interrupt12/Reset

1. No RBB supported in active mode for A35 as well as LPAV domain.
2. For the case where peripherals are active while core(s) and NICs are power gated, system recovery would happen through 

system reset.
3. This device supports variation of Sleep mode that allows additional options (enable/disable) to control system and bus 

clock. Please see CMC chapter for details.
4. Sleep mode is essentially a clock gating mode. RBB/Voltage is not configurable in sleep mode, thus allowing faster 

recovery time compared to Deep Sleep.
5. Both cores can be optionally power gated in Sleep or Deep Sleep mode but will require a exit via core reset.
6. System corresponds to all the interconnects in a given domain.
7. Interrupts from CA35, CM33 or external device via GPIO pin could act as a wake-up. WKPU detects wake-up source for 

A35 processor.
8. No automatic peripheral clock gating supported in deep sleep (static) mode. It is software (aka user code) responsibility to 

configure PCC[CGC] bits to disable peripherals clocks before requesting to enter deep sleep mode.
9. Core Supply is kept enabled keep IOMUX active if LPAV domain is powered.
10. While AD is power gated, part of GPIOs can remain active to allow wake-up (through CA35:WUU) and interrupt uPower.
11. Transition to Power down automatically enables isolation on all signals to M33 domain.
12. Wakeup from M33 domains can be signaled through MU_A unit.

Table 48. 8ULP application time domain (A35) chip power modes mapping to legacy i.MX 7ULP module power modes

A35 chip power mode Module power modes (Legacy)

Active HSRUN, RUN, VLPR

Partial Active NEW

Sleep WAIT, VLPW, STOP, VLPS

Deep Sleep LLS

Power Down VLLS0-2

Deep Power Down VLLS3

9.1.5 Power mode details (application domain)

The following table lists the default power mode configurations for the application domain. However, these can be changed using 
the uPower API service upwr_pwm_pmode_config (see the chapter "MicroPower Controller Subsystem" in this document and 
refer to uPower API guide).
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Table 49. Power mode details (application domain)

Modules Power Modes Active Partial Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power 
Domain

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks= ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks = ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB or 
ARBB, 
Voltage = 
Fixed, 
System/Bus 
clock = 
ON(optional) 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

CCG1 AD Functional Functional Functional CG PG PG

PLL2 PLL LDO Functional Functional Functional CG PG1 PG

PLL3 PLL LDO Functional Functional Functional CG PG1 PG

PCC3 AD Functional Functional Functional CG PG PG

PCC4 AD Functional Functional Functional CG PG PG

CMC1 AD Functional Functional Functional Functional PG PG

XRDC_MGR AD Functional Functional Functional CG PG PG

MDAC AD Functional Selective PG Functional CG PG PG

MRC AD Functional Selective PG Functional CG PG PG

PAC AD Functional Functional Functional CG PG PG

MU[3]_A AD Functional Functional Functional CG PG PG

SEMA42[1] AD Functional Functional Functional CG PG PG

SIM1 AD Functional Functional Functional CG PG with DGO 
registers 
retained

PG with DGO 
registers 
retained

WUU1 DGO Functional Functional Functional Functional Functional Functional

LPI2C[4] AD Functional Functional Async 
Operation 2

CG PG PG

LPI2C[5] AD Functional Functional Async 
Operation2

CG PG PG

LPI2C[6] AD Functional Functional Async 
Operation2

CG PG PG

LPI2C[7] AD Functional Functional Async 
Operation2

CG PG PG

LPSPI[4] AD Functional Functional Async 
Operation2

CG PG PG

Table continues on the next page...
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Table 49. Power mode details (application domain) (continued)

Modules Power Modes Active Partial Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power 
Domain

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks= ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks = ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB or 
ARBB, 
Voltage = 
Fixed, 
System/Bus 
clock = 
ON(optional) 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

LPSPI[5] AD Functional Functional Async 
Operation2

CG PG PG

LPIT1 AD Functional Functional Async 
Operation2

CG PG PG

LPTPM[4] AD Functional Functional Async 
Operation2

CG PG PG

LPTPM[5] AD Functional Functional Async 
Operation2

CG PG PG

I3C2 AD Functional Functional Async 
Operation2

CG PG PG

FlexIO[1] AD Functional Functional Async 
Operation2

CG PG PG

WDOG[3] AD Functional Functional Async 
Operation2

CG PG PG

WDOG[4] AD Functional Functional Async 
Operation2

CG PG PG

LPUART[4] AD Functional Functional Async 
Operation2

CG PG PG

LPUART[5] AD Functional Functional Async 
Operation2

CG PG PG

LPUART[6] AD Functional Functional Async 
Operation2

CG PG PG

LPUART[7] AD Functional Functional Async 
Operation2

CG PG PG

WKPU AD Functional Functional Functional CG PG PG

PCTL[C-F] AD Functional Functional Async 
Operation2

CG PG PG

IOMUXC[1] AD Functional Functional CG or Static 
(optional)3

CG Functional(op
tional)4

PG

Table continues on the next page...
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Table 49. Power mode details (application domain) (continued)

Modules Power Modes Active Partial Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power 
Domain

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks= ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks = ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB or 
ARBB, 
Voltage = 
Fixed, 
System/Bus 
clock = 
ON(optional) 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

RGPIOE,F AD Functional Functional CG(optional)5 CG PG PG

LPTPM[6] AD Functional Functional Async 
Operation2

CG PG PG

LPTPM[7] AD Functional Functional Async 
Operation2

CG PG PG

SAI[4] AD Functional Functional Async 
Operation2

CG PG PG

SAI[5] AD Functional Functional Async 
Operation2

CG PG PG

MQS[1] AD Functional Functional Async 
Operation2

CG PG PG

A35[0] AD Functional PG CG/PG CG/PG PG PG

A35[1] AD Functional PG CG/PG CG/PG PG PG

A35[0] L1 
Cache

AD Functional PG CG/PG CG/PG PG PG

A35[1] L1 
Cache

AD Functional PG CG/PG CG/PG PG PG

512K L2 
Cache

AD Functional PG CG/PG6 CG/PG6 PG PG

ENET AD Functional PG Functional CG PG PG

USB OTG0 AD Functional PG Async 
Operation2

CG PG w/ 
retention, 7

PG w/ 
retention 7

USB OTG1 AD Functional PG Async 
Operation2

CG PG7 PG7

uSDHC0 AD Functional Functional CG(optional)5 CG PG w/ 
retention

PG w/ 
retention

uSDHC1 AD Functional PG CG(optional)5 CG PG PG

uSDHC2 AD Functional PG CG(optional)5 CG PG PG

Table continues on the next page...
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Table 49. Power mode details (application domain) (continued)

Modules Power Modes Active Partial Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power 
Domain

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks= ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB and 
DVS, 
System/Bus 
clocks = ON 
IO supply 
=ON

Core Supply 
=ON, Bias = 
AFBB or 
ARBB, 
Voltage = 
Fixed, 
System/Bus 
clock = 
ON(optional) 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF 
IO supply 
=ON(optional)

CAAM AD Functional PG CG(optional)5 CG PG PG

32K Secure 
RAM

AD Functional PG CG(optional)5 CG PG PG

NIC_PER AD Functional PG Async 
Operation2

CG PG PG

NIC_AD AD Functional PG Async 
Operation2

CG PG PG

AXBS_AD AD Functional Functional Async 
Operation2

CG PG PG

PBRIDGE[3] AD Functional Functional Async 
Operation2

CG PG PG

PBRIDGE[4] AD Functional Functional Async 
Operation2

CG PG PG

DMA[1] AD Functional Functional Async 
Operation2

CG PG PG

SRAM0 AD Functional Functional Async 
Operation2

CG PG PG

FlexSPI[2] AD Functional Functional Async 
Operation2

CG PG PG

1. The PLL cannot be power gated automatically when entering power down. Software must explicitly disable them.
2. Async operation as option for variant of sleep mode with System/Bus clock gated.
3. If System/Bus clock is not available(OFF), module will be Clock gated else will remain static.
4. Option to power gate complete 512K L2 cache or CG 256K L2 cache and PG 256K L2 cache
5. If system clock is OFF in Sleep mode, module will be clock gated else fully functional.
6. Option to power gate complete 512K L2 cache or CG 256K L2 cache and PG 256K L2 cache.
7. Wakeup from USB supported in power down modes.

Table 50. Power mode definitions

Functional Module fully operational

Static Clocks are ON but module not operating

Table continues on the next page...
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Table 50. Power mode definitions (continued)

Functional Module fully operational

Async Operation means the block supports the DMA transfers from/to IPs that are working in 
Assynchronous Operation state

CG Clock Gated

PG Power Gated

9.1.6 8ULP real-time domain (M33) power modes

Table 51. 8ULP real time domain power modes

M33 power modes Description Recovery Method

Active • All logic is functional in this mode.

• Bus clock and peripherals functional1.

• Voltage and bias configurable by SW2

• Allows Dynamic Voltage Scaling(DVS)

• CM33/Platform/Bus Clock/Bus Clock(slow)3: 216/216/108/27 MHz

N/A

Sleep • M33 core in Wait-for-Interrupt (WFI)

• Core/system/Peripheral clock gating configurable by software

• LVDs could be optionally turned off.

Interrupt/Reset

Deep Sleep4,5 • Core/System/peripherals clock gated.

• M33 core is in wait-for-interrupt(WFI) state.

• Static mode with no active transition

• SRAM contents retained

• Voltage and bias (RBB only) level configured separately by software.

• IO supplies ON, LVD protection can be optionally turned off.

Interrupt6/Reset

Power Down4 • Core/System/peripherals power gated.

• SRAM7(aka shared memory) with configurable retention

• Voltage and bias(RBB only) level configurated separately by software

• Comparator, LP timers optionally functional

Wake-up 
Interrupt8/Reset

Deep Power Down • DIG0 supply completely OFF

• DGO8(Always ON) domain ON

• Comparator, LP timers optionally functional

• No SRAM retention

Wake-up 
Interrupt8/Reset

1. Option to disable PLLs and work on 192MHz (or divide-down) FRO clock.
2. Max clock limited to 48 MHz during active mode with RBB enabled.
3. Bus clock (slow) corresponds to the bus clock to peripherals in CM33 DGO logic.
4. Apart from other parameters, Recovery from Deep Sleep depends on voltage as well as Bias settings.
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5. No automatic peripheral clock gating supported in Deep Sleep (static) mode. It is software (user code) responsibility to 
configure PCC[CGC] bits to disable peripherals clocks before requesting to enter Deep Sleep mode.

6. Wake up via interrupts from M33 peripherals or external GPIO pins. NVIC disabled, CMC/WIC detects the wakeup source.
7. Allows the RAM voltage supply to be reduced to retention level (0.65V).
8. Power Down/Deep Power Down wakeup through WUU and NMI pin. Exit forces a system reboot.

 
If RTD enters Sleep/Deep Sleep with CMC0_CLKCTRL[CKMODE]=111, Fusion DSP may not work properly due 
to the lack of clk source on the memory arbiter, not being able to access memory partitions not yet owned by 
the time the M33 enters the low power mode. There are two workarounds so FusionDSP can work with RTD in 
Sleep/Deep Sleep :

• Use CLKCTRL[CKMODE]=001

• CLKCTRL[CKMODE]=111, but Fusion DSP needs to access the memory partitions to gain ownership 
before system is requested to enter low power mode. The memory partition used by the CM33 for code 
execution/data will not have ownership changed to FusionDSP though.

  NOTE  

Table 52. 8ULP real time domain (M33) power modes mapping to legacy module power modes

M33 chip power modes Module power modes (Legacy)

Active HSRUN, RUN, VLPR

Sleep WAIT, VLPW, STOP, VLPS

Deep Sleep LLS

Power Down VLLS0/VLLS1

Deep Power Down VLLS2/VLLS3

9.1.7 Power mode details (real-time domain)

The following table lists the default power mode configurations for the real-time domain. However, these can be changed using 
the uPower API service upwr_pwm_pmode_config (see the chapter "MicroPower Controller Subsystem" in this document and also 
refer the uPower API spec).

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

CCG0 RTD Functional Functional Functional 
(Limited)

PG PG

PLL0 PLL LDO Functional Functional CG PG1 PG

Table continues on the next page...
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Table continued from the previous page...

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

PLL1(Audio) PLL LDO Functional Functional CG PG1 PG

LPO(1Mhz) RTD Functional Functional Functional PG PG

SYSOSC RTD Functional Functional Functional2 PG PG

FRO RTD Functional Functional Functional2 PG PG

PCC0 RTD Functional Functional CG PG PG

PCC1 RTD Functional Functional CG PG PG

PCC2 DSPD Functional Functional CG PG PG

CMC0 RTD Functional Functional Functional PG PG

TRDC_MGR RTD Functional Functional CG PG PG

MDAC RTD Functional Functional CG PG PG

MBC RTD Functional Functional CG PG PG

MU[0-2]_A RTD Functional Functional CG PG PG

SEMA42[0] RTD Functional Functional CG PG PG

SIM0 RTD Functional Functional Functional PG with DGO 
registers 
retained

PG with DGO 
registers 
retained

WUU0 DGO Functional Functional Functional Functional Functional

RMC0 DGO Functional Functional Functional Functional Functional

LPI2C[0] RTD Functional Async 
Operation3

CG PG PG

LPI2C[1] RTD Functional Async 
Operation3

CG PG PG

LPI2C[2] DSPD Functional4 Async 
Operation3

CG PG PG

LPI2C[3] DSPD Functional4 Async 
Operation3

CG PG PG

Table continues on the next page...
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Table continued from the previous page...

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

LPSPI[0] RTD Functional Async 
Operation3

CG PG PG

LPSPI[1] RTD Functional Async 
Operation3

CG PG PG

LPSPI[2] DSPD Functional4 Async 
Operation3

CG PG PG

LPSPI[3] DSPD Functional4 Async 
Operation3

CG PG PG

LPTMR[0] DGO Functional Async 
Operation3

Async 
Operation3

Async 
Operation3

Async 
Operation3

LPTMR[1] DGO Functional Async 
Operation3

Async 
Operation3

Async 
Operation3

Async 
Operation3

LPIT0 RTD Functional Async 
Operation3

CG PG PG

LPTPM[0] RTD Functional Async 
Operation3

CG PG PG

LPTPM[1] RTD Functional Async 
Operation3

CG PG PG

LPTPM[2] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

LPTPM[3] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

I3C[0] RTD Functional Async 
Operation3

CG PG PG

I3C[1] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

FlexIO[0] RTD Functional Async 
Operation3

CG PG PG

WDOG[0] RTD Functional Async 
Operation3

CG PG PG

Table continues on the next page...
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Table continued from the previous page...

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

WDOG[1] RTD Functional Async 
Operation3

CG PG PG

WDOG[2] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

LPUART[0] RTD Functional Async 
Operation3

CG PG PG

LPUART[1] RTD Functional Async 
Operation3

CG PG PG

LPUART[2] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

LPUART[3] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

PCTL[A-C] RTD Functional Async 
Operation3

CG PG PG

IOMUXC[0] RTD Functional CG or Static 
(optional)6

CG PG PG

RGPIOA, B, C RTD Functional CG(optional)7 CG PG PG

SAI[0] RTD Functional Async 
Operation3

CG PG PG

SAI[1] RTD Functional Async 
Operation3

CG PG PG

SAI[2] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

SAI[3] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

MQS[0] RTD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

CM33 Core RTD Functional CG CG PG PG

PowerQuad RTD Functional CG CG PG PG

Casper RTD Functional CG CG PG PG

Table continues on the next page...
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Table continued from the previous page...

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Fusion Core DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

M33 L1 Cache RTD Functional CG CG PG PG

Shared Memory RTD Functional Functional 
(optional)5 / 
Async 
Operation3, 8

Functional 
(optional)5or 
CG 9

Static10 PG

AXBS_RTD RTD Functional Async 
Operation3

CG PG PG

AXBS_DSP DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

PBRIDGE[0] RTD Functional Async 
Operation3

CG PG PG

PBRIDGE[1] RTD Functional Async 
Operation3

CG PG PG

PBRIDGE[2] DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

DMA[0] RTD Functional Async 
Operation3

CG PG PG

FlexSPI[0] RTD Functional Async 
Operation3

CG PG PG

FlexSPI[1] RTD Functional Async 
Operation3

CG PG PG

uPower uPower LDO Functional Functional Functional Functional(Limit
ed)

Functional(Limit
ed)

EdgeLock 
Secure Enclave

RTD Functional Async 
Operation3

CG PG PG

MICFIL DSPD Functional Functional 
(optional)5

Functional 
(optional)5 or 
PG

PG PG

Table continues on the next page...
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Table continued from the previous page...

Modules Power Modes Active Sleep Deep Sleep Power Down Deep Power 
Down

Power State 
Power Domain

Core Supply 
=ON, Bias = 
AFBB and DVS, 
System/Bus 
clocks= ON IO 
supply =ON

Core Supply 
=ON, Bias = 
AFBB or ARBB, 
Voltage = Fixed, 
System/Bus 
clock = 
ON(optional) IO 
supply =ON

Core Supply 
=ON, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply =ON

Core Supply 
=ON(Mem only), 
Bias = RBB, 
Voltage/Bias = 
prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

Core Supply 
=OFF, Bias = 
RBB, Voltage/
Bias = prog, 
System/Bus 
Clock = OFF IO 
supply 
=ON(optional)

MRT DSPD Functional Functional 
(optional)5

Functional 
(optional)5

PG PG

BBSM VBAT Functional Functional Functional Functional Functional

TRIGMUX0 RTD Functional Async 
Operation3

CG PG PG

DAC[0-1] RTD Functional Async 
Operation3

Functional PG PG

ADC[0-1] RTD Functional Async 
Operation3

Functional PG PG

CMP[0-1] DGO Functional Async 
Operation3

Functional Functional Functional

CAN-FD RTD Functional Async 
Operation3

CG PG PG

OTFAD RTD Functional Async 
Operation3

CG PG PG

EWM RTD Functional Async 
Operation3

CG PG PG

OCOTP RTD Functional CG (optional) CG PG PG

Fusebox RTD Functional CG (optional) CG PG PG

1. The PLL cannot be power gated automatically when entering power down. Software must explicitly disable them.
2. FRO or SYSCLK to be optionally available in Sleep/Deep Sleep to allow Fusion domain to be functional while M33 is 

sleep/Deep Sleep.
3. Async operation as option for variant of sleep mode with System/Bus clock gated
4. Functional if DSP domain is enabled.
5. DSPD IPs can optionally continue to function when M33 in Sleep/Deep Sleep if FRO clock is enabled
6. If System/Bus clock is not available(OFF), module will be Clock gated else will remain static
7. If system clock is OFF in Sleep mode, module will be clock gated else fully functional.
8. Shared Memory can be configured for Async operation if DSP is Power gated or fully functional if DSP is enabled.
9. Shared Memory can be clock gated if DSP Is power gated or fully functional if DSP is enabled.
10. Configurable retention during Power down mode (32K - 768K).

Table 53. Operational modes

Functional module fully operational

Table continues on the next page...
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Table 53. Operational modes (continued)

Static Clocks are ON but module not operating

Async Operation means the block supports the DMA transfers from/to IPs that 
are working in Asynchronous Operation state

CG Clock Gated

PG Power Gated

9.1.8 8ULP VBAT Mode
VBAT is a separate mode decoupled from CM33/CA35 power domain. This is provisioned by a separate VBAT pin that can be 
connected to a coin cell or another voltage source.

Table 54. VBAT mode

Mode Description Typical IDD Recovery Method

VBAT Only RTC domain retained and powered through coin-cell/
Lithium-Ion battery

4 uA Availability of VDD 
Supply/RTC Alarm

 
The system must go through the full POR and boot sequence when it wakes up from the VBAT mode. Recovery 
time is dependent on system and use case application.

• PMIC power up sequence

• Boot configuration options: boot device, dual boot vs single boot, security boot, etc

  NOTE  

9.1.9 8ULP low-power AV domain
Unlike the Application or Real Time Domain, LPAV Domain is a slave domain. It does not have its own power modes but follows 
power modes for master domain (A35 or M33) that is controlling it unless part of the resources are used by other domain.

LPAV domain comes up “disabled” by default during boot-up and need to be explicitly enabled.

Default Master owner for LPAV domain is M33 unless configured otherwise.

Table 55. Operational modes table

Operational mode Description

Disabled • All Power switches in LPAV domain default to “disable”

• Core/peripherals/interconnect power OFF

Active • All logic is functional in this mode.

• Clocks configurable by Master domain owner.

• Voltage and bias level configurable

• GPU3D, GPU2D, Display subsystem, DDR, HiFi4 can be selectively power gated.

• Allows Dynamic Voltage Scaling(DVS)

• Up-to 528 MHz DDR operation.

• GPU3D/GPU2D/NIC_LPAV: 317/317/317 MHz

• HiFi4/NIC_HIFI: 475/238 MHz
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All IPs as parts of LPAV domain should be considered as shared resources that can be accessed by either M33 or A35 domain 
based on how they get allocated/assigned (by XRDC/TRDC). Following table shows the detailed attributes and access control.

LPAV Control type Description Access control method

Configuration settings Initialization, Clock sources and PLL PFDs (A35 
or M33)

Semaphore1

IP Clock control Individual clocks follow allocated Master PCC Control

Power Control Individual switches follow allocated Master2 uPower configuration register

Bias Control If LPAV is being controlled by one power domain, 
RBB follows state of domain using it.

When both domains are sharing IPs RBB will 
be only allowed when both domains have 
RBB active.

uPower configuration register

Data Access control All resources can be isolated to one of another 
domain based on RDC settings

XRDC control

IP Reset control Each IP can be individually reset through SW3 uPower configuration register

1. If SW chooses not to use semaphore mechanism, either domains could configure the LPAV domain, it would be up to SW 
to manage the conflict.

2. Power switch that controls common resources like NIC-AV will remain active if any of the domain is active.
3. This provides SW the necessary control to switch ownership from one domain to the other.

Also find below some general usage guidelines

• Before Application domain needs to transition to low power mode, it must ensure, required clocks to the LPAV domain are 
gated prior to mode transition. For the cases where a shared resource is used by M33 domain, part of the LPAV domain logic 
will continue to function.

• Since M33 domain is boot domain and active while application domain is active, M33 domain can take the ownership of LPAV 
domain common resources and configuration via semaphore before A35 switches to low power modes.

• M33 domain to have supervisor access to all control and configuration while A35 access is always moderated.

• EdgeLock Secure Enclave being root of trust have highest privilege with full access to all LPAV resources and configuration 
and can over-ride settings, if necessary.

 
A dedicated hardware Semaphore (SEMA42) on LPAV domain will be used exclusively to moderate the ownership 
of LPAV domain. Once a particular domain Master has locked operation on LPAV domain, configuration access 
from other domain will be denied.

  NOTE  

 
Whenever RTD enters a low power with a clockmode that gates the platform clock 
(CMC0_CLKCTRL[CKMODE]=011 or CMC0_CLKCTRL[CKMODE]=111, HiFi4 DSP won't be able to access 
the SSRAM. That means whenever HIFI4 wants to access the SSRAM it will need to make sure RTD has the RTD 
Plat clock enabled.

  NOTE  
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9.1.10 8ULP Fusion DSP domain
Fusion DSP is part of M33 domain and running of same core voltage as M33. Similar to LPAV domain, this is also considered as 
a slave domain and does not have its own power modes but follows M33.

This domain comes up as “disabled” until it explicitly enabled by M33 during boot.

Table 56. 8ULP fusion DSP domain

Operational mode Description

Disabled • Power switch that controls Fusion domain default to “disable”

• Core/peripherals/AXBS power OFF

Active • All logic is functional in this mode.

• Clocks configurable by M33 only.

• Same voltage and bias level as M33 domain.

• Allows Dynamic Voltage Scaling(DVS) locked with M33

• Up-to 200 MHz operation.

• Fusion DSP/Platform/Bus: 200/200/100 MHz

Always ON • All logic power gated except HWVADs for voice trigger

• FRO clock and SYS OSC available as clock source

 
• M33 must be in active mode to be able to configure clocks to the fusion DSP.

• Lowest M33 power mode where Fusion DSP can operate is Deep Sleep mode. FRO clock should be available 
as an option in Deep Sleep mode.

• Any interrupt from Fusion peripherals while operating in Deep Sleep mode should wake up M33 domain.

  NOTE  

9.1.11 Allowed Power modes between Multi-core
Separate power modes on A35 and CM33 can result in several combinations, however not all are valid on this chip. The table 
below provides a summary of recommended power modes between the two cores.

NR = Not recommended

No = Not supported in hardware

Table 57. Allowed power modes between multicore

CM33 → Active1 Sleep Deep Sleep Power Down Deep Power Down

CA35 ↓2

Active3 YES YES NO NO4 NO5, 4

Partial Active YES YES YES No NO

Sleep YES YES NO NO4 NO4

Deep Sleep YES YES YES No4 NO4

Table continues on the next page...
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Table 57. Allowed power modes between multicore (continued)

CM33 → Active1 Sleep Deep Sleep Power Down Deep Power Down

CA35 ↓2

Power Down YES YES YES YES6 YES7

Deep Power Down YES YES YES YES6 YES7

1. Active mode will also allow to enable RBB but will limit the operation frequency to 40 MHz.
2. CA35 only supports static (w/o clock) RBB.
3. No power advantage to keep CM33 in low power modes while CA35 is in active mode, though hardware supports this 

option.
4. 8ULP does not support any isolation from CM33 to CA35 domain so there is no possibility for CM33 to be kept in Power 

Down modes while CA35 in higher power modes.
5. No clock available for CA35 when CM33 is in “Deep Power Down” mode. There are also no power advantages using this 

mode.
6. CM33 domain can only enter Power Down mode once CA35 is in Power Down mode. CM33 must be active to be able 

to wake CA35 from Power Down mode. For the case where both CA35 and CM33 are in Deep Power Down and Power 
Down mode respectively, CM33 must wake up first before CA35 can exit Power Down mode.

7. Not supported in single boot mode because single boot mode needs CA35 to wake up CM33 firmware loading.

9.1.12 M33 and A35 power mode transition
Figure 113 and Figure 114 shows the Power mode State transition diagrams for M33 and A35 domain.

Active
Sleep

Deep 
Sleep

Power
Down

Deep 
Power
Down

POR Reset

Figure 113. Power mode transition state machine (M33 Domain)
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Active
Sleep

Deep 
Sleep

Deep 
Power
Down

POR Reset

Partial
Active

Power
Down

Figure 114. Power mode transition state machine (A35 Domain)

 
The above figure shows possible combination(s) of power mode transitions. Since the modes can be fully emulated 
by uPower FW, above state machine can be expanded to create custom power modes.

  NOTE  

Lower Priority but supported.

• Direct boot in Partial active mode

• Direct transition from Sleep to Deep Sleep

9.1.13 Power Switch state under various operating modes
Enabled = Power Switch Closed

Disabled = Power Switch Open

PROG = Power switch programmable based on specific application use-case

N/A = State of power switch depends on domain controlling the logic

Table 58. M33 power modes

Power 
Switch

Controlling Logic M33 Power modes

Active Sleep Deep Sleep Power Down Deep Power 
Down

PS0 M33 core complex/
platform/peripherals

Enabled Enabled Enabled Disabled Disabled1

PS1 Fusion core and peripherals PROG2 PROG PROG Disabled Disabled

PS2 A35[0] core complex N/A3 N/A N/A Disabled Disabled

PS3 A35[1] core complex N/A N/A N/A Disabled Disabled

PS4 256K L2 cache[1] N/A N/A N/A Disabled Disabled

Table continues on the next page...
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Table 58. M33 power modes (continued)

Power 
Switch

Controlling Logic M33 Power modes

Active Sleep Deep Sleep Power Down Deep Power 
Down

PS5 A35 NIC_PER, NIC_AP N/A N/A N/A Disabled Disabled

PS6 A35 peripherals and Crossbar N/A N/A N/A Disabled Disabled

PS7 3DGPU PROG PROG PROG Disabled Disabled

PS8 HiFi4 complex PROG4 PROG4 PROG4 Disabled Disabled

PS9 DDR controller PROG PROG PROG Disabled Disabled

PS10 PXP, EPDC PROG PROG PROG Disabled Disabled

PS11 MIPI DSI PROG PROG PROG Disabled Disabled

PS12 MIPI CSI PROG PROG PROG Disabled Disabled

PS13 NIC_AV, System RAM2, DC- 
Nano, GPU2D

PROG PROG PROG Disabled Disabled

PS14 Fusion ⁁Always ON⁝ PROG PROG PROG5 Disabled Disabled

PS15 Fuses6 PROG PROG PROG Disabled Disabled

1. VDD_DIG0 turned off in Deep Power Down mode.
2. If Fusion DSP is enabled by application, power switch is configured to remain enabled in Active, Sleep and Deep Sleep 

modes.
3. Depends on the A35 state if particular logic is active.
4. When HiFi4 complex is enabled the MIPI-DSI power switch needs to be enabled, otherwise MU3 does not operate 

properly.
5. Fusion ⁁Always ON⁝ logic can remain active while fusion and other peripherals are power gated to detect voice trigger.
6. Once the fuses are sampled into shadow registers, Power Switch can be disabled to reduce power consumption.

Table 59. A35 power modes

Power Switch Controlling Logic A35 Power modes

Active Sleep Deep Sleep Power Down,Deep 
Power Down

PS0 M33 core complex/
platform/peripherals

Enabled Enabled Enabled PROG1

PS1 Fusion core and peripherals PROG2 PROG2 PROG2 PROG2

PS2 A35[0] core complex PROG3 PROG3 PROG3 Disabled

PS3 A35[1] core complex PROG3 PROG3 PROG3 Disabled

Table continues on the next page...

NXP Semiconductors
Power Management

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 770 / 5781



Table 59. A35 power modes (continued)

Power Switch Controlling Logic A35 Power modes

Active Sleep Deep Sleep Power Down,Deep 
Power Down

PS44 256K L2 cache[1] PROG PROG PROG Disabled

PS5 A35 NIC_PER, NIC_AP PROG5 Enabled Enabled Disabled

PS6 A35 peripherals and Crossbar Enabled Enabled Enabled Disabled

PS7 3DGPU PROG PROG PROG Disabled

PS8 HiFi4 complex6 PROG6 PROG6 PROG6 Disabled

PS9 DDR controller PROG PROG PROG Disabled

PS10 PXP, EPDC PROG PROG PROG Disabled

PS11 MIPI DSI PROG PROG PROG Disabled

PS12 MIPI CSI PROG PROG PROG Disabled

PS13 NIC_AV, System RAM2, DC- 
Nano, GPU2D

PROG PROG PROG Disabled

PS14 Fusion ⁁Always ON⁝ PROG PROG PROG PROG

1. Depends on the state of M33 power mode.
2. If Fusion DSP is enabled by application, power switch is configured to remain enabled in all A35 power modes.
3. At least one A35 core needs to active(programmable) in A35 ⁁Active⁝ mode. Combination where both PS2 and PS3 are 

configured as ⁁disabled⁝ is illegal configuration (unless PS5 is configured as ⁁disabled⁝).
4. L2 Cache[1] cannot be retained if NIC_PER is not powered, that said, PS4 automatically gets disabled if PS5 is disabled.
5. 8ULP supports option to power gate NIC_PER and NIC_AP in Active mode, for this case, PS5 is programmed as 

⁁disabled⁝. Recovery must happen through system reset.
6. When HiFi4 complex is enabled the MIPI-DSI power switch needs to be enabled, otherwise MU3 does not operate 

properly.

9.1.14 Power states in real-time and application domains
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PS0 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS
14

Use-cases

M33 
Domai
n

Fusion 
Domain

A35[0] A35[1] L2 
Cache[1
]

A35 
NICs

A35 
PER/
XBAR

3D GPU HiFi4 DDR PXP/
EPDC

MIPI DSI MIPI 
CSI

LPAV 
Platform

Fus
ion 
"alw
ays 
ON"

ON OPT ON ON OPT ON ON OFF OFF ON ON ON OFF ON OP
T

PXP/EPDC/
MIPI to/from 
DDR - e-
readers/
Amazon

ON OPT ON ON OPT ON ON ON OFF ON ON ON OFF ON OP
T

PXP/EPDC/
MIPI/GPU to/
from DDR - 
Android 
based e-
readers

ON OPT ON OFF OFF ON ON ON OFF ON OFF ON OFF ON OP
T

No HiFi4, CSI, 
2nd A35, 
extended L2 
Cache 
(Wearables - 
Low end)

ON ON ON ON ON ON ON ON OFF ON OFF ON OFF ON ON All 
Functionalty 
minus DSP/
EDPC/
PXP(Wearabl
es - High end)

ON OFF X x X X X X X X X X X X ON Voice Trigger

OFF ON X X X X X X X X X X X X X Invalid 
condition 
(M33 must be 
powered for 

Table continues on the next page...
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Table continued from the previous page...

PS0 PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12 PS13 PS
14

Use-cases

fusion to 
function)

OFF X X X X X X X X X X X X X ON Invalid 
condition 
(M33 must be 
powered for 
fusion to 
function)

OFF OPT OPT OPT OPT OPT OPT OPT OPT OPT OPT OPT OPT OPT OP
T

Invalid 
condition 
(M33 must be 
powered for 
any other 
domain to 
function)

ON X X X X X X OPT OPT OPT OPT OPT OPT OFF X Invalid 
Condition( LP
AV platform 
must be 
powered for 
any LPAV 
resources to 
be ON)
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9.1.15 Biasing Options
Apart from Reverse Body Bias(RBB), 8ULP includes a variant of forward bias called “Asymmetric Forward Body Bias” (AFBB) 
where difference voltage is applied to wells. Following table summarizes all the biasing options.

Table 60. Biasing Options

Biasing Options1 Bias Voltage Range Well connectivity

(VBBp/VBBn)

Applicable Power modes

Normal mode(No Bias) Not Applicable VBBp = VDD

VBBn = VSS

Active Modes (Reduced freq)

Reverse Body Bias (RBB)2 0V, 100mV3, 300mV3, 
600mV3, 1.0V4, 1.3V5

VBBp = VDD + Bias

VBBn = VSS – Bias

Sleep, Deep Sleep, Power 
down mode

Asymmetric Reverse 
Body Bias(ARBB)

1.3V VBBp = VDD

VBBn = VSS - Bias

Active modes, Sleep.

Asymmetric Forward 
Body Bias(AFBB)

0.8V– 1.15V (same 
as VDD)

VBBp = VDD - Bias

VBBn = VSS

Active Modes

1. All options for AFBB/RBB are fully programmable.
2. For low power modes, full RBB is applied for lowest leakage possible.
3. RBB bias voltage option of 100 mV, 300 mV and 600 mV only supported for RTD.
4. This is the max RBB with clock running
5. This is the max RBB in static configuration (all clocks gated and retention only).

Following figure shows the basic operation of NMOS/PMOS transistor in C28SOI. VBBp/VBBn corresponds to the Bias Voltage.

Figure 115. Operation of NMOS/PMOS transistor in C28SOI.
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Table 61. Valid biasing options on 8ULP

A35 /LPAV Domain M33 Domain Valid 8ULP use-case Applicable Power mode

No Biasing No Biasing YES No Restriction

AFBB No Biasing YES A35 and M33 Active modes

AFBB AFBB YES A35 and M33 Active modes

AFBB RBB NO N/A

Power Gated AFBB YES M33 (Active)

Power Gated RBB YES M33 (Active1, Sleep, Deep Sleep, 
Power Down)

RBB No Biasing YES A35(Sleep/Deep Sleep), M33(Active)

RBB AFBB NO N/A

RBB RBB YES A35(Sleep, Deep Sleep), M33(All modes1)

1. Limited conditions for Active mode where RBB is enabled with frequency restricted to 48Mhz.

9.1.16 Memory partition
The Memory Partitions table shown below, describes the organization of power switch (IOs Supply Source) to the functional 
Module's embedded SRAM (Group), with regards to the reset state of the power domain and low power mode state.
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Table 62. Memory partitions

Partition # IOs Supply 
Source

Group NXP partition 
#

Domain POR RTD Reset 
State or AD 
reset causing 
RTD reset

AD Reset Only 
(Default)

RTD Deep 
Power Down

AD Deep 
Power Down

0 PS2 A35 Core0 - Application Disabled Disabled Enabled AD needs to 
be in 
DeepPowerDo
wn as well

Whole AD 
domain 
powered OFF, 
so these 
memories will 
be 
automatically 
powered OFF. 
Nothing needs 
to be done for 
memories 
control

1 PS3 A35 Core1 - Keep State

2 PS5 A35 Core0/1 0 Keep Enabled

3 PS4 A35 Core0/1 1

4 PS5 A35 Core0/1 -

5 PS5 CAAM 2 Disabled

6 PS6 DMA1 3

7 PS6 FlexSPI2 -

8 PS6 System 4 Keep

9 PS6 System - Disabled

10 PS5 USB -

11 PS6 uSDHC0 -

12 PS6 uSDHC1 -

13 PS5 uSDHC2 -

14 PS6 GIC 5

15 PS5 ENET 6

16 PS6 - 7

17 PS13 DCNano 8 Audio-Video Disabled Disabled Resource 
owner= 
RTD:Keep 
State AD:Pre-
configured in 
uPower

AV needs to 
be in 
DeepPowerDo
wn as well

Resource 
owner= 
RTD:Keep 
State 
AD:Automatic
ally OFF

18 PS13 DCNano -

19 PS10 EPDC 9

20 PS10 EPDC -

21 PS13 DMA2 10

Table continues on the next page...
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Table 62. Memory partitions (continued)

Partition # IOs Supply 
Source

Group NXP partition 
#

Domain POR RTD Reset 
State or AD 
reset causing 
RTD reset

AD Reset Only 
(Default)

RTD Deep 
Power Down

AD Deep 
Power Down

22 PS13 GPU2D -

23 PS13 GPU2D 11

24 PS7 GPU3D -

25 PS7 GPU3D 12

26 PS8 Hi-Fi DSP -

27 PS13 ISI -

28 PS13 MIPI-CSI -

29 PS13 MIPI-DSI -

30 PS10 PXP -

31 PS13 System 13 Keep

32 PS0 Casper 14 Real-Time Disabled Disabled Keep State PS0=Disabled
, so these 
memories will 
be 
automatically 
powered OFF. 
Nothing needs 
to be done for 
memories 
control

Depends on 
RTD power 
mode33 PS0 DMA0 15

34 PS0 FlexCAN 
(CAN-FD)

16

35 PS0 FlexSPI0 
(OTFAD)

- Enabled Enabled

36 PS0 FlexSPI1 - Disabled Disabled

37 PS0 M33 Cache 17 Enabled Enabled

38 PS0 PowerQuad 18 Disabled Disabled

39 PS0 M33-ETF 19

40 PS0 ELE 20 Enabled Enabled(Shoul
d not Disable 
and Enable in 41 PS0 ELE -

Table continues on the next page...
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Table 62. Memory partitions (continued)

Partition # IOs Supply 
Source

Group NXP partition 
#

Domain POR RTD Reset 
State or AD 
reset causing 
RTD reset

AD Reset Only 
(Default)

RTD Deep 
Power Down

AD Deep 
Power Down

RTD Reset 
event)

42 PS16/uPower uPower 21 Enabled Enabled(Shoul
d not Disable 
and Enable in 
RTD Reset 
event)

Disabled

43 PS16/uPower uPower -

44 PS0 System - Enabled Enabled(Shoul
d not Disable 
and Enable in 
RTD Reset 
event)

45 PS0 System[0] 22

46 PS0 System[1] 23

47 PS0 System[2] 24

48 PS0 System[3] 25

49 PS0 System[4] 26

50 PS0 System[5] 27

51 PS0 System[6] 28

52 PS0 System[7] 29

53 PS0 ELE 30
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Chapter 10
MicroPower Controller Subsystem (uPower Controller)
10.1 Chip-specific UPOWER information
Table 63. Reference links to related information

Topic Related module Reference

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

10.2 Micro-Power Subsystem

10.2.1 Micro-Power Subsystem

10.2.1.1 About this module

10.2.1.1.1 Introduction

This document describes the uPower power controller subsystem and its sub-modules. It executes power control services for the 
application software creating an abstraction layer between the application and the device hardware. uPower could, for example, 
wake up the device with different configurations depending on its programming and the source of the wake-up event. The control 
of the transition between power modes along with the configuration of modules in on/off state, can be simplified by the uPower. 
The application software has access to information services such as the device temperature measurement and the measurement 
of the power consumption of a specific power domain. More complex power control services may be provided, such as the 
determination of the optimal voltage level for a required performance. In this case the application software provides the required 
clock frequency and the uPower returns the optimal voltage level that should be set for that power domain.

The uPower has a dedicated power supply so it can stay operational even if all device power domains are powered off, 
provided the uPower domain is powered on. The subsystem has a dedicated 16/64 MHz configurable oscillator controlled by the 
uPower CPU.

The uPower subsystem has two dedicated memories: one for code (CodeRAM) and another for data (DataRAM). The memories 
are dimensioned according to the features and services to be provided. In general, the CodeRAM could be dimensioned to 16 or 
32 Kbytes and the DataRAM 16Kbytes.

10.2.1.1.2 uPower Interfaces

The block diagram below describes the uPower interfaces with emphasis on the system interface (AHB) and always on domain 
interface signals. Interrupt signals from various sources, internal to the subsystem and external, are also described.
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Figure 116. uPower Interaction with System
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The uPower interfaces with other modules and power domains are depicted in Figure 117. Those interfaces are with the Real Time 
Domain (RTD) where the P-Channel, Messaging Unit (MU) and AHB interfaces are used. With the Application Domain (APD) the P 
Channel interface and MU interface are used. uPower interfaces with the Power Mode Controller (PMC) through an IPS interface 
and with an external PMIC through an I2C interface.

PMC

I2C IPS

PMIC

uPower subsystem

SENSORS

MU

TEMP

APD
Power 
Meter

P Channel

P ChannelMU

RTD

AHB

Figure 117. uPower Interfaces

The MU module registers A and B sides are represented in the uPower subsystem, even though they are in the RTD and APD 
power domains. The uPower interface implements the MU IPS slave bus for both RTD and APD domains.

10.2.1.2 uPower API Spec

uPower API is intended to be used by the OS drivers (Linux, FreeRTOS etc) as well as bare metal drivers to command and use 
services from the uPower. It aims to be OS-independent.
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Chapter 11
Reset Architecture
11.1 Overview
Resetting the device provides a way to start processing from a known set of initial conditions. System reset begins with power 
supply in full regulation and system clocking generation from the internal reference clock. The CMC0-2 modules control the reset 
sequence of the device. There are various reset sources on this device. They can be categorized into three groups:

• Power-On Reset (POR)

• External reset sources

• Internal reset sources

i.MX 8ULP is designed in a way that a reset event occurred on the Application Domain(AD) would reset that domain and 
conditionally reset the Real Time Domain (RTD), while a reset event occurred on RTD would reset RTD and AD.

11.1.1 Reset Sources
This section lists reset sources in real-time and application domains. See CMC chapter for detailed description of reset sources.

11.1.2 Power-On Reset Sources
• Power-On Reset (POR)

• Low-Voltage Detect (LVD)

• High-Voltage Detect (HVD)

All LVDs and HVD reset events, including RTD LVD/HVD, AD LVD/HVD, LPAV LVD/ HVD resets, when enabled, will cause a 
Power-On Reset in the system. User can take advantage of LVD/HVD interrupts and not use LVD/HVD reset/ depending on 
application needs.

11.1.3 External System Reset Sources
• External Pin Reset (PIN)

• External Wake Up (WAKEUP)

11.1.4 Internal System Reset Sources
• Watchdog timer (WDG)

• Software (SW)

• Clock Generation and Control(CGC)

• Reset Acknowledge Timeout (RSTACK)

• Lower Power Acknowledge Timeout (LPACK)

• Lock Up (LOCKUP)

• RT Domain (RT), a source of AD reset

• AP Domain (AP), a source of RTD reset

• uPower (uPOWER)

• Security (SECURITY)

• Tamper Detect (TAMPER)

• Debug Port (DAP)
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• JTAG

11.1.5 Reset types
Reset conditions on this device are categorized into two types: POR and Warm resets.

Following table shows specific SoC logic that get reset on specific type of reset.

Table 64. Reset types

Reset Type Config
1

JTAG/
Debug

VBAT/
SRTC

DDR On-chip

Memories 
2

Always 
ON 

Logic3

All 
Others4

Comments

Power-On-
Reset (Cold 
Reset)

Reset Reset No Reset No Reset Reset • Separate POR for M33 and A35. 

• SRAM Contents not reliable.

System Reset

(aka Warm 
Reset) 

Reset No No/
Reset5

Reset No No Reset • Separate Reset for M33 and A35 

• Only the enabled portion of SSRAM 
retained + uPower/EdgeLock 
Secure Enclave MEM

System Reset

(via Power 
Down modes 
exit) 

Reset Reset No Reset No No Reset Power down mode only retains enabled 
portion of SSRAM, EdgeLock Secure 
Enclave SRAM and uPower RAM. Rest 
of memory contents, though not reset, 
are not guaranteed to be retained.

1. Config = All device configuration (Shadow Registers, MTR, Boot Configuration, Reset Vectors, OCOTP etc)
2. Memories are not exclusively reset however memory contents are not guaranteed during Cold Reset. For the retained 

memories, SoC ensures un-interrupted supply to memory during warm reset.
3. Always ON logic is implemented on 1.8V rail and thus retained during system reset.
4. All Others = All other logic in SoC
5. VBAT/SRTC is reset if VBAT is the reset source

This section describes the different resets that can be generated on this device and their respective reset sequences.

11.1.5.1 Power-On Reset

The POR for each power domain can assert as a result of the following events.

• Initial power-up of MCU

• Low or High Voltage Detect

11.1.5.1.1 POR Reset Sequence

The following steps are performed as part of the POR (or LVD/HVD) sequence:

1. RESET0_b or RESET1_b pin is driven low and internal reset signals assert.

2. POR and LVD signals negate and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 32 clock cycles.

4. Internal reset to Fuse controller negates and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET0_b or RESET1_b pin is tri-stated.
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7. Reset state machine waits for RESET0_b or RESET1_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

9. Core exits reset and fetches the initial program counter and stack pointer from Boot ROM.

 
Fuse sampling and core reset release is handled by EdgeLock Secure Enclave in coordination with uPower. Please 
refer to uPower documentation for detailed sequence.

  NOTE  

11.1.5.2 Warm Reset

A Warm reset is generated by a POR or any of the remaining reset sources.

A warm reset resets most of the logic in each power domain. Warm resets are divided into fatal reset sources and non-fatal 
reset sources.

Non-Fatal Reset

Non-fatal reset sources can be configured to generate an interrupt instead of the Warm reset. If software can clear the non-fatal 
reset source (including status flag) within 256 cycles of the 1 kHz clock derived from RTC 32.768 kHz clock then the Warm reset 
is averted. Non-fatal resets retain the contents of on-chip SRAM.

Fatal Reset

Fatal reset sources cannot be configured to generate an interrupt, and do not guarantee the contents of on-chip SRAM.

11.1.5.2.1 Warm Reset Sequence

The following steps are performed as part of the warm reset sequence:

1. RESET0_b or RESET1_b pin drives low and internal reset signals assert.

2. Clocks are enabled in their default configuration.

3. Internal reset remains asserted for 32 clock cycles.

4. Internal reset to Fuse controller negated and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET0_b or RESET1_b pin is tri-stated.

7. Reset state machine waits for RESET0_b or RESET1_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

Core exits reset and fetches the initial program counter and stack pointer from Boot ROM.

11.1.5.2.2 Power Down Reset Sequence

The following steps are performed as part of the Power Down wakeup sequence:

1. Internal reset signals assert.

2. Wakeup signal negates and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 32 clock cycles.

4. Internal reset to Fuse controller negates and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded.

7. Internal reset signals negate.

8. Core exits reset and fetches the initial program counter and stack pointer from Boot ROM.
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Deep Power Down reset sequence is very similar to Power Down reset sequence, however since core supply is not retained 
(VDD_DIG0) during deep power down, wake-up requires PMIC communication to turn on voltage rail. Since none of memory is 
retained during deep power down, ROM fetches the code again from external boot source.

 
Fuse sampling and core reset release is handled by EdgeLock Secure Enclave in coordination with uPower. Refer 
to uPower documentation for detailed reset sequence.

  NOTE  

11.1.6 Reset Sources

11.1.6.1 RTD reset sources

Table 65. RTD reset sources

S. No RTD Reset Source Type (Fatal/Non-Fatal)

1 EdgeLock Secure Enclave Reset1 Fatal

2 EdgeLock Secure Enclave SCM Reset Request Fatal

3 Lifecycle Bricked Fatal

4 JTAG/Debug Fatal

5 RTD Secure WDOG (WDOG1) Non-Fatal

6 VBAT Fatal

7 uPower Reset Fatal

8 LPAV Loss of Sync2

(LPAV_CGC_LOS)

Fatal

9 LPAV Low Voltage Detect (LPAV_LVD) Fatal

10 LPAV High Voltage Detect(LPAV_HVD) Fatal (if reset enabled)

11 RTD Loss of Sync (RTD_CGC_LOS) Fatal(if reset enabled)

12 Application Domain Reset (AD_RESET) Non-Fatal

13 MU0 Reset from Application Domain Non-Fatal

14 LockUp Non-Fatal

15 ARM System Reset (SYSRESETREQ) Non-Fatal

16 RTD WDOG (WDOG0) Non-Fatal

17 RTD Loss of Clock

(RTD_CGC_LOC)

Fatal

18 STOP Acknowledge (STOP ACK) Non-Fatal

Table continues on the next page...
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Table 65. RTD reset sources (continued)

S. No RTD Reset Source Type (Fatal/Non-Fatal)

19 Reset Acknowledge (RST ACK) Fatal

20 ISP-AP Non-Fatal

21 RESET0_b Pin3 Non-Fatal

22 Fusion WDOG (WDOG2) Non-Fatal

23 HiFi4 WDOG (WDOG5) Non-Fatal

1. Both EdgeLock Secure Enclave reset sources come out from EdgeLock Secure Enclave as single reset source to CMC0.
2. Reset sources available if RTD is the LPAV master.
3. The IRQ is forced to be disabled.

11.1.6.2 Application domain reset sources

Table 66. Application domain reset sources

S.No. AD Reset Source1 Type

(Fatal/Non-Fatal)

1 AD Secure WDOG (WDOG4) Non-Fatal

2 LPAV Loss of Sync.2

(LPAV_CGC_LOS)

Fatal

3 LPAV Low Voltage Detect (LPAV_LVD) Fatal (if reset enabled)

4 LPAV High Voltage Detect (LPAV_HVD) Fatal (if reset enabled)

5 AD Loss of Sync3 (AD_CGC_LOS) Fatal

6 a. RTD Fatal Domain Reset (RTD_RESET) Fatal

b. RTD Non-Fatal Domain Reset (RTD_RESET) Non-Fatal

7 MU0 Reset from Real Time Domain4 Non-Fatal

8 GIC ECC Fatal Error Non-Fatal

9 SIM Controlled AD Reset Non-Fatal

10 AD WDOG (WDOG3) Non-Fatal

11 uPower Reset Fatal

11 STOP Acknowledge (STOP ACK) Non-Fatal

12 Reset Acknowledge (RST ACK) Fatal

13 RESET1_b Pin Non-Fatal

Table continues on the next page...
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Table 66. Application domain reset sources (continued)

S.No. AD Reset Source1 Type

(Fatal/Non-Fatal)

14 Fusion WDOG (WDOG2) Non-Fatal

15 HiFi4 WDOG (WDOG5) Non-Fatal

1. Any reset to Application domain, also resets TROUT(Aka Trust Out) interface to EdgeLock Secure Enclave thus providing 
indication to EdgeLock Secure Enclave on AD reset.

2. Reset sources available if AD is the LPAV master
3. Configurable to generate a flag, interrupt or reset.
4. Handled via setting the HRM (Hardware Reset Mask) on AD side(MU0_B).

 
MU Reset [MUR] on MU0_A will retain settings for HRM on MU0_B.

  NOTE  

11.1.7 Synchronous Core Reset Capability on CM33

 
Core only reset will reset CM33 core complex, Cache controller, CM33 WDOGs, PowerQuad and 
Casper coprocessor.

  NOTE  

Synchronous core reset capability will provide following characteristics:

• An on-chip state machine will wait for any on-going transaction to finish before asserting synchronous reset to the core.

• CM33 core and associated resources will remain in reset as long as RTD_SEC_SIM[CM33_RST_REQ] remains asserted.

• Software can poll the RTD_SEC_SIM[CM33_RST_ACK] bit that will reflect the status when CM33 core is reset. This allows 
Application domain to release reset request by writing “0” to RTD_SEC_SIM[CM33_RST_REQ].

 
The SW needs to clear RTD_SEC_SIM[CM33_RST_ACK] since it's not self-clearing. See the 
SIM_RTD_SEC chapter.

  NOTE  

11.1.8 Reset Pin Filtering
8ULP includes analog filter as part of reset pads as well as digital filter for additional debouncing on the input reset pin.

Analog reset filter will block any pulses less than < = 20ns with a transition zone 1ns wide.

6-bit Digital filter is based on input clock with max debounce of 64 ms on 1 KHz clock.

Rese t P ad

P ulse  width 
<=20ns

RES ET0/1_b
Analog 
Filte r

Digita l filte r
(6 bit) Fina l Re set 

Input

Filte r Clock 
(1Khz or Bus  clock)

Max De bounce  = 
64ms

Figure 118. Reset Glitch filter

Digital filter will run on input clock of 1 KHz or slow clock.

Digital filter on Reset pin will include following characteristics :-
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• Instantiated one reset filtering per Reset Pin in the Always-On Domain:

— Reset filtering for RESET0_b

— Reset filtering for RESET1_b

• Clock for the 6-bit counter should be 1 KHz (derived from the 32 KHz from RTC) or slow clock.

• Filtering to be enabled by default in sleep or deep sleep clock mode 7 (slow clock gated), power down and deep power down, 
with 1 KHz filter clock.

• One Enable bit for the RESET0_b filter logic and other Enable bit for the RESET1_b comes from SIM. Enable bits to be reset 
to 1, i.e. Reset filtering will be enabled by default after POR.

11.1.9 LPAV reset handling
LPAV being slave only domain must handle reset scenarios where either Application domain or real time domain goes through 
reset, apart from use-cases where reset source originates within LPAV domain. Table below summarizes LPAV reset handling 
use-cases along with reset sources.

Table 67. LPAV reset handling use cases

# AD_TO_RTD_
RESET_EN1

(fuse)

Reset 
Source 
Domain

LPAV 
Domain 
Owner2

CA35 
Domain 

LPAV 
Domain 

CM33 
Domain 

Comments

1 “X” RTD Don’t care Reset Reset Reset RTD reset will reset AD as well as 
LPAV domain.

2 “0” AD CA35 Reset Reset Functional 
normally

CM33 FW needs to recover the assigned 
peripherals in LPAV domain.

3 “0” AD CM33 Reset Reset 
CA35 

assigned 
peripherals

Functional 
normally

PLL/peripherals and M33 allocated IPs 
will continue to function.

4. “1” AD Don’t care Reset Reset Reset  AD reset will reset AD, LPAV domain 
along with RTD.

5. “X” LPAV 
Reset 

Sources

CM33 Reset Reset Reset If M33 owns the LPAV domain, LPAV 
may be viewed as an “extension of 

RTD”, hence a reset in LPAV domain 
would also reset RTD domain, and it will 
subsequently reset AD domain as well.

6. “0” LPAV 
Reset 

Sources3

CA35 Reset Reset Functional 
normally

Any peripherals assigned to CM33 in 
LPAV domain will need to be gracefully 

recovered by CM33 FW.

7. “1” LPAV 
Reset 

Sources

CA35 Reset Reset Reset

1. AD_TO_RTD_RESET_EN Fuse bit when set enforces CM33 reset when AD is reset. When not blown, CM33 continues to 
function independently while AD is reset

2. LPAV peripheral domain assignment is handled by control registers in SIM_RTD (SIM0).
3. LPAV reset sources will reset LPAV domain completely while RTD will continue to functional normally. Any assigned CM33 

peripherals in LPAV Domain resets here and will be up-to CM33 SW to recover LPAV peripherals.
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11.1.10 Power switch reset state

Table 68. Power switch reset state

Power 
switch

Controlling logic
Domain

POR/

RTD Reset1

AD reset

LPAV Resource 
owner = RTD

AD reset

LPAV Resource 
owner = AD

PS0 M33 core complex/
platform/peripherals

RTD Enabled Enabled Enabled

PS1 Fusion core and peripherals RTD State Retained State Retained State Retained

PS2 A35[0] core complex AD State Retained Enabled Enabled

PS3 A35[1] core complex AD Disabled State Retained State Retained

PS4 256K L2 cache[1] AD State Retained Enabled Enabled

PS5 A35 NIC_PER, NIC_AP AD State Retained Enabled Enabled

PS6 A35 peripherals and Crossbar AD State Retained Enabled Enabled

PS7 3DGPU LPAV Disabled State Retained Disabled

PS8 HiFi4 complex LPAV Disabled State Retained Disabled

PS9 DDR controller LPAV Disabled State Retained Disabled

PS10 PXP, EPDC LPAV Disabled State Retained Disabled

PS11 MIPI DSI LPAV Disabled State Retained Disabled

PS12 MIPI CSI LPAV Disabled State Retained Disabled

PS13 NIC_AV, System RAM2, 
DC- Nano

LPAV State Retained State Retained Disabled

PS14 Fusion “Always ON” RTD Disabled State Retained State Retained

PS15 Fuses RTD Enabled State Retained State Retained

PS16 RTD/uPower RTD/uP Disabled State Retained State Retained

1. Also applies for the cases where AD reset also resets RTD (Fuse AD_TO_RTD_RESET_EN= 1)

11.1.11 LPAV Domain Reset and Control Handling (Example)
To meet the LPAV reset scenarios as listed in section LPAV reset handling, each resource in LPAV domain would receive 
asynchronous reset either from AD or RTD based on resource allocation and other attributes.

For the specific scenario #3 in section LPAV reset handling that requires part of LPAV domain to continue working while AD goes 
through reset requires special handling.

IP1 allocated to AD.

IP2 allocated to RTD.
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With AD reset and LPAV ownership = CM33, LPAV domain should continue to work with IP2 under RTD along with interconnect 
and system modules/peripherals (scenario #3 from Section LPAV reset handling).

Reset Control, DMA and Interrupt Handling

NIC_LPAV

AXI2AHB

PBridge5

PAC

IP1 IP 2 IP3 IPn

IP
2

IP
1

Real Time  Do main (RTD)App licatio n Dom ain (AD)

RCM

LP AV Ma ster 
Alloca tion

“0” – RTD as  Mas ter
“1” - AD a s  Mas te r

As yn c Rese t (RTD)
Async Res e t (AD)

MDAC MDAC

G
P

U
3

D
 re

set

G
P

U
2

D
 re

set

031

S4

M1 M3

LP AV_ SHARED_MO DE

OR

As yn c Rese t (AD)

0

1

0101

LP AV Domain O wners hip  Reg is ter 
“0” – RTD as LPAV Domain  Owne r 
“1” - AD a s  LP AV Domain O wn er 

SIM 
Control

As yn c Rese t’ (RTD)

control Pe r Slave  
Alloca tion

LP AV owne r

RTD SIM (se cu re )

0 LP AV Slave  
Alloca tion

“0” – Sla ve a ss igne d to RTD
“1” - Sla ve a s sig ne d to AD 

31

Figure 119. LPAV Domain Reset and Control Handling

Bus Master reset decoupling : 

Each IP to have its own asynchronous reset which typically is connected to global async reset. In this case, this would be either 
Async Reset (RTD) or Async Reset (AD) based on how LPAV (Master) IP is allocated.

In this case, selection can come from SIM_RTD_SEC[LPAV_MASTER_ALLOC_CTRL] in in SIM_RTD_SEC registers with a 
dedicated bit per LPAV Master IP with following decoding:

      “0” – RTD as Master

      “1” – AD as Master

 

With this specific example, AD reset resets IP1 but will have reset for IP2 remain deasserted.

LPAV Domain ownership 

A dedicated register, SIM_RTD_SEC[SYSCTRL0], controls the domain ownership for the LPAV domain with following decoding.

      “0” – RTD as LPAV Domain Owner

      “1” – AD as LPAV Domain Owner.

 
Reset value for this register comes from the fuse bit LPAV Domain Owner

  NOTE  

 

Reset control for Interconnect/Peripherals: 

For the scenarios where LPAV is in “Shared mode” where part of IPs are allocated to RTD and part to AD, NIC_LPAV as well as 
peripherals should continue to operate for the cases where AD resets and domain ownership is under RTD. For all other scenarios, 
reset will also reset NIC_LPAV.

Interrupt Steering 

A dedicated register, SIM_RTD_SEC[LPAV_MASTER_ALLOC_CTRL], or SIM_RTD_SEC[LPAV_SLAVE_ALLOC_CTRL] 
controls the assignments of various LPAV peripherals to RTD or AD domain. Based on this information, interrupts for specific 
LPAV IP gets routed automatically to either NVIC or GIC based on how IP ownership is assigned.
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DMA Steering 

Each DMA channel can be allocated to RTD or AD, via SIM_RTD_SEC[LPAV_DMA2_CH_ALLOC_CTRL].

SIM provides steering logic to route the DMA interrupt per channel to either GIC or NVIC accordingly.

Data control and isolation

Since any request for peripherals access get routed through PAC, data isolation can be fully handed by XRDC.
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Chapter 12
System Boot Flow
12.1 Introduction
i.MX 8ULP leverages same boot architecture from i.MX7ULP that relies on separate Boot ROM for Application Domain and Real 
Time Domain to support same boot modes: Single, Dual and Low Power Boot modes. However with inclusion of uPower, i.MX 
8ULP adds dedicated uPower ROM to manage initial power-up sequence. Additional key difference is the addition of EdgeLock 
secure enclave ROM that now manages the secure boot flow based on EdgeLock secure enclave (ELE) while System ROM 
mainly handles code fetch and other aspects of functional flow.

12.1.1 User Firmware Image Structure
Firmware (FW) images running on i.MX 8ULP processor may be partitioned as follows:

• RT FW image comprises

— M33 FW image,

— uPower FW image

— EdgeLock secure enclave FW image

— Fusion DSP FW image (optional)

— HiFi DSP FW image (optional)

• AP FW image comprises

— A35 FW image

— HiFi DSP FW image (optional)

12.1.2 Boot ROM
Coming out of reset, the processors on 8ULP always boot from ROM. There are four ROM instances on i.MX 8ULP processor:

• EdgeLock secure enclave ROM is responsible for boot up the EdgeLock secure enclave security subsystem. EdgeLock 
secure enclave ROM also contains security libraries and is a part of EdgeLock secure enclave security subsystem.

• M33 ROM is responsible for loading the RT FW image (except Fusion DSP and HIfi DSP images) in Dual-boot and Low Power 
(LP) boot modes.

• A35 ROM is responsible for loading the AP FW image (except HiFi DSP FW images) in Dual-boot mode and both AP FW and 
RT FW images in Single-boot mode.

• A35 ROM is responsible for loading both AP FW and RT FW images (except for Fusion DSP FW and HiFi DSP FW images) 
in Single boot mode.

• uPower ROM

12.1.3 Boot Memory
8ULP processor supports boot to following type of external memory devices:

• xSPI NOR (connected to FlexSPI0)

— RT image only

• eMMC (connected uSDHC0)

— AP image only for dual-boot configuration

— RT image and AP image for single-boot configuration
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• SD (connected to uSDHC1/uSDHC2)

— AP image only for dual-boot configuration

— RT image and AP image for single-boot configuration

• SPI NAND (connected FlexSPI2)

— AP image only for dual-boot configuration

— RT image and AP image for single-boot configuration

• xSPI NOR(connected to FlexSPI2)

— AP image only for dual-boot configuration

— RT image and AP image for single-boot configuration

12.1.4 Serial Download
The USB Serial download is used to download boot image from an external device through the supported interface. The Serial 
download can be used

• to program the application image onto the flash device in the factory

• to re-flash the image when the part failed to boot in the field

• to provide a means for a ROM plug-in, which provides customized image download

ROM supports boot from USB OTG2.0, as HID device, and only A35 core supports serial download mode. In serial download 
mode, M33 enters an endless loop. Both USB ports(0/1) are supported in serial download. In one boot cycle, ROM selects the 
port which gets the first USB setup packet as the USB serial download port, and once selected, the other USB port won't respond 
to any USB activity in ROM stage until next reset. ROM USB serial download, by default, uses the EP1 endpoint to transfer data 
via USB HID, and the USB Serial Download function can be disabled by fuse.

12.1.5 High-level container format
The image container format consists of the following parts.

• Container header

• Image array entries

• Signature block

• User program images and data

The image below presents a high-level view of the container, useful for understanding how the boot flow will load and authenticate 
various images present in the containers accessed.
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Figure 120. High-level container format

12.1.5.1 1st Image Container Offset

Provided below is the 1st Image Container Offset, relative to the beginning of the boot device:

Table 69. 1st Image Container Offset values

Boot device 1st Image Container Offset

SD 32 KB

eMMC 0, if located in the Boot Partition

32K, if located in the User Area

FlexSPI NAND Right behind FCB/DBBT

FlexSPI NOR 0x1000
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The 2nd Image Container Header and its Signature Block will be located right after the 1st Image Container Header and its 
Signature Block with 1KB alignment. The two image container headers, together, will be no bigger than 8KB.

12.1.5.2 Typical boot image layout

A typical boot image layout is provided below:

Primary Image 
Container Set

1st Container Header

1st Signature Block

Padding for 1KB alignment

2nd Container Header

2nd Signature Block

ELE FW

CM33 Image

AP IPL

…

Secondary 
Image 

Container Set

Figure 121. Typical Boot Image Layout

Image Entity for CM33 image

Image Entity for AP IPL

Image Entity for FW (Offset, Size,
LoadAddr, Entry Point, Flags, Hash, IV)

Figure 122. Image Array Entities for the 2nd Container
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12.1.5.3 Image Restrictions

Below are some rules and restrictions which apply to images.

• The 1st Image Container, the ELE container, must only include the ELE FW. The length of the header of the ELE container 
must be less than or equal to 1KB

• The ELE FW must be loaded into the ELE TCM free space (72KB in the beginning of ELE TCM).

• The M33 FW must be loaded into TCM free space.

• The images cannot overlap with each other.

• The image offset, relative to the ELE container start on the boot device, must be MAX[1KB, 
PAGE_SIZE_OF_BOOT_DEVICE] aligned. The only exception is the scenario of a 16KB page size NAND boot, where the 
offset of ELE FW can be [8KB, 15KB] with 1KB aligned.

• For the ELE FW, the image size must be 4 bytes aligned. For the images in the 2nd container, the container, they must be 
MAX[1KB, PAGE_SIZE_OF_BOOT_DEVICE] aligned.

• The 2nd container will support a maximum of 8 Images. The length of the header of the 2nd container must be less than or 
equal to 4KB.

• For the eMMC fast boot or the USB boot, the images, including container headers, will need to be continuous.

• The image size depends on WDOG Enable and Timeout Select fuse settings.

 
The values for PAGE_SIZE_OF_BOOT_DEVICE are provided below:

• 2KB, 4KB, 8KB or 16 KB for NAND

• 512B for SD/eMMC

• 1KB for USB

  NOTE  

12.1.5.4 Container Header

The table below provides details about the Container Header structure:

Table 70. Container Header Details

Name Offset Size in bytes Description

Version 0x00 4 [07:00] - 0x00

Length [15:08] - Length (LSB)

Length [23:16] - Length (MSB)

Tag [31:24] - 0x87

Flags 0x04 4

Size Bit Field Description

2 1:0 SRK Set (e.g. OEM, NXP)

0x0 – Container not authenticated

0x1 - NXP SRK

0x2 - OEM SRK

0x3 - Reserved
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Name Offset Size in bytes Description

Size Bit Field Description

2 3:2 Reserved

2 5:4 SRK - which key from the SRK set is being used.

2 7:6 Reserved

4 11:8 Mask for revoking SRKs - used to indicate which SRKs 
to revoke.

4 15:12 Reserved

16 31:16 Reserved

SW Version 0x08 4 [15:00] - Used by ROM to select between multiple images with the same 
Fuse version field.

Fuse Version [23:16] - This value must be equal to or greater than the version stored in 
the fuses to allow loading of the container.

# of Images [31:24] - Number of images in the image array.

Signature 
Block Offset

0x0c 4 [15:00] - Offset in bytes from beginning of header to signature block (keys, 
signature, blob).

Reserved [31:16] - Reserved

Image Array 0x10 Varies Please see Image Array Entry for more information.

Signature Block Varies Please see Signature Block for more information.

 
Length is the size of the container header, up through, and including the signature block.

  NOTE  

 
The Image Array size is : number of Images x 128 bytes.

  NOTE  

 
The Container Header size, up until the Signature block is : 16 bytes + (number of Images x 128 bytes).

  NOTE  

 
The signature block contains its own header, the SRK table, the container signature, an optional image signing key 
certificate, and an optional key encryption blob.

  NOTE  

12.1.5.5 Signature Block

The table below provides details about the Signature Block structure:
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Table 71. Signature Block Details

Name Offset Size in bytes Description

Version 0x00 4 [07:00] - 0x00

Length [15:08] - Length (LSB)

Length [23:16] - Length (MSB)

Tag [31:24] - 0x90

Certificate Offset 0x04 4 [15:00] - Offset in bytes from beginning of signature block to signing 
key certificate. If 0x0000, then only a SRK is used in signature 
verification.

SRK Table Offset [31:16] - Offset in bytes from beginning of signature block to SRK 
table. If 0x0000, then SRK table is not present. This should be the 
case only if the container is not authenticated, and the SRK key set 
field in the Container header should be 0.

Signature Offset 0x08 2 [15:00] - Offset in bytes from beginning of signature block to signature.

Blob Offset [31:16] - Offset in bytes from beginning of signature block to DEK 
Blob. If 0x0000, then no images are encrypted.

Reserved 0x0a - Reserved

SRK Table 0x10 Varies Please see SRK Table for more information.

Signature Varies Please see Signature Header for more information.

Certificate Varies Please see Certificate Header for more information.

Blob Varies Please see Blob (DEK) for more information.

 
SRK Table, Certificate, Blob, and Signature must start on 64 bit boundaries.

  NOTE  

 
The SRK table determines the signature type (ECDSA or RSA) and length.

  NOTE  

 
SRK Table, Signature, Certificate and Blob must be in order shown.

  NOTE  

 
Certificate and Blob are optional.

  NOTE  

12.1.5.6 Image Array Entry

The table below provides details about the Image Array Entry structure:
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Table 72. Image Array Entry Details

Name Offset Size in bytes Description

Image Offset 0x00 4 Offset in bytes from the start of the container header to the beginning of the 
image.

Image Size 0x04 4 Size of image in bytes.

Load Address 0x08 8 Address where image is written to in memory .

Entry point 0x10 8 Entry point of image (absolute address). Only valid for executable image 
types.

Flags 0x18 4

Size Bit Field Description

4 3:0 Type of image

0x3 – Executable

0x4 – Data

0x6 – ELE

0x7 – Provisioning image

0x8 – DEK validation image

All other values are reserved

4 7:4 Core ID

3 10:8 Hash type (all images in the container have the same 
HASH size)

0x0 - SHA256

0x1 – SHA384

0x2 – SHA512

1 11 Encrypted (This image is encrypted)

4 15:12 Reserved

16 31:16 Boot Flags, controlling the SCFW boot.

Image meta data 0x1c 4

Size Bit Field Description

10 9:0 Resource ID of CPU to be started.

10 19:10 Resource ID of the MU associated with the CPU.

8 27:20 Partition ID of the partition to start.

4 31:28 Reserved

Hash 0x20 64 SHA hash of image. Fixed size at 512 bits. Left aligned and padded with 
zero for hash sizes below 512 bits.

Table continues on the next page...
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Table 72. Image Array Entry Details (continued)

Name Offset Size in bytes Description

IV 0x60 32 Used only for encrypted images, otherwise 0.

 
ROM loads images in the order they appear in the array.

  NOTE  

 
The Image Array is part of the signed data.

  NOTE  

 
The IV field is always present in the image array descriptor, whether the image is encrypted or not.

  NOTE  

12.1.5.7 Signature Header

The table below provides details about the Signature Header structure:

Table 73. Signature Header Details

Name Offset Size in bytes Description

Version 0x00 4 [07:00] - 0x00

Length [15:08] - Length (LSB)

Length [23:16] - Length (MSB)

Tag [31:24] - 0xd8

Reserved 0x04 4 Reserved

Signature Data 0x08 Varies RSA – PKCS#1 1.5 encoding

ECDSA

 
ELE Firmware image will be signed by SRK directly.

  NOTE  

 
Firmware image will be signed by an SRK or signing key, which is signed by SRK.

  NOTE  

12.1.5.8 Certificate Header

The table below provides details about the Certificate Header structure:

Table 74. Certificate Header Details

Name Offset Size in bytes Description

Version 0x00 4 [07:00] - 0x00

Table continues on the next page...
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Table 74. Certificate Header Details (continued)

Name Offset Size in bytes Description

Length [15:08] - Length (LSB)

Length [23:16] - Length (MSB)

Tag [31:24] - 0xaf

Signature Offset 0x04 4 [15:00] - Offset in bytes from beginning of certificate header to 
signature.

Permissions(inverted
)

[23:16] - Must be the same as the Permissions field bitwise inverted.

Permissions [31:24] - Bitmask used to indicate what a certificate can be used for.

Bit Description

0 Container signing

1 Debug

2 CM4 Debug

3 Apps, VPUDebug

4

5 Fuse 2:

Monotonic counter

6 Reserved

7 Reserved

Public Key 0x08 Varies Public key.- the format matches the SRK table “SRK record” entry, for 
both the RSA as well as ECDSA type keys.

Signature Varies Signature of certificate.

 
The key included in the certificate is of the same type as the keys in the SRK table (protocol and size).

  NOTE  

12.1.5.9 Blob (DEK)

The Blob structure will hold the CAAM wrapped Data Encryption Key (DEK). The table below provides details about the 
Blob structure:

Table 75. Blob Details

Name Offset Size in bytes Description

Version 0x00 4 [07:00] - 0x00

Table continues on the next page...
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Table 75. Blob Details (continued)

Name Offset Size in bytes Description

Length [15:08] - Length (LSB)

Length [23:16] - Length (MSB)

Tag [31:24] - 0x81

Flags 0x04 4 [07:00] - 0x80: KEK key flag

Size [15:08] -

0x10: 128 bit AES key

0x18: 192 bit AES key

0x20: 256 bit AES key

Algorithm [23:16] - 0x55: AES

Mode [31:24] - 0x67: CBC

Wrapped Key 0x08 Wrapped Key

12.1.5.10 Notes associated with Containers

Below are additional notes about the containers:

• All multi-byte fields are stored in little-endian format.

• All padding bytes are filled with zeros.

• Only the container header and most of the signature block are signed. The Image data is not used to calculate the 
signature, but is only used indirectly via hash values.

• The header can be signed by a SRK or by the image key that was signed by a SRK. If an image key is used, it must be 
the same algorithm and key size as the SRK. In both cases, the referenced SRK must not have been revoked.

• If a SRK is used to sign the header, there is only one signature verification per container. If an image key is used, then 
there are 2 verifications.

• If an SRK revoke bit is set, the ELE FW will set the fuse for that, only after the successful authentication of the header that 
contains the SRK revocation command. A revoked SRK cannot be used to authenticate an image.

• Images may be encrypted individually, but they will all use the same decryption key, which is stored in the decryption blob.

• Encrypted images are encrypted before assembling the container; the hash is the hash of the encrypted image.

• The IV field is always present in the image array descriptor, whether the image is encrypted or not, and for all images, 
except for the DEK validation image, it is the SHA256 hash over the plaintext. While only the lower 128 bits will be used 
as IV in the encryption process, the IV field size is always 256 bits since it will serve for integrity checking the decrypted 
image as well.

• The image data immediately follows the signature block. Each image must start on a 64-bit boundary.

• The signature is done only over the part of the header containing data blocks information, including the corresponding 
hashes, but not over the entire file.

• The loading and authentication of the container can be executed in multiple (parallelizable) steps:

— The header can be loaded and the signature authentication can start before the entire container is loaded.
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— Data blocks can be loaded, hashed, and validated independently.

• All data in the container header, including most of the signature block, is signed, with exception of the signature itself, and 
the blob.

12.1.6 Super Root Key (SRK)
A SRK may be used to sign a container or it may sign a signing key, which is then used to sign the container. There are 2 sets of 
SRKs, NXP SRKs and OEM SRKs, which are used by secure boot and each set has 4 SRKs. All the SRKs in the table must be 
of the same type and length.

12.1.6.1 SRK Table

A SRK table consists of a header and up to 4 SRK records. The table details are shown below:

Table 76. SRK Header

Size (bytes) Description Value

1 Tag 0xd7

2 Length of SRK Table Variable

1 Version 0x42

Varies SRK Record 1

Varies SRK Record 2

Varies SRK Record 3

Varies SRK Record 4

 
All the SRKs in the table must be of the same type and length.

  NOTE  

12.1.6.2 SRK Record

The following table shows the SRK record details:

Table 77. SRK Record

Size (bytes) Description Value

1 Tag 0xe1

2 Length of SRK Varies

1 Crypto algorithm RSA: 0x21

ECDSA: 0x27

1 Hash Algorithm SHA-256: 0x00

SHA-384: 0x01

SHA-512: 0x02

1 Key Size/Curve PRIME256V1: 0x1

SEC384R1: 0x2

SEC521R1: 0x3

Table continues on the next page...
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Table 77. SRK Record (continued)

Size (bytes) Description Value

RSA2048: 0x5

RSA3072: 0x6

RSA4096: 0x7

1 Not Used 0x00

1 SRK Flags None: 0x00

CA Flag: 0x8

 
CA Flag is used 
by HAB to 
indicate if the 
SRK is allowed 
to sign other 
keys.

  NOTE  

2 RSA: Modulus length (bytes)

ECDSA: X length (bytes)

2 RSA: Exponent length (bytes)

ECDSA: Y length (bytes)

Varies RSA: Modulus (Big endian)

ECDSA: Y (Big endian)

Varies RSA: Exponent (Big endian)

ECDSA: Y (Big endian)

12.1.6.3 SRK Revoke

The ELE FW sets fuses based on the fields in the container or a message. If an SRK revoke bit or field return flag is set, the ELE FW 
will set that fuse. Since the containers are issued by the same entity that owns the SRKs, or is authorized by the SRKs owner, it is 
expected that the SRK revoke bits will correctly reflect the SRK status registered in the fuses, or revoke additional keys. The ELE 
FW will check that the SRK revoke bits in a parsed container match what is currently set in the fuses, or will revoke the additional 
keys corresponding to the revoke bits by updating the fuses.

12.1.6.4 SRK Fuses

The hash for each of the entire SRK table is stored in the SRK fuses. This allows the boot code to validate the keys in the SRK 
table from each container. For any of the 4 keys in SRK table that are unused, the corresponding key bits will be set to 0.

 
SHA512 is used to hash the SRK tables.

  NOTE  

12.1.7 Dual-Boot Flow
In this boot mode, the M33 core and A35 core boot independently of each other, except for any software-imposed handshaking 
inserted explicitly to synchronize the process. Under normal operation, each of the two processors boots using the Secure Boot 
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algorithm performed by the EdgeLock secure enclave. The EdgeLock secure enclave verifies the authenticity of the codes in 
external memories, then allows them to execute.

The following diagram is an illustration of the Dual-boot flow.
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Boot Image

8ULP Device 
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M33 Boot 
ROM
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ImageEdgeLock
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OCRAM during boot

4

5
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Uboot

3

DDRStart UBoot

6

7

Staged loading 
of FW images

A35 Boot 
ROM

Figure 123. Dual boot flow

1. M33 ROM loads the RT FW image.

2. EdgeLock secure enclave authenticates the RT FW image.

3. M33 FW may decide whether and when to load DSP Fusion FW or DSP HiFi4 FW.

4. A35 ROM loads the AP FW image or the first stage bootloader of AP FW image directly into on-chip RAM in AP domain.

5. EdgeLock secure enclave authenticate the AP image.

Another alternate option would include switching from EdgeLock secure enclave ROM to EdgeLock secure enclave FW once FW 
is loaded and authenticated as shown below.
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Figure 124. Dual boot flow with EdgeLock secure enclave FW

12.1.8 Single-Boot Flow
In this boot mode, the A35 ROM loads RT FW image and AP FW image. RT FW image is placed in the Shared RAM. The EdgeLock 
secure enclave authenticates both FW images if Secure Boot is enabled.

The following diagram is an illustration of the Single-boot flow.
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Figure 125. Single boot flow

Another alternate option would include switching from EdgeLock secure enclave ROM to EdgeLock secure enclave FW once FW 
is loaded and authenticated as shown below.
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Figure 126. Single boot flow with EdgeLock secure enclave FW

12.1.9 8ULP Boot Flow
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12.1.9.1 M33 boot flow
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Figure 127. M33 boot flow

12.1.9.2 Low Power Boot Mode

The Low Power Boot mode is the same as the M33 boot flow, but uses the FRO clock source as described in Boot Clock Options.

In this mode, only the M33 is a boot core, and the A35 cores are enabled by the application on demand.
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12.1.9.3 A35 Boot Flow
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Figure 128. A35 boot flow

 
1. A35 or the application domain supports eMMC or SPI Nand as primary boot.

2. Selection via fuse bit between eMMC vs SPI Nand as primary boot option for A35.

3. Actual implementation may include uPower code loaded to uPower TCM and M33 code loaded to SSRAM, 
both of which are authenticated separately.

4. After A35 ROM copies the encrypted image (A35 Bootloader) to OCRAM, it passes a MU command to 
EdgeLock secure enclave that allows EdgeLock secure enclave to authenticate the image. A35 ROM waits 
until authentication is complete (by MU) before moving to the next step.

  NOTE  
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12.1.9.4 uPower boot flow

POR

Enable 
uPower Regulator

Enable uPower Oscillator
(16Mhz)

Release uPower Reset

M33 LDO 
Bypass ?

No

Yes

No
³ Boot Fuse Init doné
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Figure 129. uPower boot flow
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1. For dual/single boot, DIG1 can be enabled directly as part of pre-programmed PMIC sequence while for LP 

boot, this is handled by uPower FW that enables PMIC communication to enable DIG1 rail on demand.

2. Release of the “AD Reset” is fully handled by uPower ROM in single boot flow and dual boot flow.

3. uPower signals EdgeLock secure enclave about “RTD/AD Async Reset Release” using secure GPIO wired 
connections allowing EdgeLock secure enclave to enforce security policies (on TRDC/XRDC).

4. uPower holds the release of core reset until EdgeLock secure enclave allows to release reset (using wired 
connection to RTD/AD CMC).

5. No MU communication required to release AD reset (Dual/Single boot) except for the LP Boot mode that 
requires a MU command from M33 FW, when Application domain services are required, on demand.

6. EdgeLock secure enclave blocks execute on Code RAM until uPower FW is authenticated. There could be 
other polices that may be enforced by EdgeLock secure enclave in this step, like blocking M33:MU.

7. EdgeLock secure enclave unblocks M33:MU and passes authentication information (pass/fail) to 
M33 ROM.

8. M33 ROM can choose not to pass authentication information directly to uPower but instead make M33 
ROM call (via MU) to start uPower service only when uPower FW is authenticated (not shown in flow). If 
authentication fails, M33 will never issue call to start the uPower service.

9. For Single boot mode, uPower ROM handles the release of AD Reset, for Dual and LP boot mode, this is 
done by uPower FW. For dual boot, application domain remains in reset until M33 domain comes out and 
reset and loads uPower FW.

10. For Single boot mode, release of AD reset and A35 core follows the exact same steps(including 
handshaking with EdgeLock secure enclave and setting up security policies) as shown in the box titled 
“Dual/LP Boot only”.

11. For any boot modes, AD release always follows RTD reset release.

  NOTE  

12.1.10 Warm Boot
8ULP includes persistent registers in both RTD and AD SIM (aka SIM DGO) that are retained during warm reset.

Both A35 as well as M33 ROM will source SIM registers which includes additional information about boot characteristics, including 
option to directly jump to internal memory or DDR based in specific configuration.

CA35 Boot Address:CA35 core complex has dedicated hardwired signals that enforces the boot start address for each core.

 
Upper 8-bits are hardcoded to “0” as 8ULP does not support virtualized address.

  NOTE  

NXP Semiconductors
System Boot Flow

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 812 / 5781



CA35[1] CA35[0]

Mercury Core Complex

RVBARADDR0[31:0]
RVBARADDR1[31:0]

AD[SIM] DGO

³´³´

[31:0][39:32][31:0][39:32]

core0_RVBARADDR0

core1_RVBARADDR1

Figure 130. CA35 core boot address mapping

SoC Cold Boot (only applies to CA35[0]): Since POR values for SIM registers are always “0”, CA35[0] always start with 
0x1000 address.

 
CA35[1] can choose to program SIM[RVBARADDR1] to start at different address if required.

  NOTE  

SoC Warm Boot: Due to HW connection (enforced), resume flow post reset , simply jumps to the resume location (i.e typically 
DDR/SRAM). ROM does not need to handle jump address, it happens automatically.

12.1.11 Boot Modes
The boot sequence on 8ULP is determined and controlled through the following mechanisms:

1. BOOT_MODE [1:0]: Type of boot is controlled by the boot mode pins “BOOT_MODE [1:0]” sampled at exit of reset (stored 
in Boot Mode Register in CMC module). Options include boot from pins (parallel RCON), boot from fuses and code 
downloader via USB.

Table 78. Boot modes

BOOT_MODE[1:0] (Pins) BT_FUSE_SEL (Fuse) Boot Type Boot Details

“00” "0" Serial Downloader Load and execute code, via USB

"00" "1" Boot from Fuses Single memory /Dual memory/LP Boot 
selected via Fuses1

“01” or “11” "X" Serial Downloader Load and execute code, via USB

"10" "0" Boot from pins (for 
development only

Parallel RCON= GPIO pins for boot 
configuration will be sampled

“10” "1" Boot from fuses Single memory /Dual memory/LP Boot 
selected via Fuses1

1. Type of boot is controlled by the boot mode pins “BOOT_MODE [1:0]” sampled at exit of reset and stored in Boot Mode 
Register in CMC0
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• If Fuse [BT_FUSE_SEL] is blown, it will force “Boot from fuses” unless BOOT_MODE[0] = “1” in which case 

ROM will switch to Serial Downloader.

• Additional boot configuration (except for Serial downloader) is obtained via either programmable e-fuses or 
by pins value sampled during out-of-reset sequence. The select between the two options, is done based on 
the value of “BT_FUSE_SEL” fuse, as follows:

— In the case “BT_FUSE_SEL” is blown - all boot options are configured by efuses. Boot ROM code 
software may read the values from the Boot Mode Register, or from the e-fuses, via the OCOTP module.

— In the case “BT_FUSE_SEL” is left un-blown and BOOT_MODE[1:0]=10 – the various boot options are 
determined by sample of dedicated pins at the exit of reset. Every e-fuse option is overridden with a 
dedicated pin(s), such that same functionality is available for both boot options. See the fuse map for 
boot option pins. For this case, regardless of fuse values, Boot ROM code must read the options’ values 
from Boot Mode Register of the CMC module.

— In the case “BT_FUSE_SEL” is left unblown and BOOT_MODE[1:0]=00, i.MX 8ULP still boots from 
Serial Downloader

  NOTE  

12.1.12 Boot Clock Options
i.MX 8ULP defaults to FRO as the initial boot clock as an option for low power boot. However hardware allows additional options 
to clock the system slower to reduce the boot clock frequency to be able to provide further options to the application if low power 
becomes higher priority than boot time.

 
Default boot clock during cold boot and fuse sampling is FRO/2 (= 96 MHz).

  NOTE  

Table 79. M33 boot clock options

Boot 
Mode

Clock 
Source 
(Fuse)

FlexSPI_DIV1 Fuse Controls2 

(Fuse/Dividers)
M33 Core/

System
PCC 
DIV1

FlexSPI3 

Clock
Comments

LP Boot4 FRO 
(192MHz)

DIV8 DIVCORE5 = 
DIV4

M33_LOW_FR
EQ_BT=0

48MHz/
48MHz

DIV2 12MHz FlexSPI Clock = 
FRO_DIV/16

LP Boot FRO 
(192MHz)

DIV8 DIVCORE 
=DIV8

M33_LOW_FR
EQ_BT=1

24MHz/
24MHz

DIV2 12MHz FlexSPI Clock = 
FRO_DIV/16

LP Boot FRO 
(192MHz)

DIV8 or DIV4 DIVCORE 
=DIV4

M33_LOW_FR
EQ_BT=0

48MHz/
48MHz

DIV1

(default)

24/48MHz FlexSPI clock can 
be changed in QSPI 

Configuration header6

LP Boot FRO 
(192MHz)

DIV8 or DIV4 DIVCORE 
=DIV8

M33_LOW_FR
EQ_BT=1

24MHz/
24MHz

DIV1

(Default)

24/48MHz FlexSPI clock can 
be changed in QSPI 
Configuration header

Table continues on the next page...
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Table 79. M33 boot clock options (continued)

Boot 
Mode

Clock 
Source 
(Fuse)

FlexSPI_DIV1 Fuse Controls2 

(Fuse/Dividers)
M33 Core/

System
PCC 
DIV1

FlexSPI3 

Clock
Comments

Dual Boot7 PLL0[PFD0]

(432MHz8)

DIV4 DIVCORE=DIV
2

M33_LOW_FR
EQ_BT=0

216MHz/
216MHz

DIV1

(Default)

108MHz FlexSPI Clock = SPLL 
[PFD3=320]/4

FlexSPI clock can be 
changed in Memory 
Configuration header.

Dual Boot PLL0[PFD0]

(432MHz8)

DIV4 DIVCORE=DIV
4M33_LOW_F
REQ_BT=0

FLEXSPI0_SR
C2=PFD3

108MHz/
108MHz

DIV1

(Default)

80MHz

Dual Boot FRO 
(192MHz)

DIV8 or DIV4 DIVCORE = 
DIV4

48/48MHz DIV1

(Default)

24/48MHz FlexSPI clock can 
be changed in QSPI 
Configuration header

1. Except DIVCORE and M33_LOW_FREQ_BT that is enforced by hardware, all other values (FlexSPI_DIV, Clock Source, 
FlexSPI0_SRC and PCC DIV) are enforced by System ROM.

2. FLEXSPI0_SRC selects PLL[PFD3] as source clock instead of FRO(default).
3. FlexSPI0 clock to the memory is based on PCC Divider value and well as clock divider within the FlexSPI IP(aka 

FlexSPI_DIV).
4. LP Boot selection is based on “LP Boot” boot configuration fuse.
5. DIVCORE only supports option of “Divide by 2” (DIV2) or “Divide by 4” (DIV4) based on value of DIVCORE fuse bit
6. For Dual/Single boot option, customer can select/change clock settings based on QSPI configuration header.
7. Based on “dual boot” fuse. Only selectable when “LP Boot” fuse is unblown.
8. PLL[PFD0] to be changed back to 480MHz on 8ULP Production silicon based on timing sign-off of CM33 to meet 216MHz

 
For Dual/Single boot option, customer can select/change clock settings based on FlexSPI configuration header.

  NOTE  

 
Since Fusion core will be initiated by M33 FW, no specific boot options are necessary.

  NOTE  

Table 80. A35 boot clock options

Boot Mode A35 Clock 
Source 
(Fuse)1

PLL2 VCO 
Select2

Other Fuse Controls 
(Fuse/Dividers)1

A35 Core 
Frequency 
(Fuse)

NIC_AD3/NIC_PER Comments

Dual/Single 
Boot

PLL2[PFD0] 750MHz DIVCORE=DIV1

DIVNIC=DIV1

750MHz NIC_AD = 380 MHz

NIC_PER = 
190 MHz

See next section for 
SD clock options

Dual/Single 
Boot

PLL2[PFD0] 1 GHz4 DIVCORE =DIV2

DIVNIC=DIV1

500MHz NIC_AD = 250MHz

NIC_PER = 
125 MHz

See next section for 
SD clock options

Dual/Single 
Boot

FRO

(192MHz)

N/A DIVCORE=DIV1

DIVNIC=DIV1

192 MHz NIC_AD = 192 MHz

NIC_PER = 96 MHz

See next section for 
SD clock options
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1. Clock source selection and other fuse control enforced by ROM with default clock being FRO clock
2. ROM to configure the PLL2 VCO frequency based on fuse bit.
3. NIC_AD sourced from PLL3[PFD0] except when FRO is selected as A35 clock source.
4. PLL2 does not support frequency lower than 650 MHz, thus VCO is configured for 1 GHz with divided down option to 

generate 500 MHz for the A35 core clock.

 
Since DDR is in LPAV domain, clock settings for the DDR as well as NIC_LPAV could be done through A35 
bootloader code.

  NOTE  

Table 81. SD clock options

Modes SDHC # Clock Source PCC DIVIDER Internal DIV SD Clock

Identification uSDHC0 AD PLL3PFD1 
(198MHz)

DIV = 0 (Div by 1) SDCLKFS=0x40, DVS=0x8, Div 
by (128 * 9)

346 Khz

eMMC Normal uSDHC0 AD 
PLL3PFD1(198MH
z)

DIV = 0 (Div by 1) SDCLKFS=0x2, DVS=0x4, Div 
by (4 * 5)

9.9 Mhz

eMMC 
DDR Normal

uSDHC0 AD 
PLL3PFD1(198MH
z)

DIV = 0 (Div by 1) SDCLKFS=0x1, DVS=0x3, Div 
by (4*4)

12.375 Mhz

eMMC High uSDHC0 AD 
PLL3PFD1(198MH
z)

DIV = 0 (Div by 1) SDCLKFS=0x1, DVS=0x4, Div 
by (2 * 5)

19.8 MHz

eMMC DDR high uSDHC0 AD 
PLL3PFD1(198MH
z)

DIV = 0 (Div by 1) SDCLKFS=0x1, DVS=0x1, Div 
by (4 * 2)

24.75 MHz

SD 
Normal/SDR12

uSDHC1/2 AD 
PLL3PFD2(99.5M
Hz)

DIV = 0 (Div by 1) SDCLKFS=0x2, DVS=0x3, Div 
by (4 * 4)

6.18 MHz

SD High/SDR25 uSDHC1/2 AD 
PLL3PFD2(99.5M
Hz)

DIV = 0 (Div by 1) SDCLKFS=0x2, DVS=0x1, Div 
by (4 * 2)

12.375 MHz

 
Only uSDHC0 supports boot from eMMC while SD boot is supported on uSDHC1/2.

  NOTE  

12.1.12.1 FlexSPI clock options

The tables below show the boot clock options for FlexSPI.

Table 82. Boot clock options for FlexSPI0

Target frequency Clock source: Source frequency PCC divider

24M SDR FRO192CLK : 192M 8

48M SDR FRO192CLK : 192M 4

64M SDR FRO192CLK : 192M 3

80M SDR PLL0PFD3CLK : 320M 4

Table continues on the next page...
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Table 82. Boot clock options for FlexSPI0 (continued)

Target frequency Clock source: Source frequency PCC divider

96M SDR FRO192CLK : 192M 2

130M_SDR PLL0PFD3CLK:392M 3

160M SDR PLL0PFD3CLK : 320M 2

24M DDR FRO192CLK : 192M 4

48M DDR FRO192CLK: 192M 2

64M DDR PLL0PFD3CLK : 246M 2

80M DDR PLL0PFD3CLK : 320M 2

96M DDR PLL0PFD3CLK: 192M 1

130M DDR PLL0PFD3CLK:261M 1

200M DDR PLL0PFD3CLK : 392M 2

Table 83. Boot clock options for FlexSPI2

Target frequency Clock source: Source frequency PCC divider

24M SDR FRODIV1 : 192M 8

48M SDR FRODIV1 : 192M 4

64M SDR FRODIV1 : 192M 3

80M SDR PLL3PFD1DIV2CLK:396M 5

100M SDR PLL3PFD1DIV2CLK:396M 4

130M_SDR PLL3PFD1DIV2CLK:396M 3

160M SDR PLL3PFD3DIV1CLK:328M 2

24M DDR FRODIV1 : 192M 4

48M DDR FRODIV1: 192M 2

66M DDR PLL3PFD1DIV2CLK:396M 3

80M DDR PLL3PFD2DIV1CLK:328M 2

99M DDR PLL3PFD1DIV2CLK:396M 2

160M DDR PLL3PFD2DIV1CLK:328M 1

200M DDR PLL3PFD1DIV2CLK:396M 1

12.1.12.2 FlexSPI Boot

The ROM expects the FlexSPI configuration parameters to be present in the serial flash memory from the offset 0x400 of serial 
flash of length 512 bytes. The ROM reads these configuration parameters using the default read command configured in the LUT 
of the FlexSPI interface with the SCLK operating at 20 MHz. In the second step, the ROM configures the selected FlexSPI interface 
with the configuration parameters read from the serial flash and starts the boot procedure. Both booting the XIP and non-XIP image 
is supported from the serial flash. For the XIP boot, the image must be built for the FlexSPI address space, and for the non-XIP, 
the image can be built to execute from the TCM or OCRAM.
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12.1.12.3 MMC and eMMC boot

Normal boot mode

During the initialization (normal boot mode), the MMC frequency is set to 347.22 KHz. When the MMC card enters the identification 
portion of the initialization, the voltage validation is performed, and the ROM boot code checks the high-voltage settings and the 
card capacity. The ROM boot code supports both the high-capacity and low capacity MMC/eMMC cards. After the initialization 
phase is complete, the ROM boot code switches to a higher frequency (20 MHz in the normal boot mode or 40 MHz in the 
high-speed mode). The eMMC is also interfaced via the USDHC and follows the same flow as the MMC. The boot partition can be 
selected for an MMC4.x card after the card initialization is complete. The ROM code reads the BOOT_PARTITION_ENABLE field 
in the Ext_CSD[179] to get the boot partition to be set. If there is no boot partition mentioned in the BOOT_PARTITION_ENABLE 
field or the user partition was mentioned, the ROM boots from the user partition.

eMMC4.3 or eMMC4.4 device supporting special boot mode

If using an eMMC4.3 or eMMC4.4 device that supports the special boot mode, it can be initiated by pulling the CMD line low. If 
the BOOT ACK is enabled, the eMMC4.3/ eMMC4.4 device sends the BOOT ACK via the DATA lines and the ROM can read the 
BOOT ACK [S010E] to identify the eMMC4.3/eMMC4.4 device. The eMMC4.3/ eMMC4.4 device with the "boot mode" feature can 
only be supported via the ESDHCV3-3 and with or without the BOOT ACK. If the BOOT ACK is enabled, the ROM waits 50 ms 
to get the BOOT ACK and if the BOOT ACK is received by the ROM. If BOOT ACK is disabled ROM waits 1 second for data. If 
the BOOT ACK or data was received, the eMMC4.3/eMMC4.4 is booted in the "boot mode", otherwise the eMMC4.3/eMMC4.4 
boots as a normal MMC card from the selected boot partition. This boot mode can be selected.

eMMC4.4 device

If using the eMMC4.4 device, the Double Data Rate (DDR) mode can be used. This mode can be selected by the 0x3[5:3] (bus 
width) fuse.

12.1.13 Boot configuration
i.MX 8ULP CM33 and CA35 domain each includes 16 boot configuration pins that can be used to load boot configuration during 
“Boot from Pins” mode (BOOT_MODE [1:0] = “10”)

Table 84. Boot configuration1

M33 Boot Configuration Pins A35 Boot Configuration Pins

GPIO Boot Configuration GPIO Boot Configuration

PTA0 BT0_CFG0 PTF8 BT1_CFG0

PTA1 BT0_CFG1 PTF9 BT1_CFG1

PTA2 BT0_CFG2 PTF10 BT1_CFG2

PTA3 BT0_CFG3 PTF11 BT1_CFG3

PTA4 BT0_CFG4 PTF12 BT1_CFG4

PTA5 BT0_CFG5 PTF13 BT1_CFG5

PTA6 BT0_CFG6 PTF14 BT1_CFG6

PTA7 BT0_CFG7 PTF15 BT1_CFG7

PTA8 BT0_CFG8 PTF16 BT1_CFG8

Table continues on the next page...

NXP Semiconductors
System Boot Flow

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 818 / 5781



Table 84. Boot configuration1 (continued)

M33 Boot Configuration Pins A35 Boot Configuration Pins

GPIO Boot Configuration GPIO Boot Configuration

PTA9 BT0_CFG9 PTF17 BT1_CFG9

PTA10 BT0_CFG10 PTF18 BT1_CFG10

PTA11 BT0_CFG11 PTF19 BT1_CFG11

PTA12 BT0_CFG12 PTF20 BT1_CFG12

PTA13 BT0_CFG13 PTF21 BT1_CFG13

PTA16 BT0_CFG14 PTF22 BT1_CFG14

PTA17 BT0_CFG15 PTF23 BT1_CFG15

Reserved BT0_CFG16 Reserved BT1_CFG16

Reserved BT0_CFG17 Reserved BT1_CFG17

Reserved BT0_CFG18 Reserved BT1_CFG18

Reserved BT0_CFG19 Reserved BT1_CFG19

BT_FUSE_SEL BT0_CFG20 BT_FUSE_SEL BT1_CFG20

Reserved BT0_CFG21 Reserved BT1_CFG21

Reserved BT0_CFG22 Reserved BT1_CFG22

Reserved BT0_CFG23 Reserved BT1_CFG23

Reserved BT0_CFG24 Reserved BT1_CFG24

Reserved BT0_CFG25 Reserved BT1_CFG25

Reserved BT0_CFG26 Reserved BT1_CFG26

Reserved BT0_CFG27 Reserved BT1_CFG27

uPower_FW_Load BT0_CFG28 Reserved BT1_CFG28

Reserved BT0_CFG29 Reserved BT1_CFG29

BOOT_MODE[0] BT0_CFG30 BOOT_MODE[0] BT1_CFG30

BOOT_MODE[1] BT0_CFG31 BOOT_MODE[1] BT1_CFG31

1. See the attached fusemap spreadsheet to know the description of each of these pins (within the tab "Boot_CFG", see 
"Fuse Bank 4, Word 1" )
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Each individual domain includes 32 boot configurations bits (BT0[1]_CFG[31:0]. When the “boot from Pins” is selected 
BT0[1]_CFG[15:0] always default to taking the values from the pins while rest of the boot configuration (BT0[1]_CFG[31:16]) 
always come from fuses irrespective of state of BOOT_MODE[1:0].

BT0_CFG[15:0] is mapped to PTA[17:0] that is part of CM33 power domain. BT1_CFG [15:0] is mapped to PTF[23:8] that is part 
of CA35 power domain. This ensures that when CA35 domain is powered gated, M33 can still boot and load boot configuration 
from its individual pins(PTA[17:0]).

 
BOOT_MODE [1:0] pins applies to both CM33/CA35 domain, however the value of Boot_mode[1:0] should always 
be consistent between both the domains. For the cases where CA35 exits from power down mode, internal logic 
will ignore the values on the Boot_mode[1:0] pins and would rather latch the values from CM33 domain. Specific to 
Boot_mode[1:0] = “10” individual boot configuration (BT1[15:0]) for CA35 will still come from the pins(PTF[23:8]).

  NOTE  

CMC0 Mode Register

MR[15:8] MR[7:0]

BT0_CFG[15:0] = PTA[15:0]

Boot Configuration(CM33)

16

16

16

BOOT_MODE[1:0]

[31:30]

2

Extended Boot Configuration

MR[29:16]

14

CMC1 Mode Register

MR[15:8] MR[7:0][31:30] MR[29:16]

14
2

Boot Configuration(CA35)

16

16

BT1_CFG[15:0] = PTF[15:0]

16

0 1 0 1

SEL

2

BT_FU
SE_SEL

8ULP Pins

Fuse Bank

Figure 131. Boot configuration

12.1.14 IOMUX settings
The tables below show the IOMUX setting for FlexSPI, uSDHC, and LPSPI boot.

Table 85. IOMUX configuration for FlexSPI0 boot

Signal Name PAD Name Description

FlexSPI0A_DATA0 PTC10.alt8 • Mux to SI in SPI mode

• Mux to IO0 in Dual/Quad/Octal Mode

FlexSPI0A_DATA1 PTC9.alt8 • Mux to SO in SPI mode

• Mux to IO1 in Dual/Quad/Octal Mode

FlexSPI0A_DATA2 PTC8.alt8 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

Table continues on the next page...
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Table 85. IOMUX configuration for FlexSPI0 boot (continued)

Signal Name PAD Name Description

FlexSPI0A_DATA3 PTC7.alt8 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

FlexSPI0A_DQS PTC0.alt8  This pad will mux to 
FlexSPI0A_DQS if flashA DQS 
option is ExternalInputFromDqsPad 
or LoopbackFromDqsPad.

FlexSPI0A_SS0_B PTC5.alt8 This pad will mux to FlexSPI0A_SS0_B if 
not use hyper flash.

PTC11.alt8 This pad will mux to FlexSPI0A_SS0_B if 
use hyper flash.

FlexSPI0A_SS1_B PTC11.alt9 Mux to FlexSPI0A_SS1_B if 
flashA2 exists.

FlexSPI0A_SCLK PTC6.alt8 This pad will mux to FlexSPI0A_SCLK

FlexSPI0A_SCLK_B PTC5.alt9 This pad will mux to FlexSPI0A_SCLK_B 
if use hyper flash.

FlexSPI0A_DATA4 PTC4.alt8 Mux to IO4 in Octal mode for FlashA

FlexSPI0A_DATA5 PTC3.alt8 Mux to IO5 in Octal mode for FlashA

FlexSPI0A_DATA6 PTC2.alt8 Mux to IO6 in Octal mode for FlashA

FlexSPI0A_DATA7 PTC1.alt8 Mux to IO7 in Octal mode for FlashA

FlexSPI0B_DQS PTC12.alt8 This pad will mux to QSPI0B_DQS 
if parallel mode enabled or 
flashB1 exists and the DQS option 
should be ExternalInputFromDqsPad 
| LoopbackFromDqsPad

FlexSPI0B_SCLK PTC18.alt8 This pad will mux to QSPI0B_SCLK if 
parallel mode enabled or flashB1 exists.

FlexSPI0B_SS0_B PTC17.alt8 Mux to QSPIB_SS0_B if flashB1 exists.

FlexSPI0B_SS1_B PTC23.alt9 Mux to QSPIB_SS1_B if flashB2 exists.

FlexSPI0B_DATA0 PTC22.alt8 • Mux to SI in SPI mode

• Mux to IO0 in Dual/Quad/Octal Mode

• For Flash B.

FlexSPI0B_DATA1 PTC21.alt8 • Mux to SO in SPI mode

• Mux to IO1 in Dual/Quad/Octal Mode

• For Flash B.

Table continues on the next page...
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Table 85. IOMUX configuration for FlexSPI0 boot (continued)

Signal Name PAD Name Description

FlexSPI0B_DATA2 PTC20.alt8 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

• For Flash B.

FlexSPI0B_DATA3 PTC19.alt8 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

• For Flash B.

Table 86. IOMUX configuration for FlexSPI2 boot

Signal Name PAD Name Description

FlexSPI2A_DATA0 PTD17.alt9 • Mux to SI in SPI mode

• Mux to IO0 in Dual/Quad/Octal 
Mode

FlexSPI2A_DATA1 PTD16.alt9 • Mux to SO in SPI mode

• Mux to IO1 in Dual/Quad/Octal 
Mode

FlexSPI2A_DATA2 PTD15.alt9 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

FlexSPI2A_DATA3 PTD14.alt9 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

FlexSPI2A_DQS PTD18.alt9  This pad will mux to 
FlexSPI0A_DQS if flashA DQS 
option is ExternalInputFromDqsPad or 
LoopbackFromDqsPad.

FlexSPI2A_SS0_B PTD12.alt9 Always mux to FlexSPI2A_SS0_B

FlexSPI2A_SS1_B PTD11.alt10 Mux to FlexSPI2A_SS1_B if flashA2 
exists.

FlexSPI2A_SCLK PTD13.alt9 This pad will mux to FlexSPI2A_SCLK

FlexSPI2A_SCLK_B PTD23.alt10 This pad will mux to 
FlexSPI2A_SCLK_B if use hyper flash.

FlexSPI2A_DATA4 PTD22.alt9 Mux to IO4 in Octal mode for FlashA

FlexSPI2A_DATA5 PTD21.alt9 Mux to IO5 in Octal mode for FlashA

FlexSPI2A_DATA6 PTD20.alt9 Mux to IO6 in Octal mode for FlashA

Table continues on the next page...
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Table 86. IOMUX configuration for FlexSPI2 boot (continued)

Signal Name PAD Name Description

FlexSPI2A_DATA7 PTD19.alt9 Mux to IO7 in Octal mode for FlashA

FlexSPI2B_DQS PTD0.alt9 This pad will mux to QSPI0B_DQS 
if parallel mode enabled or 
flashB1 exists and the DQS option 
should be ExternalInputFromDqsPad | 
LoopbackFromDqsPad

FlexSPI2B_SCLK PTD6.alt9 This pad will mux to QSPI0B_SCLK if 
parallel mode enabled or flashB1 exists.

FlexSPI2B_SS0_B PTD5.alt9 Mux to QSPIB_SS0_B if flashB1 exists.

FlexSPI2B_SS1_B PTE12.alt9 Mux to QSPIB_SS1_B if flashB2 exists.

FlexSPI2B_DATA0 PTC10.alt9 • Mux to SI in SPI mode

• Mux to IO0 in Dual/Quad/Octal 
Mode

• For Flash B.

FlexSPI2B_DATA1 PTD9.alt9 • Mux to SO in SPI mode

• Mux to IO1 in Dual/Quad/Octal 
Mode

• For Flash B.

FlexSPI2B_DATA2 PTD8.alt9 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 IO2 in Quad/Octal Mode

• For Flash B.

FlexSPI2B_DATA3 PTC7.alt9 • Mux to Hold in SPI mode since the 
Hold pin issue in SPI Nor.

• Mux to IO3 in Quad/Octal Mode

• For Flash B.

The tables below show the IOMUX setting for uSDHC boot.

Table 87. IOMUX configuration for uSDHC0 boot

Signal Name PAD Name

USDHC0_CMD PTD1.alt8

USDHC0_CLK PTD2.alt8

USDHC0_DATA0 PTD10.alt8

USDHC0_DATA1 PTD9.alt8

USDHC0_DATA2 PTD8.alt8

Table continues on the next page...
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Table 87. IOMUX configuration for uSDHC0 boot (continued)

Signal Name PAD Name

USDHC0_DATA3 PTD7.alt8

USDHC0_DATA4 PTD6.alt8

USDHC0_DATA5 PTD5.alt8

USDHC0_DATA6 PTD4.alt8

USDHC0_DATA7 PTD3.alt8

USDHC0_RESET PTD0.alt8

USDHC0_VSELECT PTD4.alt5

Table 88. IOMUX configuration for uSDHC1 boot

Signal Name PAD Name

USDHC1_CMD PTF3.alt8

USDHC1_CLK PTF2.alt8

USDHC1_DATA0 PTF1.alt8

USDHC1_DATA1 PTF0.alt8

USDHC1_DATA2 PTF5.alt8

USDHC1_DATA3 PTF4.alt8

USDHC1_DATA4 PTF6.alt8

USDHC1_DATA5 PTF7.alt8

USDHC1_DATA6 PTF8.alt8

USDHC1_DATA7 PTF9.alt8

USDHC1_RESET PTF11.alt8

USDHC1_VSELECT PTE17.alt8

Table 89. IOMUX configuration for uSDHC2 boot

Signal Name PAD Name

USDHC2_CMD PTE3.alt8

USDHC2_CLK PTE2.alt8

USDHC2_DATA0 PTE1.alt8

USDHC2_DATA1 PTE0.alt8

USDHC2_DATA2 PTE5.alt8

USDHC2_DATA3 PTE4.alt8

USDHC2_DATA4 PTE6.alt8

USDHC2_DATA5 PTE7.alt8

Table continues on the next page...
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Table 89. IOMUX configuration for uSDHC2 boot (continued)

Signal Name PAD Name

USDHC2_DATA6 PTE8.alt8

USDHC2_DATA7 PTE9.alt8

USDHC2_RESET PTE12.alt8

USDHC2_VSELECT PTF29.alt8

The tables below show the IOMUX setting for LPSPI boot.

Table 90. IOMUX configuration for LPSPI0 boot

Signal Name PAD Name

LPSPI0_PCS1 PTA0.alt3

LPSPI0_PCS2 PTA1.alt3

LPSPI0_PCS3 PTA2.alt3

LPSPI0_SIN PTA4.alt3

LPSPI0_SOUT PTA5.alt3

LPSPI0_SCK PTA6.alt3

LPSPI0_PCS0 PTA7.alt3

Table 91. IOMUX configuration for LPSPI1 boot

Signal Name PAD Name

LPSPI1_PCS1 PTA8.alt3

LPSPI1_PCS2 PTA9.alt3

LPSPI1_PCS3 PTA10.alt3

LPSPI1_SIN PTA12.alt3

LPSPI1_SOUT PTA13.alt3

LPSPI1_SCK PTA14.alt3

LPSPI1_PCS0 PTA15.alt3

Table 92. IOMUX configuration for LPSPI4 boot

Signal Name PAD Name

LPSPI4_PCS1 PTE8.alt3

LPSPI4_PCS2 PTE9.alt3

LPSPI4_PCS3 PTE10.alt3

LPSPI4_SIN PTE12.alt3

LPSPI4_SOUT PTE13.alt3

LPSPI4_SCK PTE14.alt3

LPSPI4_PCS0 PTE15.alt3
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Table 93. IOMUX configuration for LPSPI5 boot

Signal Name PAD Name

LPSPI5_PCS1 PTF12.alt3

LPSPI5_PCS2 PTF13.alt3

LPSPI5_PCS3 PTF14.alt3

LPSPI5_SIN PTF16.alt3

LPSPI5_SOUT PTF17.alt3

LPSPI5_SCK PTF18.alt3

LPSPI5_PCS0 PTF19.alt3

12.1.15 Secure Boot
The EdgeLock secure enclave uses the AHAB library to provide a secure boot environment for M33 and A35 boot procedures. 
AHAB is a combination of hardware and software operation, using a Public

Key Infrastructure (PKI) protocol to protect the system from executing unauthorized FW images. In order for the AHAB to allow 
FW to run, the code must be signed by a private key holder that matches with the public key embedded in the 8ULP efuses.

The AHAB library in EdgeLock secure enclave ROM also provides API functions that allow the user to authenticate any defined 
region and signature at run-time.

 
See the i.MX 8ULP Security Reference Manual, for details on secure boot.

  NOTE  

12.1.16 Boot Type
This device has three kinds of boot type:

• Single Boot (default)

• Dual Boot

• Low Power Boot

12.1.16.1 Boot Type Selection

The fuses to select a boot type:

Table 94. Boot Type Selection

Dual Boot Enabled Fuse Low Power Boot Enabled Fuse Result

0 0 Single Boot

1 0 Dual Boot

x 1 Low Power Boot

12.1.16.2 Single Boot

In single boot, A35 ROM is in charge of loading all containers and images then jump to A35 FW while CM33 ROM almost do 
nothing, just waits for A35 passing the entry point by a persistent register. Please refer to the Single Boot chapter for the details.
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Table 95. Supported boot device for single boot

Boot Stage A35 ROM M33 ROM

Primary and Secondary image set boot 1. e-MMC & SD on USDHC1/2

2. SPI NAND on FlexSPI2

3. SPI NOR on FlexSPI2

N/A

Recovery boot 1. SD on USDHC1

2. SPI NOR on LPSPI4/5

N/A

USB serial download USB HID on USB0/1 N/A

12.1.16.3 Dual Boot

In dual boot, M33 rom and A35 ROM are running in parallel. M33 ROM is in charge of loading uPower FW, ELE FW (optional) and 
M33 FW and eventually jumps to M33 FW while A35 ROM loads A35 FW and images and finally jumps to A35 FW. Please refer 
to the Dual Boot chapter for the details.

12.1.16.4 Low Power Boot

In LP boot, only M33 ROM is running after POR. The M33 ROM boot flow in LP boot is same with the M33 ROM flow in dual boot. 
A35 core is expected to kick off by M33 FW in some use cases. A35 core should directly run from A35 FW rather than A35 ROM. 
And this should be guaranteed by M33 FW. M33 FW sets the CA35 RVBAR to CA35 FW, then kicks the CA35 and let's CA35 
running into CA35 FW. Refer to the Dual Boot chapter for the details.

Table 96. Supported boot device for LP and Dual Boot

Boot Stage A35 ROM M33 ROM

Primary and Secondary image set boot 1. e-MMC & SD on USDHC1/2

2. SPI NAND on FlexSPI2

1. FlexSPI NOR on FlexSPI0

2. FlexSPI NAND on FlexSPI0

Recovery boot 1. SD on USDHC1

2. SPI NOR on LPSPI4/5

SPI NOR on LPSPI0/1

USB serial download USB HID on USB0/1 N/A

12.1.17 Boot Stage
Both CM33 and A35 ROMs support four boot stages:

1. Primary Image Container Set Boot (Primary Boot): Boot from the Primary Image Set in Primary Boot Device.

2. Secondary Image Set Boot (Secondary Boot): Boot from the Secondary Image Set in Primary Boot Device.

3. Recovery Boot: Boot from the image set in Recovery Boot Device (Only one Image Set supported).

4. Serial Download Boot: load the image set via USB (A35 ROM only, M33 enters an endless loop).

How CM33 and A35 ROMs move boot stage:
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Start of ROM
error handling

If now is primary
image set boot

Retrieve boot stage
from the SIM DGO register

Read the secondary image
set offset from the fuses

Update the SIM DGO to
revovery boot

Update the SIM DGO to
SDP boot

Update the SIM DGO to
secondary image set boot

Y

N

N

N

N

If now
is secondary image

set boot

If recovery
boot is not disabled

in fuse

Y

YIf the
secondary image

set offset is
valid

Y

Trigger
watchdog reset

Figure 132. ROM Error Handling

• There’s no SDP boot stage for M33 ROM. M33 will wait M33 image entry just like single boot when recovery boot failed.

• If Booting from the primary boot image set fails, ROM updates the boot stage information stored in the SIM0 DGO register to 
move to next boot stage, then reset system. In next boot cycle after system out of reset, ROM moves to the next boot stage 
and try again. The sequence of boot stage moving is Primary image set boot => Secondary Image Set boot => Recovery boot 
=> USB serial download boot;

12.1.18 Boot Flow
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12.1.18.1 Boot Type Selection

System ROMs Start

(CM33 ROM and A35 ROM)

If it is single boot
N

Retrieve the boot Type (Single, Dual
and LP boot) from CMC0/1 reigister

Y Y

If it is dual boot

System
ROMs Single
Boot Flow

N

System
ROMs Dual
Boot Flow

System
ROMs LP
Boot Flow

Figure 133. Boot Type Selection

12.1.18.2 Single Boot Flow

12.1.18.2.1 M33 ROM single boot flow

M33 single boot flow

Jump to M33 FW

ROM error
handling

Try to retrieve CM33 FW
entry the CM33 entry
point register in SIM0

DGO

A35 reset fuse
bit set?

CM33
image entry

is NULL?

CM33
image entry

is valid?

Y

Y

Y

N

N

N

Figure 134. M33 ROM Sequence for Single Boot
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12.1.18.2.2 A35 ROM single boot flow

A35 single boot flow

Get current boot stage
in SIM0 DGO

Retrieve boot CFGs, initialize system
resource, like PLL, clock, etc. Intialize
boot device based on the boot stage

and the boot CFG settings.

If there are
two CTNR headers

&& the 1st is ELE CTNR
header

Load initial 8 KB data into
ROM reserved RAM

Image set selection

If there are two CTNR
headers && the 1st is

not ELE CTNR header

Y

N

Load ELE container header and
ELE FW images to destination

Update the FWs running flags in
the SIM0 DGO register with ELE

FW running

Request ELE to authenticate
ELE container

Retrieve the FWs
running flags from

SIM0 DGO

ROM error
handling

Is ELE FW
running yet based on

the FWs running
flags?

Load OEM container
header into shared RAM

Authenticate OEM
container header

Load the image

Request ELE to verify
the image hash

ELE
container auth

success?

Reminding
image
exist?

A35
FW ready?

If the
image is uPower

FW?

OEM
container auth

success?

Image
verify
pass?

Is the FW
running yet based

on the FWs running
flags?

Is the
coming image uPower FW,

or M33 FW, or A35
FW?

N

N

N N

N

Y

Y

Y

N

Y

Y

Y

N

Y

Start uPower
RAM FW

Y

N

Y

N

N

N

Y

If the
image is M33

FW?

Y

Set M33 entry in
Sim0 DGO

Set the flag wth
A35 FW

ready to run

Jump to
A35 FW

Figure 135. A35 ROM Sequence for Single Boot

12.1.18.2.3 Typical single boot processing

Table 97. Single Boot Processing

CM33 Processing A35 Processing

M33 ROM retrieves the boot CFG settings from CMC0 register, 
to check if it is single boot;

A35 ROM retrieves the boot CFG settings from CMC0 and 
CMC1 register, to check if it is single boot;

Initializes the necessary HW (PLL, clock, etc)1 Initializes the necessary HW (PLL, clock, etc);

M33 ROM enters an endless loop. In the loop, CM33 ROM 
retrieves the CM33 FW entry point from the SIM0 DGO register. 
If the entry is valid, CM33 ROM jumps to the entry point. 
Expects that A35 ROM fills the CM33 FW entry point after the 
CM33 loaded and verified in A35 side;

2A35 reads the data from the selected boot device: It loads 
all containers (optional NXP container and optional OEM 
container) in the selected boot image set one by one, all images 
in each container (uPower FW, ELE FW, M33 FW, A35 FW, 
etc) one by one, and request ELE ROM/FW to authenticate 
containers, and verify the images one by one.

Table continues on the next page...
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Table 97. Single Boot Processing (continued)

Once uPower FW and ELE FW loaded and verified, A35 ROM 
updates the corresponding bits SIM0 DG0 register to indicate 
uPower FW and ELE FW running;

Once M33 FW loaded and verified, A35 ROM fills the M33 FW 
entry point to the SIM0 DGO register;

Once get a valid entry point of M33 FW from the SIM0 DGO 
register, CM33 ROM will jump to CM33 FW.

After loading all containers and images done, all containers 
passing authentication and all images passing verification, A35 
ROM jumps to A35 FW;

1. M33 ROM needs to clear the FW Running Flag in SIM0 DGO register at the very beginning since the M33 reset actually 
resets the whole system, so no FW is expected in running after M33 reset.

2. Before loading uPower FW and ELE FW, A35 ROM needs to check the corresponding bits in the SIM0 DGO register. If the 
bit set, means the FW (uPower or ELE FW) is in running, A35 ROM skips to load this FW, move to load next image.

12.1.18.3 Dual/LP Boot Flow

12.1.18.3.1 M33 ROM Dual/LP Boot Flow

M33 dual
boot flow

Y

N

N

Clear running FWs
flag in the SIM0
DOG register

Initialize boot device
based on the boot
stage and the boot

CFG settings.

Get current
boot stage

in SIM0 DGO Image set selection

Load initial 8 KB
data into ROM
reserved RAM

Retrieve the FWs
running flags from

SIM0 DGO
Load OEM

container header
into shared RAM

Authenticate OEM
container header

Retrieve boot CFGs,
initialize system

resource

Setup flexspi
basic timing for

ELE OTFAD reading.

Reguest ELE to
enable OTFAD

Issue MSG to ELE
to check if

OTFAD enabling finish

Y

Y

N

N

Y
If booting from
FlexSPI NOR

Y

N

Load ELE container
header and ELE FW
images to destination

memory

Request ELE
to authenticate
ELE container

Load the image

Request ELE
to verify

the image hash

Start uPower
RAM FW

Set the flag with
M33 FW ready

to run

ELE container
auth success?

N

YELE container
auth success?

Y

N

N

Y

Y

Y

Y

Reminding image
exist?

Image verify
pass?

If the image is
uPower FW?

Is the
coming image uPower

FW, or M33 FW?

If there are
two CTNR headers && the

1st is not ELE CTNR
header

If there are
two CTNR headers && the

1st is ELE CTNR
header

Is ELE FW
running yet based on

the FWs running
flags

Y

OTFAD enable
finish?

N

N

YOTFAD enable
success?

ROM error
handling

N

N

M33 FW ready? Jump
to M33 FW

Figure 136. M33 ROM Sequence for Dual/LP Boot
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12.1.18.3.2 A35 ROM Dual/LP Boot Flow

A35 dual boot flow

Jump to A35 FW

Retrieve the boot
stage from SIM0 DGO

Retrieve boot CFGs, initialize system
resource, like PLL, clock, etc. Initialize
boot device based on the boot stage

and the boot CFG settings.

Load A35 initial
image container to
RTD shared RAM

Image set selection

Load A35 image
to A35 image

destination memory

ROM error
handling

Authenticate the
A35 container

Verify A35 image

Authentication
pass?

Verify A35
image pass?

N

N

RTD ELE
finish bit in
SIM0 DGO

is set?

Y

Y

Y

N

Figure 137. A35 ROM Sequence for Dual/LP Boot

12.1.18.3.3 Typical dual and LP boot processing

Table 98. Dual and LP Boot Processing

CM33 Processing A35 Processing 

Retrieves the boot CFG settings from CMC0 register, to check 
if it is dual or LP boot;

Retrieves the boot CFG settings from CMC0 and CMC1 
register, to check if it is dual LP boot;

Initializes the necessary HW (PLL, clock, etc); 1 Initializes the necessary HW (PLL, clock, etc);

Table continues on the next page...
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Table 98. Dual and LP Boot Processing (continued)

M33 ROM reads the data from the selected boot device: It 
loads all containers (optional NXP container and optional OEM 
container) in the selected boot image set one by one, all images 
in each container (uPower FW, ELE FW, M33 FW, etc) one 
by one, and request ELE ROM/FW to authenticate containers, 
and verify the images one by one; 2

Once ELE FW is loaded and authenticated, M33 ROM updates 
the bits (8 bits) in the SIM0 DGO register to indicate ELE 
FW ready;

Poll the SIM0 DGO register until the value in the SIM0 DGO 
register indicates the ELE FW ready;

After loading all containers and images done, all containers 
passing authentication and all images passing verification, 
M33 ROM jumps to M33 FW;

A35 ROM reads the data from the selected boot device: It loads 
the OEM containers in the selected boot, and the all images in 
the OEM container (A35 FW, etc) one by one, and request ELE 
to authenticate container and verify each images one by one;

After loading OEM container and OEM images done, the 
container passing authentication and the images passing 
verification, A35 ROM jumps to A35 FW;

1. For OTFAD case, M33 ROM needs to initializes FlexSPI controller and device with the safe settings, so that ELE can 
access key blob from FlexSPI NOR device. M33 ROM doesn’t care whether the OTFAD enabled fuse blown, ELE needs to 
take care of this fuse. M33 will always send the message to EdgeLock secure enclave to enable the OTFAD and check the 
status from EdgeLock secure enclave. From system ROM perspective, the expected behaviors of ELE are

2. For OTFAD case, M33 ROM needs to initialize FlexSPI controller and device with the safe settings, so that ELE can 
access key blob from FlexSPI NOR device. M33 ROM doesn’t care whether the OTFAD enabled fuse blown, ELE needs to 
take care of this fuse. M33 will always send the message to EdgeLock secure enclave to enable the OTFAD and check the 
status from EdgeLock secure enclave. From system ROM perspective, the expected behaviors of ELE are:

IF (OTFAD Enabled fuse set) THEN, EdgeLock secure enclave enables the OTFAD and sends status to M33 ROM. ELSE, 
EdgeLock secure enclave does not enable OTFAD and always sends success to M33 ROM.

There is a fuse indicating if ELE FW is necessary. System ROMs (both M33 and A35 ROMs) don’t check this fuse. In case the 
ELE/NXP container exists in the boot image set, M33/A35 always loads the ELE/NXP container and the ELE FW, then requests 
ELE to authenticate the ELE container. EdgeLock secure enclave decides whether to authenticate it or not.

In LP boot mode, CM33 firstly starts to run while A35 core isn’t kicked off by uPower ROM/FW during CM33 ROM boot time. After 
CM33 FW starts, it decides when needs to kick off A35 core based on the various use cases. Once CM33 FW kicked off A35 core, 
the A35 ROM boot flow in LP boot is same with the flow in Dual boot.

12.1.19 Boot Device

12.1.19.1 Supported Boot Devices

Table 99. Supported Boot Device

BT_TYPE ROMs Primary and Secondary

Boot Stage

Recovery Boot Stage Serial Download 

Stage

Dual Boot M33 ROM FlexSPI NOR (FlexSPI 0)

FlexSPI NAND (FlexSPI0)

LPSPI NOR (LPSPI0/1) No

A35 ROM EMMC/SD (USDHC0~2) SD and EMMC (USDHC1) USB

Table continues on the next page...
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Table 99. Supported Boot Device (continued)

SPI NOR(FlexSPI2)

Single Boot A35 ROM EMMC/SD (USDHC0~2)

FlexSPI NOR (FlexSPI2)

SPI NAND (FlexSPI2)

SD and EMMC (USDHC1) USB

LP Boot M33 ROM FlexSPI NOR (FlexSPI0)

SPI NAND (FlexSPI0)

LPSPI NOR (LPSPI0/1) No

12.1.20 System HW Settings in ROMs

Table 100. ROM Hardware Usage Overview

M33 ROM A35 ROM

UPOWER AHB UPOWER AHB

EdgeLock secure enclave AHB EdgeLock secure enclave AHB

PCC0, PCC1 PCC3, PCC4

CGC0 CGC1

WDOG0 WDOG3

SIM0-S SIM0-S, SIM1

TSTMR0 TSTMR1

FlexSPI0 FlexSPI2

GPIOA, GPIOB GPIOE, GPIOF

IOMUXC0 IOMUXC1

LPSPI0, LPSPI1 LPSPI4, LPSPI5

CM33 Cache Controller, MPU MMU

LPUART0 LPUART4

UPOWER MU0 UPOWER MU1

RTD SSRAM, APD SRAM0, SRAM1 RTD SSRAM, APD SRAM0, SRAM1

CMC0 USDHC0, USDHC1, USDHC2

USB0, USB1

USB0 PHY, USB1 PHY

CMC0, CMC1
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12.1.20.1 Memory Usage

12.1.20.1.1 M33 Memory Usage Map

0x3007FFFF

0x30000000

Free Memory Space on 
SSRAM P7

0x1FFFFFFF

SSRAM 
P0 -P6

Free Memory Space on 
SSRAM P0 - P6

0x1FFC0000SSRAM
P7

ROM Reserved Area

0x30070000

ROM Reserved Area 
64K bytes

ROM Free Memory Space
704K bytes

Figure 138. CM33 ROM RAM Usage

Table 101. M33 memory usage

Address Memory usage

0x10000000 - 0x10017FFF M33 ROM

0x1FFC0000 - 0x1FFFFFFF M33 RAM free space

0x30076000 – 0x30077FFF Used to store 8K initial image. Can be clear by post boot fw.

0x30070000 – 0x3007FFFF M33 ROM reserved memory (32K).

Can free if M33 software does not use ROM API.

Cannot free if M33 software use ROM API.

 
0x22010000 – 0x2201FFFF is the M33 ROM reserved area. For this area:

1. After exiting CM33 ROM code, unless SW does not need to call CM33 ROM API, SW cannot use/override 
CM33 ROM reserved area.

2. The read/write/execute permission of the ROM reserved area may be closed in ROM boot phase, so after 
exiting ROM code, in case the CM33 SW needs to access this region, before any action to this region, CM33 
software should check/re-configure TRDC for the read/write/execute permission of ROM reserved area.

3. 0x20010000 - 0x2001FFFF/0x30010000 - 0x3001FFFF will be a temporary buffer used during boot. It will 
be free at early stage. So the retained data for warm reset or deep power down resume cannot be put at 
this address.

  NOTE  
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12.1.20.1.2 A35 Memory Usage Map

Free memory space
on SRAM2

ROM Free memory
space 256 Kbytes

ROM reserved area
on SRAM0

0x2205FFFF

0x22020000SRAM0,
SRAM2

0x22010000

ROM reserved
area 64 Kbytes

Figure 139. A35 ROM RAM Usage

Table 102. A35 memory usage

Address Memory usage

0x00000000 – 0x0002FFFF A35 ROM

0x22010000 – 0x2201FFFF(SRAM0) A35 ROM reserved memory(64K)

Can free if A35 software does not use ROM API.

Cannot free if A35 software use ROM API.

0x22020000 – 0x2205FFFF(SRAM2) Free Space for place A35 FW.

 
A35 cannot use SRAM1 as reserved memory because SRAM1 is in LPAV domain. uPower does not power on 
LPAV domain default.

  NOTE  

 
The ROM reserved area range is 0x22010000 - 0x2201FFFF.

1. After exiting A35 ROM code, unless SW doesn’t need to call A35 ROM API, SW cannot use/override A35 
ROM reserved area.

2. The read/write/execute permission of the ROM reserved area may be closed in ROM boot phase, so 
after exiting A35 ROM code, in case the A35 software needs to access this region, before any action to 
this region, A35 software should check/re-configure XRDC for the read/write/execute permission of ROM 
reserved area.

  NOTE  

12.1.21 Interrupt and Exception Handling
All interrupts are masked by both CM33 and A35 ROM.

There are three exception handles in CM33 ROM to handle various exception:

• SVC: ROM SVC handler uses to route to installed ROM IP code patches

• NMI: Reconfigures NMI_b then return

• Others: trigger a watchdog reset.

There are two exception handles in A35 ROM to handle various exception:

• Others: trigger a watchdog reset.

• SVC

ROM SVC handler uses route to installed ROM IP code patches.
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12.1.22 Failure Handling in M33/A35 ROM
There are 2 categories of failure: Fatal and non-Fatal.

Fatal:

• Attack been detected by HW or M33/A35 ROM itself (stack cookie, SW secure counter).

• Hard Fault in ROM code.

Non-Fatal:

• Boot device initialization failed.

• Boot device read failure. (ECC error, timeout, etc.)

• Container authentication failure or image verify failure.

For Fatal failures, ROM trigger a WDOG reset.

For non-fatal failures, ROM set boot stage in the SIM DGO, then trigger a WDOG reset. After the reset, ROM will try to boot from 
secondary image container set. If still failed, try recovery boot.

SW secure
counter error

Stack overflow
attack

MPU/MMU
setup failure

Boot device
initialization

failure

Reading data
failure

Move to
next boot stage

Reset other DGO
bits besides the

boot stage

Reset the DGO
bits

Non-fatal error handlingFatal error handling

Trigger DOG
reset, boot from
same boot stage

Trigger DOG
reset, boot from
next boot stage

Authentication
failureHard fault

Figure 140. Failure handling

12.1.23 SIM DGO GPR ROM usage

Table 103. RTD SIM DGO ROM usage

RTD_SIM_DGO_GPR Usage by ROM Description

DGO_GP0 M33 resume entry point To store M33 entry point for resuming 
from low power mode. Must be M33 
TCM range

DGO_GP1 Argument for M33 resume M33 ROM store this value into CPU 
register R0 when jumping to M33 entry 
point. This is optional and can be used a 

Table continues on the next page...
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Table 103. RTD SIM DGO ROM usage (continued)

s other purpose if argument is not needed 
when resuming

DGO_GP2 Bits 31-4: Reserved for future ROM

Bits 3-0: Attack Counter for M33 ROM.

DGO_GP3 M33 entry point Provided by A35 image in Single 
Boot mode

DGO_GP4 Argument for M33 Provided by A35 image in Single Boot 
mode. This is optional and can be used a 
s other purpose if argument is not needed 
when resuming

DGO_GP5 Restored BT0_CFG SW can override BOOT_CFG and issue 
a SW reset; then BootROM will retrieve 
boot configuration here. Will be disabled 
if DIR_BT_DIS blown.

DGO_GP6 Boot ROM internal flag [31:24] M33 EdgeLock secure enclave 
done flag

[11] single boot a35 reset

[9:8]: A35 Boot stage:0-Primary, 1-
Secondary, 2-Recovery, 3-SDP

[6] A35 image load flag

[5] M33 image load flag

[4] uPower image load flag

[3] ELE image load flag

[2] M33 clock config done.

[1:0]: M33 Boot stage:0-Primary, 1-
Secondary, 2-Recovery, 3-SDP

DGO_GP7 uPower FW resume entry point

DGO_GP8 Reserved
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12.1.24 CA35 initialization flow

A35 clock init

CA35CLK SCSW
== 1?

A35 clock init done

Enable PLL3

Enable PLL2

Unlock the
CA35CLK register

Set CA35CLK source
as 1: PLL2

CA35CLK
register locked?

Y

N

Figure 141. CA35 initialization flow
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12.1.25 XBAR initialization flow

AD XBAR init

AD XBAR clock
init done

Unlock the
XBARCLK register

XBARCLK
register locked?

Y

Set XBAR_AP_DIV
= 1

Set XBAR_BUS_DIV
= 1

Set XBAR_SLOW_DIV
= 5

N

Figure 142. XBAR initialization flow
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12.1.26 AD NIC initialization flow

AD NIC init

AD NIC init done

NICCLK
register locked?

Unlock the
NICCLK register

Set NIC
AD DIV = 1

Set NIC
clock source as

FRO192

Set NIC
clock source as

PLL3PFD0

Set NIC
AD DIV = 2

AD_
NIC_SYS_CLK_

SOURCE=0

Y

Y

N

Figure 143. AD_NIC initialization flow

12.1.27 Suspend Resume
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12.1.27.1 CM33 Resume Flow

M33 ROM
resume flow

Y

Y

Y

Y

Y

N

N

Y

N

N

N

N

N

N

Get uPower FW
SSRAM address

from DGO

Load and
authenticate

ELE FW

Load and
authenticate
uPower FW
from flash

Poll the M33
FW entry from

SIM DGO

Load and
authenticate other

OEM image

Jump to
M33 FW

entry

When the resume entry is NULL,
M33 ROM boot flow is same as a

reset boot except uPower FW loading.
Reset boot will always load the

uPower_FW while it will be determined
by the uPower_FW_LOAD fuse here.

M33 ROM does not care the power
mode. Software which suspends the
system should fill the resume entry
according to different power mode.
Such a in deep power down mode,
software should not fill the resume
entry because the memory is not

retained.

Copy uPower FW
from SSRAM to

uPower CodeRAM

Jump to M33
resume entryReset system

uPower_FW_LOAD = 0

M33
resume entry is NULL

in SIM DGO?

Single boot?

uPower_FW_LOAD = 0

(IRAM_
RETN = 1) &&

(uPower RESUME_ENTRY
= VALID)

M33 resume entry only when the
SSRAM is retained. SSRAM are
retained in SL, DSL, PD mode.

Power down

Reset
boot flow

Deep power down
resume boot flow

uPower
FW address is valid

in SSRAM?

M33 entry
is valid?

Figure 144. CM33 Suspend resume flow

Table 104. M33 resume flow

IRAM_RETN M33 Resume Entry uPower_FW_LOAD M33 ROM behavior

0 Valid 0 No need to load uPower FW, uPower FW is retained in 
uPower IRAM.

0 Valid 1 Load uPower FW From SSRAM to uPower IRAM.

1 NULL 0 No need to load uPower FW, uPower FW is retained in 
uPower IRAM.

1 NULL 1 Load uPower FW from external storage to uPower IRAM.

0 NULL / Reset Flow

12.1.27.2 A35 resume flow

A35 FW will be resumed by hardware directly by RVBARADDR0 in APD_SIM if this register is not 0.
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• In Power Down mode, memory is retained, RVBARADDR0 is written by A35 FW. After reset, A35 will run code 
from RVBARADDR0

• In Deep Power Down mode, memory is not retained, RVBARADDR0 should be 0. After reset, A35 will run code from ROM, 
then ROM will do a normal boot flow.

12.1.28 ROM API
The main purpose is for SPL calling to load/authentication images. The ROM API table is as followed:

Table 105. ROM API

Offset Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0

0 Tag: 0xEA91 Version: 0x0001

4 Reserved as 0

8-0xF Pointer to address of download_image

0x10 – 0x17 Pointer to address of query_boot_infor

0x18-0x3F Reserved as 0

12.1.28.1 API download_image

SPL call this API to load image from the current boot device being active. The definition of this API is as followed.

UINT32 load_image(UINT8 *dst, UINT32 offset, UINT32 size, UINT32 xor) 

Parameter: dst the physical memory address to be loaded to.

size the image size to load. In bytes.

offset Where to read from boot device. In bytes. Relative to the beginning of the boot device

xor the xor of dst, size, and offset. To address fault injection attack.

Return: 0xF0 for success others for failure.

0x01 – Invalid para. XOR wrong, invalid dest/sizeRead, invalid offset(not page aligned).

0x02 – low level device driver read failure. (for example, NAND ECC error, SD CRC error…).

0x03 – Device not ready (say, not been initialized yet, or no valid device at all).

0x04 – Out of memory (say, loading data from FlexSPI flash but space is out of FlexSPI NOR device).

 
ROM shall make sure any API calling will not corrupt ROM internal used OCRAM.

  NOTE  

 
for USB (given it is kind of ‘stream’ device), the offset will be ignored by ROM.

  NOTE  

Regarding eMMC Fast boot, two scenarios.

#1. Primary boot succeeds, eMMC card in Fast Boot Mode, offset will be ignored by load_image API.

#2. Primary boot failed, ROM move card into normal boot mode, then boot from Secondary Image, offset need provisioned then.

SPL can call query_boot_infor (BOOT_DEVICE) to check if card is in Fast Boot Mode. Provisioning “offset” in SPL is 
recommended since it works for both Scenario #1 and #2.
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The API doesn’t need caller to specify which interface it need to download

  NOTE  

When boot from SPI NAND and RAWNAND, SPL must pass the good page offset(skip all the bad block) of the NAND device.

12.1.28.2 API query_boot_infor

UINT32 query_boot_infor(UINT32 infor_type, UINT32 *infor, UINT32 xor) 

Return 0xF0 for success and other for failure.

1 Invalid para. Invalid Infor type or Invalid Infor type

Para

infor_type 01 BootROM Version

02 Boot device.

03 Device page size (in byte).

04 The offset (in byte, relative to beginning of the boot image) of the current image’s IVT. The intent here is SPL can calculate the 
physical address (in the boot device) of SW image to be loaded.

05 Boot Stage.

06 The offset (in byte, relative to beginning of the boot device) of the current image. The intent here is SPL can calculate the 
physical address (in the boot device) of SW image to be loaded.

Infor Point to the word to save the infor being queried, valid if return 0xF0. Must be in TCM/OCRAM free space.

Xor The xor of infor_type and Info. To address fault injection attack.

12.1.28.2.1 Boot Device definition

Table 106.

31-24 23-16 15-8 Bit 7-0

Reserved Boot Interface Instance Device_State

Boot Interface

Indicating the boot interface from which SPL been boot.  

1 – SD 

2 – MMC 

3 – NAND 

4 – FlexSPI NOR flash 

8 – FlexSPI NAND flash

0xE – USB

Instance: to specify which port the SPL boot from, from 0 (for example, in case SD/MMC boot, 0 means booting from 
USDHC1 port).

Device State: to specify the state of the boot device if needed. Usually Boot Interface dependent.

For eMMC: Bit0 – Card in Fast Boot Mode if set.

For other Boot Interfaces, this field shall be 0.
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12.1.28.2.2 Boot Stage definition

6 – Primary Boot

9 – Secondary Boot

A – Recovery Boot

5 – USB boot

12.1.29 i.MX 8ULP Life cycle states

 
• For information on life cycle management of this chip, see the i.MX 8ULP Security Reference Manual.

  NOTE  
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Chapter 13
Core Mode Controller (CMC0)
13.1 Chip-specific RTD_CMC information
Table 107. Reference links to related information

Topic Related module Reference

Full description RTD_CMC RTD_CMC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

13.1.1 Module instances
This device has one instance of the CMC module in real-time domain (RTD).

13.2 Overview
The Real Time Domain Core Mode Controller (RTD_CMC) together with the Micro-Power Subsystem is responsible for 
sequencing the M33 CPU and associated logic through the different operating modes.

This chapter describes the available CPU operating modes, this includes reset, active mode, and various low power modes.

13.2.1 Block diagram
The following figure illustrates the RTD_CMC block diagram.
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RTD_CMC

uPower sPMC

RTD_CGC

PCC[5:0]

PowerSys

Reset 
Sources

BOOT_MODE[1:0]

BT0_CFG[15:0]

Interrupts

CoreNVIC

FPU

CM33

Figure 145. RTD_CMC block diagram

13.2.2 Features
Following are the key features of the RTD_CMC module.

• RTD reset control and status

• RTD reset interrupt control and status

• RTD low power mode control

• RTD clock mode control in low power mode

• RTD power switch interrupt and status

• RTD boot configuration status

13.3 Functional description
This section provides a complete functional description of the block.

13.3.1 Modes of operation
The ARM Cortex-M CPU enters a low power mode with the execution of a WFI or WFE instruction or via the SLEEPONEXIT 
mechanism. The CMC is used to configure the actual low power mode that is entered.

The following table describes the low power modes available to each core within the MCU.
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Table 108. Operating modes

Mode Entry Exit Description

Reset POR

Warm Reset

WUU via 
Power Down

Active Core and peripherals are reset.

Active Reset

WIC

WUU

WFI

WFE

SLEEPONEXIT

Core executing instructions, peripherals optionally active.

Sleep WFI

WFE

SLEEPONEXIT

WIC

Reset

Core waiting for interrupt or event, peripherals optionally 
active.

Deep Sleep WFI

WFE

SLEEPONEXIT

WIC

WUU via Active

Reset

Core and peripherals waiting for wakeup.

Hold WFI uPower.MU 
interrupt

Reset

Core and peripherals have their clocks stopped while uPower 
is changing voltage, bias, power switches and memories 
settings. Once uPower finishes changing the settings the 
RTD resumes the operation

Power Down WFI

WFE

SLEEPONEXIT

WUU via Reset

Reset

Core and peripherals not retained, Shared RAM optionally 
retained.

Deep Power Down WFI

WFE

SLEEPONEXIT

WUU via Reset

Reset

Core, peripherals, Shared RAM not retained.

13.3.1.1 DMA wakeup
This section describes the DMA wakeup from low power modes.

The DMA can be configured to generate a wakeup when a DMA request for configured channel asserts. DMA wakeup is supported 
only for the Sleep mode.

The DMA wakeup will trigger an exit from low power mode for everything except the Core, which remains clock gated. The low 
power mode is re-entered once the DMA request negates and the normal low power mode entry sequence is followed.

Since a DMA wakeup will result in everything except the Core from exiting the low power mode, software needs to ensure that 
other modules not involved in the wakeup remain in a known state. This can be accomplished by disabling the modules before 
the initial entry into low power mode, or by configuring the Doze bit in selected modules.

 
If the DMA request does not negate as a result of the DMA transfer, the device will remain in a higher power state 
until an interrupt or other wakeup source can wakeup the core.

  NOTE  
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An interrupt that occurs during a DMA wake-up will cause an immediate exit from the low power mode without affecting the 
DMA transfer.

13.3.2 Clocks
RTD_CMC uses three clocks.

1. RTD bus clock

a. This clock is used as main clock for the RTD_CMC logics: registers read & write, reset and power mode 
transitions controls.

2. RTD CM33 core clock

a. This clock is used for interfacing with CM33 core for power mode transition controls.

3. RTC 1 kHz clock

a. This clock is used for the reset interrupts timeout circuit. It is generated from the VBAT RTC 32 kHz clock divided 
by 32.

13.3.3 Reset
This section describes the sources of reset and the different resets that can be generated.

13.3.3.1 Reset sources
This section describes the different reset sources.

Power-On Reset (POR)

When power is initially applied to the MCU, or the supply voltage is below the POR falling threshold, the POR circuit triggers the 
power-on reset condition.

The POR condition will assert a cold reset in all power domains. The SRS[POR] and SRS[HLVD] status bits are both set on a 
POR condition.

Low Voltage Detect (LVD)

The LVD circuit is enabled by default and keeps the MCU in reset until the supply voltage rises above the LVD rising threshold. 
When the LVD circuit is enabled, it will trigger a LVD reset condition if the supply voltage is below the LVD falling threshold.

The LVD reset condition will assert a Cold Reset in all power domains, only the LVD/HVD detection logic is not affected by 
LVD/HVD resets. The SRS[POR] and SRS[HLVD] status bits are both set on any LVD condition.

High Voltage Detect (HVD)

The HVD circuit is disabled by default, but when enabled will trigger a HVD reset condition if the supply voltage is above the 
HVD threshold.

The HVD reset condition will assert a Cold Reset in all power domains, only the LVD/HVD detection logic is not affected by 
LVD/HVD resets. The SRS[POR] and SRS[HLVD] status bits are both set on any HVD condition.

Wakeup (WAKEUP)

On a wakeup from Power Down or Deep Power Down modes, the power management logic triggers a wakeup reset in the power 
domains that had been powered off.

The Wakeup reset condition will assert a Cold Reset in all power domains that were powered down. The System power domain, 
including the RESET0_b pin, is not affected by a wakeup from Power Down or Deep Power Down mode (unless the wakeup is 
triggered by another reset source). The SRS[WAKEUP] status bit is set on a wakeup reset condition.
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External Pin Reset (RESET0_b)

The RESET0_b pin is a bi-directional open-drain pin with internal pull-up resistor. The RESET0_b pin function depends on 
the mode:

• During reset, the RESET0_b drives low until the MCU has completed initialization, at which point the RESET0_b pin is 
released. If the RESET0_b pin is asserted externally, then the MCU will remain in reset until the RESET0_b input is 
pulled high.

• During active and low power modes, the RESET0_b pin can be asserted externally to force the MCU into PIN reset condition.

Digital filter is implemented outside the CMC module and is being controlled by SIM2 (RTD_SIM_SEC). See the section "Reset 
pin filering" within the Reset Architecture chapter for details.

The PIN reset condition will assert a Warm Reset in all RTD power domains. The SRS[PIN] and SRS[WARM] status bits are set 
on a PIN reset condition.

In-System Programming Access Port (ISP_AP)

The ISP access port that can initiate a reset request from a connected debugger, this will trigger the ISP_AP reset condition.

The ISP_AP reset condition will assert a Warm Reset in all RTD power domains. The SRS[ISP_AP] and SRS[WARM] status bits 
are set on a ISP_AP reset condition.

Reset Timeout (RSTACK)

The reset state machine includes a timeout counter that is triggered by the reset state machine not progressing within 256 cycles 
of the 1 kHz clock, this will trigger the RSTACK reset condition.

The RSTACK reset condition will assert a Warm Reset in all RTD power domains. The SRS[RSTACK], SRS[FATAL] and 
SRS[WARM] status bits are set on a RSTACK reset condition.

Low Power Timeout (LPACK)

The low power entry state machine includes a timeout counter that is triggered if a module does not acknowledge entry into a low 
power mode after 256 cycles of the 1 kHz clock, this will trigger the LPACK reset condition.

The LPACK reset condition will assert a Warm Reset in all RTD power domains. The SRS[LPACK] and SRS[WARM] status bits 
are set on a LPACK reset condition.

Real Time Domain Clock Generation and Control Loss-of-Clock (RTD_CGC_LOC)

The RTD Clock Generation and Control includes loss of clock monitor that can be configured to generate a reset, this will trigger 
the CGC reset condition.

The RTD_CGC_LOC reset condition will assert a Fatal Reset in all RTD power domains. The SRS[RTD_CGC_LOC] and 
SRS[FATAL] status bits are set on a RTD_CGC_LOC reset condition.

Watchdog 0 (WDOG0)

The watchdog timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG0 reset condition.

The WDOG0 reset condition will assert a Warm Reset in all RTD power domains. The SRS[WDOG0] and SRS[WARM] status bits 
are set on a WDOG0 reset condition.

Software (SW)

Software can request a system reset by configuring the system reset request in the Cortex-M33 core, this will trigger the SW 
reset condition.

The SW reset condition will assert a Warm Reset in all RTD power domains. The SRS[SW] and SRS[WARM] status bits are set 
on a SW reset condition.

NXP Semiconductors
Core Mode Controller (CMC0)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 850 / 5781



Lockup (LOCKUP)

The Cortex-M33 core will enter the lockup state as a result of certain illegal operations, this will trigger the LOCKUP reset condition.

The LOCKUP reset condition will assert a MCU reset in all power domains. The SRS[LOCKUP] and SRS[WARM] status bits are 
set on a LOCKUP reset condition.

AD Reset event or MU reset request (AD_MU)

RTD Domain Reset triggered by Application reset detection or Reset request from Application A35 core through MU.

The AD_MU reset condition will assert a Warm Reset in all RTD power domains. The SRS[AD_MU] and SRS[WARM] status bits 
are set on a AD_MU reset condition.

LPAV Loss of Signal/Lock event (LPAV_CGC_LOS)

This reset source is available if RTD is the LPAV master.

Whenever LPAV_CGC_LOS reset is detected, this will trigger the loss of sync/lock reset condition.

The LPAV_CGC_LOS reset condition will assert a Warm Reset in all RTD power domains. The SRS[LPAV_CGC_LOS] and 
SRS[WARM] status bits are set on a loss of sync/lock reset condition.

uPOWER WDOG Timeout (uPOWER)

The uPOWER reset will cause Realtime domain system reset.

The uPOWER reset condition will assert a Fatal Reset in all RTD power domains. The SRS[uPOWER] and SRS[FATAL] status 
bits are set on a uPower reset condition.

VBAT POR (VBAT)

Whenever VBAT asserts it POR, this will trigger the VBAT reset condition.

The VBAT reset condition will assert a Warm Reset in all RTD power domains. The SRS[VBAT] and SRS[WARM] status bits are 
set on a VBAT reset condition.

Watchdog 1 Reset (WDOG_S_RTD)

The watchdog 1 timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG_S_RTD reset condition.

The WDOG_S_RTD reset condition will assert a Warm Reset in all RTD power domains. The SRS[WDOG_S_RTD] and 
SRS[WARM] status bits are set on a WDOG_S_RTD reset condition.

Watchdog 5 Reset (WDOG5)

This reset source is available if RTD is the LPAV master.

The watchdog 5 timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG5 reset condition.

The WDOG5 reset condition will assert a Warm Reset in all RTD power domains. The SRS[WDOG5] and SRS[WARM] status bits 
are set on a WDOG5 reset condition.

Watchdog 2 Reset (WDOG_FUSION)

The watchdog 2 timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG_FUSION reset condition.

The WDOG_FUSION reset condition will assert a Warm Reset in all RTD power domains. The SRS[WDOG_FUSION] and 
SRS[WARM] status bits are set on a WDOG_FUSION reset condition.
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JTAG Reset (JTAG)

Whenever a JTAG instruction places the device in reset, this will trigger the JTAG reset condition.

The JTAG reset condition will assert a Warm Reset in all RTD power domains. The SRS[JTAG], SRS[FATAL] and SRS[WARM] 
status bits are set on a JTAG reset condition.

Secure enclave Lifecycle Bricked (SLB)

When Secure enclave Lifecycle doesn't match the expected coding, this will trigger the Secure enclave Lifecycle Bricked 
reset condition.

The SLB reset condition will assert a Fatal Reset in all RTD power domains. The SRS[FATAL] and SRS[SLB] status bits are set 
on a SLB reset condition.

Secure enclave Reset Request (SRR)

Whenever Secure enclave Requests an reset, this will trigger the Secure enclave Reset Request reset condition.

The SRR reset condition will assert a Fatal Reset in all RTD power domains. The SRS[FATAL] and SRS[SRR] status bits are set 
on a SRR reset condition.

Secure enclave System Fail (SSF)

When Secure enclave detects an system fail it will trigger the Secure enclave System Fail reset condition.

The SSF reset condition will assert a Fatal Reset in all RTD power domains. The SRS[FATAL] and SRS[SSF] status bits are set 
on a SSF reset condition.

13.3.3.2 Reset types
This section describes the different resets that can be generated.

Cold Reset

Each power domain generates a Cold Reset that is used to reset the debug logic and mode control logic. The Cold Reset for each 
power domain can assert as a result of the following events.

• Initial Power-On-Reset of the device

• Low Voltage Detect or High Voltage Detect

• Power domain wakeup from Power Down or Deep Power Down (varies per domain)

A Cold Reset does not guarantee the contents of on-chip SRAM, except for a Power Down wakeup and then only for the SRAM 
that is configured to retain state.

Warm Reset

A warm reset is generated by a Cold Reset or any of the remaining warm reset sources. A warm reset will reset most of the logic 
in each power domain. Warm resets are divided into fatal reset sources and non-fatal reset sources.

Non-fatal reset sources can be configured to generate an interrupt instead of the warm reset. If software can clear the non-fatal 
reset source (including status flag) within 256 cycles of the 1 kHz clock then the warm reset is averted. Non-fatal resets retain the 
contents of on-chip SRAM.

Fatal reset sources cannot be configured to generate an interrupt, and do not guarantee the contents of on-chip SRAM.
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13.3.3.3 Reset sequence
This section describes the reset sequence.

Power-On Reset

The following steps are performed as part of the POR (or LVD/HVD) sequence:

1. RESET_b pin drives low and internal reset signals assert.

2. POR/LVD signals negate and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET_b pin is tri-stated.

7. Reset state machine waits for RESET_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

9. Core exits reset and fetches the initial program counter and stack pointer from ROM.

Deep Power Down Wakeup

The following steps are performed as part of the Deep Power Down wakeup sequence:

1. Internal reset signals assert.

2. Wakeup signal negates and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded.

7. Internal reset signals negate.

8. Core exits reset and fetches the initial program counter and stack pointer from ROM.

A wakeup from Deep Power Down via the RESET_b pin will follow the warm reset sequence.

Power Down Wakeup

The following steps are performed as part of the Power Down wakeup sequence:

1. Internal reset signals assert.

2. Clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal trim registers are loaded.

5. Internal reset signals negate.

6. Core exits reset and fetches the initial program counter and stack pointer from ROM.

A wakeup from Power Down via the RESET_b pin will follow the warm reset sequence.

Partial Active

The following steps are performed as part of the Partial Active recommended entry and exit procedure sequence:

1. Route AD peripherals interrupt to RTD
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2. Disable all AD WKPU wakeup channels, except MU0.

3. AD enters in Partial Active.

4. Once AD periphery generates an interrupt to the CM33, it can decide the best time for the AD Partial Active exit.

5. CM33 causes a MU0 interrupt to the AD WKPU.

6. Internal reset signals assert.

7. Clocks are enabled in their default configuration.

8. Internal reset remains asserted for 256 clock cycles.

9. Internal trim registers are loaded.

10. Internal reset signals negate.

11. Core exits reset and fetches the initial program counter and stack pointer from ROM.

Warm Reset

The following steps are performed as part of the warm reset sequence:

1. RESET_b pin drives low and internal reset signals assert.

2. Clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET_b pin is tri-stated.

7. Reset state machine waits for RESET_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

9. Core exits reset and fetches the initial program counter and stack pointer from ROM.

13.3.4 Interrupts
The RTD_CMC generated interrupts are described here.

The RTD_CMC can generate two types of interrupts:

• Reset interrupts

• Power Switches ON interrupts

The RTD_CMC can delay the assertion of a system reset for 256 RTC 1 kHz clock cycles while an interrupt is generated. This 
feature is enabled through System Reset Interrupt Enable (SRIE) register. Once an interrupt is generated the System Reset 
Interrupt Flag (SRIF) register can be evaluated to identify the exact interrupt cause.

The RTD_CMC can generate interrupts once Power Switches has been turned ON and it is out of reset, indicating resources under 
that power switch are ready to be used. This feature is enabled through the Power Switch Domain Out of Reset Interrupt Enable 
(RTD_PSDORIE) register. Once an interrupt is generated the Power Switch Domain Out of Reset interrupt Flag (RTD_PSDORF) 
register can be evaluated to identify the exact interrupt cause.

13.4 External signals
This section details the external signals related to the RTD_CMC.
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Table 109. External signals

Signal Description Direction

BOOT_MODE[1:0] Defines the Boot Type in conjunction 
with BT_FUSE_SEL fuse bit. See the 
Boot Modes description in "Reset and 
Boot" > "System Boot Flow" > "System 
Boot" > "Boot Modes" section in 8ULP 
Reference Manual.

Input

BT0_CFG[15:0] If Boot Type is Boot from pins, the 
BT0_CFG[15:0] values from pins are 
loaded into the MR0 register.

Input

13.5 Initialization
There are some initialization required to use the features of this controller.

Before entering in low power modes

• Configure the CKCTRL[CKMODE] field

• Configure the RTD_PMPROT register with allowed low power modes and set its lock bit to avoid undesired changes in 
this registers

Enable desired interrupts in following registers

• RTD_PSDORIE register

• SRIE register

13.6 Memory map and register descriptions
This section describes the registers of the core mode controller.

13.6.1 CMC0 register descriptions
This section describes the AD_CMC registers.

 
Different CMC registers reset on different reset types.

  NOTE  

 
Before executing the WFI instruction, the last register written to must be read back. This ensures that all register 
writes associated with setting up the low power mode being entered have completed before the MCU enters the 
low power mode. Failure to do this may result in the low power mode not being entered correctly.

  NOTE  

13.6.1.1 RTD_CMC memory map

CMC0 base address: 2802_5000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0300_0000h

10h Clock Control Register (CKCTRL) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

14h Clock Status Register (CKSTAT) 32 RW 0000_0000h

18h Power Mode Protection Register (RTD_PMPROT) 32 RW 0000_0000h

20h Real Time Domain Power Mode Control Register (RTD_PMCTRL) 32 RW 0000_0000h

70h Real Time Domain Power Switch Domain Out of Reset Interrupt Flag 
(RTD_PSDORF)

32 RW 0000_0000h

74h Real Time Domain Power Switch Domain Out of Reset Interrupt 
Enable (RTD_PSDORIE)

32 RW 0000_0000h

78h Real Time Domain Power Switch Domain Status (RTD_PSDS) 32 R 0000_0000h

80h System Reset Status (SRS) 32 R See section

88h Sticky System Reset Status (SSRS) 32 RW 0000_0006h

8Ch System Reset Interrupt Enable (SRIE) 32 RW 0000_8800h

90h System Reset Interrupt Flag (SRIF) 32 RW 0000_0000h

A0h Mode Register (MR0) 32 RW 0000_0000h

B0h Force Mode Register (FM0) 32 RW 0000_0000h

110h Core Control Register (CORECTL) 32 RW 0000_0000h

120h Debug Control Register (DBGCTL) 32 RW 0000_0000h

13.6.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
This registers provides module's feature set, major and minor versions information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number.

13.6.1.3 Clock Control Register (CKCTRL)

Offset

Register Offset

CKCTRL 10h

Function

This register configures the amount of clock gating when the core asserts Sleeping due to WFI, WFE, or SLEEPONEXIT.

 
This register is reset on Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LOCK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CKMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LOCK

Lock Register

This field locks the register and blocks writes until the next reset.

0b - Register writes are allowed.

1b - Register writes are blocked.

30-3

—

Reserved

2-0

CKMODE

Clocking Mode

This field configures the amount of clock gating when the core asserts Sleeping due to WFI, WFE, or 
SLEEPONEXIT.

 
In RTD the Core clock and the Platform clock are the same, CKMODE=1 is not enough to 
gate the Core clock in RTD. So, in order to gate the Core clock the CKMODE needs to be 
configured as 3.

  NOTE  

000b - No clock gating.

001b - Core clock is gated.

011b - Core and platform clocks are gated.

111b - Core, platform, bus and slow clocks are gated.

13.6.1.4 Clock Status Register (CKSTAT)

Offset

Register Offset

CKSTAT 14h
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Function

CKSTAT returns the clock gating status and wakeup source from the previous low power mode entry, provided the core was clock 
gated. This requires configuring CKCTRL[CKMODE] > 0 and the wakeup event must occur after the core is clock gated. The 
register contents are only valid when VALID is set.

 
This register is reset on RTD Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VALID 0

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 WAKEUP 0 CKMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VALID

Clock Status Valid

Indicates that core clock was gated since field was last cleared by software.

0b - Core clock not gated.

1b - Core clock was gated due to low power mode entry.

30-13

—

Reserved

12-8

WAKEUP

Wakeup Source

Returns any wakeup sources from the previous low power mode entry.

[0] - Wakeup source is reset interrupt, or wakeup from [Deep] Power Down

[1] - Wakeup source is debug request

[2] - Wakeup source is interrupt

[3] - Wakeup source is DMA wakeup

[4] - Wakeup source is WUU request

A wakeup from Power Down or Deep Power Down will set WAKEUP[0], other wakeup bits may not be set 
depending on the low power mode.

7-3 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

2-0

CKMODE

Low Power Status

Returns the result of the previous low power mode entry.

000b - Core clock not gated.

001b - Core clock was gated

011b - Core and platform clocks were gated

111b - Core, platform, bus and slow clocks were gated

13.6.1.5 Power Mode Protection Register (RTD_PMPROT)

Offset

Register Offset

RTD_PMPROT 18h

Function

This register provides protection for entry into low power modes, software must allow a low power mode before configuring Power 
Mode Control register (RTD_PMCTRL) to that mode.

 
This register is reset on Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LOCK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AHLD ADPD APD ADS AS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LOCK

Lock Register

This field locks the register and blocks writes until the next reset.

0b - Register writes are allowed.

1b - Register writes are blocked.

30-5

—

Reserved

4

AHLD

Allow Hold

When set, allows the RTD_PMCTRL[4] field to be configured for Hold.

0b - Hold is not allowed

1b - Hold is allowed

3

ADPD

Allow Deep Power Down

When set, allows the RTD_PMCTRL[3] field to be configured for Deep Power Down.

0b - Deep Power Down is not allowed

1b - Deep Power Down is allowed

2

APD

Allow Power Down

When set, allows the RTD_PMCTRL[2] field to be configured for Power Down.

0b - Power Down is not allowed

1b - Power Down is allowed

1

ADS

Allow Deep Sleep

When set, allows the RTD_PMCTRL[1] field to be configured for Deep Sleep.

0b - Deep Sleep is not allowed

1b - Deep Sleep is allowed

0

AS

Allow Sleep

When set, allows the RTD_PMCTRL[0] field to be configured for Sleep.

0b - Sleep is not allowed

1b - Sleep is allowed

13.6.1.6 Real Time Domain Power Mode Control Register (RTD_PMCTRL)

Offset

Register Offset

RTD_PMCTRL 20h
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Function

The RTD_PMCTRL register configures entry into low power modes for RealTime Domain, provided that the selected power mode 
is allowed via an appropriate setting of the protection (RTD_PMPROT) register.

 
This register is reset by Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RTD_LPMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

RTD_LPMODE

Low Power Mode

Selects the desired low power mode when a core executes WFI or WFE instruction. Writes to this field are 
blocked if the protection level has not been enabled using the RTD_PMPROT register.

0_0000b - Active

0_0001b - Sleep

0_0011b - Deep Sleep

0_0111b - Power Down

0_1111b - Deep Power Down

1_1111b - Hold

13.6.1.7 Real Time Domain Power Switch Domain Out of Reset Interrupt Flag (RTD_PSDORF)

Offset

Register Offset

RTD_PSDORF 70h
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Function
This register bits are asserted only once after the power switch domain exits the reset, and generates interrupt if correspond 
bit in PSDORIE is enabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Fusion

_...
Fusion 0

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2

Fusion_AO

Fusion Always ON Power Switch Domain Out of Reset Interrupt Flag

0b - Fusion Always ON Power Switch Domain in reset or user has cleared it by writing 1 to clear

1b - Fusion Always ON Power switch domain out of reset interrupt flag. This bit is asserted only 
once after the power switch domain exits the reset.

1

Fusion

Fusion Power Switch Domain Out of Reset Interrupt Flag

0b - Fusion Power Switch Domain in reset or user has cleared it by writing 1 to clear

1b - Fusion Power switch domain out of reset interrupt flag. This bit is asserted only once after the 
power switch domain exits the reset.

0

—

Reserved

13.6.1.8 Real Time Domain Power Switch Domain Out of Reset Interrupt Enable (RTD_PSDORIE)

Offset

Register Offset

RTD_PSDORIE 74h

Function
This register bits enable the interrupt generation if corresponding bit in PSDORF is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 Fusion
_...

Fusion 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2

Fusion_AO

Fusion Always ON Power Switch Domain Out of Reset Interrupt Enable

0b - Fusion Always ON Power Switch does not generate interrupt when domain gets out of reset.

1b - Fusion Always ON Power Switch generates interrupt when domain gets out of reset.

1

Fusion

Fusion Power Switch Domain Out of Reset Interrupt Enable

0b - Fusion Power Switch does not generate interrupt when domain gets out of reset.

1b - Fusion Power Switch generates interrupt when domain gets out of reset.

0

—

Reserved

13.6.1.9 Real Time Domain Power Switch Domain Status (RTD_PSDS)

Offset

Register Offset

RTD_PSDS 78h

Function
Indicates if Power Switch for the domain is opened of closed.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Fusion

_...
Fusion RTD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2

Fusion_AO

Fusion Always ON Power Switch Domain Status

0b - Fusion Always ON Power switch is open and not ready for read/write. Power switch domain 
is in reset.

1b - Fusion Always ON Power switch is closed and in normal operation. Power switch domain is 
out of reset.

1

Fusion

Fusion Power Switch Domain Status

0b - Fusion Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - Fusion Power switch is closed and in normal operation. Power switch domain is out of reset.

0

RTD

Realtime Power Switch Domain Status

0b - Realtime Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - Realtime Power switch is closed and in normal operation. Power switch domain is out of 
reset.

13.6.1.10 System Reset Status (SRS)

Offset

Register Offset

SRS 80h

Function

This register updates on every Warm Reset to indicate the type/source of the most recent reset.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SSF SRR SLB JTAG 
WDO

G_FU..
.

WDO
G5 

WDO
G_S_..

.
VBAT 

uPOW
ER 

LPAV_
CG...

0 0
RTD_
CGC...

0
AD_
MU 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK

UP 
SW 

WDO
G0 

RTD_
CGC...

LPAC
K 

RSTA
CK 

ISP_
AP 

PIN 0 FATAL WARM 0 HLVD POR 
WAKE

UP 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31

SSF

Secure enclave System Fail Reset

Indicates a reset has been caused by a Secure enclave System Fail condition. This is a fatal reset 
source and SRAM contents are not guaranteed.

0b - Reset not generated by SSF.

1b - Reset generated by SSF.

30

SRR

Secure enclave Reset Request

Indicates a reset has been caused by Secure enclave Reset Request. This is a fatal reset source and 
SRAM contents are not guaranteed.

0b - Reset not generated by SRR.

1b - Reset generated by SRR.

29

SLB

Secure enclave Lifecycle Bricked Reset

Indicates a reset has been caused by Secure enclave detecting an unexpected lifecycle coding.

0b - Reset not generated by Secure enclave Lifecycle check.

1b - Reset generated by Secure enclave Lifecycle check.

28

JTAG

JTAG System Reset

Indicates a reset has been caused by a JTAG system reset request. This is a fatal reset source and 
SRAM contents are not guaranteed.

0b - Reset not generated by JTAG system reset.

1b - Reset generated by JTAG system reset.

27

WDOG_FUSIO
N

Watchdog 2 Reset

Indicates a reset has been caused by a WDOG_FUSION timeout.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Reset is not generated from the WDOG_FUSION timeout.

1b - Reset is generated from the WDOG_FUSION timeout.

26

WDOG5

Watchdog 5 Reset

Indicates a reset has been caused by a WDOG5 timeout. This reset source is available if RTD is the 
LPAV master.

0b - Reset is not generated from the WDOG5 timeout.

1b - Reset is generated from the WDOG5 timeout.

25

WDOG_S_RTD

Watchdog 1 Reset

Indicates a reset has been caused by a WDOG_S_RTD timeout.

0b - Reset is not generated from the WDOG_S_RTD timeout.

1b - Reset is generated from the WDOG_S_RTD timeout.

24

VBAT

VBAT System Reset

VBAT POR will generate a system reset.

0b - Reset not generated by VBAT system reset.

1b - Reset generated by VBAT system reset.

23

uPOWER

uPOWER WDOG System Reset

uPOWER WDOG timeout will generate a system reset.

0b - Reset not generated by uPOWER WDOG timeout.

1b - Reset generated by uPOWER WDOG timeout.

22

LPAV_CGC_LO
S

LPAV Clock Generation and Control Loss Of Sync

Indicates the reset source was generated by a LPAV_CGC_LOS specific reset. This reset source is 
available if RTD is the LPAV master.

0b - Reset not generated from LPAV_CGC_LOS system reset source.

1b - Reset generated from LPAV_CGC_LOS system reset source.

21

—

Reserved

20

—

Reserved

19

RTD_CGC_LO
S

RTD Clock Generation and Control Loss Of Sync

Indicates the reset source was generated by a RTD_CGC_LOS specific reset.

0b - Reset not generated from RTD_CGC_LOS system reset source.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Reset generated from RTD_CGC_LOS system reset source.

18-17

—

Reserved

16

AD_MU

Application Domain MU System Reset

Indicates the reset source was generated by an AD reset detect or AD CA35 core request through MU.

0b - Reset not generated from AD_MU reset source.

1b - Reset generated from AD_MU reset source.

15

LOCKUP

Lockup Reset

Indicates a reset has been caused by the ARM core indication of a LOCKUP event.

0b - Reset not generated by core lockup or exception.

1b - Reset generated by core lockup or exception.

14

SW

Software Reset

Indicates a reset has been caused by a software reset request from the ARM core (SYSRESETREQ).

0b - Reset not generated by software request from core.

1b - Reset generated by software request from core.

13

WDOG0

Watchdog 0 Reset

Indicates a reset has been caused by a WatchDog timeout.

0b - Reset is not generated from the WatchDog 0 timeout.

1b - Reset is generated from the WatchDog 0 timeout.

12

RTD_CGC_LO
C

Real Time Domain Clock Generation and Control Loss-of-Clock Reset

Indicates a reset has been caused by a loss-of-clock event in the RTD_CGC. This is a fatal reset source 
and SRAM contents are not guaranteed.

0b - Reset is not generated from an RTD_CGC loss of clock.

1b - Reset is generated from an RTD_CGC loss of clock.

11

LPACK

Low Power Acknowledge Timeout Reset

Indicates a reset has been caused by a timeout in the Low Power Mode entry logic. This timeout is 
generated if a peripheral does not acknowledge entry into Low Power Mode within 256 cycles of the 1 
kHz clock.

0b - Reset not generated by Low Power Acknowledge Timeout.

1b - Reset generated by Low Power Acknowledge Timeout.

10

RSTACK

Reset Timeout

Table continues on the next page...
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Table continued from the previous page...

Field Function

Indicates a reset has been caused by a timeout or other error condition in the system reset generaton 
logic. This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated from Reset Controller Timeout.

1b - Reset generated from Reset Controller Timeout.

9

ISP_AP

In-System Programming Access Port Reset

Indicates a reset has been caused by a ISP_AP reset request.

0b - Reset was not generated from a ISP_AP reset request.

1b - Reset was generated from a ISP_AP reset request.

8

PIN

Pin Reset

Indicates a reset has been caused by external assertion of the RESET0_b pin. This bit also asserts if 
both AD and RTD are in PD, and are woken up through RESET0_B.

0b - Reset was not generated from the assertion of RESET0_b pin.

1b - Reset was generated from the assertion of RESET0_b pin.

7-6

—

Reserved

5

FATAL

Fatal Reset

Fatal Reset will assert if the last reset source was a fatal reset source. SRAM contents cannot be 
guaranteed following a fatal reset source.

0b - Reset was not generated by a fatal reset source.

1b - Reset was generated by a fatal reset source.

4

WARM

Warm Reset

Warm Reset flag will assert is the last reset source was a warm reset source. This bit also asserts if both 
AD and RTD are in PD, and are woken up through RESET0_B

0b - Reset not generated by Warm Reset source.

1b - Reset generated by Warm Reset source.

3

—

Reserved

2

HLVD

High or Low Voltage Detect Reset

Indicates a reset has been caused by any Low or High Voltage Detect. SRAM contents cannot be 
guaranteed following a HLVD reset source.

0b - Reset not generated by HLVD.

1b - Reset generated by HLVD.

1 Power-On Reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

POR Indicates a reset has been caused by Power On Reset detection logic. SRAM contents cannot be 
guaranteed following a POR reset source.

0b - Reset not generated by POR.

1b - Reset generated by POR.

0

WAKEUP

Wakeup Reset

Indicates a reset has been caused by a wakeup from Power Down or Deep Power Down mode.

0b - Reset not generated by wakeup from Power Down or Deep Power Down mode.

1b - Reset generated by wakeup from Power Down or Deep Power Down mode.

13.6.1.11 Sticky System Reset Status (SSRS)

Offset

Register Offset

SSRS 88h

Function

The SSRS stores all sources of system reset that have generated a system reset since the last RTD Cold Reset, and that have 
not been cleared by software. The SSRS does not update following a core software reset.

 
This register is reset on Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SFF SRR SLB JTAG 
WDO

G_FU..
.

WDO
G5 

WDO
G_S_..

.
VBAT 

uPOW
ER 

LPAV_
CG...

0 0
RTD_
CGC...

0
AD_
MU 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK

UP 
SW 

WDO
G0 

RTD_
CGC...

LPAC
K 

RSTA
CK 

ISP_
AP 

PIN 0 FATAL WARM 0 HLVD POR 
WAKE

UP 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
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Fields

Field Function

31

SFF

Secure enclave System Fail Reset

Indicates a reset has been caused by a Secure enclave System Fail condition. This is a fatal reset 
source and SRAM contents are not guaranteed.

0b - Reset not generated by SFF.

1b - Reset generated by SFF.

30

SRR

Secure enclave Reset Request

Indicates a reset has been caused by Secure enclave Reset Request. This is a fatal reset source and 
SRAM contents are not guaranteed.

0b - Reset not generated by SRR.

1b - Reset generated by SRR.

29

SLB

Secure enclave Lifecycle Bricked Reset

Indicates a reset has been caused by Secure enclave detecting an unexpected lifecycle coding. This is a 
fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated by Secure enclave Lifecycle check.

1b - Reset generated by Secure enclave Lifecycle check.

28

JTAG

JTAG System Reset

This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated by JTAG system reset.

1b - Reset generated by JTAG system reset.

27

WDOG_FUSIO
N

Watchdog 2 Reset

Indicates a reset has been caused by a WDOG_FUSION timeout.

0b - Reset is not generated from the WDOG_FUSION timeout.

1b - Reset is generated from the WDOG_FUSION timeout.

26

WDOG5

Watchdog 5 Reset

Indicates a reset has been caused by a WDOG5 timeout. This reset source is available if RTD is the 
LPAV master.

0b - Reset is not generated from the WDOG5 timeout.

1b - Reset is generated from the WDOG5 timeout.

25

WDOG_S_RTD

Watchdog 1 Reset

Indicates a reset has been caused by a WDOG_S_RTD timeout.

0b - Reset is not generated from the WDOG_S_RTD timeout.

1b - Reset is generated from the WDOG_S_RTD timeout.

24 VBAT System Reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

VBAT VBAT POR will generate a system reset.

0b - Reset not generated by VBAT system reset.

1b - Reset generated by VBAT system reset.

23

uPOWER

uPOWER WDOG System Reset

uPOWER WDOG timeout will generate a system reset.

0b - Reset not generated by uPOWER WDOG timeout.

1b - Reset generated by uPOWER WDOG timeout.

22

LPAV_CGC_LO
S

LPAV Clock Generation and Control Loss Of Sync

Indicates the reset source was generated by a LPAV_CGC_LOS specific reset. This reset source is 
available if RTD is the LPAV master.

0b - Reset not generated from LPAV_CGC_LOS system reset source.

1b - Reset generated from LPAV_CGC_LOS system reset source.

21

—

Reserved

20

—

Reserved

19

RTD_CGC_LO
S

RTD Clock Generation and Control Loss Of Sync

Indicates the reset source was generated by a RTD_CGC_LOS specific reset.

0b - Reset not generated from RTD_CGC_LOS system reset source.

1b - Reset generated from RTD_CGC_LOS system reset source.

18-17

—

Reserved

16

AD_MU

Application Domain MU System Reset

Indicates the reset source was generated by an AD reset detect or AD CA35 core reset requested 
through MU.

0b - Reset not generated from AD_MU reset source.

1b - Reset generated from AD_MU reset source.

15

LOCKUP

Lockup Reset

0b - Reset not generated by core lockup.

1b - Reset generated by core lockup.

14 Software Reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

SW 0b - Reset not generated by software request from core.

1b - Reset generated by software request from core.

13

WDOG0

Watchdog 0 Reset

0b - Reset is not generated from the WatchDog 0 timeout.

1b - Reset is generated from the WatchDog 0 timeout.

12

RTD_CGC_LO
C

RTD Clock Generation and Control Loss-of-Clock Reset

This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset is not generated from an RTD CGC loss of clock.

1b - Reset is generated from an RTDF CGC loss of clock.

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Reset not generated by Low Power Acknowledge Timeout.

1b - Reset generated by Low Power Acknowledge Timeout.

10

RSTACK

Reset Timeout

This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated from Reset Controller Timeout.

1b - Reset generated from Reset Controller Timeout.

9

ISP_AP

In-System Programming Access Port Reset

Indicates a reset has been caused by a reset request from a Debug Access Port.

0b - Reset was not generated from a Debug Access Port reset request.

1b - Reset was generated from a Debug Access Port reset request.

8

PIN

Pin Reset

0b - Reset was not generated from the RESET_B pin.

1b - Reset was generated from the RESET_B pin.

7-6

—

Reserved

5

FATAL

Fatal Reset

0b - Reset was not generated by a fatal reset source.

1b - Reset was generated by a fatal reset source.

4

WARM

Warm Reset

0b - Reset not generated by warm reset source.

1b - Reset generated by warm reset source.

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

—

Reserved

2

HLVD

High or Low Voltage Detect Reset

0b - Reset not generated by HLVD.

1b - Reset generated by HLVD.

1

POR

Power-On Reset

0b - Reset not generated by POR.

1b - Reset generated by POR.

0

WAKEUP

Wakeup Reset

0b - Reset not generated by wakeup from DPD mode.

1b - Reset generated by wakeup from DPD mode.

13.6.1.12 System Reset Interrupt Enable (SRIE)

Offset

Register Offset

SRIE 8Ch

Function

This register delays the assertion of a system reset for 258 cycles of the RTC 1kHz clock while an interrupt is generated. This 
allows software to perform a graceful shutdown or to abort the warm reset provided the pending reset source is cleared by resetting 
the source of the reset and then clearing the pending flag. A Cold or fatal Warm reset source cannot be delayed by this feature. 
The SRS will only update after the warm reset occurs.

The reset interrupt is not supported in Power Down or Deep Power Down modes.

 
This register is reset on Cold Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WDOG
_FU...

WDOG
5 

WDOG
_S_...

0 AD_
MU W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LOCK
UP 

SW 
WDOG

0 

0 LPAC
K 

0 ISP_
AP 

0 0

W

Reset 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27

WDOG_FUSIO
N

Watchdog 2 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

26

WDOG5

Watchdog 5 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

25

WDOG_S_RTD

Watchdog 1 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

24-17

—

Reserved

16

AD_MU

Application Domain MU System Reset

This reset can be configured to generate interrupt.

0b - Interrupt disabled.

1b - Interrupt enabled.

15

LOCKUP

Lockup Reset

Note that interrupts cannot be serviced by a core in the lockup state.

0b - Interrupt disabled.

1b - Interrupt enabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

14

SW

Software Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

13

WDOG0

Watchdog 0 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

10

—

Reserved

9

ISP_AP

In-System Programming Access Port Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

8

—

Reserved

7-0

—

Reserved

13.6.1.13 System Reset Interrupt Flag (SRIF)

Offset

Register Offset

SRIF 90h

Function

This registers returns the source of the reset interrupt. The pending reset source can be cleared by resetting the source of the reset 
and then clearing the pending flag.

 
This register is reset on Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
WDOG
_FU...

WDOG
5 

WDOG
_S_...

0 0
AD_
MU 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LOCK

UP 
SW 

WDOG
0 

0
LPAC

K 
0

ISP_
AP 

0 0

W W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27

WDOG_FUSIO
N

Watchdog 2 Reset

0b - Reset source not pending.

1b - Reset source pending.

26

WDOG5

Watchdog 5 Reset

0b - Reset source not pending.

1b - Reset source pending.

25

WDOG_S_RTD

Watchdog 1 Reset

0b - Reset source not pending.

1b - Reset source pending.

24-18

—

Reserved

17

—

Reserved

16

AD_MU

Application Domain MU System Reset

This reset can be configured to generate interrupt.

0b - Reset source not pending.

1b - Reset source pending.

15 Lockup Reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

LOCKUP 0b - Reset source not pending.

1b - Reset source pending.

14

SW

Software Reset

0b - Reset source not pending.

1b - Reset source pending.

13

WDOG0

Watchdog 0 Reset

0b - Reset source not pending.

1b - Reset source pending.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Reset source not pending.

1b - Reset source pending.

10

—

Reserved

9

ISP_AP

In-System Programming Access Port Reset

0b - Reset source not pending.

1b - Reset source pending.

8

—

Reserved

7-0

—

Reserved

13.6.1.14 Mode Register (MR0)

Offset

Register Offset

MR0 A0h

Function

This register is loaded with Boot Mode[1:0] and Boot Configuration from Fuses or Pins. See the sections "Boot Modes," "Boot 
configuration" and the figure "Boot configuration" within the "System Boot" chapter, for details.
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This register is reset on Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BOOTCFG 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BOOTCFG 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BOOTCFG

Boot Configuration

Returns the logic state of the BOOT_CONFIGn pin on the last negation of RESET_b pin.

13.6.1.15 Force Mode Register (FM0)

Offset

Register Offset

FM0 B0h

Function
This register is used to force the MR registers bits regardless of the Boot Configuration values are loaded from fuses or from 
pins.

 
This register is reset on Cold Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FORCECFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FORCECFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

FORCECFG

Boot Configuration

This register can force the corresponding bit in the Mode Register to assert on next system reset.

0000_0000_0000_0000_0000_0000_0000_0000b - No effect.

0000_0000_0000_0000_0000_0000_0000_0001b - Assert corresponding bit in Mode Register on 
next system reset.

13.6.1.16 Core Control Register (CORECTL)

Offset

Register Offset

CORECTL 110h

Function

Configures options for the Core.

 
This register is reset on MAIN Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NPIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

NPIE

Non maskable Pin Interrupt Enable

This bit can only be written when NPIE is clear.

0b - Pin interrupt disabled

1b - Pin interrupt enabled

13.6.1.17 Debug Control Register (DBGCTL)

Offset

Register Offset

DBGCTL 120h

Function

Configures options for Debug.

 
This register is reset on RTD Cold Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

SOD

Sleep Or Debug

Configures what happens to debug when Core sleeps.

 
Disable the FPU before trying to debug the CM33 with DBGCTL[SOD]=0 when Core 
is sleeping.

  NOTE  

0b - Debug remains enabled when Core is sleeping.

1b - Debug is disabled when Core is sleeping.

NXP Semiconductors
Core Mode Controller (CMC0)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 882 / 5781



Chapter 14
Core Mode Controller (CMC1)
14.1 Chip-specific AD_CMC information
Table 110. Reference links to related information

Topic Related module Reference

Full description AD_CMC AD_CMC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

14.1.1 Module instances
This device has one instance of the CMC module in application domain (AD).

14.1.2 Partial Active mode (AD)
In AD Partial Active mode, the master/peripheral system clocks shouldn't be gated off. It is a SW configuration requirement that 
for AD Partial Active mode, the SW must configure CKCTRL[CKMODE] with the value of 1.

14.2 Overview
The Application Domain Core Mode Controller (AD_CMC) together with the Micro-Power Subsystem is responsible for 
sequencing the A35 CPU cluster and associated logic through the different operating modes.

This chapter describes the available CPU operating modes, which includes reset, active mode, and various low power modes.

14.2.1 Block diagram
The following figure illustrates the AD_CMC block diagram.
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AD_CMC

Core1Core0

L2

uPower sPMC

AD_CGC

PCC[5:0]

A35 Cluster(Mercury)

PowerSys

Reset 
Sources

WKPU0

WKPU1

BOOT_MODE[1:0]

BT1_CFG[15:0]

Figure 146. AD_CMC block diagram

14.2.2 Features
Following are the key features of the AD_CMC module.

• AD Reset Control and Status

• AD Reset interrupt control and status

• AD Low power mode control

• AD Clock Mode control in low power mode

• AD Power Switch Interrupt and Status

• AD Boot Configuration Status

14.3 Functional description
This section provides a complete functional description of the block.

14.3.1 Modes of operation
The ARM Cortex-A35 CPU enters a low power mode with the execution of a WFI instruction according with ARM specification. 
WFE is entirely handled internally on Mecury subsystem. WFI together with CMC is used to configure the actual low power mode 
that is entered.

The following table describes the low power modes available for the Application Domain:

NXP Semiconductors
Core Mode Controller (CMC1)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 884 / 5781



Table 111. Operating modes

Mode Entry Exit Description

Reset POR

Warm Reset

WUU via 
Power Down

Active Core and peripherals are reset.

Active Reset

WKPU

WUU

WFI Core executing instructions, peripherals optionally active.

Sleep WFI WKPU

Reset

Core waiting for interrupt, peripherals optionally active.

Deep Sleep WFI WKPU

Reset

Core and peripherals waiting for wakeup.

Partial Active WFI Reset Mercury domain, including both CA35s and L2 cache, plus 
Fast NIC domain is powered OFF.

AD_XBAR domain can be accessed and used by the 
RTD domain.

Any wakeup will cause the AD to be reset.

Power Down WFI WUU via Reset

Reset

Core, SRAM0, SRAM2, and peripherals not retained.

Deep Power Down WFI WUU via Reset

Reset

Core, peripherals, SRAM not retained.

14.3.2 Active mode
This section describes power options in Active mode.

Application Domain Active mode is when at least one CA35 is powered ON and it is operating. Valid combinations are mentioned 
in the following table.

Table 112. Application domain Active mode combinations

CA35_0 CA35_1

ON ON

ON OFF

OFF ON

14.3.3 Low Power modes
This section describes the low power modes.

In the following table see the Application Domain (AD) Low Power modes considering the CA35 combinations:
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Table 113. AD Low Power mode and CA35s valid combinations

AD Low Power mode CA35_0 CA35_1

Sleep/Deep Sleep ON ON

ON OFF

OFFw OFF

Hold ON ON

ON OFF

Partial Active OFFw OFF

Power Down/Deep Power Down OFFw OFF

ON – Core is either Active or Stand-by

OFFw – Core is powered down, but can be waked up by wake up source. It is the last core that has been powered down in Deep 
Sleep mode and consequently the core that can be waked up, or the core0 when moving to PD/DPD or Partial Active modes

OFF – Core is powered down, requires SW control to be powered up (has never been powered up or has been hot-unplugged)

Hot-unplug - It is the process of transferring the tasks of the second core to the core that will stay powered and then powering down 
the hot-unplugged core

Figure 147. AD Valid Power modes

Table 114. AD Active mode and not allowed CA35s combinations

AD Low Power mode CA35_0 CA35_1

Active OFFw OFFw

Sleep/Deep Sleep ON OFFw

OFFw ON

OFFw OFFw

Hold OFF OFF

Partial Active OFF OFFw

Table continues on the next page...
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Table 114. AD Active mode and not allowed CA35s combinations (continued)

AD Low Power mode CA35_0 CA35_1

OFFw OFFw

Power Down/Deep Power Down OFF OFFw

OFFw OFFw

Important considerations for AD low power modes:

1. While in Active mode, both cores cannot be powered down.

2. If just one core is powered down, there should be no wake-up source enable for such core.

3. Powering down/up the second core must be done through hot-plug or hot-unplug procedure

4. Power system management will manage the sleep, deep sleep and power down modes

5. If both cores are powered up, system can be placed on deep sleep state, but both cores must be kept on (standby) in 
this scenario.

6. If one core must be powered down in deep sleep mode, then one core should be hot-unplugged first, then the system can 
be moved into deep sleep

7. System can be placed into deep sleep with both cores in power down, as long as one core is first hot-unplugged and the 
second one is powered down while moving to deep sleep. In this case, wake-up source can only be assigned to the last 
core that was powered down.

8. Before system move AD to Partial Active, Power Down or Deep Power Down mode, one core must be hot-unplug first (core 
can be CORE0 or CORE1), then the second core request the low power entry. Wake-up source can only be assigned to 
Core0 for these low power modes.

9. In AD HOLD, Sleep or Deep Sleep mode where one core is in PD (because of hot-unplug or initial power off), wake-up 
source can only be assigned to the core in STBY.

10. In AD HOLD, Sleep or Deep Sleep mode where both cores are in STBY, wake-up source can be assigned to either core.

14.3.3.1 Low power entry
This section describes the low power mode entry sequence.

The following table mention the steps take place during the low power mode entry sequence.

Table 115. Entry sequence

Step CKMODE (min) AD LPMODE (min) Description

1 0x0 0x0 A35 Core enters low power mode by WFI instruction

2 0x1 0x0 Wakeup Interrupt Controller is enabled

A35 Cores are clock gated

3 0x3 0x0 AD System clocks are gated

4 0x7 0x0 System clocks are gated

Peripherals are clock gated

5 0x7 0x1 Wakeup Interrupt Controller is enabled

Core is clock gated

Table continues on the next page...
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Table 115. Entry sequence (continued)

Step CKMODE (min) AD LPMODE (min) Description

System clocks are gated

Peripherals are clock gated

One of the Cores can be put in Power Down.

6 0x7 0x3 Power domain is placed in low power retention state 
(Deep Sleep)

AD Voltage, power gating, bias and memory supply change 
as configured

One of the Cores can be put in Power Down.

7 0x7 0x7 Power domain is placed in Partial Active low power state

Voltage, power gating, bias and memory supply change 
as configured

Mercury/NIC_PER/NIC_AP power gated.

Peripherals in XBAR_AP are functional and available to be 
used by RTD domain.

8 0x7 0xF Mercury/NIC_PER/NIC_AP power gated.

VDD_DIG1 ON

9 0x7 0x1F Mercury/NIC_PER/NIC_AP power gated.

VDD_DIG1 OFF.

No Shared RAM retention.

IPs in Always On optionally functional.

 
If CMC1_CLKCTL[CKMODE] > 0 and AD enters in a low power mode, the debugger will not be able to access 
CA35 registers.

  NOTE  

14.3.3.2 DMA wakeup
This section describes the DMA wakeup from low power modes.

The DMA can be configured to generate a wakeup when a DMA request for configured channel asserts. DMA wakeup is supported 
only for the Sleep mode.

The DMA wakeup will trigger an exit from low power mode for everything except the Core, which remains clock gated. The low 
power mode is re-entered once the DMA request negates and the normal low power mode entry sequence is followed.

Since a DMA wakeup will result in everything except the Core from exiting the low power mode, software needs to ensure that 
other modules not involved in the wakeup remain in a known state. This can be accomplished by disabling the modules before 
the initial entry into low power mode, or by configuring the Doze bit in selected modules.

 
If the DMA request does not negate as a result of the DMA transfer, the device will remain in a higher power state 
until an interrupt or other wakeup source can wakeup the core.

  NOTE  
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An interrupt that occurs during a DMA wake-up will cause an immediate exit from the low power mode without affecting the 
DMA transfer.

14.3.3.3 Power domains
This section describes the power domain control.

This device implements 6 different core power domains that can be assigned to different modes whenever the Core enters a low 
power mode with CKMODE equal to 0xF. Note that the AD domain must never be configured to a lower power mode than any 
other domain.

All power domains can be configured to the same low power mode using the GPMCTRL register, alternatively each domain can 
be assigned an individual low power mode by configuring each PMCTRL register.

14.3.3.4 Debug in Low Power modes
This section describes the debug functionality in low power modes.

When the debugger asserts the CDBGPWRUPREQ to request the debug logic be powered up and enabled, the functionality 
depends on the DBGCTL[SOD] configuration bit.

• When DBGCTL[SOD] is clear, the core clock remains enabled even when the Core is sleeping (CKMODE = 0x0). The 
CDBGPWRUPACK will remain asserted.

• When DBGCTL[SOD] is set, the debug request is ignored while the Core is Sleeping. The CDBPWRUPQACK will negate 
while the Core is sleeping.

Note that it is not possible to attach a debugger while the AD power domain is in Deep Sleep, Power Down or Deep Power Down, 
since the JTAG/SWD logic is powered off.

14.3.4 Clocks
AD_CMC uses three clocks.

1. AD bus clock

a. This clock is used as main clock for the AD_CMC logics: registers read & write, reset and power mode transitions 
controls.

2. AD CA35 core clock

a. This clock is used for interfacing with CA35 cores for power mode transition controls.

3. RTC 1 kHz clock

a. This clock is used for the reset interrupts timeout circuit. It is generated from the VBAT RTC 32 kHz clock divided 
by 32.

14.3.5 Reset
This section describes the sources of reset and the different resets that can be generated.

14.3.5.1 Reset sources
This section describes the different reset sources.

Power On Reset (POR)

When power is initially applied to the MCU, or the supply voltage is below the POR falling threshold, the POR circuit triggers the 
power-on-reset reset condition.

The POR reset condition will assert a Cold Reset in all power domains. The SRS[POR] and SRS[LVD] status bits are both set on 
a POR reset condition.
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Low Voltage Detect (LVD)

The LVD circuit is enabled by default and keeps the MCU in reset until the supply voltage rises above the LVD rising threshold. 
When the LVD circuit is enabled, it will trigger a LVD reset condition if the supply voltage is below the LVD falling threshold.

The LVD reset condition will assert a Cold Reset in all power domains, only the LVD/HVD detection logic is not affected by 
LVD/HVD resets. The SRS[POR] and SRS[HLVD] status bits are both set on any LVD condition.

High Voltage Detect (HVD)

The HVD circuit is disabled by default, but when enabled will trigger a HVD reset condition if the supply voltage is above the 
HVD threshold.

The HVD reset condition will assert a Cold Reset in all power domains, only the LVD/HVD detection logic is not affected by 
LVD/HVD resets. The SRS[POR] and SRS[HLVD] status bits are both set on a HVD condition.

Wakeup (WAKEUP)

On a wakeup from Power Down or Deep Power Down modes, the power management logic triggers a wakeup reset in the power 
domains that had been powered off.

The Wakeup reset condition will assert a Cold Reset in all power domains that were powered down. The System power domain, 
including the RESET_b pin, is not affected by a wakeup from Power Down or Deep Power Down mode (unless the wakeup is 
triggered by another reset source). The SRS[WAKEUP] status bit is set on a wakeup reset condition.

External Pin Reset (RESET_b)

The RESET_b pin is a bi-directional open-drain pin with internal pull-up resistor. The RESET_b pin function depends on the mode:

• During reset, the RESET_b drives low until the MCU has completed initialization, at which point the RESET_b pin is released. 
If the RESET_b pin is asserted externally, then the MCU will remain in reset until the RESET_b input is pulled high.

• During active and low power modes, the RESET_b pin can be asserted externally to force the MCU into PIN reset condition.

Digital filter is implemented outside the CMC module and is being controlled by SIM1 (APD_SIM). See the section "Reset pin 
filering" within the Reset Architecture chapter for details.

The PIN reset condition will assert a Warm Reset in all AD power domains. The SRS[PIN] and SRS[WARM] status bits are set 
on a PIN reset condition.

Reset Timeout (RSTACK)

The reset state machine includes a timeout counter that is triggered by the reset state machine not progressing within 256 cycles 
of the 1 kHz clock, this will trigger the RSTACK reset condition.

The RSTACK reset condition will assert a Warm Reset in all AD power domains. The SRS[RSTACK], SRS[FATAL] and 
SRS[WARM] status bits are set on a RSTACK reset condition.

Low Power Timeout (LPACK)

The low power entry state machine includes a timeout counter that is triggered if a module does not acknowledge entry into a low 
power mode after 256 cycles of the 1 kHz clock, this will trigger the LPACK reset condition.

The LPACK reset condition will assert a Warm Reset in all AD power domains. The SRS[LPACK] and SRS[WARM] status bits 
are set on a LPACK reset condition.

Watchdog 3 (WDOG_AD)

The watchdog timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG0 reset condition.

The WDOG0 reset condition will assert a Warm Reset in all AD power domains. The SRS[WDOG0] and SRS[WARM] status bits 
are set on a WDOG0 reset condition.
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Software (SW)

Software can request a system reset by configuring the system reset request in APD SIM SYSCTRL0[AD_SW_RST], this will 
trigger the SW reset condition.

The SW reset condition will assert a Warm Reset in all AD power domains. The SRS[SW] and SRS[WARM] status bits are set on 
a SW reset condition.

Interrupt SRAM Controller ECC Error (GIC_ECC)

Reset generated by GIC ECC Error event. The SRS[GIC_ECC] and SRS[WARM] status bits are set on a GIC _ECC Error 
reset condition.

RTD Reset event or MUA reset request (RTD_MU)

AD Reset triggered by Realtime reset detection or Reset request from Realtime CM33 core through MU.

The RTD_MU reset condition will assert a Warm Reset in all AD power domains. The SRS[RTD_MU] and SRS[WARM] status bits 
are set on a RTD_MU reset condition.

LPAV Loss of Signal/Lock event (LPAV_CGC_LOS)

This reset source is available if AD is the LPAV master.

Whenever LPAV_CGC_LOS reset is detected, this will trigger the CORE1 reset condition.

The LPAV_CGC_LOS reset condition will assert a Warm Reset in all AD power domains. The SRS[LPAV_CGC_LOS] and 
SRS[WARM] status bits are set on a CORE1 reset condition.

uPOWER WDOG Timeout

uPOWER internal WDOG timeout will cause Application domain system reset.

The uPOWER internal WDOG timeout reset condition will assert a Warm Reset in all AD power domains. The SRS[uPOWER] 
and SRS[WARM] status bits are set on a VBAT reset condition.

Watchdog 4 Reset (WDOG_S_AD)

The watchdog 4 timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG_S_AD reset condition.

The WDOG_S_AD reset condition will assert a Warm Reset in all AD power domains. The SRS[WDOG_S_AD] and SRS[WARM] 
status bits are set on a WDOG_S_AD reset condition.

Watchdog 5 Reset (WDOG5)

This reset source is available if AD is the LPAV master.

The watchdog 5 timer monitors the software by expecting periodic refreshing of the watchdog counter, whenever this does not 
occur, this will trigger the WDOG5 reset condition.

The WDOG5 reset condition will assert a Warm Reset in all AD power domains. The SRS[WDOG5] and SRS[WARM] status bits 
are set on a WDOG5 reset condition.

14.3.5.2 Reset types
This section describes the different resets that can be generated.

Cold Reset

Each power domain generates a Cold Reset that is used to reset the debug logic and mode control logic. The Cold Reset for each 
power domain can assert as a result of the following events.
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• Initial Power-On-Reset of the device

• Low Voltage Detect or High Voltage Detect

• Power domain wakeup from Power Down or Deep Power Down (varies per domain)

A Cold Reset does not guarantee the contents of on-chip SRAM, except for a Power Down wakeup and then only for the SRAM 
that is configured to retain state.

Warm Reset

A warm reset is generated by a Cold Reset or any of the remaining warm reset sources. A warm reset will reset most of the logic 
in each power domain. Warm resets are divided into fatal reset sources and non-fatal reset sources.

Non-fatal reset sources can be configured to generate an interrupt instead of the warm reset. If software can clear the non-fatal 
reset source (including status flag) within 256 cycles of the 1 kHz clock then the warm reset is averted. Non-fatal resets retain the 
contents of on-chip SRAM.

Fatal reset sources cannot be configured to generate an interrupt, and do not guarantee the contents of on-chip SRAM.

14.3.5.3 Reset sequence
This section describes the reset sequence.

Power On Reset

The following steps are performed as part of the POR (or LVD/HVD) sequence:

1. RESET_b pin drives low and internal reset signals assert.

2. POR/LVD signals negate and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET_b pin is tri-stated.

7. Reset state machine waits for RESET_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

9. Core exits reset and fetches the initial program counter and stack pointer from ROM.

Deep Power Down Wakeup

The following steps are performed as part of the Deep Power Down wakeup sequence:

1. Internal reset signals assert.

2. Wakeup signal negates and clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded.

7. Internal reset signals negate.

8. Core exits reset and fetches the initial program counter and stack pointer from ROM.

A wakeup from Deep Power Down via the RESET_b pin will follow the warm reset sequence.
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Power Down Wakeup

The following steps are performed as part of the Power Down wakeup sequence:

1. Internal reset signals assert.

2. Clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal trim registers are loaded.

5. Internal reset signals negate.

6. Core exits reset and fetches the initial program counter and stack pointer from ROM.

A wakeup from Power Down via the RESET_b pin will follow the warm reset sequence.

Warm Reset

The following steps are performed as part of the warm reset sequence:

1. RESET_b pin drives low and internal reset signals assert.

2. Clocks are enabled in their default configuration.

3. Internal reset remains asserted for 256 clock cycles.

4. Internal reset to Fuse controllers negate and their initialization sequences commence.

5. Initialization sequences for Fuse complete.

6. Internal trim registers are loaded and RESET_b pin is tri-stated.

7. Reset state machine waits for RESET_b pin input to pull high or drive high externally.

8. Internal reset signals negate.

9. Core exits reset and fetches the initial program counter and stack pointer from ROM.

14.3.6 Interrupts
The Application Domain CMC generated interrupts is describe here.

The AD_CMC can generate 2 types of interrupts:

• Reset interrupts

• Power Switches ON Interrupts

The AD_CMC can delay the assertion of a system reset for 256 RTC 1 kHz clock cycles while an interrupt is generated. This 
feature is enabled through System Reset Interrupt Enable (SRIE) register. Once an interrupt is generated the System Reset 
Interrupt Flag (SRIF) register can be evaluated to identify the exact interrupt cause.

The AD_CMC can generate interrupts once Power Switches has been turned ON and it is out of reset, indicating resources under 
that power switch are ready to be used. This feature is enabled through the Application Domain Power Switch Domain Out of Reset 
Interrupt Enable (AD_PSDORIE) register. Once an interrupt is generated the Application Domain Power Switch Domain Out of 
Reset interrupt Flag (AD_PSDORF) register can be evaluated to identify the exact interrupt cause.

14.4 External signals
This section details the external signals related to the AD_CMC.
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Table 116. External signals

Signal Description Direction

BOOT_MODE[1:0] Defines the Boot Type in conjunction 
with BT_FUSE_SEL fuse bit. See the 
Boot Modes description in "Reset and 
Boot" > "System Boot Flow" > "System 
Boot" > "Boot Modes" section in 8ULP 
Reference Manual.

Input

BT1_CFG[15:0] If Boot Type is Boot from pins, the 
BT1_CFG[15:0] values from pins are 
loaded into the MR0 register.

Input

14.5 Initialization
The section describes the initialization required to use the features of this controller.

Before entering in low power modes

• Configure the CKCTRL[CKMODE] field

• Configure the AD_PMPROT register with allowed low power modes and set its lock bit to avoid undesired changes in this 
registers

Enable desired interrupts in following registers

• AD_PSDORIE register

• SRIE register

14.6 Application information
This section describe application information related to this controller.

14.6.1 CA35 Cores Hot Plug and Unplug
CA35_Core0 and CA35_Core1 Hot Plug and Hot Unplug steps

• CA35_Core1 Hot Plug

1. Requirements

a. CA35_Core0 needs to be ON

b. CA35_Core1 needs to be OFF

c. AD needs to be in Active mode

2. Steps

a. Write CA35_CORE1_LPM=ACT.

• CA35_Core1 Hot Unplug

1. Requirements

a. CA35_Core0 needs to be ON

b. CA35_Core1 needs to be ON

c. AD needs to be in Active mode

2. Steps

a. Disable all wakeup enable bits in APD_SIM.WKPU1_WAKEUP_EN register
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b. SW needs to execute all sequences defined by ARM to prepare for CA35_Core1 to be powered OFF

c. Any core can write CA35_CORE1_LPM=PD

d. CA35_Core1 executes WFI

• CA35_Core0 Hot Plug

1. Requirements

a. CA35_Core0 needs to be OFF

b. CA35_Core1 needs to be ON

c. AD needs to be in Active mode

2. Steps

a. Write CA35_CORE0_LPM=ACT.

• CA35_Core0 Hot Unplug

1. Requirements

a. CA35_Core0 needs to be ON

b. CA35_Core1 needs to be ON

c. AD needs to be in Active mode

2. Steps

a. Disable all wakeup enable bits in APD_SIM.WKPU0_WAKEUP_EN register

b. SW needs to execute all sequences defined by ARM to prepare for CA35_Core0 to be powered OFF

c. Any core can write CA35_CORE0_LPM=PD

d. CA35_Core0 executes WFI

14.7 Memory map and register descriptions
This section describes the registers of the system mode controller.

14.7.1 CMC1 register descriptions
This section describes the AD_CMC registers.

 
Different CMC registers reset on different reset types.

  NOTE  

 
Before executing the WFI instruction, the last register written to must be read back. This ensures that all register 
writes associated with setting up the low power mode being entered have completed before the MCU enters the 
low power mode. Failure to do this may result in the low power mode not being entered correctly.

  NOTE  

14.7.1.1 CMC memory map

CMC1 base address: 2924_0000h
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Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0300_0000h

10h Clock Control Register (CKCTRL) 32 RW 0000_0000h

14h Clock Status Register (CKSTAT) 32 RW 0000_0000h

18h Power Mode Protection Register (AD_PMPROT) 32 RW 0000_0000h

20h AD Power Mode Control Register (AD_PMCTRL) 32 RW 0000_0000h

50h AD A35 CORE0 Low Power Mode Control Register 
(AD_A35CORE0_LPMODE)

32 RW 0000_0000h

54h AD A35 CORE1 Low Power Mode Control Register 
(AD_A35CORE1_LPMODE)

32 RW 0000_0003h

70h Application Domain Power Switch Domain Out of Reset Interrupt 
Flag Register (AD_PSDORF)

32 RW 0000_0000h

74h Application Domain Power Switch Domain Out of Reset Interrupt 
Enable Register (AD_PSDORIE)

32 RW 0000_0010h

78h Application Domain Power Switch Domain Status Register 
(AD_PSDS)

32 R 0000_0000h

80h System Reset Status Register (SRS) 32 R See section

88h Sticky System Reset Status Register (SSRS) 32 RW 0000_0006h

8Ch System Reset Interrupt Enable Register (SRIE) 32 RW 0000_8800h

90h System Reset Interrupt Flag Register (SRIF) 32 RW 0000_0000h

A0h Mode Register (MR0) 32 RW 0000_0000h

B0h Force Mode Register (FM0) 32 RW 0000_0000h

110h Core Control Register (CORECTL) 32 RW 0000_0000h

120h Debug Control Register (DBGCTL) 32 RW 0000_0000h

14.7.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function

This registers provides module's feature set, major, and minor versions information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number.

14.7.1.3 Clock Control Register (CKCTRL)

Offset

Register Offset

CKCTRL 10h

Function

This register configures the amount of clock gating when the core asserts Sleeping due to WFI.

 
This register is reset on Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LOCK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CKMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LOCK

Lock Register

This field locks the register and blocks writes until the next reset.

0b - Register writes are allowed.

1b - Register writes are blocked.

30-3

—

Reserved

2-0

CKMODE

Clocking Mode

This field configures the amount of clock gating when the core asserts Sleeping due to WFI.

000b - No clock gating.

001b - Core clock is gated.

011b - Core and platform clocks are gated.

111b - Core, platform, bus and slow clocks are gated.

14.7.1.4 Clock Status Register (CKSTAT)

Offset

Register Offset

CKSTAT 14h

Function

CKSTAT returns the clock gating status and wakeup source from the previous low power mode entry, provided the core was clock 
gated. This requires configuring CKCTRL[CKMODE] > 0 and the wakeup event must occur after the core is clock gated. The 
register contents are only valid when VALID is set.
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This register is reset on AD Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VALID 0

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 WAKEUP 0 CKMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VALID

Clock Status Valid

Indicates that core clock was gated since field was last cleared by software.

0b - Core clock not gated.

1b - Core clock was gated due to low power mode entry.

30-14

—

Reserved

13-8

WAKEUP

Wakeup Source

Returns any wakeup sources from the previous low power mode entry.

[0] - Wakeup source is reset interrupt, or wakeup from [Deep] Power Down

[1] - Wakeup source is debug request

[2] - Wakeup source is interrupt

[3] - Wakeup source is DMA wakeup

[4] - Wakeup source is WUU request

[5] - Wakeup source is bus master wakeup

A wakeup from Power Down or Deep Power Down will set WAKEUP[0], other wakeup bits may not be set 
depending on the low power mode.

7-3

—

Reserved

2-0

CKMODE

Low Power Status

Returns the result of the previous low power mode entry.

Table continues on the next page...
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Table continued from the previous page...

Field Function

000b - Core clock not gated.

001b - Core clock was gated

011b - Core and platform clocks were gated

111b - Core, platform, bus and slow clocks were gated

14.7.1.5 Power Mode Protection Register (AD_PMPROT)

Offset

Register Offset

AD_PMPROT 18h

Function

This register provides protection for entry into low power modes, software must allow a low power mode before configuring Power 
Mode Control register (AD_PMCTRL) to that mode.

 
This register is reset on Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LOCK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AHLD ADPD APD APA ADS AS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LOCK

Lock Register

This field locks the register and blocks writes until the next reset.

0b - Register writes are allowed.

1b - Register writes are blocked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

30-6

—

Reserved

5

AHLD

Allow Hold

When set, allows the AD_PMCTRL[5] field to be configured for Hold.

0b - Hold is not allowed

1b - Hold is allowed

4

ADPD

Allow Deep Power Down

When set, allows the AD_PMCTRL[4] field to be configured for Deep Power Down.

0b - Deep Power Down is not allowed

1b - Deep Power Down is allowed

3

APD

Allow Power Down

When set, allows the AD_PMCTRL[3] field to be configured for Power Down.

0b - Power Down is not allowed

1b - Power Down is allowed

2

APA

Allow Partial Active

When set, allows the AD_PMCTRL[2] field to be configured for Partial Active.

0b - Partial Active is not allowed

1b - Partial Active is allowed

1

ADS

Allow Deep Sleep

When set, allows the AD_PMCTRL[1] field to be configured for Deep Sleep.

0b - Deep Sleep is not allowed

1b - Deep Sleep is allowed

0

AS

Allow Sleep

When set, allows the AD_PMCTRL[0] field to be configured for Sleep.

0b - Sleep is not allowed

1b - Sleep is allowed

14.7.1.6 AD Power Mode Control Register (AD_PMCTRL)

Offset

Register Offset

AD_PMCTRL 20h
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Function

The AD_PMCTRL register configures entry into low power modes for Application Domain, provided that the selected power mode 
is allowed via an appropriate setting of the protection (AD_PMPROT) register.

 
This register is reset by Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AD_LPMODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-0

AD_LPMODE

Low Power Mode

Selects the desired low power mode when a core executes WFI instruction. Writes to this field are blocked 
if the protection level has not been enabled using the AD_PMPROT register.

00_0000b - Active

00_0001b - Sleep

00_0011b - Deep Sleep

00_0111b - Partial Active

00_1111b - Power Down

01_1111b - Deep Power Down

11_1111b - Hold

14.7.1.7 AD A35 CORE0 Low Power Mode Control Register (AD_A35CORE0_LPMODE)

Offset

Register Offset

AD_A35CORE0_LPMOD
E

50h
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Function

The AD_A35CORE0_LPMODE register configures entry into low power modes for CA35_CORE0.

 
This register is reset by Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 A35CORE0_LP
MODE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

A35CORE0_LP
MODE

Low Power Mode

Selects the desired low power mode when a core executes WFI instruction.

00b - A35 CORE0 Active(ACT)

01b - A35 CORE0 Standby(STDB)

11b - A35 CORE0 PowerDown(PD)

14.7.1.8 AD A35 CORE1 Low Power Mode Control Register (AD_A35CORE1_LPMODE)

Offset

Register Offset

AD_A35CORE1_LPMOD
E

54h

Function

The AD_A35CORE1_LPMODE register configures entry into low power modes for CA35_CORE1.

 
This register is reset by Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 A35CORE1_LP
MODE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-2

—

Reserved

1-0

A35CORE1_LP
MODE

Low Power Mode

Selects the desired low power mode when a core executes WFI instruction.

00b - A35 CORE1 Active(ACT)

01b - A35 CORE1 Standby(STDB)

11b - A35 CORE1 PowerDown(PD)

14.7.1.9 Application Domain Power Switch Domain Out of Reset Interrupt Flag Register (AD_PSDORF)

Offset

Register Offset

AD_PSDORF 70h

Function
This register has its bits asserted only once after the power switch domain exits the reset, and generates interrupt if 
correspond bit in AD_PSDORIE is enabled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AD_PE

RI...
0 0 A35_1 A35_0 

W W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4

AD_PERIPH

AD_PERIPH Power switch domain out of reset interrupt flag

0b - AD_PERIPH Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - AD_PERIPH Power switch domain out of reset interrupt flag. This bit is asserted only once 
after the power switch domain exits the reset.

3

—

Reserved

2

—

Reserved

1

A35_1

A35_Core1 Power switch domain out of reset interrupt flag

0b - A35_Core1 Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - A35_Core1 Power switch domain out of reset interrupt flag. This bit is asserted only once 
after the power switch domain exits the reset.

0

A35_0

A35_Core0 Power switch domain out of reset interrupt flag

0b - A35_Core0 Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - A35_Core0 Power switch domain out of reset interrupt flag. This bit is asserted only once 
after the power switch domain exits the reset.
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14.7.1.10 Application Domain Power Switch Domain Out of Reset Interrupt Enable Register (AD_PSDORIE)

Offset

Register Offset

AD_PSDORIE 74h

Function
This register bits enable the interrupt generation if correspond bit in PSDORF is set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 AD_PE
RI...

0
A35_1 A35_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4

AD_PERIPH

AD_PERIPH Power Switch Domain Out of Reset Interrupt Enable

0b - AD_PERIPH Power Switch does not generate interrupt when domain gets out of reset.

1b - AD_PERIPH Power Switch generates interrupt when domain gets out of reset.

3-2

—

Reserved

1

A35_1

A35_Core1 Power Switch Domain Out of Reset Interrupt Enable

0b - A35_Core1 Power Switch does not generate interrupt when domain gets out of reset.

1b - A35_Core1 Power Switch generates interrupt when domain gets out of reset.

0

A35_0

A35_Core0 Power Switch Domain Out of Reset Interrupt Enable

0b - A35_Core0 Power Switch does not generate interrupt when domain gets out of reset.

1b - A35_Core0 Power Switch generates interrupt when domain gets out of reset.
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14.7.1.11 Application Domain Power Switch Domain Status Register (AD_PSDS)

Offset

Register Offset

AD_PSDS 78h

Function
This register read-only registers indicates if corresponding power switch domain is opened or closed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AD_PE

RI...
FAST_

NIC 
L2_CA
CHE 

A35_1 A35_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4

AD_PERIPH

Application Power Switch Domain Status

0b - Application Power switch is open and not ready for read/write. Power switch domain is in 
reset.

1b - Application Power switch is closed and in normal operation. Power switch domain is out of 
reset.

3

FAST_NIC

Fast NIC Power Switch Domain Status

0b - Fast NIC Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - Fast NIC Power switch is closed and in normal operation. Power switch domain is out of 
reset.

2

L2_CACHE

L2 Cache Power Switch Domain Status

0b - L2 Cache Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - L2 Cache Power switch is closed and in normal operation. Power switch domain is out of 
reset.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

A35_1

A35_Core1 Power Switch Domain Status

0b - A35_Core1 Power switch is open and not ready for read/write. Power switch domain is in 
reset.

1b - A35_Core1 Power switch is closed and in normal operation. Power switch domain is out of 
reset.

0

A35_0

A35_Core0 Power Switch Domain Status

0b - A35_Core0 Power switch is open and not ready for read/write. Power switch domain is in 
reset.

1b - A35_Core0 Power switch is closed and in normal operation. Power switch domain is out of 
reset.

14.7.1.12 System Reset Status Register (SRS)

Offset

Register Offset

SRS 80h

Function

This register updates on every Warm Reset to indicate the type/source of the most recent reset.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0
WDO
G5 

WDO
G_S_..

.
0

uPOW
ER 

LPAV_
CG...

0 0
AD_C
GC_...

0
RTD_
MU 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GIC_
ECC 

SW 
WDO
G_AD 

0
LPAC

K 
RSTA

CK 
0 PIN 0 FATAL WARM 0 HLVD POR 

WAKE
UP 

W

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

WDOG5

Watchdog 5 Reset

Indicates a reset has been caused by a WDOG5 timeout. This reset source is available if AD is the LPAV 
master.

0b - Reset is not generated from the WDOG5 timeout.

1b - Reset is generated from the WDOG5 timeout.

25

WDOG_S_AD

Watchdog 4 Reset

Indicates a reset has been caused by a WDOG_S_AD timeout.

0b - Reset is not generated from the WDOG_S_AD timeout.

1b - Reset is generated from the WDOG_S_AD timeout.

24

—

Reserved

23

uPOWER

uPOWER WDOG System Reset

uPOWER WDOG timeout will generate a system reset.

0b - Reset not generated by uPOWER WDOG timeout.

1b - Reset generated by uPOWER WDOG timeout.

22

LPAV_CGC_LO
S

LPAV CGC Loss Of Sync

Indicates the reset source was generated by a LPAV_CGC_LOS specific reset. This reset source is 
available if AD is the LPAV master.

0b - Reset not generated from LPAV_CGC_LOS system reset source.

1b - Reset generated from LPAV_CGC_LOS system reset source.

21 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

20

—

Reserved

19

AD_CGC_LOS

AD CGC Loss Of Sync

Indicates the reset source was generated by a CGC_LOS specific reset.

0b - Reset not generated from CGC_LOS system reset source.

1b - Reset generated from CGC_LOS system reset source.

18-17

—

Reserved

16

RTD_MU

Real Time Domain MU System Reset

Indicates the reset source was generated by an RTD reset detect or RTD M33 core requested AD 
domain reset.

0b - Reset not generated from RTD_MU reset source.

1b - Reset generated from RTD_MU reset source.

15

GIC_ECC

Interrupt SRAM Controller ECC Error

Indicates a reset has been caused by GIC SRAM ECC error.

0b - Reset not generated by GIC SRAM ECC error.

1b - Reset generated by GIC SRAM ECC error.

14

SW

Software Reset (SIM)

Indicates a reset has been caused by a software reset request from the ARM core through SIM register.

0b - Reset not generated by software request from core.

1b - Reset generated by software request from core.

13

WDOG_AD

Watchdog 3 Reset

Indicates a reset has been caused by a WatchDog timeout.

0b - Reset is not generated from the WatchDog 0 timeout.

1b - Reset is generated from the WatchDog 0 timeout.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

Indicates a reset has been caused by a timeout in the Low Power Mode entry logic. This timeout is 
generated if a peripheral does not acknowledge entry into Low Power Mode within 256 cycles of the 1 
kHz clock.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Reset not generated by Low Power Acknowledge Timeout.

1b - Reset generated by Low Power Acknowledge Timeout.

10

RSTACK

Reset Timeout

Indicates a reset has been caused by a timeout or other error condition in the system reset generaton 
logic. This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated from Reset Controller Timeout.

1b - Reset generated from Reset Controller Timeout.

9

—

Reserved

8

PIN

Pin Reset

Indicates a reset has been caused by external assertion of the RESET_b pin. This bit also asserts if both 
AD and RTD are in PD, and are woken up through RESET1_B.

0b - Reset was not generated from the assertion of RESET_b pin.

1b - Reset was generated from the assertion of RESET_b pin.

7-6

—

Reserved

5

FATAL

Fatal Reset

Fatal Reset will assert if the last reset source was a fatal reset source. SRAM contents cannot be 
guaranteed following a fatal reset source.

0b - Reset was not generated by a fatal reset source.

1b - Reset was generated by a fatal reset source.

4

WARM

Warm Reset

Warm Reset flag will assert is the last reset source was a warm reset source. This bit also asserts if both 
AD and RTD are in PD, and are woken up through RESET1_B

0b - Reset not generated by Warm Reset source.

1b - Reset generated by Warm Reset source.

3

—

Reserved

2

HLVD

High or Low Voltage Detect Reset

Indicates a reset has been caused by a Low or High Voltage Detect. SRAM contents cannot be 
guaranteed following a HLVD reset source.

0b - Reset not generated by HLVD.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Reset generated by HLVD.

1

POR

Power On Reset

Indicates a reset has been caused by Power On Reset detection logic. SRAM contents cannot be 
guaranteed following a POR reset source.

0b - Reset not generated by POR.

1b - Reset generated by POR.

0

WAKEUP

Wakeup Reset

Indicates a reset has been caused by a wakeup from Power Down or Deep Power Down mode.

0b - Reset not generated by wakeup from Power Down or Deep Power Down mode.

1b - Reset generated by wakeup from Power Down or Deep Power Down mode.

14.7.1.13 Sticky System Reset Status Register (SSRS)

Offset

Register Offset

SSRS 88h

Function

The SSRS stores all sources of system reset that have generated a system reset since the last AD Cold Reset, and that have not 
been cleared by software. The SSRS does not update following a core software reset.

 
This register is reset on Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0
WDO
G5 

WDO
G_S_..

.
0

uPOW
ER 

LPAV_
CG...

0 0
AD_C
GC_...

0
RTD_
MU 

W W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GIC_
ECC 

SW 
WDO
G_AD 

0
LPAC

K 
RSTA

CK 
0 PIN 0 FATAL WARM 0 HLVD POR 

WAKE
UP 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
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Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

WDOG5

Watchdog 5 Reset

Indicates a reset has been caused by a WDOG5 timeout. This reset source is available if AD is the LPAV 
master.

0b - Reset is not generated from the WDOG5 timeout.

1b - Reset is generated from the WDOG5 timeout.

25

WDOG_S_AD

Watchdog 4 Reset

0b - Reset is not generated from the WatchDog 1 timeout.

1b - Reset is generated from the WatchDog 1 timeout.

24

—

Reserved

23

uPOWER

uPOWER WDOG System Reset

uPOWER WDOG timeout will generate a system reset.

0b - Reset not generated by uPOWER WDOG timeout.

1b - Reset generated by uPOWER WDOG timeout.

22

LPAV_CGC_LO
S

LPAV CGC Loss Of Sync

Indicates the reset source was generated by a LPAV_CGC_LOS specific reset. This reset source is 
available if AD is the LPAV master.

0b - Reset not generated from LPAV_CGC_LOS system reset source.

1b - Reset generated from LPAV_CGC_LOS system reset source.

21

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

20

—

Reserved

19

AD_CGC_LOS

AD CGC Loss Of Sync

Indicates the reset source was generated by a CGC_LOS specific reset.

0b - Reset not generated from CGC_LOS system reset source.

1b - Reset generated from CGC_LOS system reset source.

18-17

—

Reserved

16

RTD_MU

Real Time Domain MU Reset

0b - Reset not generated from Core0 reset source.

1b - Reset generated from Core0 reset source.

15

GIC_ECC

Interrupt SRAM Controller ECC Error

Indicates a reset has been caused by GIC SRAM ECC error.

0b - Reset not generated by GIC SRAM ECC error.

1b - Reset generated by GIC SRAM ECC error.

14

SW

Software Reset

0b - Reset not generated by software request from core.

1b - Reset generated by software request from core.

13

WDOG_AD

Watchdog 3 Reset

0b - Reset is not generated from the WatchDog 0 timeout.

1b - Reset is generated from the WatchDog 0 timeout.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Reset not generated by Low Power Acknowledge Timeout.

1b - Reset generated by Low Power Acknowledge Timeout.

10

RSTACK

Reset Timeout

This is a fatal reset source and SRAM contents are not guaranteed.

0b - Reset not generated from Reset Controller Timeout.

1b - Reset generated from Reset Controller Timeout.

9 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

8

PIN

Pin Reset

0b - Reset was not generated from the RESET_B pin.

1b - Reset was generated from the RESET_B pin.

7-6

—

Reserved

5

FATAL

Fatal Reset

0b - Reset was not generated by a fatal reset source.

1b - Reset was generated by a fatal reset source.

4

WARM

Warm Reset

0b - Reset not generated by warm reset source.

1b - Reset generated by warm reset source.

3

—

Reserved

2

HLVD

High or Low Voltage Detect Reset

0b - Reset not generated by HLVD.

1b - Reset generated by HLVD.

1

POR

Power On Reset

0b - Reset not generated by POR.

1b - Reset generated by POR.

0

WAKEUP

Wakeup Reset

0b - Reset not generated by wakeup from DPD mode.

1b - Reset generated by wakeup from DPD mode.

14.7.1.14 System Reset Interrupt Enable Register (SRIE)

Offset

Register Offset

SRIE 8Ch

Function

This register delays the assertion of a system reset for 258 cycles of the RTC 1kHz clock while an interrupt is generated. This 
allows software to perform a graceful shutdown or to abort the warm reset provided the pending reset source is cleared by resetting 
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the source of the reset and then clearing the pending flag. A Cold or fatal Warm reset source cannot be delayed by this feature. 
The SRS will only update after the warm reset occurs.

The reset interrupt is not supported in Power Down or Deep Power Down modes.

 
This register is reset on Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WDOG
5 

WDOG
_S_...

0 0 RTD_
MU W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R GIC_
ECC 

SW 
WDOG

_AD 

0 LPAC
K 

0 0 0 0

W

Reset 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26

WDOG5

Watchdog 5 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

25

WDOG_S_AD

Watchdog 4 Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

24

—

Reserved

23-17

—

Reserved

16

RTD_MU

Real Time Domain MU Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

15 Application domain Interrupt Controller ECC Error Event

Table continues on the next page...
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Table continued from the previous page...

Field Function

GIC_ECC 0b - Interrupt disabled.

1b - Interrupt enabled.

14

SW

Software Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

13

WDOG_AD

Watchdog_AD Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Interrupt disabled.

1b - Interrupt enabled.

10

—

Reserved

9

—

Reserved

8

—

Reserved

7-0

—

Reserved

14.7.1.15 System Reset Interrupt Flag Register (SRIF)

Offset

Register Offset

SRIF 90h

Function

This registers returns the source of the reset interrupt. The pending reset source can be cleared by resetting the source of the reset 
and then clearing the pending flag.
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This register is reset on Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
WDOG

5 
WDOG
_S_...

0 0
RTD_
MU 

W W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GIC_
ECC 

SW 
WDOG

_AD 
0

LPAC
K 

0 0 0 0

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26

WDOG5

Watchdog 5 Reset

0b - Reset source not pending.

1b - Reset source pending.

25

WDOG_S_AD

Watchdog 4 Reset

0b - Reset source not pending.

1b - Reset source pending.

24

—

Reserved

23-17

—

Reserved

16

RTD_MU

Real Time Domain MU Reset

0b - Reset source not pending.

1b - Reset source pending.

15

GIC_ECC

Application domain Interrupt Controller ECC Error Event

0b - Reset source not pending.

1b - Reset source pending.

Table continues on the next page...
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Table continued from the previous page...

Field Function

14

SW

Software Reset

0b - Reset source not pending.

1b - Reset source pending.

13

WDOG_AD

Watchdog_AD Reset

0b - Reset source not pending.

1b - Reset source pending.

12

—

Reserved

11

LPACK

Low Power Acknowledge Timeout Reset

0b - Reset source not pending.

1b - Reset source pending.

10

—

Reserved

9

—

Reserved

8

—

Reserved

7-0

—

Reserved

14.7.1.16 Mode Register (MR0)

Offset

Register Offset

MR0 A0h

Function

This register is loaded with Boot Mode[1:0] and Boot Configuration from Fuses or Pins. See the sections "Boot Modes," "Boot 
configuration" and the figure "Boot configuration" within the "System Boot" chapter, for details.

 
This register is reset on Warm Reset.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BOOTCFG 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BOOTCFG 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BOOTCFG

Boot Configuration

Returns the logic state of the BOOT_CONFIGn pin on the last negation of RESET_b pin.

14.7.1.17 Force Mode Register (FM0)

Offset

Register Offset

FM0 B0h

Function
This register is used to force the MR registers bits regardless of the Boot Configuration values are loaded from fuses or from 
pins.

 
This register is reset on Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FORCECFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FORCECFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

FORCECFG

Boot Configuration

This register can force the corresponding bit in the Mode Register to assert on next system reset.

0000_0000_0000_0000_0000_0000_0000_0000b - No effect.

0000_0000_0000_0000_0000_0000_0000_0001b - Assert corresponding bit in Mode Register on 
next system reset.

14.7.1.18 Core Control Register (CORECTL)

Offset

Register Offset

CORECTL 110h

Function

Configures options for the Core.

 
This register is reset on MAIN Warm Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NPIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0 Non maskable Pin Interrupt Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPIE This bit can only be written when NPIE is clear.

0b - Pin interrupt disabled

1b - Pin interrupt enabled

14.7.1.19 Debug Control Register (DBGCTL)

Offset

Register Offset

DBGCTL 120h

Function

Configures options for Debug.

 
This register is reset on AD Cold Reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

SOD

Sleep Or Debug

Configures what happens to debug when Core sleeps.

0b - Debug remains enabled when Core is sleeping.

1b - Debug is disabled when Core is sleeping.
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Chapter 15
Core Mode Controller (CMC2)
15.1 Chip-specific LPAV_CMC information
Table 117. Reference links to related information

Topic Related module Reference

Full description LPAV_CMC LPAV_CMC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

15.1.1 Module instances
This device has one instance of the CMC module in Low-power audio video domain (LPAV).

15.2 Overview
The Low Power Audio Video Domain (LPAV_CMC) is a slave domain with no internal ARM Core. Its Low Power modes, Clock 
Gate modes, and reset follows the Master Domain, either Realtime or Application domain.

15.2.1 Block diagram
The following figure illustrates the LPAV_CMC block diagram.

Power Switch 
Status

LPAV_CMC

PSDORF

PSDORIE

PSDS

Registers

LPAV_CMC Interrupt

VERID

Figure 148. LPAV_CMC block diagram

15.2.2 Features
Following is the key feature of the LPAV_CMC module.

• LPAV power switch interrupt and status

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 923 / 5781



15.3 Functional description
This section provides a complete functional description of the block.

15.3.1 Modes of operation
The LPAV_CMC is a slave module dependent on the Real Time Domain power mode or the Application Domain power mode. This 
dependence is defined by the RTD_SIM_SEC.SYSCTRL0[LPAV_MASTER_CTRL] bit.

15.3.2 Active mode

The LPAV being in active mode is totally dependent on the master module, either Real Time Domain or Application Domain, being 
also in active mode.

15.3.3 Low Power modes

The LPAV being in low power mode is totally dependent on the master module, either Real Time Domain or Application Domain, 
being also in low power mode.

15.3.4 Clocks
LPAV_CMC uses two clocks.

1. LPAV bus clock

a. This clock is used as main clock for the LPAV_CMC logics: registers read & write and internal reset controls.

2. RTC 1 kHz clock

a. This clock is used for the internal timeout circuit. It is generated from the VBAT RTC 32 kHz clock divided by 32.

15.3.5 Reset

The LPAV resets are routed to the RTD_CMC and AD_CMC depending on the Real Time Domain or the Application Domain being 
the master module of the LPAV.

15.3.6 Interrupts

The LPAV_CMC can generate one type of interrupts.

• Power Switches ON interrupts

The LPAV_CMC can generate interrupts once Power Switches has been turned ON and it is out of reset, indicating resources 
under that power switch are ready to be used. This feature is enabled through the Power Switch Domain Out of Reset Interrupt 
Enable (LPAV_PSDORIE) register. Once an interrupt is generated the Power Switch Domain Out of Reset interrupt Flag 
(LPAV_PSDORF) register can be evaluated to identify the exact interrupt cause.

15.4 External signals
The LPAV_CMC does not have any external signal.

15.5 Initialization
There are some initialization required to use the features of this controller.

It may be desirable to configure the Power Switch Domain Out of Reset Interrupt Enable (LPAV_PSDORIE) register before 
requesting uPower API to turn On LPAV power switches, so that interrupts will be generated indicated that desired domain is out 
of reset and ready to be accessed.
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15.6 Memory map and register descriptions
This section describes the registers of the system mode controller.

15.6.1 CMC2 register descriptions

15.6.1.1 LPAV_CMC memory map

CMC2 base address: 2DA4_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0300_0000h

70h Audio Video Domain Power Switch Domain Out of Reset Interrupt 
Flag Register (LPAV_PSDORF)

32 RW 0000_0000h

74h Audio Video Domain Power Switch Domain Out of Reset Interrupt 
Enable Register (LPAV_PSDORIE)

32 RW 0000_0040h

78h Audio Video Domain Power Switch Domain Status Register 
(LPAV_PSDS)

32 R 0000_0000h

15.6.1.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
This registers provides module's feature set, major, and minor versions information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number.

15.6.1.3 Audio Video Domain Power Switch Domain Out of Reset Interrupt Flag Register (LPAV_PSDORF)

Offset

Register Offset

LPAV_PSDORF 70h

Function
This register bits are asserted only once after the power switch domain exits the reset, and generates interrupt if correspond 
bit in PSDORFE is enabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NIC_
AV 

MIPI_
CSI 

MIPI_
DSI 

PXP_
EPDC 

DDR HIFI4 
GPU3

D 

W W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6 NIC_AV/Periph Power Switch Domain Out of Reset Interrupt Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

NIC_AV 0b - NIC_AV/Periph Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - NIC_AV/Periph Power switch domain out of reset interrupt flag. This bit is asserted only once 
after the power switch domain exits the reset.

5

MIPI_CSI

MIPI-CSI Power Switch Domain Out of Reset Interrupt Flag

0b - MIPI-CSI Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - MIPI-CSI Power switch domain out of reset interrupt flag. This bit is asserted only once after 
the power switch domain exits the reset.

4

MIPI_DSI

MIPI-DSI Power Switch Domain Out of Reset Interrupt Flag

0b - MIPI-DSI Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - MIPI-DSI Power switch domain out of reset interrupt flag. This bit is asserted only once after 
the power switch domain exits the reset.

3

PXP_EPDC

PXP/EPDC Power Switch Domain Out of Reset Interrupt Flag

0b - PXP/EPDC Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - PXP/EPDC Power switch domain out of reset interrupt flag. This bit is asserted only once 
after the power switch domain exits the reset.

2

DDR

DDR Power Switch Domain Out of Reset Interrupt Flag

0b - DDR Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - DDR Power switch domain out of reset interrupt flag. This bit is asserted only once after the 
power switch domain exits the reset.

1

HIFI4

HIFI4 Power Switch Domain Out of Reset Interrupt Flag

0b - HIFI4 Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - HIFI4 Power switch domain out of reset interrupt flag. This bit is asserted only once after the 
power switch domain exits the reset.

0

GPU3D

GPU3D Power Switch Domain Out of Reset Interrupt Flag

0b - GPU3D Power Switch Domain in reset or user has cleared it by writing 1 to clear.

1b - GPU3D Power switch domain out of reset interrupt flag. This bit is asserted only once after 
the power switch domain exits the reset.

15.6.1.4 Audio Video Domain Power Switch Domain Out of Reset Interrupt Enable Register (LPAV_PSDORIE)

Offset

Register Offset

LPAV_PSDORIE 74h

Function
This register bits enable the interrupt generation if correspond bit in PSDORF is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 NIC_
AV 

MIPI_
CSI 

MIPI_
DSI 

PXP_
EPDC 

DDR HIFI4 
GPU3

D W

Reset 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6

NIC_AV

NIC_AV/Periph Power Switch Domain Out of Reset Interrupt Enable

0b - NIC_AV/Periph Power Switch does not generate interrupt when domain gets out of reset.

1b - NIC_AV/Periph Power Switch generates interrupt when domain gets out of reset.

5

MIPI_CSI

MIPI-CSI Power Switch Domain Out of Reset Interrupt Enable

0b - MIPI-CSI Power Switch does not generate interrupt when domain gets out of reset.

1b - MIPI-CSI Power Switch generates interrupt when domain gets out of reset.

4

MIPI_DSI

MIPI-DSI Power Switch Domain Out of Reset Interrupt Enable

0b - MIPI-DSI Power Switch does not generate interrupt when domain gets out of reset.

1b - MIPI-DSI Power Switch generates interrupt when domain gets out of reset.

3

PXP_EPDC

PXP/EPDC Power Switch Domain Out of Reset Interrupt Enable

0b - PXP/EPDC Power Switch does not generate interrupt when domain gets out of reset.

1b - PXP/EPDC Power Switch generates interrupt when domain gets out of reset.

2

DDR

DDR Power Switch Domain Out of Reset Interrupt Enable

0b - DDR Power Switch does not generate interrupt when domain gets out of reset.

1b - DDR Power Switch generates interrupt when domain gets out of reset.

1

HIFI4

HIFI4 Power Switch Domain Out of Reset Interrupt Enable

0b - HIFI4 Power Switch does not generate interrupt when domain gets out of reset.

1b - HIFI4 Power Switch generates interrupt when domain gets out of reset.

0

GPU3D

GPU3D Power Switch Domain Out of Reset Interrupt Enable

0b - GPU3D Power Switch does not generate interrupt when domain gets out of reset.

1b - GPU3D Power Switch generates interrupt when domain gets out of reset.
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15.6.1.5 Audio Video Domain Power Switch Domain Status Register (LPAV_PSDS)

Offset

Register Offset

LPAV_PSDS 78h

Function
Reflects if Power Switch for the domain is opened of closed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NIC_
AV 

MIPI_
CSI 

MIPI_
DSI 

PXP_
EPDC 

DDR HIFI4 
GPU3

D 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6

NIC_AV

NIC_AV/Periph Power Switch Domain Status

0b - NIC_AV/Periph Power switch is open and not ready for read/write. Power switch domain is in 
reset.

1b - NIC_AV/Periph Power switch is closed and in normal operation. Power switch domain is out 
of reset.

5

MIPI_CSI

MIPI-CSI Power Switch Domain Status

0b - MIPI-CSI Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - MIPI-CSI Power switch is closed and in normal operation. Power switch domain is out of 
reset.

4

MIPI_DSI

MIPI-DSI Power Switch Domain Status

0b - MIPI-DSI Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - MIPI-DSI Power switch is closed and in normal operation. Power switch domain is out of 
reset.

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

PXP_EPDC

PXP/EPDC Power Switch Domain Status

0b - PXP/EPDC Power switch is open and not ready for read/write. Power switch domain is in 
reset.

1b - PXP/EPDC Power switch is closed and in normal operation. Power switch domain is out of 
reset.

2

DDR

DDR Power Switch Domain Status

0b - DDR Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - DDR Power switch is closed and in normal operation. Power switch domain is out of reset.

1

HIFI4

HIFI4 Power Switch Domain Status

0b - HIFI4 Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - HIFI4 Power switch is closed and in normal operation. Power switch domain is out of reset.

0

GPU3D

GPU3D Power Switch Domain Status

0b - GPU3D Power switch is open and not ready for read/write. Power switch domain is in reset.

1b - GPU3D Power switch is closed and in normal operation. Power switch domain is out of reset.
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Chapter 16
Wake-up Unit (WUU)
16.1 Chip-specific WUU information
Table 118. Reference links to related information

Topic Related module Reference

Full description WUU LLWU

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

16.1.1 Module instances
This device has two instances of the WUU module: WUU0 and WUU1.

16.1.2 WUU0/WUU1 wake-up sources configuration

The following table shows the WUU external pins used as wake-up sources for external devices associated with real-time domain 
(CM33) domain.

WUU0 inputs Description

WUU0_P0 PTA0

WUU0_P1 PTA3

WUU0_P2 PTA4

WUU0_P3 PTA6

WUU0_P4 PTA7

WUU0_P5 PTA8

WUU0_P6 PTA9

WUU0_P7 PTA10

WUU0_P8 PTA11

WUU0_P9 PTA12

WUU0_P10 PTA13

WUU0_P11 PTA14

WUU0_P12 PTA15

WUU0_P13 PTA16

WUU0_P14 PTA17

Table continues on the next page...
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Table continued from the previous page...

WUU0 inputs Description

WUU0_P15 PTA18

WUU0_P16 PTA24

WUU0_P17 PTB0

WUU0_P18 PTB1

WUU0_P19 PTB2

WUU0_P20 PTB3

WUU0_P21 PTB4

WUU0_P22 PTB5

WUU0_P23 PTB6

WUU0_P24 PTB12

WUU0_P25 PTB13

WUU0_P26 PTB14

WUU0_P27 PTB15

WUU0_P28 Reserved

WUU0_P29 Reserved

WUU0_P30 Reserved

WUU0_P31 Reserved

WUU0_M0IF LPTMR0

WUU0_M1IF LPTMR1

WUU0_M2IF CMP0

WUU0_M3IF CMP1

WUU0_M4IF uPower

WUU0_M5IF Tamper Detect

WUU0_M6IF Non-Secure Real Time Clock Alarm

WUU0_M7IF Secure Real Time Clock Alarm

WUU0_M0DR LPTMR0 Asynchronous DMA and Trigger

WUU0_M1DR LPTMR1 Asynchronous DMA and Trigger

WUU0_M2DR Reserved

WUU0_M3DR Reserved

WUU0_M4DR Reserved

WUU0_M5DR Reserved

WUU0_M6DR Reserved

Table continues on the next page...
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Table continued from the previous page...

WUU0 inputs Description

WUU0_M7DR Reserved

The following table shows the WUU external pins used as wake-up sources for external devices associated with application 
domain (CA35) domain.

WUU1 inputs Description

WUU1 Input Source Description

WUU1_P0 PTE0

WUU1_P1 PTE1

WUU1_P2 PTE3

WUU1_P3 PTE4

WUU1_P4 PTE7

WUU1_P5 PTE12

WUU1_P6 PTE15

WUU1_P7 PTE19

WUU1_P8 PTF0

WUU1_P9 PTF3

WUU1_P10 PTF4

WUU1_P11 PTF7

WUU1_P12 PTF24

WUU1_P13 PTF25

WUU1_P14 PTF26

WUU1_P15 PTF27

WUU1_P16 Reserved

WUU1_P17 Reserved

WUU1_P18 Reserved

WUU1_P19 Reserved

WUU1_P20 Reserved

WUU1_P21 Reserved

WUU1_P22 Reserved

WUU1_P23 Reserved

WUU1_P24 Reserved

WUU1_P25 Reserved

Table continues on the next page...
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Table continued from the previous page...

WUU1 inputs Description

WUU1_P26 Reserved

WUU1_P27 Reserved

WUU1_P28 Reserved

WUU1_P29 Reserved

WUU1_P30 Reserved

WUU1_P31 Reserved

WUU1_M0IF USB0 PHY Wakeup

WUU1_M1IF USB1 PHY Wakeup

WUU1_M2IF LPTMR0-1, CMP0-1

WUU1_M3IF RTD via CMC0

WUU1_M4IF uPower

WUU1_M5IF Tamper Detect

WUU1_M6IF Non-Secure Real Time Clock Alarm

WUU1_M7IF Secure Real Time Clock Alarm

WUU1_M0DR Reserved

WUU1_M1DR Reserved

WUU1_M2DR Reserved

WUU1_M3DR Reserved

WUU1_M4DR Reserved

WUU1_M5DR Reserved

WUU1_M6DR Reserved

WUU1_M7DR Reserved

16.2 Overview
WUU facilitates in selecting external pins and on-chip modules as interrupt wake-up sources from Power Down/Deep Power Down 
power modes. You can also configure the external pins to act as interrupt wake-up sources in all power modes. WUU helps pins 
and modules generate a temporary wake-up from Deep Sleep mode for servicing DMA or trigger events. Digital filtering is also 
available for the external wake-up pins.

See the chip-specific WUU information section for input sources to WUU.
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16.2.1 Block diagram
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Figure 149. WUU block diagram

16.2.2 Features
• Supports external input pins and on-chip modules with individual enable bits to wake the chip from low-leakage modes.

• Contains input sources that may be external pins or from on-chip modules capable of running in Power Down/Deep Power 
Down power modes. See the chip-specific WUU information for the wake-up input sources for this chip.

• Supports configuring on-chip modules as DMA or trigger sources for temporary wake-up from Deep Sleep mode.
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• Supports configuring external pins as DMA request sources for temporary wake-up from Deep Sleep mode.

• Provides external input pins programmable for falling-edge, rising-edge, or any edge detection.

• Provides optional digital filters to qualify an external pin detect. Disabling the LPO clock bypasses and disables filters.

• Filters all external input pins; but only 4 filters are available at a given time.

• Enables external input pin and filter detection in all power modes (not limited to Power Down/Deep Power Down power 
modes).

16.3 Functional description

16.3.1 Operation
WUU allows on-chip modules and external input pins as a source of wake-up from low-leakage modes.

WUU contains pin enables for each external pin and on-chip module. For each external pin, you can disable or select the edge 
type for the wake-up with the following options:

• Falling edge

• Rising edge

• Either edge

When enabling an external pin as a wake-up source, configure the pin as an input pin. You can also configure a pin to generate an 
interrupt from a Power Down/Deep Power Down mode or a DMA request for temporary wake-up from Deep Sleep mode. Detection 
logic for a pin can optionally remain enabled during all power modes using Pin Mode Configuration (PMC).

On the basis of the LPO clock, WUU implements optional 3-cycle glitch filters. Detected external pin must remain asserted until 
the enabled glitch filter times out. Additional latency of up to two cycles is due to synchronization, which results in a total of up 
to five cycles of delay before the detect circuit alerts the system to the wake-up event when the filter function is enabled. Four 
wake-up detect filters are available for selected external pins. Glitch filtering is not provided for the on-chip modules. You can 
configure a filter to generate an interrupt from Power Down/Deep Power Down mode or a DMA request for temporary wake-up 
from Deep Sleep mode. Detection logic for a filter can optionally remain enabled during all power modes using Pin Filter Mode 
Configuration (FMC).

For on-chip module interrupts, ME[WUMEn] enables the associated module interrupt as a wake-up source.

For on-chip module DMA/trigger requests, DE[WUDEn] enables the associated module DMA/trigger request as a wake-up 
source. Exit due to a module DMA/trigger request does not trigger a WUU interrupt.

16.3.2 Modes of operation
WUU becomes functional on entry into a low-leakage power mode. After recovery from Power Down/Deep Power Down mode, 
WUU continues to detect wake-up events until you have reinitialized the system and deasserted isolation. Detection of external 
pin/filter events can also optionally remain enabled in all power modes using Pin Mode Configuration (PMC)/Pin Filter Mode 
Configuration (FMC).

16.3.2.1 Deep Sleep mode when (PMC[WUPMCn] = 1)

When an external wakeup pin input (WUU_Pn) is configured to provide active detection during all power modes (PMC[WUPMCn] 
= 1), a wakeup event during Deep Sleep results in a CPU interrupt flow to begin user code execution with the WUU interrupt service 
routine. If using a filter, configure the filter to be active in all power modes (FMC[FILTMn] = 1).

Wakeup events due to an external pin (WUU_Px) DMA request, result in a temporary exit from Deep Sleep to allow the request 
to be serviced while the CPU clock remains gated. After the request is serviced, the system re-enters Deep Sleep.

16.3.2.2 Power Down/Deep Power Down modes

For any wake-up from Power Down/Deep Power Down mode, recovery is always by means of a reset flow.
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16.3.2.3 Non–low-leakage modes

WUU is inactive in all non–low-leakage modes, with the exception of external pin/filter detection which can explicitly be kept 
enabled during all power modes using Pin Mode Configuration (PMC)/Pin Filter Mode Configuration (FMC). WUU chips are 
accessible in non–low-leakage modes and are available for configuring and reading status when bus transactions are possible.

16.3.3 Clocking
During chip low-power operation, in order to provide the wake-up function for the chip, ensure that clocking is available for WUU 
by the LPO clock. See the chip-specific WUU information for the chip clock connection details.

16.3.4 Reset
WUU resets after VSYS warm reset. This is the global chip reset, but it does not include the reset that asserts due to wake-up from 
low-power mode.

16.3.5 Interrupts
You can enable on-chip module interrupts as wake-up sources in Module Interrupt Enable (ME).

16.3.6 DMA
You can enable on-chip DMA requests as wake-up sources in Module DMA/Trigger Enable (DE).

With external pin inputs, you can generate a DMA request using either rising edge, falling edge, or both edge detection in Pin 
DMA/Trigger Configuration 1 (PDC1) and Pin DMA/Trigger Configuration 2 (PDC2).

16.4 External signals
Table 119. External signals

Signal Description I/O

WUU_Pn External pin wake-up inputs; can be enabled to detect a rising edge, a 
falling edge, or any change.

I

WUU_MnIF On-chip module interrupt flags I

WUU_MnDR On-chip module DMA/trigger requests I

16.5 Initialization
For an enabled module wake-up input, clear the module's flag before entering Power Down/Deep Power Down mode to avoid an 
immediate exit from the mode.

Clear the flags associated with external input pins, filtered and unfiltered, prior to entry to Power Down/Deep Power Down mode.

When an external wake-up pin filter is first enabled in Pin Filter (FILT), filter operation begins immediately. After enabling 
an external pin filter or changing its source pin, wait for at least five LPO clock cycles to allow the filter to initialize before 
entering Power Down/Deep Power Down mode or before enabling filter detection for all power modes in Pin Filter Mode 
Configuration (FMC).

 
After recovering from a Power Down/Deep Power Down mode, you must restore the chip configuration before 
relaxing any power domain isolation controls. In particular, to avoid any WUU flag from being falsely set, 
restore the pin configuration for the enabled WUU wake-up pins before removing any voltage isolation between 
power domains.

  NOTE  
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16.6 Application information
To enable an external pin as a wake-up source in low-power modes, follow these steps:

1. If the flag is not 0, write 1 to PF[WUFn].

2. Configure the PDCm[WUPDCn] as either an interrupt or DMA request.

3. Configure the PEm[WUPEn] for rising edge, falling edge, or both edge detection.

When you have configured an external pin to be an active wake-up source in all power modes (PMC[WUPMCn] = 1), you must 
not change the corresponding wake-up pin enable (PEm[WUPEn]) and wake-up pin configuration (PDCm[WUPDCn]) settings for 
that pin. To modify the PEm[WUPEn] or PDCm[WUPDCn] settings, follow these steps:

1. Write 0 to PMC[WUPMCn] for that pin.

2. Update the corresponding PEm[WUPEn] or PDCm[WUPDCn] settings as needed.

3. Write 1 to PMC[WUPMCn] for that pin.

16.7 Memory map/register definition

16.7.1 WUU register descriptions

 
You can write to WUU registers only in Supervisor mode. A bus error results from write accesses in User mode.

VSYS warm reset resets all WUU registers.

  NOTE  

16.7.1.1 WUU memory map

WUU0 base address: 2802_8000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0100_0001h

4h Parameter (PARAM) 32 R 2020_2004h

8h Pin Enable 1 (PE1) 32 RW 0000_0000h

Ch Pin Enable 2 (PE2) 32 RW 0000_0000h

18h Module Interrupt Enable (ME) 32 RW 0000_0000h

1Ch Module DMA/Trigger Enable (DE) 32 RW 0000_0000h

20h Pin Flag (PF) 32 RW 0000_0000h

28h Module Interrupt Flag (MF) 32 R 0000_0000h

30h Pin Filter (FILT) 32 RW 0000_0000h

38h Pin DMA/Trigger Configuration 1 (PDC1) 32 RW 0000_0000h

3Ch Pin DMA/Trigger Configuration 2 (PDC2) 32 RW 0000_0000h

48h Pin Filter DMA/Trigger Configuration (FDC) 32 RW 0000_0000h

50h Pin Mode Configuration (PMC) 32 RW 0000_0000h

58h Pin Filter Mode Configuration (FMC) 32 RW 0000_0000h
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16.7.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains version numbers for the module design and feature set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-24

MAJOR

Major Version Number

Specifies the major version number for the module specification.

23-16

MINOR

Minor Version Number

Specifies the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

Specifies the feature set number.

0000_0000_0000_0000b - Standard features implemented

0000_0000_0000_0001b - Support for DMA/Trigger generation from wake-up pins and filters 
enabled. Support for external pin/filter detection during all power modes enabled.

All other values are reserved.
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16.7.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains parameter values implemented in the module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PINS MODULES 

W

Reset 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DMAS FILTERS 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24

PINS

Pin Number

Indicates the number of pin wake-up sources supported.

23-16

MODULES

Module Number

Indicates the number of module wake-up sources.

15-8

DMAS

DMA Number

Indicates the number of DMA wake-up sources.

7-0

FILTERS

Filter Number

Indicates the number of pin filters.

16.7.1.4 Pin Enable 1 (PE1)

Offset

Register Offset

PE1 8h
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Function

Enables and selects the edge detect type for the available external wake-up input pins in the range from WUU_P0 to WUU_P15.

 
• Do not modify the value of PE1[WUPEn] when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WUPE15 WUPE14 WUPE13 WUPE12 WUPE11 WUPE10 WUPE9 WUPE8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPE7 WUPE6 WUPE5 WUPE4 WUPE3 WUPE2 WUPE1 WUPE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

WUPE15

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

29-28

WUPE14

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

27-26

WUPE13

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

25-24

WUPE12

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

23-22

WUPE11

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

21-20

WUPE10

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

19-18

WUPE9

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

17-16

WUPE8

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

15-14

WUPE7

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

13-12

WUPE6

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

11-10

WUPE5

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

Table continues on the next page...
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Table continued from the previous page...

Field Function

11b - Enable (detect on any edge)

9-8

WUPE4

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

7-6

WUPE3

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

5-4

WUPE2

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

Table continues on the next page...
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Table continued from the previous page...

Field Function

3-2

WUPE1

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

1-0

WUPE0

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

16.7.1.5 Pin Enable 2 (PE2)

Offset

Register Offset

PE2 Ch

Function

Contains the field to enable and select the edge detect type for the available external wake-up input pins in the range from 
WUU_P16 to WUU_P31.

 
• Do not modify the value of PE2[WUPEn] when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0
WUPE27 WUPE26 WUPE25 WUPE24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPE23 WUPE22 WUPE21 WUPE20 WUPE19 WUPE18 WUPE17 WUPE16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

Reserved31

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

29-28

Reserved30

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

27-26

Reserved29

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

25-24

Reserved28

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

23-22

WUPE27

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

21-20

WUPE26

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

19-18

WUPE25

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

17-16

WUPE24

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

15-14

WUPE23

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

Table continues on the next page...
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Field Function

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

13-12

WUPE22

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

11-10

WUPE21

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

9-8

WUPE20

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable
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Field Function

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

7-6

WUPE19

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

5-4

WUPE18

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

3-2

WUPE17

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)
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Field Function

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

1-0

WUPE16

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up and configures the edge detection.

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

16.7.1.6 Module Interrupt Enable (ME)

Offset

Register Offset

ME 18h

Function

Contains the bits to enable an on-chip module interrupt as a wake-up source.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 WUME
7 

WUME
6 

WUME
5 

WUME
4 

WUME
3 

WUME
2 

WUME
1 

WUME
0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

—

Reserved

25

—

Reserved

24

—

Reserved

23

—

Reserved

22

—

Reserved

21

—

Reserved

20

—

Reserved

19

—

Reserved

18

—

Reserved

17 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

16

—

Reserved

15

—

Reserved

14

—

Reserved

13

—

Reserved

12

—

Reserved

11

—

Reserved

10

—

Reserved

9

—

Reserved

8

—

Reserved

7

WUME7

Module Interrupt Wake-up Enable for Module 7

Enables an on-chip module interrupt as a wake-up source input.

6

WUME6

Module Interrupt Wake-up Enable for Module 6

Enables an on-chip module interrupt as a wake-up source input.

5

WUME5

Module Interrupt Wake-up Enable for Module 5

Enables an on-chip module interrupt as a wake-up source input.

4

WUME4

Module Interrupt Wake-up Enable for Module 4

Enables an on-chip module interrupt as a wake-up source input.

3

WUME3

Module Interrupt Wake-up Enable for Module 3

Enables an on-chip module interrupt as a wake-up source input.

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

WUME2

Module Interrupt Wake-up Enable for Module 2

Enables an on-chip module interrupt as a wake-up source input.

1

WUME1

Module Interrupt Wake-up Enable for Module 1

Enables an on-chip module interrupt as a wake-up source input.

0

WUME0

Module Interrupt Wake-up Enable for Module 0

Enables an on-chip module interrupt as a wake-up source input.

16.7.1.7 Module DMA/Trigger Enable (DE)

Offset

Register Offset

DE 1Ch

Function

Contains the bits to enable an on-chip module DMA/trigger request as a wake-up source.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 WUDE
1 

WUDE
0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

—

Reserved

25

—

Reserved

24

—

Reserved

23

—

Reserved

22

—

Reserved

21

—

Reserved

20

—

Reserved

19

—

Reserved

18

—

Reserved

17

—

Reserved

16 Reserved
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Table continued from the previous page...

Field Function

—

15

—

Reserved

14

—

Reserved

13

—

Reserved

12

—

Reserved

11

—

Reserved

10

—

Reserved

9

—

Reserved

8

—

Reserved

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

—

Reserved

2

—

Reserved
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Table continued from the previous page...

Field Function

1

WUDE1

DMA/Trigger Wake-up Enable for Module 1

Enables an on-chip module DMA/trigger request as a wake-up source.

0

WUDE0

DMA/Trigger Wake-up Enable for Module 0

Enables an on-chip module DMA/trigger request as a wake-up source.

16.7.1.8 Pin Flag (PF)

Offset

Register Offset

PF 20h

Function

Contains the wake-up flags indicating which wake-up source caused the chip to exit Deep Sleep (if the corresponding 
PMC[WUPMCn] = 1) or Power Down/Deep Power Down mode. For Deep Sleep mode, this is the source causing the CPU interrupt 
flow. For Power Down/Deep Power Down mode, this is the source causing the chip reset flow.

To clear a flag, write a 1 to the corresponding PF[WUFn]. If set, the wake-up flag (WUFn) remains set even if the associated pin 
wake-up is disabled in its PEm[WUPEn] field.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0
WUF2

7 
WUF2

6 
WUF2

5 
WUF2

4 
WUF2

3 
WUF2

2 
WUF2

1 
WUF2

0 
WUF1

9 
WUF1

8 
WUF1

7 
WUF1

6 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUF1

5 
WUF1

4 
WUF1

3 
WUF1

2 
WUF1

1 
WUF1

0 
WUF9 WUF8 WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUF0 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

Reserved31

Reserved

0b - Not supported

1b - Not supported

30

Reserved30

Reserved

0b - Not supported

1b - Not supported

29

Reserved29

Reserved

0b - Not supported

1b - Not supported

28

Reserved28

Reserved

0b - Not supported

1b - Not supported

27

WUF27

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

26

WUF26

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

25

WUF25

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

24

WUF24

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

23

WUF23

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No

1b - Yes

22

WUF22

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

21

WUF21

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

20

WUF20

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

19

WUF19

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

18

WUF18

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

17

WUF17

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

16

WUF16

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

15 Wake-up Flag for WUU_Pn

Table continues on the next page...
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Table continued from the previous page...

Field Function

WUF15 Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

14

WUF14

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

13

WUF13

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

12

WUF12

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

11

WUF11

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

10

WUF10

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

9

WUF9

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

8

WUF8

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

Table continues on the next page...
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Field Function

7

WUF7

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

6

WUF6

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

5

WUF5

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

4

WUF4

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

3

WUF3

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

2

WUF2

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

1

WUF1

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

0

WUF0

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Yes

16.7.1.9 Module Interrupt Flag (MF)

Offset

Register Offset

MF 28h

Function

Contains the wake-up flags indicating which on-chip module interrupt caused the chip to exit Power Down/Deep Power Down 
mode. For Power Down/Deep Power Down, this is the source causing the chip reset flow.

For on-chip modules that are capable of running in a low-leakage power mode, such as a real-time clock module or a comparator 
module, the flag from the associated module can be read via the MWUFn bit. Note the flag must be cleared in the associated 
module itself, instead of writing a 1 to the MWUFn bit.

 
This register is reset by VSYS warm reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MWUF

7 
MWUF

6 
MWUF

5 
MWUF

4 
MWUF

3 
MWUF

2 
MWUF

1 
MWUF

0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7 Wake-up Flag for Module n

Table continues on the next page...
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Table continued from the previous page...

Field Function

MWUF7 Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

6

MWUF6

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

5

MWUF5

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

4

MWUF4

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

3

MWUF3

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

2

MWUF2

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

1

MWUF1

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

Table continues on the next page...
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Field Function

0

MWUF0

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

16.7.1.10 Pin Filter (FILT)

Offset

Register Offset

FILT 30h

Function

Contains control and status fields to enable and configure the digital filter features for an external wake-up pin.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FILTF4 
FILTE4 FILTSEL4 

FILTF3 
FILTE3 FILTSEL3 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FILTF2 
FILTE2 FILTSEL2 

FILTF1 
FILTE1 FILTSEL1 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

FILTF4

Filter 4 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

Table continues on the next page...
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Field Function

1b - Yes

30-29

FILTE4

Filter 4 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

28-24

FILTSEL4

Filter 4 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL4.

23

FILTF3

Filter 3 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

22-21

FILTE3

Filter 3 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

20-16

FILTSEL3

Filter 3 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL3.

15

FILTF2

Filter 2 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

Table continues on the next page...
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Field Function

0b - No

1b - Yes

14-13

FILTE2

Filter 2 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

12-8

FILTSEL2

Filter 2 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL2.

7

FILTF1

Filter 1 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

6-5

FILTE1

Filter 1 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

4-0

FILTSEL1

Filter 1 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL1.
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16.7.1.11 Pin DMA/Trigger Configuration 1 (PDC1)

Offset

Register Offset

PDC1 38h

Function

Configures the available external wake-up input pins in the range from WUU_P0 to WUU_P15 to generate an interrupt, DMA, or 
a trigger request when detected.

• When configured as an interrupt, the interrupt is asserted when the edge programmed in Pin Enable 1 (PE1) is detected 
and remains asserted until the corresponding flag is cleared in Pin Flag (PF).

• When configured as a DMA request, the request is asserted when the edge programmed in Pin Enable 1 (PE1) is 
detected and remains asserted until either the corresponding flag is cleared in Pin Flag (PF) or until the requested DMA 
transfer is complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Enable 1 (PE1) is 
detected and remains asserted when the input pin is asserted. The corresponding flag in Pin Flag (PF) will not be set.

 
• Do not modify the value of PDCm[WUPDCn] field when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WUPDC15 WUPDC14 WUPDC13 WUPDC12 WUPDC11 WUPDC10 WUPDC9 WUPDC8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPDC7 WUPDC6 WUPDC5 WUPDC4 WUPDC3 WUPDC2 WUPDC1 WUPDC0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

WUPDC15

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

Table continues on the next page...
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Field Function

10b - Trigger event

11b - Reserved

29-28

WUPDC14

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

27-26

WUPDC13

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

25-24

WUPDC12

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

23-22

WUPDC11

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

21-20

WUPDC10

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

19-18

WUPDC9

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

17-16

WUPDC8

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

15-14

WUPDC7

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

13-12

WUPDC6

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

11-10

WUPDC5

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

9-8

WUPDC4

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

7-6

WUPDC3

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

5-4

WUPDC2

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

3-2

WUPDC1

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

1-0

WUPDC0

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved
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16.7.1.12 Pin DMA/Trigger Configuration 2 (PDC2)

Offset

Register Offset

PDC2 3Ch

Function

Configures the available external wake-up input pins in the range from WUU_P16 to WUU_P31 to generate an interrupt, DMA, or 
a trigger request when detected.

• When configured as an interrupt, the interrupt is asserted when the edge programmed in Pin Enable 2 (PE2) is detected 
and remains asserted until the corresponding flag is cleared in Pin Flag (PF).

• When configured as a DMA request, the request is asserted when the edge programmed in Pin Enable 2 (PE2) is 
detected and remains asserted until either the corresponding flag is cleared in Pin Flag (PF) or until the requested DMA 
transfer is complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Enable 2 (PE2) is 
detected and remains asserted when the input pin is asserted. The corresponding flag in Pin Flag (PF) will not be set.

 
• Do not modify the value of PDCm[WUPDCn] field when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0
WUPDC27 WUPDC26 WUPDC25 WUPDC24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPDC23 WUPDC22 WUPDC21 WUPDC20 WUPDC19 WUPDC18 WUPDC17 WUPDC16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

Reserved31

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

Table continues on the next page...
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Table continued from the previous page...

Field Function

29-28

Reserved30

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

27-26

Reserved29

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

25-24

Reserved28

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

23-22

WUPDC27

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

21-20

WUPDC26

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

19-18

WUPDC25

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - Trigger event

11b - Reserved

17-16

WUPDC24

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

15-14

WUPDC23

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

13-12

WUPDC22

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

11-10

WUPDC21

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

9-8

WUPDC20

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-6

WUPDC19

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

5-4

WUPDC18

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

3-2

WUPDC17

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

1-0

WUPDC16

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

16.7.1.13 Pin Filter DMA/Trigger Configuration (FDC)

Offset

Register Offset

FDC 48h

Function

Configures the external pin filters to generate an interrupt, DMA, or a trigger request when detected.
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• When configured as an interrupt, the interrupt is asserted when the edge programmed in FILTm[FILTEn] is detected and 
remains asserted until the corresponding FILTFn flag is cleared.

• When configured as a DMA request, the request is asserted when the edge programmed in FILTm[FILTEn] is detected 
and remains asserted until either the corresponding FILTFn flag is cleared or until the requested DMA transfer is 
complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Filter (FILT) is detected 
and remains asserted when the input pin is asserted. The corresponding FILTFn flag will not be set.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FILTC4 FILTC3 FILTC2 FILTC1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-6: FILTC4

5-4: FILTC3

3-2: FILTC2

1-0: FILTC1

Filter Configuration for FILTn

Configures a filter as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

16.7.1.14 Pin Mode Configuration (PMC)

Offset

Register Offset

PMC 50h
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Function

Configures the detection logic for the available external wake-up input pins to remain enabled during all power modes, not just 
during Power Down/Deep Power Down mode.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 WUPM
C27 

WUPM
C26 

WUPM
C25 

WUPM
C24 

WUPM
C23 

WUPM
C22 

WUPM
C21 

WUPM
C20 

WUPM
C19 

WUPM
C18 

WUPM
C17 

WUPM
C16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R WUPM
C15 

WUPM
C14 

WUPM
C13 

WUPM
C12 

WUPM
C11 

WUPM
C10 

WUPM
C9 

WUPM
C8 

WUPM
C7 

WUPM
C6 

WUPM
C5 

WUPM
C4 

WUPM
C3 

WUPM
C2 

WUPM
C1 

WUPM
C0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

Reserved31

Reserved

0b - Not supported

1b - Not supported

30

Reserved30

Reserved

0b - Not supported

1b - Not supported

29

Reserved29

Reserved

0b - Not supported

1b - Not supported

28

Reserved28

Reserved

0b - Not supported

1b - Not supported

27

WUPMC27

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

26

WUPMC26

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

25

WUPMC25

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

24

WUPMC24

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

23

WUPMC23

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

22

WUPMC22

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

21

WUPMC21

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

20

WUPMC20

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

19

WUPMC19

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

18

WUPMC18

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

17

WUPMC17

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

16

WUPMC16

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

15 Wake-up Pin Mode Configuration for WUU_Pn

Table continues on the next page...
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Field Function

WUPMC15 Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

14

WUPMC14

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

13

WUPMC13

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

12

WUPMC12

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

11

WUPMC11

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

10

WUPMC10

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

9 Wake-up Pin Mode Configuration for WUU_Pn
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Field Function

WUPMC9 Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

8

WUPMC8

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

7

WUPMC7

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

6

WUPMC6

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

5

WUPMC5

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

4

WUPMC4

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

3 Wake-up Pin Mode Configuration for WUU_Pn

Table continues on the next page...
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Field Function

WUPMC3 Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

2

WUPMC2

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

1

WUPMC1

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

0

WUPMC0

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

16.7.1.15 Pin Filter Mode Configuration (FMC)

Offset

Register Offset

FMC 58h

Function

Configures the detection logic for external pin filters to remain enabled during all power modes, not just during Power Down/Deep 
Power Down mode.

 
VSYS warm reset resets this register.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FILTM
4 

FILTM
3 

FILTM
2 

FILTM
1 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

FILTMn

Filter Mode for FILTn

Configures an external wake-up pin filter to provide active detection during all power modes.

0b - Active only during Power Down/Deep Power Down mode

1b - Active during all power modes

16.7.2 WUU register descriptions

 
You can write to WUU registers only in Supervisor mode. A bus error results from write accesses in User mode.

VSYS warm reset resets all WUU registers.

  NOTE  

16.7.2.1 WUU memory map

WUU1 base address: 2926_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0100_0001h

4h Parameter (PARAM) 32 R 2020_2004h

8h Pin Enable 1 (PE1) 32 RW 0000_0000h

Ch Pin Enable 2 (PE2) 32 R 0000_0000h

18h Module Interrupt Enable (ME) 32 RW 0000_0000h

1Ch Module DMA/Trigger Enable (DE) 32 R 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

20h Pin Flag (PF) 32 RW 0000_0000h

28h Module Interrupt Flag (MF) 32 R 0000_0000h

30h Pin Filter (FILT) 32 RW 0000_0000h

38h Pin DMA/Trigger Configuration 1 (PDC1) 32 RW 0000_0000h

3Ch Pin DMA/Trigger Configuration 2 (PDC2) 32 R 0000_0000h

48h Pin Filter DMA/Trigger Configuration (FDC) 32 RW 0000_0000h

50h Pin Mode Configuration (PMC) 32 RW 0000_0000h

58h Pin Filter Mode Configuration (FMC) 32 RW 0000_0000h

16.7.2.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains version numbers for the module design and feature set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-24 Major Version Number
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Field Function

MAJOR Specifies the major version number for the module specification.

23-16

MINOR

Minor Version Number

Specifies the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

Specifies the feature set number.

0000_0000_0000_0000b - Standard features implemented

0000_0000_0000_0001b - Support for DMA/Trigger generation from wake-up pins and filters 
enabled. Support for external pin/filter detection during all power modes enabled.

All other values are reserved.

16.7.2.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains parameter values implemented in the module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PINS MODULES 

W

Reset 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DMAS FILTERS 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24 Pin Number
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Field Function

PINS Indicates the number of pin wake-up sources supported.

23-16

MODULES

Module Number

Indicates the number of module wake-up sources.

15-8

DMAS

DMA Number

Indicates the number of DMA wake-up sources.

7-0

FILTERS

Filter Number

Indicates the number of pin filters.

16.7.2.4 Pin Enable 1 (PE1)

Offset

Register Offset

PE1 8h

Function

Enables and selects the edge detect type for the available external wake-up input pins in the range from WUU_P0 to WUU_P15.

 
• Do not modify the value of PE1[WUPEn] when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WUPE15 WUPE14 WUPE13 WUPE12 WUPE11 WUPE10 WUPE9 WUPE8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPE7 WUPE6 WUPE5 WUPE4 WUPE3 WUPE2 WUPE1 WUPE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

WUPE15

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

29-28

WUPE14

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

27-26

WUPE13

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

25-24 Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:
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Field Function

WUPE12 • For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

23-22

WUPE11

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

21-20

WUPE10

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

19-18

WUPE9

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:
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Field Function

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

17-16

WUPE8

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

15-14

WUPE7

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

13-12

WUPE6

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:
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Field Function

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

11-10

WUPE5

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

9-8

WUPE4

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

7-6

WUPE3

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:
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Field Function

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

5-4

WUPE2

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

3-2

WUPE1

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

1-0

WUPE0

Wake-up Pin Enable for WUU_Pn

Enables the external input pin for wake-up. This field configures the edge detection as follows:
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Field Function

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Disable

01b - Enable (detect on rising edge or high level)

10b - Enable (detect on falling edge or low level)

11b - Enable (detect on any edge)

16.7.2.5 Pin Enable 2 (PE2)

Offset

Register Offset

PE2 Ch

Function

Contains the field to enable and select the edge detect type for the available external wake-up input pins in the range from 
WUU_P16 to WUU_P31.

 
• Do not modify the value of PE2[WUPEn] when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

Reserved31

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

29-28

Reserved30

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

27-26

Reserved29

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

25-24

Reserved28

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.
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Field Function

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

23-22

Reserved27

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

21-20

Reserved26

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

19-18

Reserved25

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported
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Field Function

11b - Not supported

17-16

Reserved24

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

15-14

Reserved23

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

13-12

Reserved22

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

11-10

Reserved21

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

Table continues on the next page...

NXP Semiconductors
Wake-up Unit (WUU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 995 / 5781



Table continued from the previous page...

Field Function

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

9-8

Reserved20

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

7-6

Reserved19

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

5-4

Reserved18

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported
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Field Function

01b - Not supported

10b - Not supported

11b - Not supported

3-2

Reserved17

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

1-0

Reserved16

Reserved

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level.

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level.

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge.

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

16.7.2.6 Module Interrupt Enable (ME)

Offset

Register Offset

ME 18h

Function

Contains the bits to enable an on-chip module interrupt as a wake-up source.

 
VSYS warm reset resets this register.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 WUME
7 

WUME
6 

WUME
5 

WUME
4 

WUME
3 

WUME
2 

WUME
1 

WUME
0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

—

Reserved

25

—

Reserved

24

—

Reserved

23

—

Reserved

22

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

—

Reserved

20

—

Reserved

19

—

Reserved

18

—

Reserved

17

—

Reserved

16

—

Reserved

15

—

Reserved

14

—

Reserved

13

—

Reserved

12

—

Reserved

11

—

Reserved

10

—

Reserved

9

—

Reserved

8

—

Reserved

7 Module Interrupt Wake-up Enable for Module 7

Table continues on the next page...
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Table continued from the previous page...

Field Function

WUME7 Enables an on-chip module interrupt as a wake-up source input.

6

WUME6

Module Interrupt Wake-up Enable for Module 6

Enables an on-chip module interrupt as a wake-up source input.

5

WUME5

Module Interrupt Wake-up Enable for Module 5

Enables an on-chip module interrupt as a wake-up source input.

4

WUME4

Module Interrupt Wake-up Enable for Module 4

Enables an on-chip module interrupt as a wake-up source input.

3

WUME3

Module Interrupt Wake-up Enable for Module 3

Enables an on-chip module interrupt as a wake-up source input.

2

WUME2

Module Interrupt Wake-up Enable for Module 2

Enables an on-chip module interrupt as a wake-up source input.

1

WUME1

Module Interrupt Wake-up Enable for Module 1

Enables an on-chip module interrupt as a wake-up source input.

0

WUME0

Module Interrupt Wake-up Enable for Module 0

Enables an on-chip module interrupt as a wake-up source input.

16.7.2.7 Module DMA/Trigger Enable (DE)

Offset

Register Offset

DE 1Ch

Function

Contains the bits to enable an on-chip module DMA/trigger request as a wake-up source.

 
VSYS warm reset resets this register.

  NOTE  

NXP Semiconductors
Wake-up Unit (WUU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1000 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28

—

Reserved

27

—

Reserved

26

—

Reserved

25

—

Reserved

24

—

Reserved

23

—

Reserved

22

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

—

Reserved

20

—

Reserved

19

—

Reserved

18

—

Reserved

17

—

Reserved

16

—

Reserved

15

—

Reserved

14

—

Reserved

13

—

Reserved

12

—

Reserved

11

—

Reserved

10

—

Reserved

9

—

Reserved

8

—

Reserved

7 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

—

Reserved

2

—

Reserved

1

—

Reserved

0

—

Reserved

16.7.2.8 Pin Flag (PF)

Offset

Register Offset

PF 20h

Function

Contains the wake-up flags indicating which wake-up source caused the chip to exit Deep Sleep (if the corresponding 
PMC[WUPMCn] = 1) or Power Down/Deep Power Down mode. For Deep Sleep mode, this is the source causing the CPU interrupt 
flow. For Power Down/Deep Power Down mode, this is the source causing the chip reset flow.

To clear a flag, write a 1 to the corresponding PF[WUFn]. If set, the wake-up flag (WUFn) remains set even if the associated pin 
wake-up is disabled in its PEm[WUPEn] field.

 
VSYS warm reset resets this register.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUF1

5 
WUF1

4 
WUF1

3 
WUF1

2 
WUF1

1 
WUF1

0 
WUF9 WUF8 WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUF0 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

Reserved31

Reserved

0b - Not supported

1b - Not supported

30

Reserved30

Reserved

0b - Not supported

1b - Not supported

29

Reserved29

Reserved

0b - Not supported

1b - Not supported

28

Reserved28

Reserved

0b - Not supported

1b - Not supported

27

Reserved27

Reserved

0b - Not supported

1b - Not supported

26

Reserved26

Reserved

0b - Not supported

1b - Not supported

25

Reserved25

Reserved

0b - Not supported

1b - Not supported

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

Reserved24

Reserved

0b - Not supported

1b - Not supported

23

Reserved23

Reserved

0b - Not supported

1b - Not supported

22

Reserved22

Reserved

0b - Not supported

1b - Not supported

21

Reserved21

Reserved

0b - Not supported

1b - Not supported

20

Reserved20

Reserved

0b - Not supported

1b - Not supported

19

Reserved19

Reserved

0b - Not supported

1b - Not supported

18

Reserved18

Reserved

0b - Not supported

1b - Not supported

17

Reserved17

Reserved

0b - Not supported

1b - Not supported

16

Reserved16

Reserved

0b - Not supported

1b - Not supported

15

WUF15

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Yes

14

WUF14

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

13

WUF13

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

12

WUF12

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

11

WUF11

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

10

WUF10

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

9

WUF9

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

8

WUF8

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

7

WUF7

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No

1b - Yes

6

WUF6

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

5

WUF5

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

4

WUF4

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

3

WUF3

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

2

WUF2

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

1

WUF1

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

0

WUF0

Wake-up Flag for WUU_Pn

Indicates that an enabled external wake-up pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes
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16.7.2.9 Module Interrupt Flag (MF)

Offset

Register Offset

MF 28h

Function

Contains the wake-up flags indicating which on-chip module interrupt caused the chip to exit Power Down/Deep Power Down 
mode. For Power Down/Deep Power Down, this is the source causing the chip reset flow.

For on-chip modules that are capable of running in a low-leakage power mode, such as a real-time clock module or a comparator 
module, the flag from the associated module can be read via the MWUFn bit. Note the flag must be cleared in the associated 
module itself, instead of writing a 1 to the MWUFn bit.

 
This register is reset by VSYS warm reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MWUF

7 
MWUF

6 
MWUF

5 
MWUF

4 
MWUF

3 
MWUF

2 
MWUF

1 
MWUF

0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

MWUF7

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

6 Wake-up Flag for Module n

Table continues on the next page...

NXP Semiconductors
Wake-up Unit (WUU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1008 / 5781



Table continued from the previous page...

Field Function

MWUF6 Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

5

MWUF5

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

4

MWUF4

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

3

MWUF3

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

2

MWUF2

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

1

MWUF1

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes

0

MWUF0

Wake-up Flag for Module n

Indicates that an enabled on-chip module was a source of exiting a low-leakage power mode. To clear 
the flag, follow the on-chip module's flag clearing mechanism.

0b - No

1b - Yes
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16.7.2.10 Pin Filter (FILT)

Offset

Register Offset

FILT 30h

Function

Contains control and status fields to enable and configure the digital filter features for an external wake-up pin.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FILTF4 
FILTE4 FILTSEL4 

FILTF3 
FILTE3 FILTSEL3 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FILTF2 
FILTE2 FILTSEL2 

FILTF1 
FILTE1 FILTSEL1 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

FILTF4

Filter 4 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

30-29

FILTE4

Filter 4 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

28-24

FILTSEL4

Filter 4 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL4.

23

FILTF3

Filter 3 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

22-21

FILTE3

Filter 3 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

20-16

FILTSEL3

Filter 3 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL3.

15

FILTF2

Filter 2 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

14-13

FILTE2

Filter 2 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

Table continues on the next page...
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Table continued from the previous page...

Field Function

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

12-8

FILTSEL2

Filter 2 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL2.

7

FILTF1

Filter 1 Flag

Indicates that the filtered external pin was a source of exiting a low-leakage power mode.

0b - No

1b - Yes

6-5

FILTE1

Filter 1 Enable

Enables the filter for wake-up. This field configures the edge detection as follows:

• For field value = 01b, when configured as an interrupt/DMA request: Detect on rising edge. When 
configured as a trigger request: Detect on high level

• For field value = 10b, when configured as an interrupt/DMA request: Detect on falling edge. When 
configured as a trigger request: Detect on low level

• For field value = 11b, when configured as an interrupt/DMA request: Detect on any edge

00b - Disable

01b - Enable (Detect on rising edge or high level)

10b - Enable (Detect on falling edge or low level)

11b - Enable (Detect on any edge)

4-0

FILTSEL1

Filter 1 Pin Select

Selects and filters the external pin WUU_Pn, where n equals the value programmed into FILTSEL1.

16.7.2.11 Pin DMA/Trigger Configuration 1 (PDC1)

Offset

Register Offset

PDC1 38h

Function

Configures the available external wake-up input pins in the range from WUU_P0 to WUU_P15 to generate an interrupt, DMA, or 
a trigger request when detected.
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• When configured as an interrupt, the interrupt is asserted when the edge programmed in Pin Enable 1 (PE1) is detected 
and remains asserted until the corresponding flag is cleared in Pin Flag (PF).

• When configured as a DMA request, the request is asserted when the edge programmed in Pin Enable 1 (PE1) is 
detected and remains asserted until either the corresponding flag is cleared in Pin Flag (PF) or until the requested DMA 
transfer is complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Enable 1 (PE1) is 
detected and remains asserted when the input pin is asserted. The corresponding flag in Pin Flag (PF) will not be set.

 
• Do not modify the value of PDCm[WUPDCn] field when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WUPDC15 WUPDC14 WUPDC13 WUPDC12 WUPDC11 WUPDC10 WUPDC9 WUPDC8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WUPDC7 WUPDC6 WUPDC5 WUPDC4 WUPDC3 WUPDC2 WUPDC1 WUPDC0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

WUPDC15

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

29-28

WUPDC14

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

27-26 Wake-up Pin Configuration for WUU_Pn

Table continues on the next page...
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Table continued from the previous page...

Field Function

WUPDC13 Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

25-24

WUPDC12

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

23-22

WUPDC11

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

21-20

WUPDC10

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

19-18

WUPDC9

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

17-16

WUPDC8

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

15-14

WUPDC7

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

13-12

WUPDC6

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

11-10

WUPDC5

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

9-8

WUPDC4

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

7-6

WUPDC3

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

Table continues on the next page...
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Field Function

01b - DMA request

10b - Trigger event

11b - Reserved

5-4

WUPDC2

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

3-2

WUPDC1

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

1-0

WUPDC0

Wake-up Pin Configuration for WUU_Pn

Configures an external pin as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

16.7.2.12 Pin DMA/Trigger Configuration 2 (PDC2)

Offset

Register Offset

PDC2 3Ch

Function

Configures the available external wake-up input pins in the range from WUU_P16 to WUU_P31 to generate an interrupt, DMA, or 
a trigger request when detected.

• When configured as an interrupt, the interrupt is asserted when the edge programmed in Pin Enable 2 (PE2) is detected 
and remains asserted until the corresponding flag is cleared in Pin Flag (PF).
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• When configured as a DMA request, the request is asserted when the edge programmed in Pin Enable 2 (PE2) is 
detected and remains asserted until either the corresponding flag is cleared in Pin Flag (PF) or until the requested DMA 
transfer is complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Enable 2 (PE2) is 
detected and remains asserted when the input pin is asserted. The corresponding flag in Pin Flag (PF) will not be set.

 
• Do not modify the value of PDCm[WUPDCn] field when its corresponding PMC[WUPMCn] = 1.

• VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

Reserved31

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

29-28

Reserved30

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

27-26

Reserved29

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

Table continues on the next page...
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Table continued from the previous page...

Field Function

25-24

Reserved28

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

23-22

Reserved27

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

21-20

Reserved26

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

19-18

Reserved25

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

17-16

Reserved24

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

15-14

Reserved23

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

13-12 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

Reserved22 00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

11-10

Reserved21

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

9-8

Reserved20

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

7-6

Reserved19

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

5-4

Reserved18

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

3-2

Reserved17

Reserved

00b - Not supported

01b - Not supported

10b - Not supported

11b - Not supported

1-0

Reserved16

Reserved

00b - Not supported

Table continues on the next page...

NXP Semiconductors
Wake-up Unit (WUU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1019 / 5781



Table continued from the previous page...

Field Function

01b - Not supported

10b - Not supported

11b - Not supported

16.7.2.13 Pin Filter DMA/Trigger Configuration (FDC)

Offset

Register Offset

FDC 48h

Function

Configures the external pin filters to generate an interrupt, DMA, or a trigger request when detected.

• When configured as an interrupt, the interrupt is asserted when the edge programmed in FILTm[FILTEn] is detected and 
remains asserted until the corresponding FILTFn flag is cleared.

• When configured as a DMA request, the request is asserted when the edge programmed in FILTm[FILTEn] is detected 
and remains asserted until either the corresponding FILTFn flag is cleared or until the requested DMA transfer is 
complete.

• When configured as a trigger request, the trigger is asserted when the level programmed in Pin Filter (FILT) is detected 
and remains asserted when the input pin is asserted. The corresponding FILTFn flag will not be set.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FILTC4 FILTC3 FILTC2 FILTC1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-6: FILTC4

5-4: FILTC3

3-2: FILTC2

1-0: FILTC1

Filter Configuration for FILTn

Configures a filter as an interrupt, DMA, or trigger wake-up source.

00b - Interrupt

01b - DMA request

10b - Trigger event

11b - Reserved

16.7.2.14 Pin Mode Configuration (PMC)

Offset

Register Offset

PMC 50h

Function

Configures the detection logic for the available external wake-up input pins to remain enabled during all power modes, not just 
during Power Down/Deep Power Down mode.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R WUPM
C15 

WUPM
C14 

WUPM
C13 

WUPM
C12 

WUPM
C11 

WUPM
C10 

WUPM
C9 

WUPM
C8 

WUPM
C7 

WUPM
C6 

WUPM
C5 

WUPM
C4 

WUPM
C3 

WUPM
C2 

WUPM
C1 

WUPM
C0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

Reserved31

Reserved

0b - Not supported

1b - Not supported

30

Reserved30

Reserved

0b - Not supported

1b - Not supported

29

Reserved29

Reserved

0b - Not supported

1b - Not supported

28

Reserved28

Reserved

0b - Not supported

1b - Not supported

27

Reserved27

Reserved

0b - Not supported

1b - Not supported

26

Reserved26

Reserved

0b - Not supported

1b - Not supported

25

Reserved25

Reserved

0b - Not supported

1b - Not supported

24

Reserved24

Reserved

0b - Not supported

1b - Not supported

23

Reserved23

Reserved

0b - Not supported

1b - Not supported

22

Reserved22

Reserved

0b - Not supported

1b - Not supported

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

Reserved21

Reserved

0b - Not supported

1b - Not supported

20

Reserved20

Reserved

0b - Not supported

1b - Not supported

19

Reserved19

Reserved

0b - Not supported

1b - Not supported

18

Reserved18

Reserved

0b - Not supported

1b - Not supported

17

Reserved17

Reserved

0b - Not supported

1b - Not supported

16

Reserved16

Reserved

0b - Not supported

1b - Not supported

15

WUPMC15

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

14

WUPMC14

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

13

WUPMC13

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

12

WUPMC12

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

11

WUPMC11

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

10

WUPMC10

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

9

WUPMC9

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

8

WUPMC8

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

7 Wake-up Pin Mode Configuration for WUU_Pn

Table continues on the next page...
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Table continued from the previous page...

Field Function

WUPMC7 Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

6

WUPMC6

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

5

WUPMC5

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

4

WUPMC4

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

3

WUPMC3

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

2

WUPMC2

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

1 Wake-up Pin Mode Configuration for WUU_Pn

Table continues on the next page...
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Table continued from the previous page...

Field Function

WUPMC1 Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

0

WUPMC0

Wake-up Pin Mode Configuration for WUU_Pn

Configures an external wake-up pin to provide active detection during all power modes.

0b - Active only during a low-leakage mode. You can modify the corresponding fields within Pin 
Enable (PEn) or Pin DMA/Trigger Configuration (PDCn).

1b - Active during all power modes. Do not modify the corresponding fields within Pin Enable 
(PEn) or Pin DMA/Trigger Configuration (PDCn).

16.7.2.15 Pin Filter Mode Configuration (FMC)

Offset

Register Offset

FMC 58h

Function

Configures the detection logic for external pin filters to remain enabled during all power modes, not just during Power Down/Deep 
Power Down mode.

 
VSYS warm reset resets this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FILTM
4 

FILTM
3 

FILTM
2 

FILTM
1 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3-0

FILTMn

Filter Mode for FILTn

Configures an external wake-up pin filter to provide active detection during all power modes.

0b - Active only during Power Down/Deep Power Down mode

1b - Active during all power modes
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Chapter 17
Wakeup Unit(WKPU)
17.1 Chip-specific WKPU information
Table 120. Reference links to related information

Topic Related module Reference

Full description WKPU WKPU

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

17.1.1 Functional Description
The function of the Wake-up Unit (WKPU) is to detect the wake-up signal from the interrupt source when the system clock is not 
present when the AP Domain is in either Sleep or Deep Sleep mode.

There are two instances of the WPKU module, one dedicated for each A35 core.

 
See Reset sources and Reset sources in the CMC chapter for more information on Reset sources.

  NOTE  

17.1.2 Wake-up Unit interrupt sources

The Wakeup Unit manages wakeup events and wake up the device upon a valid wakeup event. There are two instances of WKPU, 
for each A35 side. The WKPU supports 32 resources. The WKPU combines its wakeup events to supply a single wakeup to 
the system.

 
Before AD enters in Partial Active Mode the WKPU channel 30(which serves uSDHC 0, 1,and 2) needs to be 
disabled. uSDHC1 and uSDHC2 are not functional in AD Partial Active Mode, but uSDHC0 is functional and it can 
be used to wakeup CM33 which in turn can wakeup CA35 from Partial Active by other means like MU0 (uSDHC0 
interrupt -> NVIC/WIC -> CM33 -> MU0 -> WKPU0/1).

  NOTE  

 
If a device is used as a wake up source for APD Deep Sleep mode, the device PCC.SSADO needs to be set 
correctly to make sure device can wakeup APD.

  NOTE  

 
In case Azure Disabled = 0, a RTD Non-Fatal reset only generates an interrupt to the Application Domain.

  NOTE  

The following table shows the wakeup interrupt sources for this device.

WKPU Channel Interrupt Sources GIC IRQ # Source Description

0 DMA1 0 - 31 DMA1 channel 0 - 31 error or 
transfer complete

Table continues on the next page...
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Table continued from the previous page...

WKPU Channel Interrupt Sources GIC IRQ # Source Description

1 DMA2, DMA0 32 - 63, 153 - 160 DMA2 channel 0 - 31 error 
or transfer complete DMA0 

Channel 0 - 7 error or transfer 
complete

2 TSTIMER1_0, TSTIMER1_1, 
A35 CTI, A35 PMU, A35 L2 
GIC_WAKEUP_REQUEST0, 
GIC_WAKEUP_REQUEST1

156, 157, 64, 161 - 163 TimeStamp Timer1 outputs 
(x2), one for each A35 
core A35 Cross Trigger 

Interface A35 Performance 
Monitor Unit A35 L2 

error indicatorsGIC Wakeup 
Request outputs (x2), one 

for each A35 core. No 
corresponding interrupts in 

the GIC

31 CMC1, CGC1, SIM1 65, 69, 71 Core Mode Controller 1 
interrupt Clock Generation 

and Control 1 interrupt 
System Integration Module 1 

interrupt

4 CMC2, CGC2 66, 70 Core Mode Controller 2 
interrupt Clock Generation 

and Control 2 interrupt

5 uPower 67 uPower interrupt

6 MU0_B, MU0_B NMI 73, 74 Messaging Unit B side (to 
communicate with M33 core) 
NMI interrupt from M33 side 

via Messaging Unit

71 CMC0, CGC0, PMC, EWM, 
WDOG0, WDOG1

148, 147, 72, 78, 149, 150 Core Mode Controller 0 
interrupt Clock Generation 

and Control 0 interrupt 
Power Management Control 
interrupt External Watchdog 
Monitor interrupt Watchdog 0 
(M33 Watchdog) Watchdog 1 

(M33 Watchdog)

8 MU3_A 75 Messaging Unit A side 
(to communicate with HiFi4 

DSP)

9 WDOG3 76 Watchdog 1 (A35 Watchdog)

10 WDOG4 77 Watchdog 2 (A35 Security 
Watchdog)

11 LPTMR0, LPTMR1, CMP0, 
CMP1, WUU0

133 - 136, 152 Low Power Timer 0-1 
interrupts Comparator 0-1 

Table continues on the next page...
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Table continued from the previous page...

WKPU Channel Interrupt Sources GIC IRQ # Source Description

interrupts Wake Up Unit 0 
interrupts

12 SNT 79 - 81 EdgeLock secure enclave 
interrupts

13 CAAM 82 Cryptographic Acceleration 
and Assurance Module

14 BBNSM 83 Battery Back Non-Secure 
Module

15 XRDC, TRDC 84, 151 Extended Resource Domain 
Controller interrupt Trusted 

Resource Domain Controller 
interrupt

16 LPIT1, TPM4-7 85 - 89 Lower Power Periodic Timer 
1, Timer and PWM Module 4 

- 7

17 TPM8, GPIOD 90, 128 Timer and PWM Module 
8, General Purpose Input/

Output D

18 FlexIO1, LPSPI4-5 91, 97, 98 Flexible Input/Output 1, Low 
Power SPI 2 - 3

19 LPI2C4 - 7, I3C2 92 - 96 Low Power I2C 4 -7, I3C2

20 FlexIO0, LPUART4-7 146, 99 - 102 Flexible Input/Output 0 Low 
Power UART 4 - 7

21 USB02, USB0 PHY, USB1, 
USB1_PHY2

103 - 106 Universal Serial Bus 
controller 0 & 1, USB PHY 0 

& 1

22 WUU1 68 Wake Up Unit 1

23 SAI4 - 5, ENET, FlexCAN 108 - 109, 107, 164 Synchronous Audio Interface 
4 - 5 Ethernet 

ControllerFlexible Control 
Area Network

24 SAI6 - 7, SPDIF 110 - 112 Synchronous Audio Interface 
6 - 7, Sony/Philips Digital 

Interface

25 DCNano, DSI, GPU3D, 
GPU2D, EPDC, PXP, ISI, 

CSI

113 - 120 Display Control Nano 
interrupt MIPI Display Serial 
Interface controller interrupt 
Graphic Processor Unit 3D 
interrupt Graphic Processor 

Unit 2D interrupt Pixel 
Processor interrupt Image 

Table continues on the next page...
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Table continued from the previous page...

WKPU Channel Interrupt Sources GIC IRQ # Source Description

Sensor Interface interrupt 
MIPI Camera Sensor 

Interface controller interrupt

26 GPIOA_0, GPIOB_0, 
GPIOC_0, GPIOE_0, 

GPIOF_0

121, 123, 125, 129, 131 Interrupt 0 from GPIOA, B, C, 
E, F

27 GPIOA_1, GPIOB_1, 
GPIOC_1, GPIOE_1, 

GPIOF_1

122, 124, 126, 130, 132 Interrupt 1 from GPIOA, B, C, 
E, F

28 FlexSPI0, FlexSPI1 139, 140 FlexSPI0, 1 controller 
interface interrupts

29 FlexSPI2 141 FlexSPI2 controller interface 
interrupt

30 uSDHC0 - 2 142 - 144 ultra Secure Digital Host 
Controller interrupt

31 MDDR 145 Multiport DDR controller 
interrupt

1. See Reset sources and Reset sources in the CMC chapter for more information.
2. The USB0 interrupt is a wake-up source to the WKUP0/1 and it keeps the APD from entering low power mode.
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Chapter 18
System Integration Module (SIM-RTD)
18.1 Chip-specific RTD_SIM information
Table 121. Reference links to related information

Topic Related module Reference

Full description RTD_SIM RTD_SIM

Full description RTD_SIM_SEC RTD_SIM_SEC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

18.1.1 Module instances
This device has two instances of the SIM module in real-time domain (RTD): SIM0_RTD, and SIM0_RTD_SEC. This chapter 
describes SIM0_RTD and the next one describes SIM0_RTD_SEC.

18.1.2 Interrupts Masking for Real Time Domain SIM_RTD-SEC
Unlike GIC that allows full control of its programming interface via XRDC component, NVIC registers programing interface is 
connected to Cortex-M33 internal private bus, thus no other masters in the SoC can access and control NIC registers besides 
CM33 core.

 
Secure World software on application domain does not have a way to mask interrupts in NVIC interrupt controller 
thus increasing attack surface. This requires a mechanism for RTD Interrupts to NVIC to be masked by AD 
Secure World firmware. Following figure describes the interrupt masking using APD_Interrrupt_Mask0 register 
in SIM_RTD_SEC.

  NOTE  

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1032 / 5781



Figure 150. RTD Interrupt Masking using SIM_RTD_SEC Interrupt Mask Registers

 
FlexSPI2 and CMC0 are shown as an example but this is fully applicable to any shared interrupts that goes to NVIC.

  NOTE  

• Interrupts from “shared peripherals” are routed through SIM0 (aka RTD Secure SIM)before connected to NVIC(and WIC).

• A register bit in SIM module allows software to mask an individual interrupt routed to NVIC(and WIC).

• 4x32-bit “RTD Interrupt Mask” Register in RTD Secure SIM to control the interrupt masking.

 
Masked interrupts (as wake-up source) cannot wake-up RTD from Sleep or Deep Sleep mode(except for CMC0). 
User needs to enable interrupt on AD and AD can use MU to wakeup RTD from Sleep or Deep Sleep Mode. 
However masked interrupts do not affect wake-up from Power Down and Deep Power Down mode.

  NOTE  

18.2 Overview
The System Integration Module (SIM) provides system control and chip configuration registers dedicated to 8ULP Realtime 
Domain (RTD).
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18.2.1 Block diagram
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Figure 151. RTD_SIM block diagram

18.2.2 Features
The RTD_SIM provides the following features:

• Realtime Domain (RTD) dedicated multi-purpose register bank.

• RTD 64 bits dedicated timestamp with support to dual timer mode.

18.3 Functional description
The following sections describe functional details of the RTD_SIM module.

18.3.1 Operations

RTD_SIM support reads/writes to its register bank through IPS protocol. Specific register access details are referred at Memory 
Map and register definition.

RTD_SIM has an Realtime Domain dedicated timestamp module that supports dual timer mode.
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18.3.1.1 Dual mode timer

Dual timer mode is used to implement a virtual 2nd TSTMR for CA35 CPU (Application Domain - APD). The original TSTMR is 
assumed to be present in RTD domain and is a free running timer that reset only when RTD power cycles. APD can power cycle 
independently of RTD but it must power cycle when RTD domain is power cycling. The 2nd virtual TSTMR is always running in 
sync to original TS Timer but always starts from 0 when APD domain power cycles.
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Figure 152. Dual mode timer diagram

18.3.2 Clocks

RTD_SIM has the following main clock domains:

• System clock for regular register access: See chip-specific Clocking chapter for details.

• TSTMR clock: Timestamp 1 MHz clock.

18.3.3 Reset

RTD_SIM has the following reset domains:

• Peripheral reset: Regular reset for peripheral access.

• Power-on reset: For register with specific requirements (See Memory Map and register definition).

18.3.4 Interrupts

RTD_SIM does not generate interrupts.

18.4 External signals
The RTD_SIM module does not directly support any external interfaces.

18.5 Initialization

RTD_SIM has no specific initialization process.
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18.6 Application information

RTD_SIM has no specific application information other than what is referred at Memory Map and register definition. Further 
information can be also found on related modules and chip-specific chapters.

18.7 Memory Map and register definition
This section includes the RTD_SIM module memory map and detailed descriptions of all registers.

Timestamp shares the IPS address space with RTD_SIM register bank.

• Timestamp Lower Value Address offset: 12'hC00

• Timestamp Upper Value Address offset: 12'hC04

Check timestamp block guide for details.

18.7.1 RTD_SIM register descriptions

18.7.1.1 RTD_SIM memory map

SIM0 base address: 2802_A000h

Offset Register Width

(In bits)

Access Reset value

8h Realtime Domains System Control Register 0 (SYSCTRL0) 32 RW 0000_0000h

10h Mirror of JTAG ID Register (JTAG_ID_REG) 32 R 188E_801Dh

1Ch System Shared RAM Access Disable Register 
(SSRAM_SAVE_POWER)

32 RW 00FF_FF00h

20h Configures PTC Pads Compensation Cell operation 
(PTC_COMPCELL)

32 RW 0000_8000h

24h Medium Quality Sound Configuration Register (MQS0_CF) 32 RW 0100_0000h

28h Non-Secure SysTick Calibration Configuration 
(M33_CFGNSSTCALIB)

32 RW 0000_0000h

58h SAI 0 to 3 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

32 RW 0000_0000h

18.7.1.2 Realtime Domains System Control Register 0 (SYSCTRL0)

Offset

Register Offset

SYSCTRL0 8h

Function
Stores a variety of control functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved FLEXCAN_TICK_FREQ_CONFIG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CM33_
RS... Reserved 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

FLEXCAN_TIC
K_FREQ_CON

FIG

FlexCAN Timer Frequency Configuration Register

Used as input for the FlexCAN timer.

This timer will count clock cycles and after counter has wrapped around it will send a tick to the FlexCAN.

15-4

—

Reserved

3

CM33_RST_AC
K

CM33 Core is in safe state for reset sequencing

0b0 - No CM33 Core only reset request or M33 Core only reset requested but it could not be placed in safe 
state for reset sequencing.

0b1 - CM33 Core is in safe state for reset.

2-0

—

Reserved

18.7.1.3 Mirror of JTAG ID Register (JTAG_ID_REG)

Offset

Register Offset

JTAG_ID_REG 10h

Function

Mirrors Device identification register.
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See JTAG Controller (JTAGC) chapter in SoC specific Reference Manual for details.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PRN_PLUG DESIGN_CENTER_IDCODE PIN_PLUG 

W

Reset 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PIN_PLUG COMPANY_IDCODE 
JTAG_

IN...

W

Reset 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1

Fields

Field Function

31-28

PRN_PLUG

Part Revision Number

Contains the revision number of the part.

27-22

DESIGN_CENT
ER_IDCODE

Design Center ID Code

Indicates the design center ID.

21-12

PIN_PLUG

Part Identification Number

Contains the part number of the device.

11-1

COMPANY_ID
CODE

Company ID Code

Manufacturer Identity Code.

Contains the reduced Joint Electron Device Engineering Council (JEDEC) ID.

0

JTAG_INIT_BIT

JTAG ID Initial Bit

18.7.1.4 System Shared RAM Access Disable Register (SSRAM_SAVE_POWER)

Offset

Register Offset

SSRAM_SAVE_POWER 1Ch

Function
Controls access to System Shared RAM Partitions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved SSRAM_DISABLE_ARRAYS_WORDLINES 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SSRAM_DISABLE_ARRAYS_INPUTS SSRAM_DISABLE_AUTO_CLOCK_GATING 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

SSRAM_DISAB
LE_ARRAYS_
WORDLINES

System Shared RAM Arrays Wordlines Disable

Disable Arrays Wordlines of SSRAM Partitions n ( n = 0 ... 7).

0b0 - The SRAM’s WLPD (WordLine Power Down) signal goes high when auto clock gating disables the 
SRAMs clock and goes low when clock become ungated, which guarantees about 1 clock setup time which 
is usually enough, but at high speeds may be too little.

0b1 - SRAM’s WLPD held low, which means SRAM’s wordline is kept powered ON.

Bit Mapping:

SSRAM_DSP_ACCESS_DISABLE[16] = Partition 0 (256KB)

SSRAM_DSP_ACCESS_DISABLE[17] = Partition 1 (128KB)

SSRAM_DSP_ACCESS_DISABLE[18] = Partition 2 (128KB)

SSRAM_DSP_ACCESS_DISABLE[19] = Partition 3 (64 KB)

SSRAM_DSP_ACCESS_DISABLE[20] = Partition 4 (64KB)

SSRAM_DSP_ACCESS_DISABLE[21] = Partition 5 (64KB)

SSRAM_DSP_ACCESS_DISABLE[22] = Partition 6 (32KB)

SSRAM_DSP_ACCESS_DISABLE[23] = Partition 7 (32KB)

15-8

SSRAM_DISAB
LE_ARRAYS_I

NPUTS

System Shared RAM Input Gate (IG) Disable

Disable Input Gate of SSRAM Partitions n ( n = 0 ... 7 ).

0b0 - The SRAM’s IG signal goes high when auto clock gating disables the SRAMs clock and goes low 
when clock become ungated, which guarantees about 1 clock setup time which is usually enough, but at 
high speeds may be too little.

0b1 - SRAM’s IG held low, which means SRAM’s inputs are ungated.

7-0 Disable Automatic Clock Gating

Table continues on the next page...
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Table continued from the previous page...

Field Function

SSRAM_DISAB
LE_AUTO_CLO

CK_GATING

Disable automatic clock gating to SSRAM Partitions n (n = 0 .. 7).

0b0 - Enable

0b1 - Disable

18.7.1.5 Configures PTC Pads Compensation Cell operation (PTC_COMPCELL)

Offset

Register Offset

PTC_COMPCELL 20h

Function

Configures PTC Pads Compensation Cell operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COMP

OK Reserved 
NASRCP NASRCN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COMP
E 

COMT
Q 

FREE
ZE 

FASTF
RE...

SLEEP Reserved RASRCP RASRCN 
W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

COMPOK

Compensation OK

0b0 - Compensation is not operational

0b1 - Compensation is operational. NASRCP, NASRCN values are valid

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

30-24

—

Reserved

23-20

NASRCP

Generated Pads Driver PMOS transistors Compensation Code

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

19-16

NASRCN

Generated Pads Driver NMOS transistors Compensation Code

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

15

COMPE

Compensation Status

0b0 - Compensation is disabled

0b1 - Compensation is enabled

14

COMTQ

Compensation TQ

Used in conjunction to COMPE to configure Compensation cell operating mode.

 
Check IOMUX chapter for details.

  NOTE  

13

FREEZE

Enables Freeze Mode

0b0 - Disable

0b1 - Enable

12

FASTFREEZE

Enables Fast Freeze Mode

0b0 - Disable

0b1 - Enable

11

SLEEP

Enables SLEEP Mode

0b0 - Disable

0b1 - Enable

10-8

—

Reserved

7-4 Defines Pads Driver PMOS Transistors Compensation Code

Table continues on the next page...
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Table continued from the previous page...

Field Function

RASRCP Used to set P transistors compensation code when Compensation cell is operating in 'Read Mode'.

 
Check IOMUX chapter for details.

  NOTE  

3-0

RASRCN

Defines Pads Driver NMOS transistors Compensation Code

Used to set N transistors compensation code when Compensation cell is operating in 'Read Mode'.

 
Check IOMUX chapter for details.

  NOTE  

18.7.1.6 Medium Quality Sound Configuration Register (MQS0_CF)

Offset

Register Offset

MQS0_CF 24h

Function
Configuration Register for Medium Quality Sound feature.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

MQS0
_SD...

MQS0
_OV...

MQS0
_EN 

MQS0
_SW...

MQS0_CLK_DIV 
W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27 MQS1s Sdata Input Source Selection

Table continues on the next page...
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Table continued from the previous page...

Field Function

MQS0_SDATA_
SOURCE

Selects which of the four output data channels from SAI0s transmitter will drive MQS0s sdata input.

0b0 - ipp_do_sai_txdata[0]

0b1 - ipp_do_sai_txdata[1]

26

MQS0_OVERS
AMPLE

PWM Oversampling Rate Selection

Used to control the PWM oversampling rate compared with mclk

0b0 - 32

0b1 - 64

25

MQS0_EN

Enables MQS

0b0 - Disable

0b1 - Enable

24

MQS0_SW_RS
T

MQS Software Reset

0b0 - Exit software reset for MQS

0b1 - Enable software reset for MQS

23-16

MQS0_CLK_DI
V

Divider Ration Control for MCLK from HMCLK.

0d0 - MCLK frequency HMCLK frequency

0d1 - MCLK frequency 1/2*HMCLK frequency

0d2 - MCLK frequency 1/3*HMCLK frequency

...

0dn - MCLK frequency 1/(n+1)*HMCLK frequency

15-0

—

Reserved

18.7.1.7 Non-Secure SysTick Calibration Configuration (M33_CFGNSSTCALIB)

Offset

Register Offset

M33_CFGNSSTCALIB 28h

Function
Register to configure SysTick calibration.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved CFGNSSTCALIB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFGNSSTCALIB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-0

CFGNSSTCALI
B

Non-Secure SysTick Calibration Configuration

CFGNSSTCALIB[23:0] TENMS

Provides an integer value to compute a 10 ms, 100 Hz, delay from either the external reference

clock, or CLKIN if the reference clock is not implemented.

For example, apply the value F423F999999 if no reference is implemented, and CLKIN is 100 MHz.

CFGNSSTCALIB[24] SKEW

Tie this LOW if CLKIN or the external reference clock, as indicated by CFGSSTCALIB[25].

CFGNSSTCALIB[25], can guarantee an exact multiple of 10 ms. Otherwise, tie this signal HIGH.

CFGNSSTCALIB[25] NOREF

Indicates whether the external reference clock is implemented:

0b0 - Reference clock is implemented.

0b1 - Reference clock is not implemented.

When 0b1, the CLKSOURCE bit of the SYST_CSR register is forced to 0b1 and cannot be

cleared to 0b0.

18.7.1.8 SAI 0 to 3 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

Offset

Register Offset

SAI_MULTISYNC_ENAB
LE_SELECTOR

58h
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Function
Selects sai(0,1,2,3)'s transmitter/receiver multi-synchronous enable source

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

SAI3_MULTISYNC_ENA
BLE_S...

Reserved 
SAI2_MULTISYNC_ENA

BLE_S...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SAI1_MULTISYNC_ENA
BLE_S...

Reserved 
SAI0_MULTISYNC_ENA

BLE_S...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

SAI3_MULTISY
NC_ENABLE_S

ELECTOR

SAI3 Multi-sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai3's enable signal:

0b000 - RESERVED

0b001 - RESERVED

0b010 - SAI2

0b011 to 0b111 - RESERVED

23-19

—

Reserved

18-16

SAI2_MULTISY
NC_ENABLE_S

ELECTOR

SAI2 Multi-Sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai2's enable signal:

0b000 - RESERVED

0b001 - RESERVED

0b010 - SAI3

0b011 to 0b011 - RESERVED

15-11

—

Reserved

10-8 SAI1 Multi-Sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai1's enable signal:

Table continues on the next page...
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Table continued from the previous page...

Field Function

SAI1_MULTISY
NC_ENABLE_S

ELECTOR

0b000 - SAI0

0b001 - RESERVED

0b010 - RESERVED

0b011 - SAI6

0b100 - SAI7

0b101 to 0b111 - RESERVED

7-3

—

Reserved

2-0

SAI0_MULTISY
NC_ENABLE_S

ELECTOR

SAI0 Multi-sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai0's enable signal:

0b000 - SAI1

0b001 - RESERVED

0b010 - RESERVED

0b011 - SAI6

0b100 - SAI7

0b101 to 0b111 - RESERVED
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Chapter 19
System Integration Module: (SIM_RTD_SEC)
19.1 Overview
The System Integration Secure Module (SIM-SEC) provides system control and chip configuration registers dedicated to 8ULP 
Realtime Domain (RTD).

19.1.1 Block diagram
The following figure illustrates the block diagram of RTD_SEC_SIM.
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sim_dgo_update_int[m]

n

n

m

to  Interrupt Controller

to  System

to  System

n = SIM registers number
m = SIM DGO registers number

DGO Domain

aon_clk

Figure 153. RTD_SEC_SIM block diagram

19.1.2 Features
The RTD_SEC_SIM provides the following features:

• Dedicated secured register bank to 8ULP Realtime Domain with a DGO domain subset.

19.2 Functional description
The following sections describe functional details of the RTD_SEC_SIM module.

19.2.1 Operations

RTD_SEC_SIM support reads/writes to its register bank through IPS protocol. A set of registers are mirrored in DGO domain. See 
detailed DGO registers access protocol in SIM DGO register protocol. Specific register access details are referred at Memory map 
and register definition.

19.2.1.1 SIM DGO register protocol

A set of registers have been made available in DGO domain for SW use, with the objective to maintain its value between system 
resets. DGO registers are reseted only in POR event. Since Low-Voltage (LV) and DGO registers are in asynchronous domains a 
synchronization plus rising edge detector is present in the update register path. In addition DGO domain is in slower clock, so an 
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interrupt is available for software to detect DGO register is updated. In addition a reset de-assert detect circuit is used to update 
LV registers with DGO value in the event of system reset. In case of POR event, both LV and DGO versions are reset to all zeroes.

INTACKUPDATE
SIM_DGO_CTRLx

To Interrupt Controler
From other SIM DGO Interrupts

RISING EDGE
DETECT

SYNC

RISING EDGE
DETECT

SYNCSIM_DGO_GPx

SIM_DGO_GPx

RESET
DETECT

POR Reset

IPS Bus

DGO Domain

Figure 154. SIM DGO register protocol diagram

DGO register update requires the following sequence:

1. Write to SIM_DGO_GPx register

2. Set SIM_DGO_CTRLx[UPDATE] bit

3. Poll SIM_DGO_CTRLx[ACK] bit or wait for interrupt (in this case need to enable interrupt prior to the sequence)

4. Clear SIM_DGO_CTRLx[UPDATE] bit

5. Write 1 to clear SIM_DGO_CTRLx[ACK] bit

19.2.2 Clocks

RTD_SEC_SIM has the following main clock domains:

• System clock for regular register access: See chip-specific Clocking chapter for details.

• DGO domain clock: Slower clock for DGO register bank access.

19.2.3 Reset

RTD_SEC_SIM has the following reset domains:

• Peripheral reset: Regular reset for peripheral access.

• Power-on reset: For register with specific requirements (See Memory map and register definition) and DGO registers.

19.2.4 Interrupts

RTD_SEC_SIM generates the following interrupts:
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Table 122. RTD_SEC_SIM interrupt generations

Interrupt Description

SIM_DGO_UPDATE Asserted when corresponding SIM_DGO_GPx register is 
shadowed in DGO domain. It is enabled by writing to 
corresponding SIM_DGO_CTRLx[INT_EN_ACK] bit.

 
See chip-specific Interrupts chapter for further details on interrupt mapping and handling.

  NOTE  

19.3 External signals
The RTD_SEC_SIM module does not directly support any external interfaces.

19.4 Initialization

RTD_SEC_SIM has no specific initialization process.

19.5 Application information

RTD_SEC_SIM has no specific application information other than what is referred at Memory map and register definition. Further 
information can be also found on related modules and chip-specific chapters.

19.6 Memory map and register definition
This section describes the RTD_SEC_SIM module memory map and detailed descriptions of all registers.

The memory map comprises of 32-bit aligned registers which can be accessed via 8-bit, 16-bit, or 32-bit accesses. Write access 
to reserved locations will generate transfer error. Read access to reserved locations will also generate transfer error and the read 
data bus will show all 0s.

The module will not check for correctness of programmed values in the registers and software must ensure that correct values 
are being written.

19.6.1 RTD_SEC_SIM register descriptions

19.6.1.1 RTD_SEC_SIM memory map

Realtime Domain System Integration Module Register Bank.

SIM0_SEC base address: 2802_B000h

Offset Register Width

(In bits)

Access Reset value

0h HW RGeneral Purpose Register 0 (GPR0) 32 RW 0000_0000h

8h RTD SIM DGO Control Register 0 (DGO_CTRL0) 32 RW 0000_0000h

Ch RTD SIM DGO Control Register 0 (DGO_CTRL1) 32 RW 0000_0000h

10h RTD SIM DGO General Purpose Register 0 (DGO_GP0) 32 RW 0000_0000h

14h RTD SIM DGO General Purpose Register 1 (DGO_GP1) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

18h RTD SIM DGO General Purpose Register 2 (DGO_GP2) 32 RW 0000_0000h

1Ch RTD SIM DGO General Purpose Register 3 (DGO_GP3) 32 RW 0000_0000h

20h RTD SIM DGO General Purpose Register 4 (DGO_GP4) 32 RW 0000_0000h

24h RTD SIM DGO General Purpose Register 5 (DGO_GP5) 32 RW 0000_0000h

28h RTD SIM DGO General Purpose Register 6 (DGO_GP6) 32 RW 0000_0000h

2Ch RTD SIM DGO General Purpose Register 7 (DGO_GP7) 32 RW 0000_0000h

30h RTD SIM DGO General Purpose Register 8 (DGO_GP8) 32 RW 0000_0000h

34h RESET0_B Pad and Filter Configuration (DGO_GP9) 32 RW 0050_0033h

38h PTA Operating Range Control (DGO_GP10) 32 RW 0000_0000h

3Ch PTB Operating Range Control (DGO_GP11) 32 RW 0000_0000h

40h Low Power Debug Mux (DGO_GP12) 32 RW 0000_0000h

44h Realtime Domains System Control Register 0 (SYSCTRL0) 32 RW 00A7_0400h

48h System Shared RAM Access Disable Register 
(SSRAM_ACCESS_DISABLE)

32 RW 00FF_0000h

4Ch LPAV Master Allocation Control Register 
(LPAV_MASTER_ALLOC_CTRL)

32 RW 0000_0000h

50h LPAV Slave Allocation Control Register 
(LPAV_SLAVE_ALLOC_CTRL)

32 RW 0000_0000h

54h LPAV DMA2 CH Allocation Control Register 
(LPAV_DMA2_CH_ALLOC_CTRL)

32 RW 0000_0000h

58h LPAV DMA2 Request Allocation Control Register 
(LPAV_DMA2_REQ_ALLOC_CTRL)

32 RW 0000_0000h

5Ch Secure SysTick Calibration Configuration (M33_CFGSSTCALIB) 32 RW 0000_0000h

60h Fusion DSP General Purpose Register (FUSION_GPR0) 32 RW 0000_0000h

64h Fusion DSP General Purpose Register (FUSION_GPR1) 32 R 0000_0000h

68h Fusion DSP General Purpose Register (FUSION_GPR2) 32 R 0000_0000h

6Ch Realtime Domain Interrupt Mask 0 (RTD_INTERRUPT_MASK0) 32 RW FFFF_FFFFh

70h Application Domain Interrupt Mask 0 (APD_INTERRUPT_MASK0) 32 RW FFFF_FFFFh

74h Audio-Video Domain Interrupt Mask 0 (AVD_INTERRUPT_MASK0) 32 RW FFFF_FFFFh

78h RTD Memories Write-Assist Control (WRITE_ASSIST_CTRL) 32 RW 0000_000Fh

7Ch Realtime Domains System Control Register 1 (SYSCTRL1) 32 RW 0000_0003h

80h Realtime Domains System Control Register 2 (SYSCTRL2) 32 RW 0000_0001h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

84h Realtime Domains System Control Register 3 (SYSCTRL3) 32 RW 0000_0000h

88h Realtime Domains System Control Register 4 (SYSCTRL4) 32 RW 0000_0001h

19.6.1.2 HW RGeneral Purpose Register 0 (GPR0)

Offset

Register Offset

GPR0 0h

Function

General Purpose Read/Write Register 0.

Hardware GPR to store chip specific control bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GPR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

GPR0

General Purpose Read/Write Register
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19.6.1.3 RTD SIM DGO Control Register 0 (DGO_CTRL0)

Offset

Register Offset

DGO_CTRL0 8h

Function

Realtime Domain SIM DGO Access Control Register bank 0.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_... UPDA

TE_...
UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

INT_EN_ACK7

DGO General Purpose Register 7 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

22

INT_EN_ACK6

DGO General Purpose Register 6 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

21

INT_EN_ACK5

DGO General Purpose Register 5 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - DGO WR_ACK_DGO Interrupt enabled.

20

INT_EN_ACK4

DGO General Purpose Register 4 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

19

INT_EN_ACK3

DGO General Purpose Register 3 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

18

INT_EN_ACK2

DGO General Purpose Register 2 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

17

INT_EN_ACK1

DGO General Purpose Register 1 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

16

INT_EN_ACK0

DGO General Purpose Register 0 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

15

WR_ACK_DGO
_GP7

DGO General Purpose Register 7 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

14

WR_ACK_DGO
_GP6

DGO General Purpose Register 6 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

13 DGO General Purpose Register 5 Write Acknowledge

Table continues on the next page...
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Table continued from the previous page...

Field Function

WR_ACK_DGO
_GP5

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

12

WR_ACK_DGO
_GP4

DGO General Purpose Register 4 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

11

WR_ACK_DGO
_GP3

DGO General Purpose Register 3 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

10

WR_ACK_DGO
_GP2

DGO General Purpose Register 2 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

9

WR_ACK_DGO
_GP1

DGO General Purpose Register 1 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

8

WR_ACK_DGO
_GP0

DGO General Purpose Register 0 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

7

UPDATE_DGO
_GP7

DGO General Purpose Register 7 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

Table continues on the next page...
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Table continued from the previous page...

Field Function

6

UPDATE_DGO
_GP6

DGO General Purpose Register 6 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

5

UPDATE_DGO
_GP5

DGO General Purpose Register 5 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

4

UPDATE_DGO
_GP4

DGO General Purpose Register 4 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

3

UPDATE_DGO
_GP3

DGO General Purpose Register 3 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

2

UPDATE_DGO
_GP2

DGO General Purpose Register 2 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

1

UPDATE_DGO
_GP1

DGO General Purpose Register 1 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

0

UPDATE_DGO
_GP0

DGO General Purpose Register 0 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

NXP Semiconductors
System Integration Module: (SIM_RTD_SEC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1055 / 5781



19.6.1.4 RTD SIM DGO Control Register 0 (DGO_CTRL1)

Offset

Register Offset

DGO_CTRL1 Ch

Function

Realtime Domain SIM DGO Access Control Register bank 1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_... Reserved 

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

W W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20

INT_EN_ACK12

DGO General Purpose Register 12 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

19

INT_EN_ACK11

DGO General Purpose Register 11 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

18

INT_EN_ACK10

DGO General Purpose Register 10 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - DGO WR_ACK_DGO Interrupt enabled.

17

INT_EN_ACK9

DGO General Purpose Register 9 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

16

INT_EN_ACK8

DGO General Purpose Register 8 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

15-13

—

Reserved

12

WR_ACK_DGO
_GP12

DGO General Purpose Register 12 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

11

WR_ACK_DGO
_GP11

DGO General Purpose Register 11 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

10

WR_ACK_DGO
_GP10

DGO General Purpose Register 10 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

9

WR_ACK_DGO
_GP9

DGO General Purpose Register 9 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

8 DGO General Purpose Register 8 Write Acknowledge

Table continues on the next page...
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Table continued from the previous page...

Field Function

WR_ACK_DGO
_GP8

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - DGO register updated.

7-5

—

Reserved

4

UPDATE_DGO
_GP12

DGO General Purpose Register 12 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

3

UPDATE_DGO
_GP11

DGO General Purpose Register 11 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

2

UPDATE_DGO
_GP10

DGO General Purpose Register 10 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

1

UPDATE_DGO
_GP9

DGO General Purpose Register 9 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

0

UPDATE_DGO
_GP8

DGO General Purpose Register 8 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

19.6.1.5 RTD SIM DGO General Purpose Register 0 (DGO_GP0)

Offset

Register Offset

DGO_GP0 10h
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Function

M33 resume entry point. To store CM33 entry point for resuming from low power mode.

Must be in CM33 TCM range.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP0

SIM DGO General purpose register 0

 
Contents are retained during power cycles.

  NOTE  

19.6.1.6 RTD SIM DGO General Purpose Register 1 (DGO_GP1)

Offset

Register Offset

DGO_GP1 14h

Function

Argument for CM33 resume. CM33 ROM stores this value into CPU register R0 when jumping to CM33 entry point.

his is optional and can be used as other purpose if argument is not.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP1

SIM DGO General purpose register 1

 
Contents are retained during power cycles.

  NOTE  

19.6.1.7 RTD SIM DGO General Purpose Register 2 (DGO_GP2)

Offset

Register Offset

DGO_GP2 18h

Function

Bits 31-8 Reserved for future BootROM

Bits 7-4: Attack Counter for CA35: ROM

Bits 3-0: Attack Counter for CM33 ROM

If ROM code detects any attack by hacker, the ROM code will add these 'counter' into SNVS domain and then issue a WDOG reset.

After been reset, ROM goes into infinite loop on non closed part, and issues WDOG reset immediately on closed part.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP2

SIM DGO General purpose register 2

 
Contents are retained during power cycles.

  NOTE  

19.6.1.8 RTD SIM DGO General Purpose Register 3 (DGO_GP3)

Offset

Register Offset

DGO_GP3 1Ch

Function

Reserved for future CM33 BootROM.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

SIM_DGO_GP3

SIM DGO General purpose register 3

 
Contents are retained during power cycles.

  NOTE  

19.6.1.9 RTD SIM DGO General Purpose Register 4 (DGO_GP4)

Offset

Register Offset

DGO_GP4 20h

Function

CM33 entry point. Provided by CA35 image in Single Boot mode.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP4

SIM DGO General purpose register 4

 
Contents are retained during power cycles.

  NOTE  
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19.6.1.10 RTD SIM DGO General Purpose Register 5 (DGO_GP5)

Offset

Register Offset

DGO_GP5 24h

Function

Argument for CM33.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP5

SIM DGO General purpose register 5

 
Contents are retained during power cycles.

  NOTE  

19.6.1.11 RTD SIM DGO General Purpose Register 6 (DGO_GP6)

Offset

Register Offset

DGO_GP6 28h

Function

Restored Boot_CFG. SW can override BOOT_CFG and issue a SW reset; then BootROM will retrieve boot configuration here.

Will be disabled if DIR_BT_DIS blown.
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Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP6

SIM DGO General purpose register 6

 
Contents are retained during power cycles.

  NOTE  

19.6.1.12 RTD SIM DGO General Purpose Register 7 (DGO_GP7)

Offset

Register Offset

DGO_GP7 2Ch

Function

Boot ROM internal Flag.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP7

SIM DGO General purpose register 7

 
Contents are retained during power cycles.

  NOTE  

19.6.1.13 RTD SIM DGO General Purpose Register 8 (DGO_GP8)

Offset

Register Offset

DGO_GP8 30h

Function

Used for hardware configurations.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

SIM_DGO_GP8

SIM DGO General purpose register 8

 
Contents are retained during power cycles.

  NOTE  

19.6.1.14 RESET0_B Pad and Filter Configuration (DGO_GP9)

Offset

Register Offset

DGO_GP9 34h

Function

Configures RESET0_B pad and filter.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RESET0_B_CONFIG_DFD 

RESE
T0_...

RESE
T0_...

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RESE
T0_...

Reserved 
RESE
T0_...

RESE
T0_...

RESE
T0_...

Reserv
ed 

RESE
T0_...

RESE
T0_...

RESE
T0_...W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1

Fields

Field Function

31-28

—

Reserved

27-22

RESET0_B_CO
NFIG_DFD

Digital Filter duration: Defines deglitch count

0b00000: Disabled

other: Count value

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
Reset by PoR only.

  NOTE  

21

RESET0_B_CO
NFIG_DFCS

Digital Filter Clock Select

0b0 - 1 kHz RTC clock

0b1 - 32 kHz RTC Clock

 
Reset by PoR only.

  NOTE  

20

RESET0_B_CO
NFIG_DFE

Digital Filter Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by PoR only.

  NOTE  

19-16

—

Reserved

15

RESET0_B_CO
NFIG_LK

Lock: Locks writes to this register

0b0 - Unlocked

0b1 - Locked

 
Once locked the register will be unlocked only after reset.

  NOTE  

 
Reset by PoR only.

  NOTE  

14-7

—

Reserved

6

RESET0_B_CO
NFIG_DSE

Drive Strength Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by PoR only.

  NOTE  

5 Open Drain Enable

0b0 - Push-Pull

Table continues on the next page...
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Table continued from the previous page...

Field Function

RESET0_B_CO
NFIG_ODE

0b1 - Open Drain

 
Reset by PoR only.

  NOTE  

4

RESET0_B_CO
NFIG_PFE

Passive Filter Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by PoR only.

  NOTE  

3

—

Reserved

2

RESET0_B_CO
NFIG_SRE

Slew Rate Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by PoR only.

  NOTE  

1

RESET0_B_CO
NFIG_PE

Weak Pull Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by PoR only.

  NOTE  

0

RESET0_B_CO
NFIG_PS

Weak Pull Select

0b0 - Pull Down

0b1 - Pull Up

 
Reset by PoR only.

  NOTE  

19.6.1.15 PTA Operating Range Control (DGO_GP10)

Offset

Register Offset

DGO_GP10 38h
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Function

PTA Operating Range Control.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PTA_OPERATI
NG_R...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

PTA_OPERATI
NG_RANGE

PTA Operating Range (Write Once)

0b00 - Continuous/Auto Range Operation

0b01 - 1.8 V Range Operation

0b10 - 3.3 V Range Operation

0b11 - Prohibited

 
• Reset by PoR only.

• It is forbidden to drive pins with 3.3 V when configured for 1.8 V Range Operation. 
Doing so, can cause damage to the pins.

  NOTE  

19.6.1.16 PTB Operating Range Control (DGO_GP11)

Offset

Register Offset

DGO_GP11 3Ch

Function

PTB Operating Range Control.
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Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PTB_O
PE...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

PTB_OPERATI
NG_RANGE

PTB Operating Range (Write Once)

0b0 - Continuous/Auto Range Operation

0b1 - 1.8 V Range Operation

 
Reset by PoR only.

  NOTE  

19.6.1.17 Low Power Debug Mux (DGO_GP12)

Offset

Register Offset

DGO_GP12 40h

Function
Registers to control low-power debug muxing.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LP_DEBUG_MUX_HV_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LP_DEBUG_MUX_LV_SEL_RTD LP_DEBUG_MUX_LV_SEL_APD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

LP_DEBUG_M
UX_HV_SEL

High Voltage Select

Selects LP HV Mux data.

15-8

LP_DEBUG_M
UX_LV_SEL_R

TD

Low Voltage Select Realtime Domain

Selects LP LV RTD Mux data.

7-0

LP_DEBUG_M
UX_LV_SEL_A

PD

Low Voltage Select Application Domain

Selects LP LV APD Mux data.

19.6.1.18 Realtime Domains System Control Register 0 (SYSCTRL0)

Offset

Register Offset

SYSCTRL0 44h

Function
Stores a variety of control functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RGPIO
C_...

RGPIO
B_...

RGPIO
A_...

FUSIO
N_...

FUSIO
N_...

FUSIO
N_...

FUSIO
N_... Reserv

ed 
FUSIO
N_...

POWE
RQU...

CASP
ER_...

W

Reset 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FUSIO
N_...

Reserv
ed 

FUSIO
N_...

FUSIO
N_...

FUSIO
N_...

WDO
G1_R..

.

SSYS
TIC...

NSSY
STI...

LPAV_
MA...

M33_D
SP...

M33_F
PU...

CAAM
_RT...

CM33_
RS... CM33_

RS...
Reserved 

W W1C

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26

RGPIOC_TZ_DI
SABLE

RGPIOC Trust Zone Disable

Enable a non-secure access to RGPIOC pins.

0b0 - Trust Zone Mode enabled

0b1 - Trust Zone Mode disabled

25

RGPIOB_TZ_DI
SABLE

RGPIOB Trust Zone Disable

Enable a non-secure access to RGPIOB pins.

0b0 - Trust Zone Mode enabled

0b1 - Trust Zone Mode disabled

24

RGPIOA_TZ_DI
SABLE

RGPIOA Trust Zone Disable

Enable a non-secure access to RGPIOA pins.

0b0 - Trust Zone Mode enabled

0b1 - Trust Zone Mode disabled

23

FUSION_DSP_
STALL

Stall Fusion DSP Execution

0b0 - Don't Stall Fusion DSP Execution

0b1 - Stall Fusion DSP Execution

22

FUSION_DSP_
OCD_HALT

Fusion DSP in OCD Halt or Other Debug Mode

0b0 - Fusion DSP not in OCD halt or other debug mode

0b1 - Fusion DSP in OCD halt or other debug mode

21 Reset Fusion DSP Debug logic

Table continues on the next page...
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Table continued from the previous page...

Field Function

FUSION_DSP_
DBG_RST

0b0 - Don't Reset Fusion DSP Debug logic

0b1 - Reset Fusion DSP Debug logic

20

FUSION_DSP_
DBG_MODE

Fusion DSP in OCD Halt or Other Debug Mode

0b0 - Fusion DSP not in OCD halt or other debug mode

0b1 - Fusion DSP in OCD halt or other debug mode

19

—

Reserved

18

FUSION_DSP_
RST

Controls the Fusion DSP Reset

0b0 - Fusion DSP out of reset

0b1 - Fusion DSP in reset

17

POWERQUAD_
RST

Controls the PowerQuad Co-Processor Reset

0b0 - PowerQuad out of reset

0b1 - PowerQuad in reset

16

CASPER_RST

Controls the Casper Co-Processor Reset

0b0 - Casper out of reset

0b1 - Casper in reset

15

FUSION_PBCL
K_EN

fusion_PBCLK Clock Enable

0b0 - fusion_PBCLK clock disabled

0b1 - fusion_PBCLK clock enabled

14

—

Reserved

13

FUSION_BCLK
_EN

fusion_bclk Clock Enable

0b0 - fusion_bclk clock disabled

0b1 - fusion_bclk clock enabled

12

FUSION_CLK_
EN

fusion_clk Clock Enable

0b0 - fusion_clk clock disabled

0b1 - fusion_clk clock enabled

11

FUSION_PLAT
_HCLK_EN

fusion_plat_hclk Clock Enable

0b0 - fusion_plat_hclk clock disabled

0b1 - fusion_plat_hclk clock enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

10

WDOG1_RESE
T_EN

Watchdog 1 reset enable

0b0 - WDOG1 system reset disabled

0b1 - WDOG1 system reset enabled

9

SSYSTICK_CL
K_SEL

Secure Systick Clock Select

Selects CM33 Systick Clock Source.

0b0 - LPO_CLK selected as source clock

0b1 - RTC32K_CLK selected as source clock

8

NSSYSTICK_C
LK_SEL

Non-Secure Systick Clock Select

Selects CM33 Systick Clock Source.

0b0 - LPO_CLK selected as source clock

0b1 - RTC32K_CLK selected as source clock

7

LPAV_MASTER
_CTRL

Low-Power Audio-Video Master Control

Defines which domain will be the master for the LPAV domain.

0b0 : RTD is the LPAV master domain

0b1 : AD is the LPAV master domain

6

M33_DSP_DIS
ABLE

M33 DSP Disable

Disables M33 DSP Extension/Unit.

0b0 - DSP enabled

0b1 - DSP disabled

5

M33_FPU_DIS
ABLE

M33 FPU Disable

Disables M33 FPU unit

0b0 - FPU enabled

0b1 - FPU disabled

4

CAAM_RTIC_M
ODE

CAAM RTIC Run Time Mode Control

0b0 - RTIC is disabled

0b1 - RTIC is in run-time mode

3

CM33_RST_AC
K

CM33 Core is in safe state for reset sequencing

0b0 - No CM33 Core only reset request or M33 Core only reset requested but it could not be placed in safe 
state for reset sequencing

0b1 - CM33 Core is in safe state for reset

2 Request to reset CM33 core, CM33 cache controller, watchdog0 and watchdog1

Table continues on the next page...
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Table continued from the previous page...

Field Function

CM33_RST_RE
Q

0b0 - Reset request disabled

0b1 - Reset request enabled

1-0

—

Reserved

19.6.1.19 System Shared RAM Access Disable Register (SSRAM_ACCESS_DISABLE)

Offset

Register Offset

SSRAM_ACCESS_DISA
BLE

48h

Function
Controls access to System Shared RAM Partitions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved SSRAM_DSP_ACCESS_DISABLE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SSRAM_AXI_ACCESS_DISABLE SSRAM_AHB_ACCESS_DISABLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

SSRAM_DSP_
ACCESS_DISA

BLE

System Shared RAM DSP Access Disable

Disable DSP masters to access the SSRAM Partitions n ( n = 0 ... 7).

0b0 - Access to SSRAM Partition enabled

0b1 - Access to SSRAM Partition disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-8

SSRAM_AXI_A
CCESS_DISAB

LE

System Shared RAM AXI Access Disable

Request to shut down the AXI0/AX1 clock of the partition n. The port P4 works in the AXI0 and port P6 
works in the AXI1 clock domain.

0b0 - Access to SSRAM Partition enabled

0b1 - Access to SSRAM Partition disabled

7-0

SSRAM_AHB_
ACCESS_DISA

BLE

System Shared RAM AHB Access Disable

Request to shut down the AHB clock of the partition n. The ports P0, P1, and P5 work in the AHB clock 
domain.

0b0 - Access to SSRAM Partition enabled

0b1 - Access to SSRAM Partition disabled

19.6.1.20 LPAV Master Allocation Control Register (LPAV_MASTER_ALLOC_CTRL)

Offset

Register Offset

LPAV_MASTER_ALLOC
_CTRL

4Ch

Function
Controls allocation of LPAV masters to either RTD or APD.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved HIFI4 EPDC 

MIPI_
DSI 

DCNA
NO 

GPU3
D 

GPU2
D 

PXP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

6

HIFI4

HIFI4

Allocate HIFI4 to specified domain.

0b0 - RTD

0b1 - APD

5

EPDC

EPDC

Allocate EPDC to specified domain.

0b0 - RTD

0b1 - APD

4

MIPI_DSI

MIPI_DSI

Allocate MIPI-DSI to specified domain.

0b0 - RTD

0b1 - APD

3

DCNANO

DCNANO

Allocate DCNano to specified domain.

0b0 - RTD

0b1 - APD

2

GPU3D

GPU3D

Allocate GPU3D to specified domain..

0b0 - RTD

0b1 - APD

1

GPU2D

GPU2D

Allocate GPU2D to specified domain.

0b0 - RTD

0b1 - APD

0

PXP

PXP

Allocate PXP to specified domain.

0b0 - RTD

0b1 - APD

NXP Semiconductors
System Integration Module: (SIM_RTD_SEC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1077 / 5781



19.6.1.21 LPAV Slave Allocation Control Register (LPAV_SLAVE_ALLOC_CTRL)

Offset

Register Offset

LPAV_SLAVE_ALLOC_
CTRL

50h

Function
Controls allocation of LPAV slaves to either RTD or AD.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SPDIF 

LPTP
M8 

SEMA
42 

SAI7 SAI6 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4

SPDIF

SPDIF

Allocate SPDIF to specified domain.

0b0 - RTD

0b1 - APD

3

LPTPM8

LPTPM8

Allocate LPTPM8 to specified domain.

0b0 - RTD

0b1 - APD

2

SEMA42

SEMA42

Allocate SEMA42 to specified domain.

0b0 - RTD

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - APD

1

SAI7

SAI7

Allocate SAI7 to specified domain.

0b0 - RTD

0b1 - APD

0

SAI6

SAI6

Allocate SAI6 to specified domain.

0b0 - RTD

0b1 - APD

19.6.1.22 LPAV DMA2 CH Allocation Control Register (LPAV_DMA2_CH_ALLOC_CTRL)

Offset

Register Offset

LPAV_DMA2_CH_ALLO
C_CTRL

54h

Function
Controls allocation of LPAV DMA2 Channels to either RTD or AD.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LPAV_DMA2_CH_ALLOC_CTRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LPAV_DMA2_CH_ALLOC_CTRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0 LPAV DMA2 CH Allocation Control Register

Table continues on the next page...
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Field Function

LPAV_DMA2_C
H_ALLOC_CTR

L

Allocate each DMA2 channel to specified domain.

0b0 - RTD

0b1 - APD

19.6.1.23 LPAV DMA2 Request Allocation Control Register (LPAV_DMA2_REQ_ALLOC_CTRL)

Offset

Register Offset

LPAV_DMA2_REQ_ALL
OC_CTRL

58h

Function
Controls allocation of LPAV DMA2 Requests to either RTD or AD.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved GPIOD SPDIF SAI7 SAI6 SAI5 SAI4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SAI1 SAI0 

LPUA
RT5 

LPUA
RT3 

LPSPI
5 

LPSPI
3 

I3C2 I3C1 
LPI2C

5 
LPI2C

3 
FLEXI

O1 
FLEXI

O0 
FLEXS

PI2 
FLEXS

PI1 
FLEXS

PI0 
LPTP

M8 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

—

Reserved

21

GPIOD

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

20

SPDIF

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

Table continues on the next page...
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Table continued from the previous page...

Field Function

19

SAI7

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

18

SAI6

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

17

SAI5

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

16

SAI4

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

15

SAI1

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

14

SAI0

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

13

LPUART5

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

12

LPUART3

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

11

LPSPI5

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

10

LPSPI3

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

Table continues on the next page...
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Table continued from the previous page...

Field Function

9

I3C2

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

8

I3C1

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

7

LPI2C5

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

6

LPI2C3

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

5

FLEXIO1

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

4

FLEXIO0

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

3

FLEXSPI2

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

2

FLEXSPI1

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

1

FLEXSPI0

DMA2 Request Allocation

0b0 - RTD

0b1 - APD

0

LPTPM8

DMA2 Request Allocation

0b0 - RTD

0b1 - APD
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19.6.1.24 Secure SysTick Calibration Configuration (M33_CFGSSTCALIB)

Offset

Register Offset

M33_CFGSSTCALIB 5Ch

Function
Register to configure SysTick calibration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved CFGSSTCALIB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFGSSTCALIB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-0

CFGSSTCALIB

Secure SysTick calibration configuration

CFGSSTCALIB[23:0] TENMS

Provides an integer value to compute a 10 ms, 100 Hz, delay from either the external reference.

clock, or CLKIN if the reference clock is not implemented.

For example, apply the value F423F999999 if no reference is implemented, and CLKIN is 100 MHz.

CFGSSTCALIB[24] SKEW

Tie this LOW if CLKIN or the external reference clock, as indicated by CFGSSTCALIB[25].

CFGNSSTCALIB[25], can guarantee an exact multiple of 10ms. Otherwise, tie this signal HIGH.

CFGSSTCALIB[25] NOREF

Indicates whether the external reference clock is implemented:

0b0 - Reference clock is implemented

0b1 - Reference clock is not implemented

When 0b1, the CLKSOURCE bit of the SYST_CSR register is forced to 0b1 and cannot be

Table continues on the next page...
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Table continued from the previous page...

Field Function

cleared to 0b0.

19.6.1.25 Fusion DSP General Purpose Register (FUSION_GPR0)

Offset

Register Offset

FUSION_GPR0 60h

Function
General purpose register assigned to capture Fusion status signals.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PFAUL
TI...

PFATA
LE...

DOUB
LEE...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VECTOR_REMAP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18

PFAULTINFOV
ALID

Fault Info Valid

Fault information signal

This signal mirrors the internal Fault Information Register and provides the source and severity of the fault.

17

PFATALERRO
R

Fatal Error

Signal that is asserted when the PFaultInfo signal changes its value.

The system can use its rising edge as an enabler to capture PFaultInfo.

16 Double Exception Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

DOUBLEEXCE
PTIONERROR

Primary output that is asserted when a fatal error condition occurs.

It is sticky when that error condition is due to AXI parity/ECC errors.

15-13

—

Reserved

12-0

VECTOR_REM
AP

Fusion Vector Remap Register

Specifies the addresses to be used for the processor’s Reset vectors.

 
Refer to Fusion documentation for details.

  NOTE  

0_0000_0000_0000b - For bit [11:0]: The reset vector address is 0

0_0000_0000_0001b - For bit [12]: Reserved

19.6.1.26 Fusion DSP General Purpose Register (FUSION_GPR1)

Offset

Register Offset

FUSION_GPR1 64h

Function
General purpose register assigned to capture Fusion status signals.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFAULTINFO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFAULTINFO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PFAULTINFO

Fault information Register

This signal mirrors the internal Fault Information Register and provides the source and severity of the fault.

19.6.1.27 Fusion DSP General Purpose Register (FUSION_GPR2)

Offset

Register Offset

FUSION_GPR2 68h

Function
General purpose register assigned to capture Fusion status signals.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TIE_EXPSTATE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TIE_EXPSTATE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TIE_EXPSTAT
E

GPIO32 option TIE output state

32-bits set by instructions which can be connected to any system peripherals, independent of main 
system bus.

19.6.1.28 Realtime Domain Interrupt Mask 0 (RTD_INTERRUPT_MASK0)

Offset

Register Offset

RTD_INTERRUPT_MAS
K0

6Ch
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Function

Registers to control peripherals interrupts visibility to the system.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved SE 

BBNS
M 

TRDC 
LPTM

R1 
LPTM

R0 
CMP1 CMP0 

FLEXS
PI1 

FLEXS
PI0 W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FLEXI
O0 

CGC0 CMC0 
POWE
RSYS 

WDOG
1 

WDOG
0 

WUU0 DMA0 EWM 
W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-27

—

Reserved

26-24

SE

Secure Enclave Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

23

BBNSM

BBNSM Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

22

TRDC

TRDC Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

21

LPTMR1

LPTMR1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

20

LPTMR0

LPTMR0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

19

CMP1

CMP1 Interrupt Mask

0b0 - Masked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - Not-masked.

18

CMP0

CMP0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

17

FLEXSPI1

FlexSPI1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

16

FLEXSPI0

FlexSPI0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

15

FLEXIO0

FlexIO0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

14

CGC0

CGC0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

13

CMC0

CMC0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

12

POWERSYS

POWERSYS Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

11

WDOG1

WDOG1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

10

WDOG0

WDOG0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

9

WUU0

WUU0 Interrupt Mask

0b0 - Masked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - Not-masked.

8-1

DMA0

DMA0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

0

EWM

EWM Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

19.6.1.29 Application Domain Interrupt Mask 0 (APD_INTERRUPT_MASK0)

Offset

Register Offset

APD_INTERRUPT_MAS
K0

70h

Function

Registers to control peripherals interrupts visibility to the system.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved USB1 USB0 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R USB_
PHY1 

USB_
PHY0 

XRDC 
FLEXS

PI2 
USDH

C2 
USDH

C1 
USDH

C0 
FLEXI

O1 
DMA1 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-18

—

Reserved

Table continues on the next page...

NXP Semiconductors
System Integration Module: (SIM_RTD_SEC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1089 / 5781



Table continued from the previous page...

Field Function

17

USB1

USB1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

16

USB0

USB0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

15

USB_PHY1

USB PHY1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

14

USB_PHY0

USB PHY0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

13

XRDC

XRDC Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

12

FLEXSPI2

FlexSPI2 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

11

USDHC2

uSDHC2 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

10

USDHC1

uSDHC1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

9

USDHC0

uSDHC0 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

8

FLEXIO1

FlexIO1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

DMA1

DMA1 Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.

19.6.1.30 Audio-Video Domain Interrupt Mask 0 (AVD_INTERRUPT_MASK0)

Offset

Register Offset

AVD_INTERRUPT_MAS
K0

74h

Function

Registers to control peripherals interrupts visibility to the system.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved MDDR 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-1

—

Reserved

0

MDDR

MDDR Interrupt Mask

0b0 - Masked.

0b1 - Not-masked.
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19.6.1.31 RTD Memories Write-Assist Control (WRITE_ASSIST_CTRL)

Offset

Register Offset

WRITE_ASSIST_CTRL 78h

Function

Write-Assist Control feature to Realtime Domain Memories.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

WRAS
T_M...

WRAS
T_M...

WR_ASSIST_E
N_B W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-4

—

Reserved

3

WRAST_MUX_
SEL_ABOVE_B

Write-Assist Mux Select - Memories with Row x Block below threshold

When disabled (0b1) the internal mux selects the default write assist setting based on the #wordlines 
per block.

This bit controls Write-Assist Mux for memories with Row x Block threshold above 128.

0b0 - Write-Assist mux enabled.

0b1 - Write-Assist mux disabled.

 
Memories controlled: POWER-QUAD, M33 S/SCACHE(TAG), ETF, ENTINEL, 
POWERSYS I/DRAM, SSRAM.

  NOTE  

2

WRAST_MUX_
SEL_BELOW_B

Write-Assist Mux Select - Memories with Row x Block below threshold

When disabled (0b1) the internal mux selects the default write assist setting based on the #wordlines 
per block.

This bit controls Write-Assist Mux for memories with Row x Block threshold below 128.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b0 - Write-Assist mux enabled.

0b1 - Write-Assist mux disabled.

 
Memories controlled: TCD_DMA0, FLEXCAN.

  NOTE  

1-0

WR_ASSIST_E
N_B

Write-Assist Enable

Active-Low Write-Assist Enable.

0b0 - Write-Assist enabled.

0b1 - Write-Assist disabled.

 
Memories controlled: POWER-QUAD, TCD_DMA0, FLEXCAN, M33 S/SCACHE(TAG), 
ETF, ENTINEL, POWERSYS I/DRAM, SSRAM.

  NOTE  

19.6.1.32 Realtime Domains System Control Register 1 (SYSCTRL1)

Offset

Register Offset

SYSCTRL1 7Ch

Function
Stores a variety of control functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AA64NAA32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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Fields

Field Function

31-2

—

Reserved

1-0

AA64NAA32

Architecture Mode Select Bits

 
When fuse AD_TO_RTD_RESET_EN is set to 0 and there is an AD only reset, this 
AA64NAA32 field will not be reset to its default value. A RTD reset is required to reset the 
AA64NAA32 field to its default value.

  NOTE  

0b00 - Aarch32 both Cores.

0b01 - Aarch64 Core 0 and Aarch32 Core 1.

0b10 - Aarch32 Core 0 and Aarch64 Core 1.

0b11 - Aarch64 both Cores.

19.6.1.33 Realtime Domains System Control Register 2 (SYSCTRL2)

Offset

Register Offset

SYSCTRL2 80h

Function
Stores a variety of control functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

TZM_C
ON...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fields

Field Function

31-1

—

Reserved

0

TZM_CONTRO
L

CM33 Trust Zone Mode Control Bit

0b0 - Trust Zone Mode disabled

0b1 - Trust Zone Mode enabled

19.6.1.34 Realtime Domains System Control Register 3 (SYSCTRL3)

Offset

Register Offset

SYSCTRL3 84h

Function
Stores a variety of control functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CP15SDISABL
E2 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

CP15SDISABL
E2

Disable write access to some Secure CP15 registers

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When fuse AD_TO_RTD_RESET_EN is set to 0 and there is an AD only reset, this 
CP15SDISABLE field will not be reset to its default value. A RTD reset is required to reset 
the CP15SDISABLE field to its default value.

  NOTE  

0b00 - Enable access to some Secure CP15 registers of both Cores.

0b01 - Disable access to some Secure CP15 registers of Core 0.

0b10 - Disable access to some Secure CP15 registers of Core 1.

0b11 - Disable access to some Secure CP15 registers of both Cores.

19.6.1.35 Realtime Domains System Control Register 4 (SYSCTRL4)

Offset

Register Offset

SYSCTRL4 88h

Function
Stores a variety of control functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LMDA_
RE...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-1

—

Reserved

0 Enables LMDA reset source

Table continues on the next page...
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Table continued from the previous page...

Field Function

LMDA_RESET_
EN

0b0 - Disables LMDA reset source.

0b1 - Enables LMDA reset source.
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Chapter 20
System Integration Module (SIM-APD)
20.1 Chip-specific APD_SIM information
Table 123. Reference links to related information

Topic Related module Reference

Full description APD_SIM APD_SIM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

20.1.1 Module instances
This device has one instance of the SIM module in the application domain (APD).

20.2 Overview
The System Integration Module (SIM) provides system control and chip configuration registers dedicated to 8ULP Application 
Domain (APD).

20.2.1 Block diagram
The following figure illustrates the block diagram of APD_SIM.
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Figure 155. APD_SIM block diagram

20.2.2 Features
The APD_SIM provides the following features:

• Application Domain (APD) dedicated multi-purpose register bank with a DGO domain subset.

• APD 64 bits timestamp selectable from either Realtime Domain or from APD dedicated.

20.3 Functional description
The following sections describe functional details of the APD_SIM module.

20.3.1 Operations

APD_SIM support reads/writes to its register bank through IPS protocol. A set of registers are mirrored in DGO domain. See 
detailed DGO registers access protocol in SIM DGO register protocol. Specific register access details are referred at Memory map 
and register definition.

APD_SIM has an APD dedicated timestamp module that can be selected by SYSCTR0[TSTMR_SEL] as an alternative to 
Realtime Domain timestamp.

20.3.1.1 SIM DGO register protocol

A set of registers have been made available in DGO domain for SW use, with the objective to maintain its value between system 
resets. DGO registers are reseted only in POR event. Since Low-Voltage (LV) and DGO registers are in asynchronous domains a 
synchronization plus rising edge detector is present in the update register path. In addition DGO domain is in slower clock, so an 
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interrupt is available for software to detect DGO register is updated. In addition a reset de-assert detect circuit is used to update 
LV registers with DGO value in the event of system reset. In case of POR event, both LV and DGO versions are reset to all zeroes.

INTACKUPDATE
SIM_DGO_CTRLx

To Interrupt Controler
From other SIM DGO Interrupts

RISING EDGE
DETECT

SYNC

RISING EDGE
DETECT

SYNCSIM_DGO_GPx

SIM_DGO_GPx

RESET
DETECT

POR Reset

IPS Bus

DGO Domain

Figure 156. SIM DGO register protocol diagram

DGO register update requires the following sequence:

1. Write to SIM_DGO_GPx register

2. Set SIM_DGO_CTRLx[UPDATE] bit

3. Poll SIM_DGO_CTRLx[ACK] bit or wait for interrupt (in this case need to enable interrupt prior to the sequence)

4. Clear SIM_DGO_CTRLx[UPDATE] bit

5. Write 1 to clear SIM_DGO_CTRLx[ACK] bit

20.3.2 Clocks

APD_SIM has the following main clock domains:

• System clock for regular register access: See chip-specific Clocking chapter for details.

• TSTMR clock: Timestamp 1 MHz clock.

• DGO domain clock: Slower clock for DGO register bank access.

20.3.3 Reset

APD_SIM has the following reset domains:

• Peripheral reset: Regular reset for peripheral access.

• Power-on reset: For register with specific requirements (See Memory map and register definition) and DGO registers.
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20.3.4 Interrupts

APD_SIM generates the following interrupts:

Table 124. APD_SIM interrupt generations

Interrupt Description

TSTMR_COMP0 Asserted when timestamp value matches 
TSTMR_CMP0_VAL_H/L pre-programed values. It is enabled 
by SYSCTRL0[TSTMR_COMP0_EN].

TSTMR_COMP1 Asserted when timestamp value matches 
TSTMR_CMP1_VAL_H/L pre-programed values. It is enabled 
by SYSCTRL0[TSTMR_COMP1_EN].

SIM_DGO_UPDATE Asserted when corresponding SIM_DGO_GPx register is 
shadowed in DGO domain. It is enabled by writing to 
corresponding SIM_DGO_CTRLx[INT_EN_ACK] bit.

 
See chip-specific Interrupts chapter for further details on interrupt mapping and handling.

  NOTE  

20.4 External signals
The APD_SIM module does not directly support any external interfaces.

20.5 Initialization

APD_SIM has no specific initialization process.

20.6 Application information

APD_SIM has no specific application information other than what is referred at Memory map and register definition. Further 
information can be also found on related modules and chip-specific chapters.

20.7 Memory map and register definition
This section describes the APD_SIM module memory map and detailed descriptions of all registers.

The memory map comprises of 32-bit aligned registers which can be accessed via 8-bit, 16-bit, or 32-bit accesses. Write access 
to reserved locations will generate transfer error. Read access to reserved locations will also generate transfer error and the read 
data bus will show all 0s.

The module will not check for correctness of programmed values in the registers and software must ensure that correct values 
are being written.

Timestamp shares the IPS address space with APD_SIM register bank.

• Timestamp Lower Value Address offset: 12'hC00

• Timestamp Upper Value Address offset: 12'hC04

See Timestamp chapter for details.

20.7.1 APD_SIM register descriptions
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20.7.1.1 APD_SIM memory map

SIM1 base address: 2929_0000h

Offset Register Width

(In bits)

Access Reset value

8h APD SIM DGO Control Register 0 (DGO_CTRL0) 32 RW 0000_0000h

Ch APD SIM DGO Control Register 1 (DGO_CTRL1) 32 RW 0000_0000h

10h APD SIM DGO General Purpose Register 0 (DGO_GP0) 32 RW 0000_0000h

14h APD SIM DGO General Purpose Register 1 (DGO_GP1) 32 RW 0000_0000h

18h APD SIM DGO General Purpose Register 2 (DGO_GP2) 32 RW 0000_0000h

20h RESET1_B pad and Filter Configuration (DGO_GP3) 32 RW 0050_0033h

24h PTE Operating Range Control (DGO_GP4) 32 RW 0000_0000h

28h PTF Operating Range Control (DGO_GP5) 32 RW 0000_0000h

30h Application Domain System Control Register 0 (SYSCTRL0) 32 RW 0000_0000h

3Ch WKPU0 Wake-up Enable Register (WKPU0_WAKEUP_EN) 32 RW 0000_0000h

40h WKPU1 Wake-up Enable Register 1 (WKPU1_WAKEUP_EN) 32 RW 0000_0000h

44h USB Wake-up Control Register (DGO 10) (USB_WAKEUP) 32 RW 0000_0000h

48h PTD Pads Compensation Cell Configuration Register 
(PTD_COMPCELL)

32 RW 0000_8000h

4Ch Lower CA35 TS Timer First Compare Value (TSTMR_CMP0_VAL_L) 32 RW 0000_0000h

50h Upper CA35 TS Timer First Compare Value (TSTMR_CMP0_VAL_H) 32 RW 0000_0000h

54h Lower CA35 TS Timer Second Compare value 
(TSTMR_CMP1_VAL_L)

32 RW 0000_0000h

58h Upper CA35 TS Timer Second Compare Value 
(TSTMR_CMP1_VAL_H)

32 RW 0000_0000h

5Ch CA35 Core0 Reset Vector Base Address (DGO 8) (RVBARADDR0) 32 RW 0000_1000h

60h CA35 Core1 Reset Vector Base Address (DGO 9) (RVBARADDR1) 32 RW 0000_1000h

64h Medium Quality Sound Configuration Register (MQS1_CF) 32 RW 0100_0000h

68h SAI 4 and 5 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

32 RW 0000_0000h

6Ch A35 Core0 Performance Monitoring Events (CORE0_PMU_EVENT) 32 R 0000_0000h

70h A35 Core1 Performance Monitoring Events (CORE1_PMU_EVENT) 32 R 0000_0000h

74h APD SIM DGO General Purpose Register 6 (DGO_GP6) 32 RW 0000_0000h

78h APD SIM DGO General Purpose Register 7 (DGO_GP7) 32 RW 0000_0000h
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20.7.1.2 APD SIM DGO Control Register 0 (DGO_CTRL0)

Offset

Register Offset

DGO_CTRL0 8h

Function
Provides the access control bits for corresponding SIM DGO registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

INT_E
N_...

INT_E
N_...

WR_A
CK_...

WR_A
CK_... UPDA

TE_...
UPDA
TE_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

INT_E
N_...

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_...

WR_A
CK_... UPDA

TE_...
UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

UPDA
TE_...

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29

INT_EN_ACK9

DGO General Purpose Register 9 Interrupt Acknowledge (RVBARADDR1)

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

28

INT_EN_ACK8

DGO General Purpose Register 8 Interrupt Acknowledge (RVBARADDR0)

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

27

WR_ACK_DGO
_GP9

DGO General Purpose Register 9 Write Acknowledge (RVBARADDR1)

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

26

WR_ACK_DGO
_GP8

DGO General Purpose Register 8 Write Acknowledge (RVBARADDR0)

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

25

UPDATE_DGO
_GP9

DGO General Purpose Register 9 Update (RVBARADDR1)

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

24

UPDATE_DGO
_GP8

DGO General Purpose Register 8 Update (RVBARADDR0)

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

23

INT_EN_ACK7

DGO General Purpose Register 7 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

22

INT_EN_ACK6

DGO General Purpose Register 6 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

21

INT_EN_ACK5

DGO General Purpose Register 5 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

20

INT_EN_ACK4

DGO General Purpose Register 4 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

19

INT_EN_ACK3

DGO General Purpose Register 3 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

18

INT_EN_ACK2

DGO General Purpose Register 2 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

17

INT_EN_ACK1

DGO General Purpose Register 1 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

16

INT_EN_ACK0

DGO General Purpose Register 0 Interrupt Acknowledge

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

15

WR_ACK_DGO
_GP7

DGO General Purpose Register 7 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

14

WR_ACK_DGO
_GP6

DGO General Purpose Register 6 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

13

WR_ACK_DGO
_GP5

DGO General Purpose Register 5 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

12 DGO General Purpose Register 2 Write Acknowledge

Table continues on the next page...
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Table continued from the previous page...

Field Function

WR_ACK_DGO
_GP4

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

11

WR_ACK_DGO
_GP3

DGO General Purpose Register 3 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

10

WR_ACK_DGO
_GP2

DGO General Purpose Register 2 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

9

WR_ACK_DGO
_GP1

DGO General Purpose Register 1 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

8

WR_ACK_DGO
_GP0

DGO General Purpose Register 0 Write Acknowledge

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

7

UPDATE_DGO
_GP7

DGO General Purpose Register 7 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

6

UPDATE_DGO
_GP6

DGO General Purpose Register 6 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

5 DGO General Purpose Register 5 Update

Table continues on the next page...
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Table continued from the previous page...

Field Function

UPDATE_DGO
_GP5

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

4

UPDATE_DGO
_GP4

DGO General Purpose Register 4 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

3

UPDATE_DGO
_GP3

DGO General Purpose Register 3 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

2

UPDATE_DGO
_GP2

DGO General Purpose Register 2 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

1

UPDATE_DGO
_GP1

DGO General Purpose Register 1 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

0

UPDATE_DGO
_GP0

DGO General Purpose Register 0 Update

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

20.7.1.3 APD SIM DGO Control Register 1 (DGO_CTRL1)

Offset

Register Offset

DGO_CTRL1 Ch

Function
Provides the access control bits for corresponding SIM DGO registers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

INT_E
N_...

WR_A
CK_... UPDA

TE_...
W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2

INT_EN_ACK10

DGO General Purpose Register 10 Interrupt Acknowledge (USB_WAKEUP)

Interrupt enable for corresponding WR_ACK_DGO bit field.

0b0 - DGO WR_ACK_DGO Interrupt disabled.

0b1 - DGO WR_ACK_DGO Interrupt enabled.

1

WR_ACK_DGO
_GP10

DGO General Purpose Register 10 Write Acknowledge (USB_WAKEUP)

Set automatically when corresponding DGO register is shadowed in DGO domain. SW needs to write "1" 
to clear.

0b0 - Not shadowed to DGO domain.

0b1 - Shadowed to DGO domain.

0

UPDATE_DGO
_GP10

DGO General Purpose Register 10 Update (USB_WAKEUP)

Writing HIGH to this bit field indicate corresponding DGO register has been updated with new values.

0b0 - DGO register not updated.

0b1 - DGO register updated.

20.7.1.4 APD SIM DGO General Purpose Register 0 (DGO_GP0)

Offset

Register Offset

DGO_GP0 10h
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Function

CA35 core0 resume entry point. To store CA35 entry point for a resuming from low power mode.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP0

SIM DGO General purpose register 0

 
Contents are retained during power cycles.

  NOTE  

20.7.1.5 APD SIM DGO General Purpose Register 1 (DGO_GP1)

Offset

Register Offset

DGO_GP1 14h

Function

Argument for CA35 core0 resume. CA35 ROM stores this value into CPU register R0 when jumping to A35 entry point.

This is optional and can be used as other purpose if argument is not needed when resuming.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP1

SIM DGO General Purpose Register 1

 
Contents are retained during power cycles.

  NOTE  

20.7.1.6 APD SIM DGO General Purpose Register 2 (DGO_GP2)

Offset

Register Offset

DGO_GP2 18h

Function

Reserved for future CA35 Boot ROM.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

SIM_DGO_GP2

SIM DGO General Purpose Register 2

 
Contents are retained during power cycles.

  NOTE  

20.7.1.7 RESET1_B pad and Filter Configuration (DGO_GP3)

Offset

Register Offset

DGO_GP3 20h

Function

Configures RESET1_B pad and filter.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RESET1_B_CONFIG_DFD 

RESE
T1_...

RESE
T1_...

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RESE
T1_...

Reserved 
RESE
T1_...

RESE
T1_...

RESE
T1_...

Reserv
ed 

RESE
T1_...

RESE
T1_...

RESE
T1_...W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1

Fields

Field Function

31-28

—

Reserved

27-22

RESET1_B_CO
NFIG_DFD

Digital Filter Duration by Defining Deglitch Count

0b00000 - Disabled

other - Count value

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
Reset by POR only.

  NOTE  

21

RESET1_B_CO
NFIG_DFCS

Digital Filter Clock Select

0b0 - 1 kHz RTC clock

0b1 - 32 kHz RTC Clock

 
Reset by POR only.

  NOTE  

20

RESET1_B_CO
NFIG_DFE

Digital Filter Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by POR only.

  NOTE  

19-16

—

Reserved

15

RESET1_B_CO
NFIG_LK

Locks Writes to This Register

0b0 - Unlocked

0b1 - Locked

 
Once locked the register will be unlocked only after reset.

  NOTE  

14-7

—

Reserved

6

RESET1_B_CO
NFIG_DSE

Drive Strength Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by POR only.

  NOTE  

5

RESET1_B_CO
NFIG_ODE

Open Drain Enable

0b0 - Push-Pull

0b1 - Open Drain

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
Reset by POR only.

  NOTE  

4

RESET1_B_CO
NFIG_PFE

Passive Filter Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by POR only.

  NOTE  

3

—

Reserved

2

RESET1_B_CO
NFIG_SRE

Slew Rate Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by POR only.

  NOTE  

1

RESET1_B_CO
NFIG_PE

Weak Pull Enable

0b0 - Disabled

0b1 - Enabled

 
Reset by POR only.

  NOTE  

0

RESET1_B_CO
NFIG_PS

Weak Pull Select

0b0 - Pull Down

0b1 - Pull Up

 
Reset by POR only.

  NOTE  

20.7.1.8 PTE Operating Range Control (DGO_GP4)

Offset

Register Offset

DGO_GP4 24h
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Function

Provides operating range control for PTE pads.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PTE_OPERATI
NG_R...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

PTE_OPERATI
NG_RANGE

PTE Operating Range (Write Once)

0b00 - Continuous/Auto Range Operation

0b01 - 1.8 V Range Operation

0b10 - 3.3 V Range Operation

0b11 - Prohibited

 
Reset by POR only.

  NOTE  

20.7.1.9 PTF Operating Range Control (DGO_GP5)

Offset

Register Offset

DGO_GP5 28h

Function

Provides operating range control for PTF pads.
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Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PTF_OPERATI
NG_R...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

PTF_OPERATI
NG_RANGE

PTF Operating Range (Write Once)

0b00 - Continuous/Auto Range Operation

0b01 - 1.8 V Range Operation

0b10 - 3.3 V Range Operation

0b11 - Prohibited

 
Reset by POR only.

  NOTE  

20.7.1.10 Application Domain System Control Register 0 (SYSCTRL0)

Offset

Register Offset

SYSCTRL0 30h

Function
Stores a variety of control functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTM
R_C... TSTM

R_C...

TSTM
R_C... TSTM

R_C...
TSTM
R_S...

Reserv
ed 

Reserved Reserved 
AD_S
W_R...

A35_C
OL...

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

WDOG
4_R...

A35_SMPEN L2_CA
CH...

L2_CA
CH...

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

TSTMR_COMP
1_IRQ_CTRL

Controls the Second Compare of CA35 Reset as IRQ.

This bit is set when CA35 TSTimer counter value matches the value stored in TSTMR_CMP_VAL registers.

Staying high until a 1'b1 bit write.

 
This bit should be cleared in the interrupt routine.

  NOTE  

30

TSTMR_COMP
1_EN

Enables the Compare of CA35 TS Timer Versus Second Programmed Value.

If set, this bit enables the compare of CA35 TS Timer versus the value stored in SIM registers 
TSTMR_CMP_VAL_L and TSTMR_CMP_VAL_H.

0b0 - Compare operation is disabled.

0b1 - Compare operation is enabled.

29

TSTMR_COMP
0_IRQ_CTRL

Controls the First Compare of CA35 Reset as IRQ.

This bit is set when CA35 TSTimer counter value matches the value stored in TSTMR_CMP_VAL registers.

Staying high until a 1'b1 bit write.

 
This bit should be cleared in the interrupt routine.

  NOTE  

28

TSTMR_COMP
0_EN

Enables the Compare of CA35 TS Timer Versus The First Programmed Value.

If set, this bit enables the compare of CA35 TS Timer versus the value stored in SIM registers 
TSTMR_CMP_VAL_L and TSTMR_CMP_VAL_H.

0b0 - Compare operation is disabled.

0b1 - Compare operation is enabled.

27

TSTMR_SEL

CA35 Timer Select

Selects which timer will be available to CA35.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b0 - M33 Timestamp.

0b1 - CA35 Timestamp.

26

—

Reserved

25-24

—

Reserved

23-18

—

Reserved

17

AD_SW_RST

Enables Application Domain Software Reset

0b0 - No SW reset will be initiated in Application Domain

0b1 - A SW reset will be initiated in Application Domain

16

A35_COLD_RE
SET

CA35 Cold Reset

0b0: No effect in CA35s reset.

0b1: This value serves for 2 purposes:

1) When it is 0 and 1 is written, CA35 reset process is initiated.

Only the 1st write to 1 is considered to initiate the CA35 reset sequence.

2) When it reads 1. It means CA35 was reset previously.

15-9

—

Reserved

8

WDOG4_RESE
T_EN

Watchdog 4 Reset Enable

0b0 - WDOG4 system reset disabled.

0b1 - WDOG4 system reset enabled.

7-6

A35_SMPEN

Status Register to Indicate Whether a Core is Taking Part in Coherency.

5

L2_CACHE_RS
T_DISABLE

L2 Cache Reset Disable

Disable automatic L2 cache invalidate at reset.

0b0 - Enable L2 cache invalidate at reset.

0b1 - Disable L2 cache invalidate at reset.

 
Only change it when the processor is in the reset state.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

4

L2_CACHE_CO
NTROL

L2 Cache Control

Selects between cache or RAM function for 256 KB/512 KB L2 Cache.

0b0 - 256 KB L2 Cache + 256 KB SRAM configuration.

0b1 - 512 KB L2 Cache with no SRAM.

3-0

—

Reserved

20.7.1.11 WKPU0 Wake-up Enable Register (WKPU0_WAKEUP_EN)

Offset

Register Offset

WKPU0_WAKEUP_EN 3Ch

Function
Enable Control for WKPU0 Wake-up Channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WKPU0_WAKEUP_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WKPU0_WAKEUP_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

WKPU0_WAKE
UP_EN

Wake-up Enable Bits for WKPU0 Channels

Wake-up Enable Bits for WKPU respective channel n ( n = 0 ... 31).

0b0 - Wake-up disabled

0b1 - Wake-up enabled
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20.7.1.12 WKPU1 Wake-up Enable Register 1 (WKPU1_WAKEUP_EN)

Offset

Register Offset

WKPU1_WAKEUP_EN 40h

Function
Enable Control for WKPU1 Wake-up Channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WKPU1_WAKEUP_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WKPU1_WAKEUP_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

WKPU1_WAKE
UP_EN

Wake-up Enable Bits for WKPU1 Channels

Wake-up Enable Bits for WKPU respective channel n ( n = 0 ... 31).

0b0 - Wake-up disabled

0b1 - Wake-up enabled

20.7.1.13 USB Wake-up Control Register (DGO 10) (USB_WAKEUP)

Offset

Register Offset

USB_WAKEUP 44h

Function
Various USB wake-up controls.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

USB1_
PH...

USB0_
PH...

USB1_
PH...

USB0_
PH...

USB1_
PH...

USB0_
PH...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5

USB1_PHY_DP
D_WAKEUP_E

N

USB1 Deep Power Down Wake-up Enable

It masks the USB1 wake-up sources in dpd mode.

0b0 - USB1 DGO wake-up signal is masked.

0b1 - USB1 DGO wake-up signal enabled.

4

USB0_PHY_DP
D_WAKEUP_E

N

USB0 Deep Power Down Wake-up Enable

It masks the USB0 wake-up sources in dpd mode.

0b0 - USB0 DGO wake-up signal is masked.

0b1 - USB0 DGO wake-up signal enabled.

3

USB1_PHY_NO
N_DPD_WAKE

UP_EN

USB1 Non Deep Power Down Wake-up Enable

It masks the USB1 wake-up sources in non-dpd mode.

0b0 - USB1 non-dpd wake-up signal is masked.

0b1 - USB1 non-dpd wake-up signal enabled.

2

USB0_PHY_NO
N_DPD_WAKE

UP_EN

USB0 Non Deep Power Down Wake-up Enable

It masks the USB0 wake-up sources in non-dpd mode.

0b0 - USB0 non-dpd wake-up signal is masked.

0b1 - USB0 non-dpd wake-up signal enabled.

1

USB1_PHY_W
AKEUP_ISO_DI

SABLE

USB1 Wake-up ISO Disable

It disables the USB1 digital isolation to avoid floating node by masking the output signal when the USB 1.8 
supply is off.

Therefore, when the USB is turned on, this bit should be asserted (at least 100 us before 
USB1_PHY_DPD_WAKEUP_EN) to provide the correct wake-up functionality.

Table continues on the next page...
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Field Function

0b0 - USB1 wake-up isolation enabled.

0b1 - USB1 wake-up isolation disabled.

0

USB0_PHY_W
AKEUP_ISO_DI

SABLE

USB0 Wake-up ISO Disable

It disables the USB0 digital isolation to avoid floating node by masking the output signal when the USB 1.8 
supply is off.

Therefore, when the USB is turned on, this bit should be asserted (at least 100 us before 
USB1_PHY_DPD_WAKEUP_EN) to provide the correct wake-up functionality.

0b0 - USB0 wake-up isolation enabled.

0b1 - USB0 wake-up isolation disabled.

20.7.1.14 PTD Pads Compensation Cell Configuration Register (PTD_COMPCELL)

Offset

Register Offset

PTD_COMPCELL 48h

Function

Configures PTD Pads Compensation Cell operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COMP

OK Reserved 
NASRCP NASRCN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COMP
E 

COMT
Q 

FREE
ZE 

FASTF
RE...

SLEEP Reserved RASRCP RASRCN 
W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Compensation OK

0b0: Compensation is not operational.

Table continues on the next page...
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Table continued from the previous page...

Field Function

COMPOK 0b1: Compensation is operational. NASRCP, NASRCN values are valid.

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

30-24

—

Reserved

23-20

NASRCP

Generated Pads Driver PMOS Transistors Compensation Code

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

19-16

NASRCN

Generated Pads Driver NMOS Transistors Compensation Code

 
Those values are read only and reflects compensation cell state, so it's value will depend on 
voltage, process and temperature. Compensation cell verilog model value is set to a fixed 
mode depending on cell operating mode.

  NOTE  

15

COMPE

Compensation Status

0b0 - Compensation is disabled.

0b1 - Compensation is enabled.

14

COMTQ

Compensation TQ

Used in conjunction to COMPE to configure Compensation cell operating mode.

 
Check IOMUX chapter for details.

  NOTE  

13

FREEZE

Enables Freeze Mode

0b0 - Disable.

0b1 - Enable

12

FASTFREEZE

Enables Fast Freeze Mode

0b0 - Disable.

0b1 - Enable

11

SLEEP

Enables SLEEP mode

0b0 - Disable.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1 - Enable

10-8

—

Reserved

7-4

RASRCP

Defines Pads Driver PMOS Transistors Compensation Code

Used to set P transistors compensation code when Compensation cell is operating in 'Read Mode'.

 
Check IOMUX chapter for details.

  NOTE  

3-0

RASRCN

Defines Pads Driver NMOS Transistors Compensation Code

Used to set N transistors compensation code when Compensation cell is operating in 'Read Mode'.

 
Check IOMUX chapter for details.

  NOTE  

20.7.1.15 Lower CA35 TS Timer First Compare Value (TSTMR_CMP0_VAL_L)

Offset

Register Offset

TSTMR_CMP0_VAL_L 4Ch

Function

Lower bits of compare value for CA35 TS Timer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTMR_CMP_VAL_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TSTMR_CMP_VAL_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TSTMR_CMP_
VAL_L

Lower CA35 TS Timer Compare Value

Stores the lower 32 bits to compare with A35 TS Timer.

The compare is enabled when SYSCTRL0[TSTMR_COMP0_EN] is set.

If enabled the compare match will issue a IRQ/wake-up signal to A35 domain.

20.7.1.16 Upper CA35 TS Timer First Compare Value (TSTMR_CMP0_VAL_H)

Offset

Register Offset

TSTMR_CMP0_VAL_H 50h

Function

Upper bits of compare value for CA35 TS Timer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTMR_CMP_VAL_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TSTMR_CMP_VAL_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TSTMR_CMP_
VAL_H

Upper CA35 TS Timer Compare value

Stores the upper 32 bits to compare with A35 TS Timer.

The compare is enabled when SYSCTRL0[TSTMR_CMP0_EN] is set.

If enabled the compare match will issue a IRQ/wake-up signal to A35 domain.
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20.7.1.17 Lower CA35 TS Timer Second Compare value (TSTMR_CMP1_VAL_L)

Offset

Register Offset

TSTMR_CMP1_VAL_L 54h

Function

Lower bits of compare value for CA35 TS Timer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTMR_CMP_VAL_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TSTMR_CMP_VAL_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TSTMR_CMP_
VAL_L

Lower CA35 TS Timer Compare Value

Stores the lower 32 bits to compare with A35 TS Timer.

The compare is enabled when SYSCTRL0[TSTMR_CMP0_EN] is set.

If enabled the compare match will issue a IRQ/wake-up signal to A35 domain.

20.7.1.18 Upper CA35 TS Timer Second Compare Value (TSTMR_CMP1_VAL_H)

Offset

Register Offset

TSTMR_CMP1_VAL_H 58h

Function

Upper bits of compare value for CA35 TS Timer.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTMR_CMP_VAL_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TSTMR_CMP_VAL_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TSTMR_CMP_
VAL_H

Upper CA35 TS Timer Compare Value

Stores the upper 32 bits to compare with A35 TS Timer.

The compare is enabled when SYSCTRL0[TSTMR_CMP0_EN] is set.

If enabled the compare match will issue a IRQ/wake-up signal to A35 domain.

20.7.1.19 CA35 Core0 Reset Vector Base Address (DGO 8) (RVBARADDR0)

Offset

Register Offset

RVBARADDR0 5Ch

Function

Reset Vector Base Address for executing in 64-bit state.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RVBARADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RVBARADDR0 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RVBARADDR0

CA35 Core0 Reset Vector Base Address

Reset Vector Base Address for executing in 64-bit state.

 
Contents are retained during power cycles.

  NOTE  

20.7.1.20 CA35 Core1 Reset Vector Base Address (DGO 9) (RVBARADDR1)

Offset

Register Offset

RVBARADDR1 60h

Function

Reset Vector Base Address for executing in 64-bit state.

 
Contents are retained during power cycles.

  NOTE  

NXP Semiconductors
System Integration Module (SIM-APD)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1127 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RVBARADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RVBARADDR1 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RVBARADDR1

CA35 Core1 Reset Vector Base Address

Reset Vector Base Address for executing in 64-bit state.

 
Contents are retained during power cycles.

  NOTE  

20.7.1.21 Medium Quality Sound Configuration Register (MQS1_CF)

Offset

Register Offset

MQS1_CF 64h

Function

Register set that allow the configuration of MQS features.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

MQS1
_SD...

MQS1
_OV...

MQS1
_EN 

MQS1
_SW...

MQS1_CLK_DIV 
W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27

MQS1_SDATA_
SOURCE

MQS1s sdata Input Source Selection

Selects which of the four output data channels from SAI4s transmitter will drive MQS1s sdata input.

0b0 - ipp_do_sai_txdata[0]

0b1 - ipp_do_sai_txdata[1]

26

MQS1_OVERS
AMPLE

PWM Oversampling Rate Selection

Used to control the PWM oversampling rate compared with mclk.

0b0 - 32

0b1 - 64

25

MQS1_EN

Enables MQS

0b0 - Disable

0b1 - Enable

24

MQS1_SW_RS
T

MQS Software Reset

0b0 - Exit software reset for MQS

0b1 - Enable software reset for MQS

23-16

MQS1_CLK_DI
V

Divider Ration Control for mclk from hmclk.

0d0 - mclk frequency hmclk frequency

0d1 - mclk frequency 1/2*hmclk frequency

0d2 - mclk frequency 1/3*hmclk frequency

...

0dn - mclk frequency 1/(n+1)*hmclk frequency

15-0

—

Reserved

20.7.1.22 SAI 4 and 5 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

Offset

Register Offset

SAI_MULTISYNC_ENAB
LE_SELECTOR

68h
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Function
Selects sai(4,5)'s transmitter/receiver multi-synchronous enable source.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SAI5_MULTISY
NC_...

Reserved 
SAI4_MULTISY

NC_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-8

SAI5_MULTISY
NC_ENABLE_S

ELECTOR

SAI5 Multi-sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai5's enable signal:

0b00 - SAI4

0b01 - SAI6

0b10 - SAI7

0b11 - RESERVED

7-2

—

Reserved

1-0

SAI4_MULTISY
NC_ENABLE_S

ELECTOR

SAI4 Multi-sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai4's enable signal:

0b00 - SAI5

0b01 - SAI6

0b10 - SAI7

0b11 - RESERVED
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20.7.1.23 A35 Core0 Performance Monitoring Events (CORE0_PMU_EVENT)

Offset

Register Offset

CORE0_PMU_EVENT 6Ch

Function
A35 Core0 Performance Monitoring Events.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CORE0_PMU_EVENT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CORE0_PMU_EVENT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-0

CORE0_PMU_
EVENT

A35 Core0 PMU EVENT

A35 Core0 Performance Monitoring Events.

20.7.1.24 A35 Core1 Performance Monitoring Events (CORE1_PMU_EVENT)

Offset

Register Offset

CORE1_PMU_EVENT 70h

Function
A35 Core1 Performance Monitoring Events.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CORE1_PMU_EVENT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CORE1_PMU_EVENT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-0

CORE1_PMU_
EVENT

A35 Core1 PMU EVENT

A35 Core1 Performance Monitoring Events.

20.7.1.25 APD SIM DGO General Purpose Register 6 (DGO_GP6)

Offset

Register Offset

DGO_GP6 74h

Function

Reserved for future CA35 Boot ROM.

 
Contents are retained during power cycles.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SIM_DGO_GP6

SIM DGO General purpose register 6

 
Contents are retained during power cycles.

  NOTE  

20.7.1.26 APD SIM DGO General Purpose Register 7 (DGO_GP7)

Offset

Register Offset

DGO_GP7 78h

Function

Reserved for future CA35 Boot ROM.

 
Contents are retained during power cycles.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SIM_DGO_GP7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SIM_DGO_GP7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

SIM_DGO_GP7

SIM DGO General Purpose Register 7

 
Contents are retained during power cycles.

  NOTE  
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Chapter 21
System Integration Module (SIM-LPAV)
21.1 Chip-specific AVD_SIM information
Table 125. Reference links to related information

Topic Related module Reference

Full description AVD_SIM AVD_SIM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

21.1.1 Module instances
This device has one instance of the SIM module in low-power audio video (LPAV) domain.

21.2 Overview
The System Integration Module (SIM) provides system control and chip configuration registers dedicated to 8ULP Audio-Video 
Domain (AVD).

21.2.1 Block diagram
The following figure illustrates the block diagram of AVD_SIM.

AVD_SIM
REGISTER BANK

ipg_clk

32

P
er

ip
he

ra
l B

us SIM REGS[n]

n

to  System

n = SIM registers number

to  Interrupt Controller

to  Interrupt Controller

LPDDR_Q_ALMOST_FULL
LPDDR_CTRL[Q_ALMOST_FULL] 

LPDDR_CTRL[Q_ALMOST_FULL_INT_ENABLE]

LPDDR_DFS
LPDDR_CTRL2[DFS_INTERRUPT]

LPDDR_CTRL2[DFS_INT_ENABLE]

Figure 157. AVD_SIM block diagram

21.2.2 Features
The AVD_SIM provides the following features:

• Audio-Video Domain (AVD) dedicated multi-purpose register bank.

21.3 Functional description
The following sections describe functional details of the AVD_SIM module.
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21.3.1 Operations

AVD_SIM support reads/writes to its register bank through IPS protocol. Specific register access details are referred at Memory 
map and register definition.

21.3.2 Clocks

AVD_SIM has the following main clock domains:

• System clock for regular register access: Check chip-specific Clocking chapter for details.

21.3.3 Reset

AVD_SIM has the following reset domains:

• Peripheral reset: Regular reset for peripheral access.

21.3.4 Interrupts

AVD_SIM can generate the following interrupts both related to LPDDR:

Table 126. AVD_SIM interrupt generation

Interrupt Description

LPDDR_Q_ALMOST_FULL Asserted when the LPDDR command 
queue is almost full. Enabled by 
LPDDR_CTRL[Q_ALMOST_FULL_INT_ENABLE]. Check 
LPDDR chapter and Memory map and register definition for 
details.

LPDDR_DFS Asserted when LPDDR DFS command is issued. Reflects 
the value of LPDDR_CTRL2[DFS_INTERRUPT]. Enabled by 
LPDDR_CTRL2[DFS_INT_ENABLE]. Check LPDDR chapter 
and Memory map and register definition for details.

 
Check chip-specific Interrupts chapter for further details on interrupt mapping and handling.

  NOTE  

21.4 External signals
The AVD_SIM module does not directly support any external interfaces.

21.5 Initialization

AVD_SIM has no specific initialization process.

21.6 Application information

AVD_SIM has no specific application information other than what is referred at Memory map and register definition. Further 
information can be also found on related modules and chip-specific chapters.

21.7 Memory map and register definition
This section describes the AVD_SIM module memory map and detailed descriptions of all registers.
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The memory map comprises of 32-bit aligned registers which can be accessed via 8-bit, 16-bit, or 32-bit accesses. Write access 
to reserved locations will generate transfer error. Read access to reserved locations will also generate transfer error and the read 
data bus will show all 0s.

The module will not check for correctness of programmed values in the registers and software must ensure that correct values 
are being written.

21.7.1 AVD_SIM register descriptions

21.7.1.1 AVD_SIM memory map

SIM2 base address: 2DA5_0000h

Offset Register Width

(In bits)

Access Reset value

0h HW AVD_SIM General Purpose Register 0 (GPR0) 32 RW 0000_0000h

8h Audio-Video Domain System Control Register 0 (SYSCTRL0) 32 RW 0211_2000h

14h LPDDR Control Register (LPDDR_CTRL) 32 RW 0000_0000h

18h LPDDR Control Register (LPDDR_CTRL2) 32 RW 0000_0000h

1Ch Default Value Register for Quality of Service (QoS) 
(DEFAULT_QOS)

32 RW 0000_0000h

20h Panic Value Register for Quality of Service (QoS) (PANIC_QOS) 32 RW 0000_0000h

24h SAI 6 and 7 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

32 RW 0000_0000h

28h HiFi4 DSP General Purpose Register (HIFI4_GPR0) 32 R 0000_0000h

2Ch HiFi4 DSP General Purpose Register (HIFI4_GPR1) 32 R 0000_0000h

30h HiFi4 DSP General Purpose Register (HIFI4_GPR2) 32 R 0000_0000h

34h Audio-Video Domain AXI Cache Override (AXI_CACHE_OVERRIDE) 32 RW FFFF_FFFFh

21.7.1.2 HW AVD_SIM General Purpose Register 0 (GPR0)

Offset

Register Offset

GPR0 0h

Function

General Purpose Read/Write Register 0.

Hardware GPR to store chip specific control bits.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved GPR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

GPR0

General Purpose Read/Write Register

Hardware GPR to store chip specific control bits.

21.7.1.3 Audio-Video Domain System Control Register 0 (SYSCTRL0)

Offset

Register Offset

SYSCTRL0 8h

Function

Stores a variety of control functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MIPI_DSI_ULPS_ACTIVE 
HIFI4_

D... HIFI4_
D...

Reserv
ed 

LPAV_MODULE_DEBUG 
HIFI4_

P...
HIFI4_

P...
HIFI4_

C...
HIFI4_

D...
W

Reset 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MIPI_
DS...

HIFI4_
D...

HIFI4_
D...

DSI_A
LI...

Reserved 
DSI_D

PI...
DSI_C
ON...

Reserved 
DSI_R
ST...

DSI_R
ST...

DSI_R
ST...

DSI_
SD 

DSI_
CM 

Reserv
ed W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

MIPI_DSI_ULP
S_ACTIVE

MIPI-DSI ULPS Status Bits

0b0 - Corresponding lane is not in ULPS mode.

0b1 - Corresponding lane is in ULPS mode.

26

HIFI4_DSP_DB
G_MODE

HiFi4 DSP in OCD Halt or Other Debug Mode

0b0 - HiFi4 DSP not in OCD halt or other debug mode.

0b1 - HiFi4 DSP in OCD halt or other debug mode.

25

HIFI4_DSP_DB
G_RST

Reset HiFi4 DSP Debug Logic

0b0: Don't Reset HiFi4 DSP Debug logic.

0b1: Reset HiFi4 DSP Debug logic.

24

—

Reserved

23-20

LPAV_MODUL
E_DEBUG

Low-Power Audio-Video Mode Debug

0b0000 - GPU2D GPU3D.

0b0001 - DSI (Group 1).

0b0010 - DSI (Group 2).

0b0011 - DSI (Group 3).

19

HIFI4_PLAT_CL
K_EN

HiFi4 Platform Clock Enable

0b0 - HiFi4 platform clock disabled.

0b1 - HiFi4 platform clock enabled.

18

HIFI4_PBCLK_
EN

HiFi4 PBCLK Clock Enable

0b0 - HiFi4 PBCLK clock disabled.

0b1 - HiFi4 PBCLK clock enabled.

17

HIFI4_CLK_EN

HiFi4 Clock Enable

0b0 - HiFi4 clock disabled.

0b1 - HiFi4 clock enabled.

16

HIFI4_DSP_RS
T

Controls the HiFi4 DSP Reset

0b0 - HiFi4 DSP out of reset.

0b1 - HiFi4 DSP in reset.

15 Enables MIPI-DSI to Exit ULPS00 gracefully

0b0 - Disables MIPI-DSI to exit ULPS00.

Table continues on the next page...
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Table continued from the previous page...

Field Function

MIPI_DSI_ULP
S_PWRUP

0b1 - Enables MIPI-DSI to exit ULPS00.

14

HIFI4_DSP_OC
D_HALT

Halt HiFi4 DSP Execution into OCD Halt Mode when Processor Comes Out of Reset

0b0 - Don't place HiFi4 DSP into OCDHaltMode when processor comes out of reset.

0b1 - Place HiFi4 DSP into OCDHaltMode when processor comes out of reset.

13

HIFI4_DSP_ST
ALL

Stall HIFI4 DSP Execution

0b0 - Don't Stall HIFI4 DSP Execution.

0b1 - Stall HIFI4 DSP Execution.

12

DSI_ALIGN_S
W

Configures the DSI-PHY to Enable High Speed Sync Token Alignment

0b0 - Feature disabled [Default].

0b1 - Feature enabled.

11-10

—

Reserved

9

DSI_DPI2_EPD
C_DCNANO_M

UX_SEL

DSI Source Control

DSI DPI-2 Interface Multiplexor Selector between EPDC and DC-Nano.

0b0 - DC-Nano DPI-2.

0b1 - EPDC DPI-2.

8

DSI_CONT_CL
K_MODE

DSI Counter Control Mode

Enables the slave clock lane feature to maintain HS reception state during continuous clock mode operation.

0b0 - Feature disabled.

0b1 - Feature enabled.

7-6

—

Reserved

5

DSI_RST_BYT
E_N

DSI Reset Byte

The DSI Host Controller initialization requires that all its reset sources be controlled independently in order 
to have its functional blocks coming out of reset in different times.

This reset source affects all logic in the Byte domain.

Coming out of system reset, the Byte domain will be in reset state, and this bit shall be configured to take 
this domain out of reset state.

See DSI chapter for further detail of how resets should be released to correct operation of the module.

0b0 - Byte domain is under reset state (default).

0b1 - Byte domain is out of reset state.

Table continues on the next page...
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Table continued from the previous page...

Field Function

4

DSI_RST_ESC_
N

DSI Reset Escape

The DSI Host Controller initialization requires that all its reset sources be controlled independently in order 
to have its functional blocks coming out of reset in different times.

This reset source affects all logic in the Escape domain. Coming out of system reset, the Escape domain 
will be in reset state, and this bit shall be configured to take this domain out of reset state.

See MIPI-DSI chapter for further detail of how resets should be released to correct operation of the module.

0b0 - Escape domain is under reset state (default).

0b1 - Escape domain is out of reset state.

3

DSI_RST_DPI_
N

DSI Reset DPI

The DSI Host Controller initialization requires that all its reset sources to be controlled independently in order 
to have its functional blocks coming out of reset in different times.

This reset source affects all logic in the DPI domain.

Coming out of system reset, the DPI domain will be in reset state, and this bit shall be configured to take this 
domain out of reset state.

See MIPI-DSI chapter for further detail of how resets should be released to correct operation of the module.

0b0 - DPI domain is under reset state (default).

0b1 - DPI domain is out of reset state.

2

DSI_SD

DSI Shutdown Control

Shutdown Control for Type-4 Display only.

This feature triggers the display module to shut down the streaming video interface to reduce 
power consumption.

0b0 - Shutdown command not to be sent to the Type-4 display (default).

0b1 - Shutdown command to be sent to the Type-4 display.

1

DSI_CM

DSI Mode Control

Color Mode Control for Type-4 Display only.

This feature is used to configure the display on Normal Mode or Low-color mode.

When bit is configured to low-color mode, display works in 8-bit mode and display power is reduced.

0b0 - Low color mode (8-bit).

0b1 - Normal mode (full color) (default).

0

—

Reserved
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21.7.1.4 LPDDR Control Register (LPDDR_CTRL)

Offset

Register Offset

LPDDR_CTRL 14h

Function

Provides status flags and Low Power DFS control options.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Q_AL

MOS... Q_AL
MOS...

Reserved 
LPDD
R_A...

Reserved SOC_LP_CMD 
W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SOC_L
P_...

Reserved 
SOC_
FRE...

SOC_FREQ_C
OPY 

Reserv
ed 

SOC_
FRE... SOC_

FRE...
ENAB
LE_...

LPDD
R_D...

LPDDR_ERROR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

Q_ALMOST_FU
LL

Queue Almost Full Status

Command queue threshold (configurable at DENALI CTL 253) indicator for AXI ports.

This bit will be set when the first q_almost full event is detected and it remains high until software writes 1 
to clear it.

30

Q_ALMOST_FU
LL_INT_ENABL

E

Interrupt Enable for Queue Almost Full Threshold

When enabled, q_almost_full flag generates interrupt at LPDDR interrupt slot.

29-25

—

Reserved

24

LPDDR_AUTO_
LP_MODE_DIS

ABLE

Automatic Low Power Mode Acknowledge

This bit controls that if LPAV domain owner goes in low power mode (Deep Sleep/PD/DPD), an automatic 
low power command will also be sent to DDR controller through it's HW Low Power interface. It is always 
recommended to set this bit to 0.This bit has nothing to do with the Auto LP mode inside DDR Controller.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b0 - Automatic low power mode entry/exit enabled

0b1 - Automatic low power mode entry/exit disabled (procedure to put DRAM in SR need to be performed 
by software)

23-21

—

Reserved

20-15

SOC_LP_CMD

Low Power Command Code to Send Requests to LPDDR Controller for Low Power or DFS

[20:19] 0b00 - No clock gating

0b01 - Memory clock gating

0b10 - Memory and controller clock gating

[18:17] 0b01 - Self-refresh short (or SR Power-Down Short for LPDDR4)

0b10 - Self-refresh Long (or SR Power-Down Long for LPDDR4)

[16:15] 0b00 - DFS operation

0b01 - Low power state entry

0b10 - Low power state exit

14-12

—

Reserved

11

SOC_FREQ_R
EQ

Frequency Change Request

Frequency Change Request (DFS): writing to '1'b1' initiates DFS handshake with LPDDR.

Readable and only writeable to 1'b1.

Cleared by hardware on rising edge of ‘LPDDR_CTRL:lpddr_done’.

10-9

SOC_FREQ_C
OPY

SoC Frequency Copy

Selects which predefined frequencies to switch to.

Write should be blocked while LPDDR_CTRL:soc_freq_req = 1'b1.

Frequency copy values:

0b00 - LPDDR4/4x boot frequency

0b01 - LPDDR4/4x user-defined frequency 1

0b10 - LPDDR4/4x user-defined frequency 2

0b11 - RSV

8

—

Reserved

7 LPDDR Frequency Change Request

Table continues on the next page...
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Table continued from the previous page...

Field Function

SOC_FREQ_C
HG_REQ

Request from LPDDR indicating DRAM is in self-refresh and System can proceed with clock frequency 
update to new frequency.

6

SOC_FREQ_C
HG_ACK

LPDDR Frequency Change Acknowledge

Software writes to this bit after clock update to new frequency has been accomplished.

Readable and only writeable to 1’b1.

Cleared by hardware on rising edge of ‘LPDDR_CTRL:lpddr_done’.

5

ENABLE_HSHK
_TIMEOUT

Enables Internal Timeout Counter to be Active

In the case of timeout counter is enabled and counter times out, Low Power/DFS handshake is aborted and 
error code is generated in lpddr_error[3:0] flag.

4

LPDDR_DONE

LPDDR Done

This status bit has two main functions:

Give status of automatic low power transition of LPDDR.

Give status of DFS software request to a new frequency set.

For both cases lpddr_done high means previous request has finished, status of completion described 
in LPDDR_CTRL:lpddr_error[3:0].

0b0 - LPDDR not done.

0b1 - LPDDR done.

 
This bit is set HIGH in the rising edge of LPDDR_CTRL:lpddr_done.

This bit is cleared in the rising edge of LPDDR_CTRL:soc_freq_req.

  NOTE  

3-0

LPDDR_ERRO
R

LPDDR Error

Completion status of previous Auto HW Low Power transition, or software DFS request.

LPDDR:lpddr_error[3:0] is valid only when LPDDR:lpddr_done is HIGH.

Error signal encoding:

0b0000 - No Error.

0b0001 - ERROR_CODE_TIMEOUT_AXI

0b0010 - ERROR_CODE_TIMEOUT_ENTRY_ACK

0b0011 - ERROR_CODE_TIMEOUT_ENTRY_DONE_B

0b0100 - ERROR_CODE_TIMEOUT_ENTRY_DONE

0b0101 - ERROR_CODE_TIMEOUT_EXIT_DONE_B

0b0110 - ERROR_CODE_TIMEOUT_EXIT_DONE

0b0111 - ERROR_CODE_CTLR

0b1000 - ERROR_CODE_DFS_REQ_TIMEOUT

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b1001 - ERROR_CODE_DFS_DONE_TIMEOUT

0b1010-0b1111 - RSV

21.7.1.5 LPDDR Control Register (LPDDR_CTRL2)

Offset

Register Offset

LPDDR_CTRL2 18h

Function

Provides status flags and Low Power DFS control options.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

LPDD
R_E...

LPDD
R_M...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DFS_I
NT... DFS_I

NT...
Reserved 

PHY_F
RE... PHY_F

RE...
Reserv

ed 

PHY_FREQ_TYPE 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17

LPDDR_EN_CL
KGATE

LPDDR Enable Clock Gate

0b0 - DDR clock gating is Disabled. In the event of DDR entering Low Power, DDR clock source keeps 
toggling at same nominal frequency configured for active mode.

0b1 - DDR clock gating is Enabled. In the event of DDR entering Low Power, DDR clock source frequency 
is configured by LPDDR_CTRL2[LPDDR_MAX_CLKDIV_EN].

16 LPDDR Maximum Clock Divider Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

LPDDR_MAX_
CLKDIV_EN

0b0 - In the event of DDR entering Low Power, and LPDDR_EN_CLKGATE=1, DDR clock source is 
gated/halted.

0b1 - In the event of DDR entering Low Power, and LPDDR_EN_CLKGATE=1, CGC DDR clock source 
frequency divider is automatically configured to max value. On LP exit, CGC DDR divider returns to 
original value.

15

DFS_INTERRU
PT

DFS interrupt

This interrupt fires in the events below, and need to be cleared by ISR by W1C operation.

- LPDDR_CTRL2:phy_freq_chg_req rising edge

- LPDDR_CTRL:lpddr_done rising edge

- LPDDR_CTRL:soc_freq_chg_req rising edge

14

DFS_INT_ENA
BLE

Enable Interrupt for The DSF handshake

When enabled, dsf handshake flag generates interrupt at LPDDR interrupt slot.

13-8

—

Reserved

7

PHY_FREQ_C
HG_REQ

PHY Frequency Change Request

This is part of LPDDR4/4x initialization with multiple frequencies.

LPDDR4 start operation at boot frequency. After calibration is performed, PHY asserts 'phy_freq_chg_req' 
to request.

DDR system clock frequency to be updated to next pre-defined operating frequencies.

6

PHY_FREQ_C
HG_ACK

PHY Frequency Change Acknowledge

Software writes 1'b1 to this bit after clock update to new frequency has been accomplished.

User should only write to 1'b1. Write to zero before lpddr_done =1 may cause undetermined results.

Cleared by hardware on falling edge of LPDDR_CTRL2:phy_freq_chg_reg.

5

—

Reserved

4-0

PHY_FREQ_TY
PE

Code for New System LPDDR4/4x Frequency:

0b00000 - boot frequency

0b00001 - pre-defined frequency 1

0b00010 - pre-defined frequency 2

0b00011-0b11111 - RSV. It is not expected PHY to generate this request
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21.7.1.6 Default Value Register for Quality of Service (QoS) (DEFAULT_QOS)

Offset

Register Offset

DEFAULT_QOS 1Ch

Function

Default value register for peripheral Quality of Service (QoS) of AXI Write/Write Channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DEFAULT_EPDC_AR_QOS DEFAULT_EPDC_AW_QOS DEFAULT_ISI_V_AW_QOS DEFAULT_ISI_V_AR_QOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DEFAULT_ISI_U_AW_QOS DEFAULT_ISI_U_AR_QOS DEFAULT_ISI_Y_AW_QOS DEFAULT_ISI_Y_AR_QOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

DEFAULT_EPD
C_AR_QOS

EPDC Default Value Register for Quality of Service (QoS) AXI Read Channel

Default value register for Quality of Service (QoS) AXI Read Channel corresponding to EPDC.

27-24

DEFAULT_EPD
C_AW_QOS

EPDC Quality of Service (QoS) AXI Write Channel

Default value register for Quality of Service (QoS) AXI Write Channel corresponding to EPDC.

23-20

DEFAULT_ISI_
V_AW_QOS

Default Value Register for Quality of Service (QoS) AXI Write Channel Corresponding to ISI V 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

19-16

DEFAULT_ISI_
V_AR_QOS

Default Value Register for Quality of Service (QoS) AXI Read Channel Corresponding to ISI V 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

15-12

DEFAULT_ISI_
U_AW_QOS

Default Value Register for Quality of Service (QoS) AXI Write Channel Corresponding to ISI U 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-8

DEFAULT_ISI_
U_AR_QOS

Default Value Register for Quality of Service (QoS) AXI Read Channel Corresponding to ISI U 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

7-4

DEFAULT_ISI_
Y_AW_QOS

Default Value Register for Quality of Service (QoS) AXI Write Channel Corresponding to ISI Y 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

3-0

DEFAULT_ISI_
Y_AR_QOS

Default Value Register for Quality of Service (QoS) AXI Read Channel Corresponding to ISI Y 
Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

21.7.1.7 Panic Value Register for Quality of Service (QoS) (PANIC_QOS)

Offset

Register Offset

PANIC_QOS 20h

Function

Panic value register for peripheral Quality of Service (QoS) of AXI Write/Write Channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PANIC_EPDC_AR_QOS PANIC_EPDC_AW_QOS PANIC_ISI_V_AW_QOS PANIC_ISI_V_AR_QOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PANIC_ISI_U_AW_QOS PANIC_ISI_U_AR_QOS PANIC_ISI_Y_AW_QOS PANIC_ISI_Y_AR_QOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28 EPDC Panic Value Register for Quality of Service (QoS) AXI Read Channel

Panic value register for Quality of Service (QoS) AXI Read Channel corresponding to EPDC.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PANIC_EPDC_
AR_QOS

27-24

PANIC_EPDC_
AW_QOS

EPDC Panic Value Register for Quality of Service (QoS) AXI Write Channel

Panic value register for Quality of Service (QoS) AXI Write Channel corresponding to EPDC.

23-20

PANIC_ISI_V_A
W_QOS

Panic Value Register for Quality of Service (QoS) AXI Write Channel corresponding to ISI V Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

19-16

PANIC_ISI_V_A
R_QOS

Panic Value Register for Quality of Service (QoS) AXI Read Channel corresponding to ISI V Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

15-12

PANIC_ISI_U_A
W_QOS

Panic Value Register for Quality of Service (QoS) AXI Write Channel Corresponding to ISI U Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

11-8

PANIC_ISI_U_A
R_QOS

Panic Value Register for Quality of Service (QoS) AXI Read Channel Corresponding to ISI U Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

7-4

PANIC_ISI_Y_A
W_QOS

Panic Value Register for Quality of Service (QoS) AXI Write Channel Corresponding to ISI Y Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

3-0

PANIC_ISI_Y_A
R_QOS

Panic Value Register for Quality of Service (QoS) AXI Read Channel Corresponding to ISI Y Buffer Channel

This will be processed by NIC_LPAV while panic_out_y_buf is low.

21.7.1.8 SAI 6 and 7 Transmitter/Receiver Multi-Synchronous Enable Source 
(SAI_MULTISYNC_ENABLE_SELECTOR)

Offset

Register Offset

SAI_MULTISYNC_ENAB
LE_SELECTOR

24h

Function
Selects sai(6,7)'s transmitter/receiver multi-synchronous enable source.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SAI7_MULTISYNC_ENA
BLE_S...

Reserved 
SAI6_MULTISYNC_ENA

BLE_S...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-8

SAI7_MULTISY
NC_ENABLE_S

ELECTOR

SAI7 Multi-Sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai7's enable signal:

0b000 - SAI0

0b001 - SAI1

0b010 - RESERVED

0b011 - RESERVED

0b100 - SAI6

0b011 to 0b111 - RESERVED

7-3

—

Reserved

2-0

SAI6_MULTISY
NC_ENABLE_S

ELECTOR

SAI6 Multi-Sync Enable Source

If multi synchronous mode is enabled, this bit selects which sai instance drives sai6's enable signal:

0b000 - SAI0

0b001 - SAI1

0b010 - RESERVED

0b011 - RESERVED

0b100 - SAI7

0b011 to 0b111 - RESERVED
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21.7.1.9 HiFi4 DSP General Purpose Register (HIFI4_GPR0)

Offset

Register Offset

HIFI4_GPR0 28h

Function
General purpose register assigned to capture HiFi4 status signals.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PFAUL
TI...

PFATA
LE...

DOUB
LEE...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18

PFAULTINFOV
ALID

Fault Information Valid

Fault information signal

This signal mirrors the internal Fault Information Register and provides the source and severity of the fault.

17

PFATALERRO
R

Fatal Error

Signal that is asserted when the PFaultInfo signal changes its value.

The system can use its rising edge as an enabler to capture PFaultInfo.

16

DOUBLEEXCE
PTIONERROR

Double Exception Error

Primary output that is asserted when a fatal error condition occurs.

It is sticky when that error condition is due to AXI parity/ECC errors.

15-0

—

Reserved
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21.7.1.10 HiFi4 DSP General Purpose Register (HIFI4_GPR1)

Offset

Register Offset

HIFI4_GPR1 2Ch

Function
General purpose register assigned to capture HiFi4 status signals.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PFAULTINFO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PFAULTINFO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PFAULTINFO

Fault Information Register

This signal mirrors the internal Fault Information Register and provides the source and severity of the fault.

21.7.1.11 HiFi4 DSP General Purpose Register (HIFI4_GPR2)

Offset

Register Offset

HIFI4_GPR2 30h

Function
General purpose register assigned to capture HiFi4 status signals.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TIE_EXPSTATE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TIE_EXPSTATE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TIE_EXPSTAT
E

GPIO32 Option TIE Output State

32-bits set by instructions which can be connected to any system peripherals, independent of main 
system bus.

21.7.1.12 Audio-Video Domain AXI Cache Override (AXI_CACHE_OVERRIDE)

Offset

Register Offset

AXI_CACHE_OVERRID
E

34h

Function
Override control for AXI cache memories.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AXI_CACHE_OVERRIDE 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AXI_CACHE_OVERRIDE 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Fields

Field Function

31-0

AXI_CACHE_O
VERRIDE

Audio-Video Domain AXI Cache Override

Overrides AXCACHE[1] to allow NIC transaction upsize.

0b0 - NIC regular transaction.

0b1 - NIC transaction upsize.

Bit Maping

bit[0] = DCNano

bit[1] = EPDC

bit[2] = PXP0

bit[3] = PXP1

bit[31:4] = Not used
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Chapter 22
Hardware Semphore (SEMA42)
22.1 Chip-specific SEMA42 information
Table 127. Reference links to related information

Topic Related module Reference

Full description SEMA42 SEMA42

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

22.1.1 Module instances
This device has 3 instances of the SEMA42 module: SEMA42_0, SEMA42_1, and SEMA42_2.

22.2 Overview
SEMA42 is a memory-mapped module that provides robust hardware support needed in multi-core systems for implementing 
semaphores and provides a simple mechanism to achieve "lock and unlock" operations via a single - write access. The hardware 
semaphore module provides hardware-enforced gates as well as other useful system functions related to the gating mechanisms.
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22.2.1 Block diagram

Mux

Peripheral bus

Peripheral rdata32

32

4

Gate (n-4) Gate (n-3) Gate (n-2) Gate (n-1)

Gate 0 Gate 1 Gate 2 Gate 3
Control

===

==

Peripheral write data

did

Peripheral bus wdata

Register blocks with finite
state machine that implements
the semaphore gates

Peripheral addressDecode

Figure 158. SEMA42 block diagram

22.2.2 Features
SEMA42 implements hardware-enforced semaphores as an IPS-mapped slave peripheral device. The feature set includes:

• Support for 16 hardware-enforced gates in a multi-domain configuration that supports up to 15 domains.

• Each hardware gate appears as a 16-state, 4-bit state machine.

• Support for secure reset mechanisms to clear the contents of individual gates, as well as a clear-all capability.

• Memory-mapped slave peripheral that offers programming-model accesses.

22.3 Functional description
The intent of the hardware gate implementation is to specify a protocol where the locking domain must unlock the gate. However, 
some systems may require a reset function to re-initialize the state of any gate(s) without requiring a system-level reset. To support 
this special gate reset requirement, SEMA42 implements a secure reset mechanism that allows you to initialize a hardware gate 
(or all the gates) by following a specific dual-write access pattern. The secure-gate reset:

• Uses a technique similar to that required for the servicing of a software watchdog timer

• Requires two consecutive writes with pre-defined data patterns from the same domain

You must do this to force the clearing of the specified gate(s). The required access pattern as follows:
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1. A domain performs a 16-bit write to the RSTGT memory location. The most significant byte ( RSTGT_W[RSTGDP] ) 
must be E2h. The value of least significant byte is irrelevant for this reference and can be anything.

2. The same domain then performs a second 16-bit write to the RSTGT location. For this write, the upper 
byte ( RSTGT_W[RSTGDP] ) is the logical complement of the first data pattern (1Dh) and the lower byte 
(RSTGT_W[RSTGTN] ) specifies the gate(s) to be reset. This gate field can specify a single gate or all gates to be 
cleared. If the same domain writes incorrect data on the second access or another domain performs the second write 
access, SEMA42 aborts the special gate reset sequence and does not assert an error signal.

3. Reads of the RSTGT location return information on the 2-bit reset state machine (RSTGT_R[RSTGSM] ) that 
implements these functions:

• The domain performing the reset ( RSTGT_R[RSTGMS] )

• The last-cleared gate number(s) (RSTGT_R[RSTGTN] )

Reads of the RSTGT register do not affect the secure-reset finite state machine in any manner.

22.3.1 Multi-core programming: software gates
Multi-processor systems require a function that can be used to safely and easily provide a locking mechanism for system software 
to control access to shared data structures, shared hardware resources, and so on. The software uses the gating mechanisms to 
serialize (and synchronize) accesses to shared data and/or resources to prevent race conditions and preserve memory coherency 
between different processes and domains.

Consider the following description of a typical use-case: domainX enters a section of code, where shared data values are to be 
updated. The domain must first acquire a semaphore. Think of this as the locking (or closing) of a software gate. After the gate 
locks, a properly-architected software system does not allow other processes (or domains) to execute the same code segment 
or modify the shared data structure protected by the gate. In other words, the system locks out other processes/domains. Many 
software implementations include a spin-wait loop within the lock function until the gate locks. After domain X obtains the lock, 
domain X continues execution and updates the data values protected by the particular lock. After domain X completes the updates, 
it unlocks (or opens) the software gate, allowing other processes/domains access to the updated data values.

A correctly-implemented system solution must follow these important rules:

• A gate variable must protect all writes to shared data values or shared hardware resources.

• After a domain locks a gate, the system must block other processes/domains from accessing the shared data or 
resources. Software conventions enforce this.

• The domain that locks a particular gate is the only domain that can open (unlock) that gate.

Information in the hardware gate identifying the locking domain can be extremely useful for system-level debugging.

22.3.2 16 Hardware-enforced gates
Gates appear as a 16-entry byte-size array with read and write accesses.

Domains lock gates by writing "domainID_number+1" to the appropriate gate and must read back the gate value to verify that the 
lock operation succeeded.

After the gate locks, the locking domain unlocks the gate by writing zeroes.

• 16-state implementation

If gate = 0h, then state = unlocked

if gate = 1h, then state = locked by domain (master) 0

if gate = 2h, then state = locked by domain (master) 1

…

if gate = Fh, then state = locked by domain (master) 14

SEMA42 uses the logical domain number and the specified data patterns as reference attributes to validate all write operation.
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After a gate locks, the locking domain must unlock the gate by writing zeroes.

22.3.3 State machine of the GATEn registers
This section describes more about the SEMA42 functional operation and specific details of the state machines of the 
GATEn registers.

As described previously, each of the GATEn registers implements a 4-bit, 16-state machine. The following figure shows a 
simplified diagram of the state transitions for each gate.

reset

1

idle
0000

2

43

7

86

5

dm0_lock
0001

dmE_lock
1111

did == dmE
& (wdata == dmE_lock)

did != dm0 (wdata != unlock)

did == dm0 & (wdata == unlock)

did = Domain identifier
dm = Domain number that identifies core domain X

did == dmE & (wdata == unlock)

did != dmE (wdata != unlock)

&~((did == dm1) & (wdata == dm1_lock))
& ...
&~((did == dmE) & (wdata == dmE_lock))

did == dm0
& (wdata == dm0_lock)

....

~((did == dm0) & (wdata == dm0_lock))

Figure 159. GATEn state machine

In the figure above, "dmE" represents domain 14 (E in hexadecimal). The platform passes the domain number to SEMA42.

The following table defines the GATEn state transitions.

Table 128. GATEn state transitions

Current state Next state Transition Description

– idle 1 Any reset, whether a system reset or a software-initiated gate reset, 
unconditionally forces the gate into the idle state.

idle idle 2 Unless a write of the appropriate lock value from the corresponding 
domain occurs, the gate remains in the idle state.

idle dm0_lock 3 When domain 0h initiates a write of the dm0_lock data value, the gate 
transitions into the dm0_lock state.

Table continues on the next page...
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Table 128. GATEn state transitions (continued)

Current state Next state Transition Description

idle dmE_lock 4 When domain Eh initiates a write of the dmE_lock value, the gate 
transitions into the dmE_lock state.

dm0_lock dm0_lock 5 When in this state, the gate remains here if any attempted write is not 
from domain 0h with the unlock data value.

dm0_lock idle 6 The gate returns to the idle (unlocked) state after a write from domain 0h 
with the unlock data value occurs.

dmE_lock dmE_lock 7 When in this state, the gate remains here if any attempted write is not 
from domain Eh with the unlock data value.

dmE_lock idle 8 The gate returns to the idle (unlocked) state after a write from domain Eh 
with the unlock data value occurs.

SEMA42 uses these gate data values:

• The lock data value is (domain number) + 1.

• The unlock data value is 00h.

22.3.4 Clocking
This module has no clocking considerations.

22.3.5 Interrupts
This module has no interrupts.

22.4 Memory map/register definition
You can access these registers only in Supervisor mode. User accesses terminate with an error.

22.4.1 SEMA42 register descriptions

22.4.1.1 SEMA42 memory map

SEMA42_0 base address: 2803_7000h

SEMA42_1 base address: 2930_0000h

SEMA42_2 base address: 2DA3_0000h

Offset Register Width

(In bits)

Access Reset value

0h - Fh Gate (GATE0 - GATE15) 1 8 RW 00h

42h Reset Gate Read (RSTGT_R) 16 R 0000h

42h Reset Gate Write (RSTGT_W) 16 W See section

1. In this array, the index and offset values of the registers do not increment in direct alignment. For details, see the register 
description.
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22.4.1.2 Gate (GATE0 - GATE15)

Offset

For n = 0 to 15:

Register Offset

GATEn 0h + (n + 3 - 2 × (n mod 4))

Function

Implements each semaphore gate in a 4-bit finite state machine, right-justified in a byte data structure. The hardware uses the 
logical domain-identifier number in conjunction with the data patterns to validate all attempted write operations. Only domain 
masters can modify the gate registers. After a gate locks, only the locking domain must open (unlock) the gate.

You can read multiple gate values in a single access. However, you can update only a single gate at a time, via a write operation. If 
you attempt to write a byte-wide value that is neither the unlock value (00h) nor the appropriate lock value (domainID_number + 1), 
SEMA42 considers this as "no operation" and does not change any gate state. Attempts to write multiple gates in a single-aligned 
access with a size larger than 8 bits (byte) generate an error termination and do not allow any gate state changes.

Diagram

Bits 7 6 5 4 3 2 1 0

R 0
GTFSM 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-4

—

Reserved

3-0

GTFSM

Gate Finite State Machine

Indicates the state of the gate for the last domain that locked the gate. This can be useful during 
system debug.

The hardware gate has a 16-state implementation, defined as:

0000b - The gate is unlocked (free).

0001b - Domain 0 locked the gate.

0010b - Domain 1 locked the gate.

0011b - Domain 2 locked the gate.

0100b - Domain 3 locked the gate.

0101b - Domain 4 locked the gate.

0110b - Domain 5 locked the gate.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0111b - Domain 6 locked the gate.

1000b - Domain 7 locked the gate.

1001b - Domain 8 locked the gate.

1010b - Domain 9 locked the gate.

1011b - Domain 10 locked the gate.

1100b - Domain 11 locked the gate.

1101b - Domain 12 locked the gate.

1110b - Domain 13 locked the gate.

1111b - Domain 14 locked the gate.

22.4.1.3 Reset Gate Read (RSTGT_R)

Offset

Register Offset

RSTGT_R 42h

Function

Describes the specific hardware gate to be reset and records the logic number of domain. Reset Gate Write (RSTGT_W) also 
describe the same register showing the fields when you write it.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 RSTGSM RSTGMS RSTGTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

15-14

—

Reserved

13-12

RSTGSM

Reset Gate Finite State Machine

Table continues on the next page...
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Table continued from the previous page...

Field Function

Indicates the encoded state machine value when you read the register. RSTGSM = 10b is valid for only a 
single machine cycle, so a read can never return this value. SEMA42 maintains the reset state machine in 
a 2-bit, 3-state implementation, defined as follows:

00b - Idle, waiting for the first data pattern write.

01b - Waiting for the second data pattern write

10b - The 2-write sequence has completed. Generate the specified gate reset(s). After the reset is 
performed, this machine returns to the idle (waiting for first data pattern write) state.

11b - This state encoding is never used and therefore reserved.

11-8

RSTGMS

Reset Gate Domain

Records the logical number of the domain performing the gate reset function. To succeed, this function 
requires that the same domain initiate the two consecutive writes to this register. SEMA42 updates the field 
each time a write to this register occurs.

7-0

RSTGTN

Reset Gate Number

Specifies the specific hardware gate to be reset. The second write updates this field.

If RSTGTN < 64, SEMA42 resets the single gate defined by RSTGTN. Otherwise, SEMA42 resets all 
the gates.

22.4.1.4 Reset Gate Write (RSTGT_W)

Offset

Register Offset

RSTGT_W 42h

Function

Specifies the hardware gate to reset when data patterns are specified.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W RSTGDP RSTGTN 

Reset

1
u u u u u u u u u u u u u u u u

1. Reset value is not applicable for writes.
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Fields

Field Function

15-8

RSTGDP

Reset Gate Data Pattern

You access this field with the specified data patterns on the two consecutive writes to enable the gate-reset 
mechanism. For the first write, RSTGDP must be E2h. For the second write, RSTGDP must be 1Dh.

7-0

RSTGTN

Reset Gate Number

Specifies the specific hardware gate to be reset. The second write updates this field.

If RSTGTN < 64, SEMA42 resets the single gate defined by RSTGTN. Otherwise, SEMA42 resets all 
the gates.

22.5 External signals
This module has no external signals.

22.6 Initialization
This module does not require initialization.
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Chapter 23
Battery-Backed Non-Secure Module (BBNSM)
23.1 Overview
BBNSM serves as non-volatile logic and storage for the system.

23.1.1 Block diagram

RTC

BBNSM

por_b

General Purpose Registers

(battery source)

PMIC
Control

ipi_bbnsm_alarm_b

ipi_bbnsm_b

pmic_en_b

power off

power on

bus interface

VDD_BBSM_IN

PMIC_ON_REQ

System Reset

Wakeup alarm 
interrupt

Functional 
interrupt

Power off IRQ

Power on IRQ

Figure 160. BBNSM block diagram

23.1.2 Features
BBNSM implements the following features:
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Table 129. BBNSM feature list

Feature Description

Non-volatile storage and logic 
(PMIC logic)

• If the BBNSM power input is connected to an uninterrupted power supply:

— BBNSM register values are maintained even when the main SoC is powered off

— BBNSM logic continues to operate even when the main SoC is powered off

General-purpose register • The general-purpose register is available to software to store data. It is 8 registers of 32 
bits each by default.

Real-time counter (RTC) • Triggers an interrupt if the RTC reaches its maximum value.

• A time alarm can be programmed to generate an interrupt at a specific time.

On/Off Control • Allows connectivity to a Power Management Integrated Circuit (PMIC) or other voltage 
regulator devices.

• Configurable debounce support for button presses.

23.2 Functional description
The following sections describe functional details of the BBNSM module.

23.2.1 Real-Time Counter (RTC)
BBNSM implements a real-time counter that:

• Retains its state and continues counting even when the main chip is powered down. The BBNSM power input is connected 
to an uninterrupted power supply

• Generates an interrupt when it reaches the maximum value of all ones. It will then rollover and continue to count

• Generates a functional interrupt request at a particular time by setting the desired time in the Time Alarm register and 
setting BBNSM_CTRL[TA_EN]

• Can be written at any time

• Can be calibrated so that its count frequency tracks some other time source

• Can be configured to capture the time of a security violation

23.2.1.1 Time Counter Calibration

The real-time counter accuracy may suffer from a drift in the clock, which is used to increment the RTC register. To compensate 
for this drift, a clock calibration mechanism can adjust the RTC value. It is up to the system processor to decide whether calibration 
is required or not. If RTC correction is required, enable the mechanism and set the calibration value in the control register. The 
calibration value (BBNSM_CTRL[CAL_VAL]) includes the sign bit, which is implemented in twos' complement.

If the calibration mechanism is enabled, the calibration value is added or subtracted from the RTC on a periodic basis, once per 
32768 cycles of the RTC clock.

The following table shows the available correction range.
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Table 130. Real-time counter calibration settings

Calibration setting

(BBNSM_CTRL[CAL_VAL])

Correction in counts per 32768 cycles of the counter clock

01111 +15

... ...

00010 +2

00001 +1

00000 0

11111 -1

11110 -2

... ...

10001 -15

10000 -16

23.2.1.2 Time Alarm

A time alarm is generated once the most significant 32 bits of the real-time counter match the value in the Time Alarm register. 
The time alarm can generate interrupts to alert the host processor and can wake up the host processor from one of its low-power 
modes. This alarm can also wake up the entire system in the power-down mode by asserting the wake-up external output signal.

23.2.2 On/Off Control
The on/off logic inside the BBNSM allows for connecting directly to a PMIC or other voltage regulator device. The module has 
a button input signal and a wakeup request input signal. It also has two interrupts (power off and power on) and an active-low 
PMIC enable (pmic_en_b) output. The module can function in two different modes of operation (Dumb PMIC mode and Smart 
PMIC mode).

23.2.2.1 Smart PMIC Mode

In Smart PMIC mode, BBNSM can generate interrupt outputs (power off and power on) like in Dumb PMIC mode. However, the 
pmic_en_b signal is a pulse and active-high signal in Smart PMIC mode instead of a level and active-low signal in Dumb PMIC 
mode. The only configuration option available for this mode is the debounce configuration, which is used for the power off and 
power on interrupts in the same way as Dumb PMIC mode.

23.2.2.1.1 Smart PMIC Enable Control

The active-high pmic_en_b output asserts if either condition occurs:

• the button input signal asserts

• the wakeup alarm triggers when system power has failed (isolation enable is asserted)

23.2.2.2 Dumb PMIC Mode

In Dumb PMIC mode, BBNSM can generate interrupt outputs (power off and power on) and control the active-low PMIC enable 
output (pmic_en_b).

23.2.2.2.1 Dumb PMIC Enable Control

The pmic_en_b signal is active (ON state) at reset. In the ON state, the pmic_en_b is deactivated (to OFF state) if either 
condition occurs:
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• the button input signal asserts longer than the BBNSM_CTRL[BTN_TIMEOUT] configuration

• the BBNSM_CTRL[TOSP] bit is set

In the OFF state, the pmic_en_b is activated (to ON state) if either condition occurs:

• the button input signal asserts longer than the BBNSM_CTRL[TURN_ON_TIME] configuration

• the external wakeup request signal asserts

• the wakeup alarm triggers from programming the time alarm and enabling the real-time counter

The behavior of the pmic_en_b signal is described in the state machine below.

Reset

Button press longer
than max time out or 
software enabled shutdown

OFF

ON

Wakeup or button 
press longer than 
Off to On config

Figure 161. PMIC Enable State Machine (Dumb PMIC Mode)

23.2.3 Clocking

Table 131. BBNSM Clock

Clock Description

32kHZ RTC clock Clock is used by BBNSM real-time counter. This clock does not need to be 
synchronous with other clocks

23.2.4 Reset

Table 132. BBNSM Reset

Reset Description

por_b Power-on reset

23.2.5 Interrupts and Alarms
BBNSM provides the following interrupts and alarms:
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Table 133. Interrupts and alarms summary

Interrupt/Violation Event Default 
configuration1

Configuration 
options

Functional interrupt (ipi_bbnsm_b) RTC rollover Disable Enable/disable

Wakeup alarm 
interrupt (ipi_bbnsm_alarm_b)

RTC time alarm Disable Enable/disable

Power off interrupt Button input signal 50 msec debounce Debounce time

Power on interrupt Button input signal 50 msec debounce Debounce time

1. Default configuration refers to the state after reset.

23.2.5.1 PMIC Interrupts

The interrupts behave identically in Smart and Dumb PMIC modes.

The power on asserts if:

• system power has failed (isolation enable is asserted), and

• the button input signal asserts longer than the BBNSM_CTRL[DEBOUNCE] configuration

The power off asserts if:

• system power has not failed (isolation enable is not asserted), and

• the button input signal asserts longer than the BBNSM_CTRL[DEBOUNCE] configuration

23.3 External Signals
The table below lists the external signals to the BBNSM.

Table 134. BBNSM external signals

Signal Description Direction

ONOFF (btn) Active-high external on/off button Input

PMIC_ON_REQ (pmic_en_b) PMIC on request signal. Active-low supply enable in dumb PMIC mode, 
active-high pulse in smart PMIC mode

Output

23.4 Initialization
There are no initialization steps.

23.5 Memory Map and register definition
This section includes the BBNSM module memory map and detailed descriptions of all registers.

23.5.1 BBNSM register descriptions

23.5.1.1 BBNSM memory map

BBNSM base address: 2803_8000h

NXP Semiconductors
Battery-Backed Non-Secure Module (BBNSM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1168 / 5781



Offset Register Width

(In bits)

Access Reset value

0h BBNSM Version ID Register (BBNSM_VID) 32 R 0001_003Eh

4h BBNSM Features Register (BBNSM_FEATURES) 32 R 0000_0020h

8h BBNSM Control Register (BBNSM_CTRL) 32 RW 0100_0005h

10h BBNSM Interrupt Enable Register (BBNSM_INT_EN) 32 RW 0000_0005h

14h BBNSM Events Register (BBNSM_EVENTS) 32 RW 0000_0005h

24h BBNSM External Pad Control Register (BBNSM_PAD_CTRL) 32 RW 0000_0000h

40h BBNSM Real-Time Counter LS Register (BBNSM_RTC_LS) 32 RW 0000_0000h

44h BBNSM Real-Time Counter MS Register (BBNSM_RTC_MS) 32 RW 0000_0000h

50h BBNSM Time Alarm Register (BBNSM_TA) 32 RW 0000_0000h

300h - 31Ch General Purpose Register Word a (GPR0 - GPR7) 32 RW 0000_0000h

23.5.1.2 BBNSM Version ID Register (BBNSM_VID)

Offset

Register Offset

BBNSM_VID 0h

Function

The BBNSM Version ID register can be used by software to differentiate between different versions of the BBNSM and determine 
what options are implemented in this version of BBNSM. The bit assignments of this register appear below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

BBNSM_VID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BBNSM_REV BBNSM_IPID 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0
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Fields

Field Function

31-24

—

Reserved

23-16

BBNSM_VID

BBNSM Version ID

Version identifier or major version ID of the BBNSM.

15-8

BBNSM_REV

BBNSM Revision

Revision number or minor version ID of the BBNSM.

7-0

BBNSM_IPID

BBNSM IP ID

Identifier for the Battery-Backed Non-Secure Module.

23.5.1.3 BBNSM Features Register (BBNSM_FEATURES)

Offset

Register Offset

BBNSM_FEATURES 4h

Function

The BBNSM Features register indicates which optional features are implemented in this version of BBNSM. The bit assignments 
of this register appear below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

GPR_SZ 
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Fields

Field Function

31-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7-2

GPR_SZ

GPR Register Array Size

BBNSM implements a register array of 32-bit words that ELKe firmware can use to retain the GPR values 
across ELKe power cycles.

00_0000b - This version of BBNSM does not implement a general-purpose register array.

All other values - The number of 32-bit words implemented in the general-purpose register array.

1-0

—

Reserved

23.5.1.4 BBNSM Control Register (BBNSM_CTRL)

Offset

Register Offset

BBNSM_CTRL 8h

Function

The BBNSM Control register is used to enable features such as the real-time counter and the time alarm. It can also be used to 
calibrate the RTC or control the on/off logic for connecting to a PMIC.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved TOSP 

DP_
EN 

PK_
OVR 

PK_EN 
TURN_ON_TIM

E 
DEBOUNCE BTN_TIMEOUT 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved CAL_VAL Reserved 

CAL_
EN 

TA_EN RTC_EN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-26

—

Reserved

25

TOSP

Turn Off System Power

When set, a signal is sent to the PMIC to turn off the system power. This bit will clear once power is off. This 
bit is only valid when Dumb PMIC is enabled.

0b - Leave system power on.

1b - Turn off system power when Dumb PMIC is enabled.

24

DP_EN

Dumb PMIC Enable

When set, software can control the system power. When cleared, the system requires a Smart PMIC to 
automatically turn power off.

0b - Smart PMIC is enabled.

1b - Dumb PMIC is enabled.

23

PK_OVR

PMIC On Request Override

The value written to PK_OVR will be asserted on output signal bbnsm_pk_override. That signal is used to 
override the IOMUX control for the PMIC I/O pad.

0b - PMIC On Request Override is disabled.

1b - PMIC On Request Override is enabled.

22

PK_EN

PMIC On Request Enable

The value written to PK_EN will be asserted on output signal bbnsm_pk_en. That signal is used to turn off 
the pullup/pulldown circuitry in the PMIC I/O pad.

0b - PMIC On Request is disabled.

1b - PMIC On Request is enabled.

21-20

TURN_ON_TIM
E

Turn-On Time

Amount of time that button is pressed before pmic_en_b is asserted to turn on the SoC power.

00b - 500 milliseconds.

01b - 50 milliseconds.

10b - 100 milliseconds.

11b - 0 milliseconds.

19-18

DEBOUNCE

Debounce Time

Amount of debounce time for the BTN input signal.

00b - 50 milliseconds.

01b - 100 milliseconds.

Table continues on the next page...

NXP Semiconductors
Battery-Backed Non-Secure Module (BBNSM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1172 / 5781



Table continued from the previous page...

Field Function

10b - 500 milliseconds.

11b - 0 milliseconds.

17-16

BTN_TIMEOUT

Button Press Timeout

Time it takes to hold the button to request a power down.

00b - 5 seconds.

01b - 10 seconds.

10b - 15 seconds.

11b - Timeout disabled. Long button presses will not request a power down.

15-13

—

Reserved

12-8

CAL_VAL

Calibration Value

Defines signed calibration value for the RTC. This field can be programmed only when RTC calibration is 
disabled. This is a 5-bit twos' complement value. Hence, the allowable calibration values are in the range 
from -16 to +15 counts per 32768 ticks of the counter clock.

0_0000b - +0 counts per each 32768 ticks of the counter clock.

0_0001b - +1 counts per each 32768 ticks of the counter clock.

0_0010b - +2 counts per each 32768 ticks of the counter clock.

0_1111b - +15 counts per each 32768 ticks of the counter clock.

1_0000b - -16 counts per each 32768 ticks of the counter clock.

1_0001b - -15 counts per each 32768 ticks of the counter clock.

1_1110b - -2 counts per each 32768 ticks of the counter clock.

1_1111b - -1 counts per each 32768 ticks of the counter clock.

7-5

—

Reserved

4

CAL_EN

Calibration Enable

Enables the RTC calibration mechanism when set. This bit cannot be changed once set.

0b - RTC Time calibration is disabled.

1b - RTC Time calibration is enabled.

3-2

TA_EN

Time Alarm Enable

01b - Disable the time alarm.

10b - Enable the time alarm. A time alarm event occurs if the value in the real-time counter 
register is equal to the value in the time alarm register.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

RTC_EN

Real-Time Counter Enable

01b - Disable the real-time counter.

10b - Enable the real-time counter.

23.5.1.5 BBNSM Interrupt Enable Register (BBNSM_INT_EN)

Offset

Register Offset

BBNSM_INT_EN 10h

Function

The BBNSM Interrupt Enable Register is used to enable interrupt generation when a status event has occurred in BBNSM. 
Interrupts supported include RTC rollover and time alarm. The bit assignments of this register appear below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

TA_INT_EN RTC_INT_EN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Fields

Field Function

31-5

—

Reserved

4

—

Reserved

3-2

TA_INT_EN

Time Alarm Interrupt Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
To use TA_INT_EN, enable the RTC_INT_EN.

  NOTE  

01b - Do not issue an interrupt when RTC has reached alarm time. The interrupt is cleared when 
this value is written.

10b - Issue an interrupt when RTC has reached alarm time.

1-0

RTC_INT_EN

Real-Time Counter Rollover Interrupt Enable

01b - Do not issue an interrupt when RTC has rolled over. The interrupt is cleared when this value 
is written.

10b - Issue an interrupt when RTC has rolled over.

23.5.1.6 BBNSM Events Register (BBNSM_EVENTS)

Offset

Register Offset

BBNSM_EVENTS 14h

Function

The BBNSM Events Register indicates whether any features internal to BBNSM is reporting an event. The bit assignments of this 
register appear below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

Reserv
ed 

PWR_
ON 

PWR_
OFF 

EMG_
OFF TA RTC_ROLL 

W W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Fields

Field Function

31-9 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

8

—

Reserved

7

—

Reserved

6

PWR_ON

Set Power On Event

This bit is set when the power on interrupt is triggered, which happens when the power button is pressed 
longer than the configured debounce time (when system power is off).

0b - The power on interrupt has not been requested.

1b - The power on interrupt has been requested.

5

PWR_OFF

Set Power Off Event

This bit is set when the power off interrupt is triggered, which happens when the power button is pressed 
longer than the configured debounce time (when system power is on).

0b - The power off interrupt has not been requested.

1b - The power off interrupt has been requested.

4

EMG_OFF

Emergency Off Event

This bit is set when the TOSP bit in BBNSM_CTRL is written or when the power button is pressed longer 
than the configured button timeout time.

0b - An emergency power off has not been requested.

1b - An emergency power off has been requested.

3-2

TA

Time Alarm Event

TA is only cleared when 0x10 is written.

01b - The real-time counter has not reached the alarm time.

10b - The real-time counter has reached the alarm time.

1-0

RTC_ROLL

Real-Time Counter Rollover Event

RTC_ROLL is only cleared when 0x10 is written.

01b - The real-time counter has not rolled over.

10b - The real-time counter has rolled over.
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23.5.1.7 BBNSM External Pad Control Register (BBNSM_PAD_CTRL)

Offset

Register Offset

BBNSM_PAD_CTRL 24h

Function

The BBNSM External Pad Control Register allows configuration and control of I/O pads. The bit assignments of this register 
appear below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...

PAD_
CTR...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PAD_CTRLn

Control I/O Pads

General purpose outputs for configuring and controlling I/O pads.

0b - Deasserts bit n in bbnsm_pad_ctrl[n]

1b - Assert bit n in bbnsm_pad_ctrl[n]

23.5.1.8 BBNSM Real-Time Counter LS Register (BBNSM_RTC_LS)

Offset

Register Offset

BBNSM_RTC_LS 40h

Function

The BBNSM Real-Time Counter LSB register contains the 32 least-significant bits of the real-time counter.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RTC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RTC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RTC

Real-time Counter

The least-significant 32 bits of the RTC.

23.5.1.9 BBNSM Real-Time Counter MS Register (BBNSM_RTC_MS)

Offset

Register Offset

BBNSM_RTC_MS 44h

Function

The BBNSM Real-Time Counter MS register contains the 15 most-significant bits of the real-time counter.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

RTC 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-15

—

Reserved

14-0

RTC

Real-Time Counter

The most-significant 15 bits of the RTC.

23.5.1.10 BBNSM Time Alarm Register (BBNSM_TA)

Offset

Register Offset

BBNSM_TA 50h

Function

The BBNSM Time Alarm register contains the 32-bit value of the time alarm.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TA

Time Alarm Value

The 32 bits of the time alarm value.

23.5.1.11 General Purpose Register Word a (GPR0 - GPR7)

Offset

For a = 0 to 7:
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Register Offset

GPRa 300h + (a × 4h)

Function

The GPR register array holds data whose value is retained across power cycles of the SoC. The words of the array can be used 
to store general purpose data.

It is up to ELKe firmware to determine how the space in the array is allocated.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GPR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

GPR

32 bits of the GPR.
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Chapter 24
Signal Multiplexing and port control
24.1 Signal multiplexing
To optimize functionality in small packages, pins have several functions available via signal multiplexing. Refer to Input Muxing 
tab in the 8ULP_IO_Definition_and_Package_Ballmap_RM.xls spreasheet present in the pdf attachment.

The Port Control block controls which signal is present on the external pin. See the attached spreadsheet to know how the 
pins available on this device are configured. The available device packages and pinout diagrams are also provided in the 
attached spreadsheet.
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Chapter 25
IOMUX Controller (IOMUXC)
25.1 Chip-specific IOMUXC information
Table 135. Reference links to related information

Topic Related module Reference

Full description IOMUXC IOMUXC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

25.1.1 Module instances
This device has two instances of the IOMUXC module: IOMUXC0, and IOMUXC1.

25.2 Overview
The IOMUX Controller (IOMUXC), working in conjunction with the IOMUX, enables the chip to share one pad for multiple signals 
from different peripheral interfaces. This pad sharing mechanism is done by multiplexing the pad's input and output signals.

Every peripheral signal requires a specific pad setting parameter, such as weak pull-up or drive-strength. The IOMUXC controls 
the pads setting parameters, digital filter functions and peripherals multiplexing of the pad.

For each pad, there are up to 16 peripherals multiplexing options, called ALT modes.

A peripheral's input signal may come from multiple pads. In order to avoid an input signal enabled on multiple locations the 
IOMUXC also control input multiplexing logic.

The IOMUX consists of combinatorial logic combined from several basic IOMUX cells. Each basic IOMUX cell handles one pad 
signal's multiplexing as defined on IOMUXC registers.

i.MX 8ULP has two IOMUX/IOMUXC pairs instances: IOMUX0/IOMUXC0 on RTD domain and IOMUX1/IOMUXC1 on APD 
domain as illustraded in Figure 162
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Figure 162. IOMUX/IOMUXC diagram
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25.3 Features
The IOMUXC features are:

• 32-bit Pad Configuration Registers (PCR{DOMAIN}_{PADNAME}) to configure pads parameters and 1 of 16 alternate 
(ALT) MUX_MODE fields of each pad.

• 32-bit Pad Selection for Multiplexed Input Registers (PSMI{DOMAIN}_{MODULE_INPUT}) to select specific module input 
source pad. Available for peripherals inputs when more than one pad can drive the input.

Only 32-bit write and read accesses are suported by IOMUXC registers.

Each PCR* register handles only one pad. Simmilarly one PSMI* handles a single module input function.

Only the minimum number of multiplexing control bits are implemented by hardware. For example, if only ALT0 and ALT1 modes 
are used on PadX then only one ultiplexing control bit will be implemented as the MUX_MODE control field in PCR of PadX.

The Pad Configuration Registers IBE field may allow the forcing of pads to become input (input path enabled) regardless of the 
functional direction driven. This may be useful for loopback and GPIO data capture.

Similarly Pad Configuration Registers OBE field may allow the forcing of pads to become output (output path enabled) regardless 
of the functional direction driven.

25.4 Functional description
The IOMUX consists of a number (about the number of pads in the SoC) of basic iomux_cell units. If only one functional mode is 
required for a specific pad, there is no need for IOMUX and the signals can be connected directly from the module to the I/O. The 
IOMUX cell is required whenever two or more functional modes are required for a specific pad.

Figure 163 provides a generic example of a PAD with 3 alternate functions multiplexed by IOMUX/IOMUXC.

PAD

PadringIOMUX

IOMUXC

PCR (Pad Configuration Register)

MUX[4:0]
ODE
IBE
OBE

Module1

Module2

Modulen

PS
PE
SRE
DSE

IPS

IOMUX cell

Figure 163. IOMUX/IOMUXC pad multiplexing

NXP Semiconductors
IOMUX Controller (IOMUXC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1184 / 5781



In some cases, more than one pad may drive a single module input pin. Such cases require the addition of one more level of 
muxing. All of these input signals are muxed, and a dedicated software controlled register controls the mux in order to select the 
required input path.

A module port involved in "daisy chain" requires two software configuration commands, one for selecting the mode for this 
pad (programable via the PCR{DOMAIN}_{PADNAME} registers) and one for defining it as the input path (via the daisy chain 
registers : PSMI{DOMAIN}_{MODULE_INPUT}).

The daisy chain is illustrated in the Figure 164.

PAD2

Padring

IOMUX

IOMUXC

PSMI (Pad Selection for Multiplexed Input) Register

MUX[4:0]

Disabled 
(VCC or GND)

Module

PAD1

PADn

INV

IPS

Figure 164. Daisy Chain

 
When RTD or AD are in Power Down or Deep Power Down and customer application is sensitive to spikes (up to 
800 mV) then it's not recommended to power OFF the VDD_PTA, VDD_PTB, VDD_PTE and VDD_PTF.

  NOTE  

The IOMUX sheet attached to this document defines the die pinout, the type of pad implemented on each pin and functions 
multiplexed on available pins. Next section describes information available on IOMUX sheet.

25.4.1 IOMUX Sheet
IOMUX Spreadsheet is composed by several "Tabs" documenting device pinout and functions multiplexing to available pins. This 
section will describe each TAB content.

25.4.1.1 Muxing IO Pad Control Table

This TAB shows all configurable pins functions, pad type and configuration information. Avaliable information is shown in Figure 
165, Figure 166, Figure 167
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Figure 165. Muxing Muxing IO Pad Control Table : Alt Functions

The sheet defines all alternate functions available on the pin/port. Defines the PCR register used to configure the pad and also 
select one alternate function on the pad.

Function selection is performed by writing value defined on "MUX" column to "MUX" field on respective PCR register.

The input functions that are part of a Daisy Chain are listed at the end of the port definition and has a PSMI* register defined on 
"CR" column. In that case the value on "MUX" column defines value to be set to PSMI* "SSS" field.
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Figure 166. Muxing Muxing IO Pad Control Table : Pin Info

The sheet also defines the state of each pin during POR, RESET and out of RESET. That assumes that I/O is powered and also 
respective Core power is ON.

The type of pad used on pin is also specified. There are 3 types of GPIO pads controlled by IOMUX/IOMUXC:

• FSGPIO : Fail Safe GPIO

• RESET : Fail Safe GPIO for reset pin usage

• HSGPIO : High Speed GPIO

Information on each pad type control can be found on FSGPIO and RESET type pads, HSGPIO type pad sections. Information 
on electrical performance for each type can be found on device Data Sheet.
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Figure 167. Muxing Muxing IO Pad Control Table : PCR Info

Each configurable pin has a PCR register composed of several fields. Not all pads implements all fields. Fiels not implemented 
on a given pad is indicated by a "-" on that PCR field.

25.4.1.2 Input Muxing TAB

This TAB shows all module inputs that are available in more than one pad. Defines option to select a source for a module input 
used in Daisy Chain scheme. Figure 168 shows colums available on that tab
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Figure 168. InputMux

25.4.1.3 Dedicated IO Pins TAB

This TAB shows dedicated pins information. These pins have no function selection. Pin control register is implemented on 
respective module.

Columns defined on this tab are those described on Muxing IO Pad Control Table section

25.4.1.4 Power and Ground Pins TAB

This TAB shows supply pins information.

• Pin : Supply pin name.

• Nominal Supply Voltage (V) : Defines supply nominal value.

• Description : Supply definition and use.

• Pad Type : Type of pad pin connects to.

• {name} Package : package ball name.

25.4.1.5 Muxing IO Pins TAB

This TAB shows all device pins and alternate functions available on a pin

Columns defined on this tab are those described on Muxing IO Pad Control Table section. Additional columns are the alternate 
outputs and alternate inputs definition

25.4.1.6 Muxing IO Signal Descriptions TAB

This TAB lists all pin functions available on device. It specifies if function is 1.8v and if it's analog or digital.

NXP Semiconductors
IOMUX Controller (IOMUXC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1189 / 5781



25.4.1.7 {name} Package TAB

This TAB shows package Ballmap.

• 15x15 : MAPBGA 485 package

• 9.4x9.4 : FCCSP 512 package

25.4.1.8 IO Pad Register Description TAB

This TAB shows filed definition for PCR* and PSMI* registers.

25.4.2 FSGPIO and RESET type pads
Fail Safe pads implements a Digital Input Buffer, a Digital Output Buffer, a selectable Weak Pull Devices and an Analog Switch. 
It also implements pad state control used for POR and low power modes control of the pad.

Figure 169 shows a simplified diagram of a FSGPIO pad. Table 136 defines FSGPIO output behavior and Table 137 defines 
FSGPIO input behavior.

 

Weak Pull

ibe

PAD 

pe

sre

ibe_ip8v

dse

obe

obe_1p8v

do

do_1p8v

obe

obe_1p8v

do
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Figure 169. FSGPIO Pad
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Table 136. FSGPIO Output Path Truth Table

do obe pue pus PAD

do_1p8v obe_1p8v

1 1 0 0 x Pull Hi

0 1 0 0 x Pull Low

1 1 0 1 0 Pull Hi + Weak Pull Down

0 1 0 1 0 Pull Low

1 1 0 1 0 Pull Hi

0 1 0 1 0 Pull Low + Weak Pull Up

1 x 1 x x Pull Hi

0 x 1 x x Pull Low

x 1 0 1 0 Weak Pull Down

x 1 0 1 1 Weak Pull Up

x 0 0 0 x HighZ

Table 137. FSGPIO Input Path Truth Table

ibe PAD ind

ibe_1p8v offval_1p8v ind_1p8v

0 x 0 0

0 x 1 1

1 0 x 0

1 1 x 1

• Input Buffer:

Input Buffer is enabled by seting one of ibe, ibe_1p8.

Input Buffer is enabled whenever an input function is selected on the pin, unless the module has a pin enable, like, for instance 
LPTMR, WUU. Also RGPIO module controls Input Buffer if GPIO function is selected on the pin

Seting PCR* register field IBE will cause Input Buffer to be forced enabled.

Input data comes out of buffer on ind, ind_1p8 outputs. Please refer to Muxing IO Signal Descriptions TAB for information on 
functions using 1.8v path. Functions using ipp_1p8 may remain active in low power modes.

• Output Buffer:

Output Buffer is enabled by seting one of obe, obe_1p8.

Output Buffer is enabled whenever an output function is selected on the pin, unless the module has an OBE control, like, for 
instance I2s, I3C,DCNano, CMP and FLEXSPI Also RGPIO module controls Output Buffer if GPIO function is selected on 
the pin

Seting PCR* register field OBE will cause "ipp_obe" to be forced to logic 1.

Output Buffer driver strength is controlled by dse signal from PCR* register DSE field.

Output Buffer slew rate is controlled by sre signal from PCR* register SRE field.
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Output data is presented to buffer on do, do_1p8 inputs, depending if the signal is a 1.8v function or not. Please refer to 
Muxing IO Signal Descriptions TAB for information on 1.8v functions. Signals presented to do_1p8 may remain active in low 
power modes.

 
Do not set IOMUX IBE/OBE for the ENET(MDIO) and usDHCs(CMD and DATA7-0) bidirectional signals. These 
signals are dynamically controlled by the respective peripherals, so if IOMUX IBE/OBE are set ENET and uSHDCs 
will not operate properly.

  NOTE  

• Weak Pull:

Input Buffer is controlled by seting pue and pus signals.

Weak pull is enabled by seting PCR* field PE to logic 1. PCR* field PS will select between weak pull up or weak pull down.

• Analog Mux:

The analog switch on the pads are controlled by functional modules and have no control through PCR* registers.

• POR and low power state control:

Pin/Pad is forced to High Impedance state if padrst_1p8 is set to logic 1.

Pin/Pad controls are latched if close_1p8 is set to logic 1. IN that case, pin will be in state retention mode if padrst_1p8 is not 
set. Signals and controls presented on *_1p8 pins are not lached and remain active if close_1p8 is asserted.

These signals are controlled by "MicroPower Controller" depending on the power mode/state and SYS_CTRL_PAD_0 
configuration. Refer to 8ULP_IO_Definition_and_Package_Ballmap_RM sheet for pin states during POR.

• I/O supply range:

These pads can operate on 1.8V or 3.0V nominal voltage.

Operating range should be configured on "PT* Operating Range Control" register on SIM module. PT* may be one of PTA, 
PTB, PTE, PTF depending on I/O power segment.

Pad may be configured to operate in one of three possible operating modes:

— Continuous/Auto Range Operation : pad detects I/O voltage range. Increases power consumption due to additional 
circutry enabled.

— High / 3.0v range Operation : pad is configured to support 3.0v I/O supply.

— Low / 1.8v range Operation : pad is configured to support 1.8v I/O supply. Cannot be powered to 3.0v.

During POR pads are forced to "Auto Range Operation". Out of reset, "PT* Operating Range Control" register configuration 
is taken from fuses. Configuration can be overriden once after POR by application, if necessary.

The recomendation is to configure the segment pads to operate in one of High or Low modes insrtead of keeping them in 
Continuous mode.

25.4.3 HSGPIO type pad
The HSGPIO pad is designed to support high-speed interfaces such as eMMC, SD, SDIO, and xSPI.

Figure 170 shows a simplified diagram of a HSGPIO pad. Table 138 defines HSGPIO output behavior and Table 139 defines 
HSGPIO input behavior.
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Figure 170. HSGPIO Pad

Table 138. HSGPIO Output Path Truth Table

A EN PUN PDN IO

1 0 1 1 Pull Hi

0 0 1 1 Pull Low

1 0 1 0 Pull Hi + Weak Pull Down

0 0 0 1 Pull Low

1 0 0 1 Pull Hi

0 0 0 1 Pull Low + Weak Pull Up

x 0 1 0 Weak Pull Down

x 0 0 1 Weak Pull Up

x 1 0 0 HighZ

NXP Semiconductors
IOMUX Controller (IOMUXC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1193 / 5781



Table 139. HSGPIO Input Path Truth Table

ENZI IO ZI

0 x 0

1 0 0

1 1 1

• Input Buffer:

Input Buffer is enabled by seting ENZI.

Input Buffer is enabled whenever an input function is selected on the pin, unless the module has a pin enable. Also RGPIO 
module controls Input Buffer if GPIO function is selected on the pin

Seting PCR* register field IBE will cause Input Buffer to be forced enabled.

Input data comes out of buffer on ZI output.

• Output Buffer:

Output Buffer is enabled by seting EN to logic 0. Control logic takes care of inverting polarity of OBE to preset to pad EN

Output Buffer is enabled whenever an output function is selected on the pin, unless the module has an OBE control, like, for 
instance I2S, I3C,DCNano and FLEXSPI. Also RGPIO module controls Output Buffer if GPIO function is selected on the pin.

Seting PCR* register field OBE will cause "EN" to be forced to logic 0.

Output Buffer driver strength is controlled by PDRV signal from PCR* register DSE field. PDRV is polarity inversed from 
PCR8 DSE.

Output Buffer slew rate is not configurable on PCR register. Slew rate is controlled by an auxiliary cell 
COMPENSATION_CELL auxiliary cell.

Output data is presented to buffer on "A" input.

• Weak Pull:

Input Buffer is controlled by seting PUN and PDN signals.

Weak pull is enabled by seting PCR* field PE to logic 1. PCR* field PS will select between weak pull up or weak pull down. 
Control logic takes care of converting PE,PS to PUN,PDN to the pad.

• I/O supply range:

These pads can operate on 1.8 V or 3.0 V nominal voltage.

25.4.3.1 Features

1.8 V and 3.3 V signaling support:

• Compliant with JESD84A5.1 (MMC) and SD Physical Layer Specifications v3.01

• Support 1.8V and 3.3V signaling and compensated in both 1.8V and 3.3V applications

• Programmable output drive

• Programmable pull-up and pull-down

• Implements digital input buffer and output buffer

• No power sequence required for core and IO supplies
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25.4.4 COMPENSATION_CELL auxiliary cell
The COMPENSATION_CELL generates an 8-bit compensation code, which represents PVT variations as seen on the chip. These 
codes are used by HSGPIO output buffers for active correction of any PVT dependent circuit parameters.

Table 140 defines COMPENSATION_CELL configuration into available operating mode.

Table 140. COMPENSATION Cell Control

Input Output Operating Mode

COMPEN ECOMPTQ FREEZE FASTFRZ COMPOK

H L L L H Normal Mode

H L Rise Edge L L Freeze Mode

H L L Rise Edge L FastFreeze Mode

L H L L L Read Mode

L L L L L Read Mode

H H L L L Fixed Code Mode

Normal mode

In this mode, the cell constantly tracks the PVT condition of the chip and generates an 8-bit digital code. This 8-bit code is referred 
to as f(PVT) and it represents current PVT state. The 8-bit code is available on ASRCN3V3[3:0] and ASRCP3V3[3:0] buses 
at 1V8/3V3 level, and on NASRCN[3:0] and NASRCP[3:0] buses at 1V0 level. In Normal mode, the internal reference current 
generators are active and power consumption is higher than that in all the other modes.

Freeze mode

The cell enters this mode on the rising edge (logic low to logic high transition) of the FREEZE pin. In this mode, the 8-bit code is 
latched at the time of rising edge of FREEZE signal and is available on ASRCN3V3[3:0] and ASRCP3V3[3:0] buses at 1V8/3V3 
level, and on NASRCN[3:0] and NASRCP[3:0] buses at 1V0 level.

Freeze mode is used where the current consumption is to be kept low. In this mode, all the internal blocks are switched off to 
reduce the static power consumption. Internal latches keep the code, which is calculated before the cell enters the Freeze mode.

The time taken to switch from Freeze to Normal mode is in the order of microseconds, as all the internal blocks should be 
switched on.

Caution: To ensure that valid 8-bit codes are latched properly, Freeze mode should be entered only from Normal mode, when the 
COMPOK status pin is at logic high.

Fast Freeze mode

The cell enters this mode on the rising edge (logic low-to-high transition) of the FASTFRZ pin. The 8-bit code is available on 
ASRCN3V3[3:0] and ASRCP3V3[3:0] buses at 1V8/3V3 level, and on NASRCN[3:0] and NASRCP[3:0] buses at core vdd level.

This mode is used to freeze the digital compensation codes, when the data is transferred from the compensated IOs on a chip to 
an external device during Burst mode. This ensures signal integrity and eliminates the jitter caused due to modification in IO driver 
strength. After the data transfer operation is complete, the compensation cell can be brought back to Normal mode by putting a 
logic low value on the FASTFRZ pin. The bandgap, measurement block, and other internal blocks are kept ON in this mode to 
enable the user to switch back to Normal mode quickly. The time taken for switching the compensation from Fast Freeze mode to 
Normal mode is considerably smaller than the delay incurred in switching from Freeze mode to Normal mode. In this mode, the 
current consumption is comparable to consumption in the Normal mode.

Caution: To ensure that valid 8-bit codes are latched properly, Fast Freeze mode should be entered only from Normal mode when 
the COMPOK status pin is at logic high.

Read mode
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In this mode, it is possible to force the digital codes from the chip core logic. The digital logic at RASRCP[3:0] and RASRCN[3:0] 
inputs is presented on the ASRCP3V3[3:0] and ASRCN3V3[3:0] buses respectively, for vdde level logic and on NASRCP[3:0] 
and NASRCN[3:0] buses, respectively.The bandgap, measurement block, and comparator blocks are switched off to reduce static 
power consumption to minimum value.)

Fixed Code mode

The digital code is forced to a fixed value on the buses, ASRCP3V3[3:0], ASRCN3V3[3:0], NASRCP[3:0], and NASRCN[3:0]. The 
fixed value, same as the digital code, is obtained at typical PVT conditions and represents typical bit patterns:

• ASRCP3V3[3:0]/NASRCP[3:0] - 0101

• ASRCN3V3[3:0]/NASRCN[3:0] - 1010

The bandgap, measurement, and other blocks are switched off to reduce static power consumption to minimum value.

25.4.5 Digital filter
The digital filter capabilities for a pin are available in all digital alternate modes if the filter is enabled (PCR*.DFE=1 
PCR*.DFD!=0x00000).

The clock used for all digital filters within one port can be configured between the DIGITAL_FILTER_* bus clock or the 
RTC1kHz clock.

• DIGITAL_FILTER_* bus clock is enabled on PCC_DIGITAL_FILTER_* register.

• RTC1kHz clock is a divided out of RTC32kHz clock.

The clock selection must be changed only when digital filter is disabled. Note that those clock are not same clock used by 
IOMUXC module.

If the digital filters for a port are configured to use the DIGITAL_FILTER_* bus clock, then the digital filters are bypassed for the 
duration of Stop mode. While the digital filters are bypassed, the output of each digital filter always equals the input pin, but the 
internal state of the digital filters remains static and does not update due to any change on the input pin.

The filter width in clock size as defined in PCR*.DFD and must be changed only when digital filters is disabled.

The output of each digital filter is logic zero after system reset and whenever a digital filter is disabled. After a digital filter is enabled, 
the input is synchronized to the selected filter clock. If the synchronized input and the output of the digital filter remain different for 
a number of filter clock cycles equal to the filter width register configuration, then the output of the digital filter updates to equal 
the synchronized filter input.

The maximum latency through a digital filter equals three filter clock cycles plus the filter width configuration register.

We recommend not using digital filters enabled on fast protocol interfaces due to the limitations of sampling signals at 
DIGITAL_FILTER_* bus clock.

25.5 Memory Map and register definition
This section includes the IOMUXC module memory map and a generic descriptions of IOMUXC registers.

For details on a specific Pad control register bits implementation and reset values, please refer to the IOMUX sheet attached to 
this document and described on IOMUX Sheet section

25.5.1 IOMUXC rtd register descriptions

25.5.1.1 IOMUXC memory map

IOMUXC0 base address: 280A_1000h
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Offset Register Width

(In bits)

Access Reset value

0h Pad Control Register (PCR0_PTA0) 32 RW 0000_0000h

4h Pad Control Register (PCR0_PTA1) 32 RW 0000_0000h

8h Pad Control Register (PCR0_PTA2) 32 RW 0000_0000h

Ch Pad Control Register (PCR0_PTA3) 32 RW 0000_0000h

10h Pad Control Register (PCR0_PTA4) 32 RW 0000_0000h

14h Pad Control Register (PCR0_PTA5) 32 RW 0000_0000h

18h Pad Control Register (PCR0_PTA6) 32 RW 0000_0000h

1Ch Pad Control Register (PCR0_PTA7) 32 RW 0000_0000h

20h Pad Control Register (PCR0_PTA8) 32 RW 0000_0000h

24h Pad Control Register (PCR0_PTA9) 32 RW 0000_0000h

28h Pad Control Register (PCR0_PTA10) 32 RW 0000_0000h

2Ch Pad Control Register (PCR0_PTA11) 32 RW 0000_0000h

30h Pad Control Register (PCR0_PTA12) 32 RW 0000_0000h

34h Pad Control Register (PCR0_PTA13) 32 RW 0000_0000h

38h Pad Control Register (PCR0_PTA14) 32 RW 0000_0000h

3Ch Pad Control Register (PCR0_PTA15) 32 RW 0000_0000h

40h Pad Control Register (PCR0_PTA16) 32 RW 0000_0000h

44h Pad Control Register (PCR0_PTA17) 32 RW 0000_0000h

48h Pad Control Register (PCR0_PTA18) 32 RW 0000_0000h

4Ch Pad Control Register (PCR0_PTA19) 32 RW 0000_0000h

50h Pad Control Register (PCR0_PTA20) 32 RW 0000_0000h

54h Pad Control Register (PCR0_PTA21) 32 RW 0000_0000h

58h Pad Control Register (PCR0_PTA22) 32 RW 0000_0000h

5Ch Pad Control Register (PCR0_PTA23) 32 RW 0000_0000h

60h Pad Control Register (PCR0_PTA24) 32 RW 0000_0000h

80h Pad Control Register (PCR0_PTB0) 32 RW 0000_0000h

84h Pad Control Register (PCR0_PTB1) 32 RW 0000_0000h

88h Pad Control Register (PCR0_PTB2) 32 RW 0000_0000h

8Ch Pad Control Register (PCR0_PTB3) 32 RW 0000_0000h

90h Pad Control Register (PCR0_PTB4) 32 RW 0000_0000h

94h Pad Control Register (PCR0_PTB5) 32 RW 0000_0000h

98h Pad Control Register (PCR0_PTB6) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

9Ch Pad Control Register (PCR0_PTB7) 32 RW 0000_0000h

A0h Pad Control Register (PCR0_PTB8) 32 RW 0000_0000h

A4h Pad Control Register (PCR0_PTB9) 32 RW 0000_0000h

A8h Pad Control Register (PCR0_PTB10) 32 RW 0000_0000h

ACh Pad Control Register (PCR0_PTB11) 32 RW 0000_0000h

B0h Pad Control Register (PCR0_PTB12) 32 RW 0000_0000h

B4h Pad Control Register (PCR0_PTB13) 32 RW 0000_0000h

B8h Pad Control Register (PCR0_PTB14) 32 RW 0000_0000h

BCh Pad Control Register (PCR0_PTB15) 32 RW 0000_0000h

100h Pad Control Register (PCR0_PTC0) 32 RW 0000_0000h

104h Pad Control Register (PCR0_PTC1) 32 RW 0000_0000h

108h Pad Control Register (PCR0_PTC2) 32 RW 0000_0000h

10Ch Pad Control Register (PCR0_PTC3) 32 RW 0000_0000h

110h Pad Control Register (PCR0_PTC4) 32 RW 0000_0000h

114h Pad Control Register (PCR0_PTC5) 32 RW 0000_0000h

118h Pad Control Register (PCR0_PTC6) 32 RW 0000_0000h

11Ch Pad Control Register (PCR0_PTC7) 32 RW 0000_0000h

120h Pad Control Register (PCR0_PTC8) 32 RW 0000_0000h

124h Pad Control Register (PCR0_PTC9) 32 RW 0000_0000h

128h Pad Control Register (PCR0_PTC10) 32 RW 0000_0000h

12Ch Pad Control Register (PCR0_PTC11) 32 RW 0000_0000h

130h Pad Control Register (PCR0_PTC12) 32 RW 0000_0000h

134h Pad Control Register (PCR0_PTC13) 32 RW 0000_0000h

138h Pad Control Register (PCR0_PTC14) 32 RW 0000_0000h

13Ch Pad Control Register (PCR0_PTC15) 32 RW 0000_0000h

140h Pad Control Register (PCR0_PTC16) 32 RW 0000_0000h

144h Pad Control Register (PCR0_PTC17) 32 RW 0000_0000h

148h Pad Control Register (PCR0_PTC18) 32 RW 0000_0000h

14Ch Pad Control Register (PCR0_PTC19) 32 RW 0000_0000h

150h Pad Control Register (PCR0_PTC20) 32 RW 0000_0000h

154h Pad Control Register (PCR0_PTC21) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

158h Pad Control Register (PCR0_PTC22) 32 RW 0000_0000h

15Ch Pad Control Register (PCR0_PTC23) 32 RW 0000_0000h

400h Pad Control Register (PCR0_BOOT_MODE0) 32 RW 0000_0000h

404h Pad Control Register (PCR0_BOOT_MODE1) 32 RW 0000_0000h

800h Module Input Source Selection Register (PSMI0_PMIC0_SCL) 32 RW 0000_0000h

804h Module Input Source Selection Register (PSMI0_PMIC0_SDA) 32 RW 0000_0000h

808h Module Input Source Selection Register (PSMI0_EWM0_IN) 32 RW 0000_0000h

80Ch Module Input Source Selection Register (PSMI0_EXT_AUD_MCLK0) 32 RW 0000_0000h

810h Module Input Source Selection Register (PSMI0_EXT_AUD_MCLK1) 32 RW 0000_0000h

898h Module Input Source Selection Register (PSMI0_I3C0_SCL) 32 RW 0000_0000h

89Ch Module Input Source Selection Register (PSMI0_I3C0_SDA) 32 RW 0000_0000h

8A0h Module Input Source Selection Register (PSMI0_LPSPI0_PCS0) 32 RW 0000_0000h

8B0h Module Input Source Selection Register (PSMI0_LPSPI0_SCK) 32 RW 0000_0000h

8B4h Module Input Source Selection Register (PSMI0_LPSPI0_SIN) 32 RW 0000_0000h

8B8h Module Input Source Selection Register (PSMI0_LPSPI0_SOUT) 32 RW 0000_0000h

8BCh Module Input Source Selection Register (PSMI0_LPSPI1_PCS0) 32 RW 0000_0000h

8CCh Module Input Source Selection Register (PSMI0_LPSPI1_SCK) 32 RW 0000_0000h

8D0h Module Input Source Selection Register (PSMI0_LPSPI1_SIN) 32 RW 0000_0000h

8D4h Module Input Source Selection Register (PSMI0_LPSPI1_SOUT) 32 RW 0000_0000h

8FCh Module Input Source Selection Register 
(PSMI0_FLEXSPI1_A_SCLK)

32 RW 0000_0000h

928h Module Input Source Selection Register (PSMI0_LPTMR0_ALT1) 32 RW 0000_0000h

92Ch Module Input Source Selection Register (PSMI0_LPTMR0_ALT2) 32 RW 0000_0000h

930h Module Input Source Selection Register (PSMI0_LPTMR0_ALT3) 32 RW 0000_0000h

934h Module Input Source Selection Register (PSMI0_LPTMR1_ALT1) 32 RW 0000_0000h

938h Module Input Source Selection Register (PSMI0_LPTMR1_ALT2) 32 RW 0000_0000h

93Ch Module Input Source Selection Register (PSMI0_LPTMR1_ALT3) 32 RW 0000_0000h

940h Module Input Source Selection Register (PSMI0_TPM0_CH0) 32 RW 0000_0000h

944h Module Input Source Selection Register (PSMI0_TPM0_CH1) 32 RW 0000_0000h

948h Module Input Source Selection Register (PSMI0_TPM0_CH2) 32 RW 0000_0000h

94Ch Module Input Source Selection Register (PSMI0_TPM0_CH3) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

958h Module Input Source Selection Register (PSMI0_TPM0_CLKIN) 32 RW 0000_0000h

95Ch Module Input Source Selection Register (PSMI0_TPM1_CH0) 32 RW 0000_0000h

960h Module Input Source Selection Register (PSMI0_TPM1_CH1) 32 RW 0000_0000h

974h Module Input Source Selection Register (PSMI0_TPM1_CLKIN) 32 RW 0000_0000h

978h Module Input Source Selection Register (PSMI0_LPI2C0_HREQ) 32 RW 0000_0000h

97Ch Module Input Source Selection Register (PSMI0_LPI2C0_SCL) 32 RW 0000_0000h

980h Module Input Source Selection Register (PSMI0_LPI2C0_SDA) 32 RW 0000_0000h

984h Module Input Source Selection Register (PSMI0_LPI2C1_HREQ) 32 RW 0000_0000h

988h Module Input Source Selection Register (PSMI0_LPI2C1_SCL) 32 RW 0000_0000h

98Ch Module Input Source Selection Register (PSMI0_LPI2C1_SDA) 32 RW 0000_0000h

990h Module Input Source Selection Register (PSMI0_LPUART0_CTS_b) 32 RW 0000_0000h

994h Module Input Source Selection Register (PSMI0_LPUART0_RX) 32 RW 0000_0000h

998h Module Input Source Selection Register (PSMI0_LPUART0_TX) 32 RW 0000_0000h

99Ch Module Input Source Selection Register (PSMI0_LPUART1_CTS_b) 32 RW 0000_0000h

9A0h Module Input Source Selection Register (PSMI0_LPUART1_RX) 32 RW 0000_0000h

9A4h Module Input Source Selection Register (PSMI0_LPUART1_TX) 32 RW 0000_0000h

9A8h Module Input Source Selection Register (PSMI0_I2S0_RXD0) 32 RW 0000_0000h

9ACh Module Input Source Selection Register (PSMI0_I2S0_RXD1) 32 RW 0000_0000h

9B8h Module Input Source Selection Register (PSMI0_I2S0_RX_BCLK) 32 RW 0000_0000h

9BCh Module Input Source Selection Register (PSMI0_I2S0_RX_FS) 32 RW 0000_0000h

9C0h Module Input Source Selection Register (PSMI0_I2S0_TX_BCLK) 32 RW 0000_0000h

9C4h Module Input Source Selection Register (PSMI0_I2S0_TX_FS) 32 RW 0000_0000h

9C8h Module Input Source Selection Register (PSMI0_I2S1_RXD0) 32 RW 0000_0000h

9CCh Module Input Source Selection Register (PSMI0_I2S1_RXD1) 32 RW 0000_0000h

9D0h Module Input Source Selection Register (PSMI0_I2S1_RXD2) 32 RW 0000_0000h

9D4h Module Input Source Selection Register (PSMI0_I2S1_RXD3) 32 RW 0000_0000h

9D8h Module Input Source Selection Register (PSMI0_I2S1_RX_BCLK) 32 RW 0000_0000h

9DCh Module Input Source Selection Register (PSMI0_I2S1_RX_FS) 32 RW 0000_0000h

9E0h Module Input Source Selection Register (PSMI0_I2S1_TX_BCLK) 32 RW 0000_0000h

9E4h Module Input Source Selection Register (PSMI0_I2S1_TX_FS) 32 RW 0000_0000h

9E8h Module Input Source Selection Register (PSMI0_CAN0_RX) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

9ECh Module Input Source Selection Register (PSMI0_TPM2_CH0) 32 RW 0000_0000h

9F0h Module Input Source Selection Register (PSMI0_TPM2_CH1) 32 RW 0000_0000h

A04h Module Input Source Selection Register (PSMI0_TPM2_CLKIN) 32 RW 0000_0000h

A08h Module Input Source Selection Register (PSMI0_TPM3_CH0) 32 RW 0000_0000h

A0Ch Module Input Source Selection Register (PSMI0_TPM3_CH1) 32 RW 0000_0000h

A10h Module Input Source Selection Register (PSMI0_TPM3_CH2) 32 RW 0000_0000h

A14h Module Input Source Selection Register (PSMI0_TPM3_CH3) 32 RW 0000_0000h

A18h Module Input Source Selection Register (PSMI0_TPM3_CH4) 32 RW 0000_0000h

A1Ch Module Input Source Selection Register (PSMI0_TPM3_CH5) 32 RW 0000_0000h

A20h Module Input Source Selection Register (PSMI0_TPM3_CLKIN) 32 RW 0000_0000h

A24h Module Input Source Selection Register (PSMI0_LPI2C2_HREQ) 32 RW 0000_0000h

A28h Module Input Source Selection Register (PSMI0_LPI2C2_SCL) 32 RW 0000_0000h

A2Ch Module Input Source Selection Register (PSMI0_LPI2C2_SDA) 32 RW 0000_0000h

A34h Module Input Source Selection Register (PSMI0_LPI2C3_SCL) 32 RW 0000_0000h

A38h Module Input Source Selection Register (PSMI0_LPI2C3_SDA) 32 RW 0000_0000h

A3Ch Module Input Source Selection Register (PSMI0_I3C1_SCL) 32 RW 0000_0000h

A40h Module Input Source Selection Register (PSMI0_I3C1_SDA) 32 RW 0000_0000h

A44h Module Input Source Selection Register (PSMI0_LPUART2_CTS_b) 32 RW 0000_0000h

A48h Module Input Source Selection Register (PSMI0_LPUART2_RX) 32 RW 0000_0000h

A4Ch Module Input Source Selection Register (PSMI0_LPUART2_TX) 32 RW 0000_0000h

A50h Module Input Source Selection Register (PSMI0_LPUART3_CTS_b) 32 RW 0000_0000h

A54h Module Input Source Selection Register (PSMI0_LPUART3_RX) 32 RW 0000_0000h

A58h Module Input Source Selection Register (PSMI0_LPUART3_TX) 32 RW 0000_0000h

A5Ch Module Input Source Selection Register (PSMI0_LPSPI2_PCS0) 32 RW 0000_0000h

A60h Module Input Source Selection Register (PSMI0_LPSPI2_PCS1) 32 RW 0000_0000h

A64h Module Input Source Selection Register (PSMI0_LPSPI2_PCS2) 32 RW 0000_0000h

A68h Module Input Source Selection Register (PSMI0_LPSPI2_PCS3) 32 RW 0000_0000h

A6Ch Module Input Source Selection Register (PSMI0_LPSPI2_SCK) 32 RW 0000_0000h

A70h Module Input Source Selection Register (PSMI0_LPSPI2_SIN) 32 RW 0000_0000h

A74h Module Input Source Selection Register (PSMI0_LPSPI2_SOUT) 32 RW 0000_0000h

A78h Module Input Source Selection Register (PSMI0_LPSPI3_PCS0) 32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
IOMUX Controller (IOMUXC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1201 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

A7Ch Module Input Source Selection Register (PSMI0_LPSPI3_PCS1) 32 RW 0000_0000h

A80h Module Input Source Selection Register (PSMI0_LPSPI3_PCS2) 32 RW 0000_0000h

A84h Module Input Source Selection Register (PSMI0_LPSPI3_PCS3) 32 RW 0000_0000h

A88h Module Input Source Selection Register (PSMI0_LPSPI3_SCK) 32 RW 0000_0000h

A8Ch Module Input Source Selection Register (PSMI0_LPSPI3_SIN) 32 RW 0000_0000h

A90h Module Input Source Selection Register (PSMI0_LPSPI3_SOUT) 32 RW 0000_0000h

AD4h Module Input Source Selection Register (PSMI0_MICFIL0_DATA01) 32 RW 0000_0000h

AD8h Module Input Source Selection Register (PSMI0_MICFIL0_DATA23) 32 RW 0000_0000h

ADCh Module Input Source Selection Register (PSMI0_MICFIL0_DATA45) 32 RW 0000_0000h

AE0h Module Input Source Selection Register (PSMI0_MICFIL0_DATA67) 32 RW 0000_0000h

AE4h Module Input Source Selection Register (PSMI0_SEC0_RX) 32 RW 0000_0000h

AE8h Module Input Source Selection Register (PSMI0_SEC0_TX) 32 RW 0000_0000h

25.5.1.2 Pad Control Register (PCR0_PTA0 - PCR0_PTA24)

Offset

Register Offset

PCR0_PTA0 0h

PCR0_PTA1 4h

PCR0_PTA2 8h

PCR0_PTA3 Ch

PCR0_PTA4 10h

PCR0_PTA5 14h

PCR0_PTA6 18h

PCR0_PTA7 1Ch

PCR0_PTA8 20h

PCR0_PTA9 24h

PCR0_PTA10 28h

PCR0_PTA11 2Ch

PCR0_PTA12 30h

PCR0_PTA13 34h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PCR0_PTA14 38h

PCR0_PTA15 3Ch

PCR0_PTA16 40h

PCR0_PTA17 44h

PCR0_PTA18 48h

PCR0_PTA19 4Ch

PCR0_PTA20 50h

PCR0_PTA21 54h

PCR0_PTA22 58h

PCR0_PTA23 5Ch

PCR0_PTA24 60h

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-22

DFD

Digital Filter Duration

Defines deglitch window.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

Table continues on the next page...
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Table continued from the previous page...

Field Function

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected

25.5.1.3 Pad Control Register (PCR0_PTB0 - PCR0_PTB15)

Offset

Register Offset

PCR0_PTB0 80h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PCR0_PTB1 84h

PCR0_PTB2 88h

PCR0_PTB3 8Ch

PCR0_PTB4 90h

PCR0_PTB5 94h

PCR0_PTB6 98h

PCR0_PTB7 9Ch

PCR0_PTB8 A0h

PCR0_PTB9 A4h

PCR0_PTB10 A8h

PCR0_PTB11 ACh

PCR0_PTB12 B0h

PCR0_PTB13 B4h

PCR0_PTB14 B8h

PCR0_PTB15 BCh

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

Table continues on the next page...

NXP Semiconductors
IOMUX Controller (IOMUXC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1207 / 5781



Table continued from the previous page...

Field Function

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected
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25.5.1.4 Pad Control Register (PCR0_PTC0 - PCR0_PTC23)

Offset

Register Offset

PCR0_PTC0 100h

PCR0_PTC1 104h

PCR0_PTC2 108h

PCR0_PTC3 10Ch

PCR0_PTC4 110h

PCR0_PTC5 114h

PCR0_PTC6 118h

PCR0_PTC7 11Ch

PCR0_PTC8 120h

PCR0_PTC9 124h

PCR0_PTC10 128h

PCR0_PTC11 12Ch

PCR0_PTC12 130h

PCR0_PTC13 134h

PCR0_PTC14 138h

PCR0_PTC15 13Ch

PCR0_PTC16 140h

PCR0_PTC17 144h

PCR0_PTC18 148h

PCR0_PTC19 14Ch

PCR0_PTC20 150h

PCR0_PTC21 154h

PCR0_PTC22 158h

PCR0_PTC23 15Ch

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected

25.5.1.5 Pad Control Register (PCR0_BOOT_MODE0 - PCR0_BOOT_MODE1)

Offset

Register Offset

PCR0_BOOT_MODE0 400h

PCR0_BOOT_MODE1 404h

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected
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25.5.1.6 Module Input Source Selection Register (PSMI0_PMIC0_SCL - PSMI0_EXT_AUD_MCLK1)

Offset

Register Offset

PSMI0_PMIC0_SCL 800h

PSMI0_PMIC0_SDA 804h

PSMI0_EWM0_IN 808h

PSMI0_EXT_AUD_MCL
K0

80Ch

PSMI0_EXT_AUD_MCL
K1

810h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.7 Module Input Source Selection Register (PSMI0_I3C0_SCL - PSMI0_LPSPI0_PCS0)

Offset

Register Offset

PSMI0_I3C0_SCL 898h

PSMI0_I3C0_SDA 89Ch

PSMI0_LPSPI0_PCS0 8A0h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.8 Module Input Source Selection Register (PSMI0_LPSPI0_SCK - PSMI0_LPSPI1_PCS0)

Offset

Register Offset

PSMI0_LPSPI0_SCK 8B0h

PSMI0_LPSPI0_SIN 8B4h

PSMI0_LPSPI0_SOUT 8B8h

PSMI0_LPSPI1_PCS0 8BCh

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.9 Module Input Source Selection Register (PSMI0_LPSPI1_SCK - PSMI0_LPSPI1_SOUT)

Offset

Register Offset

PSMI0_LPSPI1_SCK 8CCh

PSMI0_LPSPI1_SIN 8D0h

PSMI0_LPSPI1_SOUT 8D4h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.10 Module Input Source Selection Register (PSMI0_FLEXSPI1_A_SCLK)

Offset

Register Offset

PSMI0_FLEXSPI1_A_SC
LK

8FCh

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.11 Module Input Source Selection Register (PSMI0_LPTMR0_ALT1 - PSMI0_TPM0_CH3)

Offset

Register Offset

PSMI0_LPTMR0_ALT1 928h

PSMI0_LPTMR0_ALT2 92Ch

PSMI0_LPTMR0_ALT3 930h

PSMI0_LPTMR1_ALT1 934h

PSMI0_LPTMR1_ALT2 938h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI0_LPTMR1_ALT3 93Ch

PSMI0_TPM0_CH0 940h

PSMI0_TPM0_CH1 944h

PSMI0_TPM0_CH2 948h

PSMI0_TPM0_CH3 94Ch

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

Table continues on the next page...
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Field Function

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.12 Module Input Source Selection Register (PSMI0_TPM0_CLKIN - PSMI0_TPM1_CH1)

Offset

Register Offset

PSMI0_TPM0_CLKIN 958h

PSMI0_TPM1_CH0 95Ch

PSMI0_TPM1_CH1 960h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity
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Table continued from the previous page...

Field Function

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.13 Module Input Source Selection Register (PSMI0_TPM1_CLKIN - PSMI0_I2S0_RXD1)

Offset

Register Offset

PSMI0_TPM1_CLKIN 974h

PSMI0_LPI2C0_HREQ 978h

PSMI0_LPI2C0_SCL 97Ch

PSMI0_LPI2C0_SDA 980h

PSMI0_LPI2C1_HREQ 984h

PSMI0_LPI2C1_SCL 988h

PSMI0_LPI2C1_SDA 98Ch

PSMI0_LPUART0_CTS_
b

990h

PSMI0_LPUART0_RX 994h

PSMI0_LPUART0_TX 998h

PSMI0_LPUART1_CTS_
b

99Ch

PSMI0_LPUART1_RX 9A0h

PSMI0_LPUART1_TX 9A4h

PSMI0_I2S0_RXD0 9A8h

PSMI0_I2S0_RXD1 9ACh

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.14 Module Input Source Selection Register (PSMI0_I2S0_RX_BCLK - PSMI0_TPM2_CH1)

Offset

Register Offset

PSMI0_I2S0_RX_BCLK 9B8h

PSMI0_I2S0_RX_FS 9BCh

PSMI0_I2S0_TX_BCLK 9C0h

PSMI0_I2S0_TX_FS 9C4h

PSMI0_I2S1_RXD0 9C8h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI0_I2S1_RXD1 9CCh

PSMI0_I2S1_RXD2 9D0h

PSMI0_I2S1_RXD3 9D4h

PSMI0_I2S1_RX_BCLK 9D8h

PSMI0_I2S1_RX_FS 9DCh

PSMI0_I2S1_TX_BCLK 9E0h

PSMI0_I2S1_TX_FS 9E4h

PSMI0_CAN0_RX 9E8h

PSMI0_TPM2_CH0 9ECh

PSMI0_TPM2_CH1 9F0h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.15 Module Input Source Selection Register (PSMI0_TPM2_CLKIN - PSMI0_LPI2C2_SDA)

Offset

Register Offset

PSMI0_TPM2_CLKIN A04h

PSMI0_TPM3_CH0 A08h

PSMI0_TPM3_CH1 A0Ch

PSMI0_TPM3_CH2 A10h

PSMI0_TPM3_CH3 A14h

PSMI0_TPM3_CH4 A18h

PSMI0_TPM3_CH5 A1Ch

PSMI0_TPM3_CLKIN A20h

PSMI0_LPI2C2_HREQ A24h

PSMI0_LPI2C2_SCL A28h

PSMI0_LPI2C2_SDA A2Ch

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.16 Module Input Source Selection Register (PSMI0_LPI2C3_SCL - PSMI0_LPSPI3_SOUT)

Offset

Register Offset

PSMI0_LPI2C3_SCL A34h

PSMI0_LPI2C3_SDA A38h

PSMI0_I3C1_SCL A3Ch

PSMI0_I3C1_SDA A40h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI0_LPUART2_CTS_
b

A44h

PSMI0_LPUART2_RX A48h

PSMI0_LPUART2_TX A4Ch

PSMI0_LPUART3_CTS_
b

A50h

PSMI0_LPUART3_RX A54h

PSMI0_LPUART3_TX A58h

PSMI0_LPSPI2_PCS0 A5Ch

PSMI0_LPSPI2_PCS1 A60h

PSMI0_LPSPI2_PCS2 A64h

PSMI0_LPSPI2_PCS3 A68h

PSMI0_LPSPI2_SCK A6Ch

PSMI0_LPSPI2_SIN A70h

PSMI0_LPSPI2_SOUT A74h

PSMI0_LPSPI3_PCS0 A78h

PSMI0_LPSPI3_PCS1 A7Ch

PSMI0_LPSPI3_PCS2 A80h

PSMI0_LPSPI3_PCS3 A84h

PSMI0_LPSPI3_SCK A88h

PSMI0_LPSPI3_SIN A8Ch

PSMI0_LPSPI3_SOUT A90h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.1.17 Module Input Source Selection Register (PSMI0_MICFIL0_DATA01 - PSMI0_SEC0_TX)

Offset

Register Offset

PSMI0_MICFIL0_DATA0
1

AD4h

PSMI0_MICFIL0_DATA2
3

AD8h

PSMI0_MICFIL0_DATA4
5

ADCh

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI0_MICFIL0_DATA6
7

AE0h

PSMI0_SEC0_RX AE4h

PSMI0_SEC0_TX AE8h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source
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25.5.2 IOMUXC apd register descriptions

25.5.2.1 IOMUXC memory map

IOMUXC1 base address: 298C_0000h

Offset Register Width

(In bits)

Access Reset value

0h Pad Control Register (PCR1_PTD0) 32 RW 0000_0000h

4h Pad Control Register (PCR1_PTD1) 32 RW 0000_0000h

8h Pad Control Register (PCR1_PTD2) 32 RW 0000_0000h

Ch Pad Control Register (PCR1_PTD3) 32 RW 0000_0000h

10h Pad Control Register (PCR1_PTD4) 32 RW 0000_0000h

14h Pad Control Register (PCR1_PTD5) 32 RW 0000_0000h

18h Pad Control Register (PCR1_PTD6) 32 RW 0000_0000h

1Ch Pad Control Register (PCR1_PTD7) 32 RW 0000_0000h

20h Pad Control Register (PCR1_PTD8) 32 RW 0000_0000h

24h Pad Control Register (PCR1_PTD9) 32 RW 0000_0000h

28h Pad Control Register (PCR1_PTD10) 32 RW 0000_0000h

2Ch Pad Control Register (PCR1_PTD11) 32 RW 0000_0000h

30h Pad Control Register (PCR1_PTD12) 32 RW 0000_0000h

34h Pad Control Register (PCR1_PTD13) 32 RW 0000_0000h

38h Pad Control Register (PCR1_PTD14) 32 RW 0000_0000h

3Ch Pad Control Register (PCR1_PTD15) 32 RW 0000_0000h

40h Pad Control Register (PCR1_PTD16) 32 RW 0000_0000h

44h Pad Control Register (PCR1_PTD17) 32 RW 0000_0000h

48h Pad Control Register (PCR1_PTD18) 32 RW 0000_0000h

4Ch Pad Control Register (PCR1_PTD19) 32 RW 0000_0000h

50h Pad Control Register (PCR1_PTD20) 32 RW 0000_0000h

54h Pad Control Register (PCR1_PTD21) 32 RW 0000_0000h

58h Pad Control Register (PCR1_PTD22) 32 RW 0000_0000h

5Ch Pad Control Register (PCR1_PTD23) 32 RW 0000_0000h

80h Pad Control Register (PCR1_PTE0) 32 RW 0000_0000h

84h Pad Control Register (PCR1_PTE1) 32 RW 0000_0000h

88h Pad Control Register (PCR1_PTE2) 32 RW 0000_0000h

8Ch Pad Control Register (PCR1_PTE3) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

90h Pad Control Register (PCR1_PTE4) 32 RW 0000_0000h

94h Pad Control Register (PCR1_PTE5) 32 RW 0000_0000h

98h Pad Control Register (PCR1_PTE6) 32 RW 0000_0000h

9Ch Pad Control Register (PCR1_PTE7) 32 RW 0000_0000h

A0h Pad Control Register (PCR1_PTE8) 32 RW 0000_0000h

A4h Pad Control Register (PCR1_PTE9) 32 RW 0000_0000h

A8h Pad Control Register (PCR1_PTE10) 32 RW 0000_0000h

ACh Pad Control Register (PCR1_PTE11) 32 RW 0000_0000h

B0h Pad Control Register (PCR1_PTE12) 32 RW 0000_0000h

B4h Pad Control Register (PCR1_PTE13) 32 RW 0000_0000h

B8h Pad Control Register (PCR1_PTE14) 32 RW 0000_0000h

BCh Pad Control Register (PCR1_PTE15) 32 RW 0000_0000h

C0h Pad Control Register (PCR1_PTE16) 32 RW 0000_0000h

C4h Pad Control Register (PCR1_PTE17) 32 RW 0000_0000h

C8h Pad Control Register (PCR1_PTE18) 32 RW 0000_0000h

CCh Pad Control Register (PCR1_PTE19) 32 RW 0000_0000h

D0h Pad Control Register (PCR1_PTE20) 32 RW 0000_0000h

D4h Pad Control Register (PCR1_PTE21) 32 RW 0000_0000h

D8h Pad Control Register (PCR1_PTE22) 32 RW 0000_0000h

DCh Pad Control Register (PCR1_PTE23) 32 RW 0000_0000h

100h Pad Control Register (PCR1_PTF0) 32 RW 0000_0000h

104h Pad Control Register (PCR1_PTF1) 32 RW 0000_0000h

108h Pad Control Register (PCR1_PTF2) 32 RW 0000_0000h

10Ch Pad Control Register (PCR1_PTF3) 32 RW 0000_0000h

110h Pad Control Register (PCR1_PTF4) 32 RW 0000_0000h

114h Pad Control Register (PCR1_PTF5) 32 RW 0000_0000h

118h Pad Control Register (PCR1_PTF6) 32 RW 0000_0000h

11Ch Pad Control Register (PCR1_PTF7) 32 RW 0000_0000h

120h Pad Control Register (PCR1_PTF8) 32 RW 0000_0000h

124h Pad Control Register (PCR1_PTF9) 32 RW 0000_0000h

128h Pad Control Register (PCR1_PTF10) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

12Ch Pad Control Register (PCR1_PTF11) 32 RW 0000_0000h

130h Pad Control Register (PCR1_PTF12) 32 RW 0000_0000h

134h Pad Control Register (PCR1_PTF13) 32 RW 0000_0000h

138h Pad Control Register (PCR1_PTF14) 32 RW 0000_0000h

13Ch Pad Control Register (PCR1_PTF15) 32 RW 0000_0000h

140h Pad Control Register (PCR1_PTF16) 32 RW 0000_0000h

144h Pad Control Register (PCR1_PTF17) 32 RW 0000_0000h

148h Pad Control Register (PCR1_PTF18) 32 RW 0000_0000h

14Ch Pad Control Register (PCR1_PTF19) 32 RW 0000_0000h

150h Pad Control Register (PCR1_PTF20) 32 RW 0000_0000h

154h Pad Control Register (PCR1_PTF21) 32 RW 0000_0000h

158h Pad Control Register (PCR1_PTF22) 32 RW 0000_0000h

15Ch Pad Control Register (PCR1_PTF23) 32 RW 0000_0000h

160h Pad Control Register (PCR1_PTF24) 32 RW 0000_0000h

164h Pad Control Register (PCR1_PTF25) 32 RW 0000_0000h

168h Pad Control Register (PCR1_PTF26) 32 RW 0000_0000h

16Ch Pad Control Register (PCR1_PTF27) 32 RW 0000_0000h

170h Pad Control Register (PCR1_PTF28) 32 RW 0000_0000h

174h Pad Control Register (PCR1_PTF29) 32 RW 0000_0000h

178h Pad Control Register (PCR1_PTF30) 32 RW 0000_0000h

17Ch Pad Control Register (PCR1_PTF31) 32 RW 0000_0000h

800h Module Input Source Selection Register (PSMI1_EXT_AUD_MCLK2) 32 RW 0000_0000h

804h Module Input Source Selection Register (PSMI1_TPM4_CH0) 32 RW 0000_0000h

808h Module Input Source Selection Register (PSMI1_TPM4_CH1) 32 RW 0000_0000h

80Ch Module Input Source Selection Register (PSMI1_TPM4_CH2) 32 RW 0000_0000h

810h Module Input Source Selection Register (PSMI1_TPM4_CH3) 32 RW 0000_0000h

814h Module Input Source Selection Register (PSMI1_TPM4_CH4) 32 RW 0000_0000h

818h Module Input Source Selection Register (PSMI1_TPM4_CH5) 32 RW 0000_0000h

81Ch Module Input Source Selection Register (PSMI1_TPM4_CLKIN) 32 RW 0000_0000h

820h Module Input Source Selection Register (PSMI1_TPM5_CH0) 32 RW 0000_0000h

824h Module Input Source Selection Register (PSMI1_TPM5_CH1) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

838h Module Input Source Selection Register (PSMI1_TPM5_CLKIN) 32 RW 0000_0000h

83Ch Module Input Source Selection Register (PSMI1_FXIO1_D0) 32 RW 0000_0000h

840h Module Input Source Selection Register (PSMI1_FXIO1_D1) 32 RW 0000_0000h

844h Module Input Source Selection Register (PSMI1_FXIO1_D10) 32 RW 0000_0000h

848h Module Input Source Selection Register (PSMI1_FXIO1_D11) 32 RW 0000_0000h

84Ch Module Input Source Selection Register (PSMI1_FXIO1_D12) 32 RW 0000_0000h

850h Module Input Source Selection Register (PSMI1_FXIO1_D13) 32 RW 0000_0000h

854h Module Input Source Selection Register (PSMI1_FXIO1_D14) 32 RW 0000_0000h

858h Module Input Source Selection Register (PSMI1_FXIO1_D15) 32 RW 0000_0000h

85Ch Module Input Source Selection Register (PSMI1_FXIO1_D16) 32 RW 0000_0000h

860h Module Input Source Selection Register (PSMI1_FXIO1_D17) 32 RW 0000_0000h

864h Module Input Source Selection Register (PSMI1_FXIO1_D18) 32 RW 0000_0000h

868h Module Input Source Selection Register (PSMI1_FXIO1_D19) 32 RW 0000_0000h

86Ch Module Input Source Selection Register (PSMI1_FXIO1_D2) 32 RW 0000_0000h

870h Module Input Source Selection Register (PSMI1_FXIO1_D20) 32 RW 0000_0000h

874h Module Input Source Selection Register (PSMI1_FXIO1_D21) 32 RW 0000_0000h

878h Module Input Source Selection Register (PSMI1_FXIO1_D22) 32 RW 0000_0000h

87Ch Module Input Source Selection Register (PSMI1_FXIO1_D23) 32 RW 0000_0000h

880h Module Input Source Selection Register (PSMI1_FXIO1_D24) 32 RW 0000_0000h

884h Module Input Source Selection Register (PSMI1_FXIO1_D25) 32 RW 0000_0000h

888h Module Input Source Selection Register (PSMI1_FXIO1_D26) 32 RW 0000_0000h

88Ch Module Input Source Selection Register (PSMI1_FXIO1_D27) 32 RW 0000_0000h

890h Module Input Source Selection Register (PSMI1_FXIO1_D28) 32 RW 0000_0000h

894h Module Input Source Selection Register (PSMI1_FXIO1_D29) 32 RW 0000_0000h

898h Module Input Source Selection Register (PSMI1_FXIO1_D3) 32 RW 0000_0000h

89Ch Module Input Source Selection Register (PSMI1_FXIO1_D30) 32 RW 0000_0000h

8A0h Module Input Source Selection Register (PSMI1_FXIO1_D31) 32 RW 0000_0000h

8A4h Module Input Source Selection Register (PSMI1_FXIO1_D4) 32 RW 0000_0000h

8A8h Module Input Source Selection Register (PSMI1_FXIO1_D5) 32 RW 0000_0000h

8ACh Module Input Source Selection Register (PSMI1_FXIO1_D6) 32 RW 0000_0000h

8B0h Module Input Source Selection Register (PSMI1_FXIO1_D7) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

8B4h Module Input Source Selection Register (PSMI1_FXIO1_D8) 32 RW 0000_0000h

8B8h Module Input Source Selection Register (PSMI1_FXIO1_D9) 32 RW 0000_0000h

8BCh Module Input Source Selection Register (PSMI1_I3C2_SCL) 32 RW 0000_0000h

8C0h Module Input Source Selection Register (PSMI1_I3C2_SDA) 32 RW 0000_0000h

8C4h Module Input Source Selection Register (PSMI1_LPI2C4_HREQ) 32 RW 0000_0000h

8C8h Module Input Source Selection Register (PSMI1_LPI2C4_SCL) 32 RW 0000_0000h

8CCh Module Input Source Selection Register (PSMI1_LPI2C4_SDA) 32 RW 0000_0000h

8D0h Module Input Source Selection Register (PSMI1_LPI2C5_HREQ) 32 RW 0000_0000h

8D4h Module Input Source Selection Register (PSMI1_LPI2C5_SCL) 32 RW 0000_0000h

8D8h Module Input Source Selection Register (PSMI1_LPI2C5_SDA) 32 RW 0000_0000h

8DCh Module Input Source Selection Register (PSMI1_LPUART4_CTS_b) 32 RW 0000_0000h

8E0h Module Input Source Selection Register (PSMI1_LPUART4_RX) 32 RW 0000_0000h

8E4h Module Input Source Selection Register (PSMI1_LPUART4_TX) 32 RW 0000_0000h

8E8h Module Input Source Selection Register (PSMI1_LPUART5_CTS_b) 32 RW 0000_0000h

8ECh Module Input Source Selection Register (PSMI1_LPUART5_RX) 32 RW 0000_0000h

8F0h Module Input Source Selection Register (PSMI1_LPUART5_TX) 32 RW 0000_0000h

8F4h Module Input Source Selection Register (PSMI1_LPSPI4_PCS0) 32 RW 0000_0000h

8F8h Module Input Source Selection Register (PSMI1_LPSPI4_PCS1) 32 RW 0000_0000h

8FCh Module Input Source Selection Register (PSMI1_LPSPI4_PCS2) 32 RW 0000_0000h

900h Module Input Source Selection Register (PSMI1_LPSPI4_PCS3) 32 RW 0000_0000h

904h Module Input Source Selection Register (PSMI1_LPSPI4_SCK) 32 RW 0000_0000h

908h Module Input Source Selection Register (PSMI1_LPSPI4_SIN) 32 RW 0000_0000h

90Ch Module Input Source Selection Register (PSMI1_LPSPI4_SOUT) 32 RW 0000_0000h

910h Module Input Source Selection Register (PSMI1_LPSPI5_PCS0) 32 RW 0000_0000h

914h Module Input Source Selection Register (PSMI1_LPSPI5_PCS1) 32 RW 0000_0000h

918h Module Input Source Selection Register (PSMI1_LPSPI5_PCS2) 32 RW 0000_0000h

91Ch Module Input Source Selection Register (PSMI1_LPSPI5_PCS3) 32 RW 0000_0000h

920h Module Input Source Selection Register (PSMI1_LPSPI5_SCK) 32 RW 0000_0000h

924h Module Input Source Selection Register (PSMI1_LPSPI5_SIN) 32 RW 0000_0000h

928h Module Input Source Selection Register (PSMI1_LPSPI5_SOUT) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

954h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA0)

32 RW 0000_0000h

958h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA1)

32 RW 0000_0000h

95Ch Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA2)

32 RW 0000_0000h

960h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA3)

32 RW 0000_0000h

964h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA4)

32 RW 0000_0000h

968h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA5)

32 RW 0000_0000h

96Ch Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA6)

32 RW 0000_0000h

970h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_DATA7)

32 RW 0000_0000h

974h Module Input Source Selection Register (PSMI1_FLEXSPI2_B_DQS) 32 RW 0000_0000h

978h Module Input Source Selection Register 
(PSMI1_FLEXSPI2_B_SCLK)

32 RW 0000_0000h

97Ch Module Input Source Selection Register (PSMI1_TPM6_CH0) 32 RW 0000_0000h

980h Module Input Source Selection Register (PSMI1_TPM6_CH1) 32 RW 0000_0000h

994h Module Input Source Selection Register (PSMI1_TPM6_CLKIN) 32 RW 0000_0000h

998h Module Input Source Selection Register (PSMI1_TPM7_CH0) 32 RW 0000_0000h

99Ch Module Input Source Selection Register (PSMI1_TPM7_CH1) 32 RW 0000_0000h

9A0h Module Input Source Selection Register (PSMI1_TPM7_CH2) 32 RW 0000_0000h

9A4h Module Input Source Selection Register (PSMI1_TPM7_CH3) 32 RW 0000_0000h

9A8h Module Input Source Selection Register (PSMI1_TPM7_CH4) 32 RW 0000_0000h

9ACh Module Input Source Selection Register (PSMI1_TPM7_CH5) 32 RW 0000_0000h

9B0h Module Input Source Selection Register (PSMI1_TPM7_CLKIN) 32 RW 0000_0000h

9B4h Module Input Source Selection Register (PSMI1_LPI2C6_HREQ) 32 RW 0000_0000h

9B8h Module Input Source Selection Register (PSMI1_LPI2C6_SCL) 32 RW 0000_0000h

9BCh Module Input Source Selection Register (PSMI1_LPI2C6_SDA) 32 RW 0000_0000h

9C0h Module Input Source Selection Register (PSMI1_LPI2C7_HREQ) 32 RW 0000_0000h

9C4h Module Input Source Selection Register (PSMI1_LPI2C7_SCL) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

9C8h Module Input Source Selection Register (PSMI1_LPI2C7_SDA) 32 RW 0000_0000h

9CCh Module Input Source Selection Register (PSMI1_LPUART6_CTS_b) 32 RW 0000_0000h

9D0h Module Input Source Selection Register (PSMI1_LPUART6_RX) 32 RW 0000_0000h

9D4h Module Input Source Selection Register (PSMI1_LPUART6_TX) 32 RW 0000_0000h

9D8h Module Input Source Selection Register (PSMI1_LPUART7_CTS_b) 32 RW 0000_0000h

9DCh Module Input Source Selection Register (PSMI1_LPUART7_RX) 32 RW 0000_0000h

9E0h Module Input Source Selection Register (PSMI1_LPUART7_TX) 32 RW 0000_0000h

A58h Module Input Source Selection Register (PSMI1_SDHC1_CD) 32 RW 0000_0000h

A5Ch Module Input Source Selection Register (PSMI1_SDHC1_CLK) 32 RW 0000_0000h

A60h Module Input Source Selection Register (PSMI1_SDHC1_CMD) 32 RW 0000_0000h

A64h Module Input Source Selection Register (PSMI1_SDHC1_D0) 32 RW 0000_0000h

A68h Module Input Source Selection Register (PSMI1_SDHC1_D1) 32 RW 0000_0000h

A6Ch Module Input Source Selection Register (PSMI1_SDHC1_D2) 32 RW 0000_0000h

A70h Module Input Source Selection Register (PSMI1_SDHC1_D3) 32 RW 0000_0000h

A74h Module Input Source Selection Register (PSMI1_SDHC1_D4) 32 RW 0000_0000h

A78h Module Input Source Selection Register (PSMI1_SDHC1_D5) 32 RW 0000_0000h

A7Ch Module Input Source Selection Register (PSMI1_SDHC1_D6) 32 RW 0000_0000h

A80h Module Input Source Selection Register (PSMI1_SDHC1_D7) 32 RW 0000_0000h

A84h Module Input Source Selection Register (PSMI1_SDHC1_DQS) 32 RW 0000_0000h

A88h Module Input Source Selection Register (PSMI1_SDHC1_WP) 32 RW 0000_0000h

A8Ch Module Input Source Selection Register (PSMI1_SDHC2_CD) 32 RW 0000_0000h

A90h Module Input Source Selection Register (PSMI1_SDHC2_CLK) 32 RW 0000_0000h

A94h Module Input Source Selection Register (PSMI1_SDHC2_CMD) 32 RW 0000_0000h

A98h Module Input Source Selection Register (PSMI1_SDHC2_D0) 32 RW 0000_0000h

A9Ch Module Input Source Selection Register (PSMI1_SDHC2_D1) 32 RW 0000_0000h

AA0h Module Input Source Selection Register (PSMI1_SDHC2_D2) 32 RW 0000_0000h

AA4h Module Input Source Selection Register (PSMI1_SDHC2_D3) 32 RW 0000_0000h

AA8h Module Input Source Selection Register (PSMI1_SDHC2_D4) 32 RW 0000_0000h

AACh Module Input Source Selection Register (PSMI1_SDHC2_D5) 32 RW 0000_0000h

AB0h Module Input Source Selection Register (PSMI1_SDHC2_D6) 32 RW 0000_0000h

AB4h Module Input Source Selection Register (PSMI1_SDHC2_D7) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

AB8h Module Input Source Selection Register (PSMI1_SDHC2_DQS) 32 RW 0000_0000h

ABCh Module Input Source Selection Register (PSMI1_SDHC2_WP) 32 RW 0000_0000h

AC0h Module Input Source Selection Register (PSMI1_USB0_OC) 32 RW 0000_0000h

AC4h Module Input Source Selection Register (PSMI1_USB1_OC) 32 RW 0000_0000h

AC8h Module Input Source Selection Register (PSMI1_USB0_ID) 32 RW 0000_0000h

ACCh Module Input Source Selection Register (PSMI1_USB1_ID) 32 RW 0000_0000h

AD0h Module Input Source Selection Register 
(PSMI1_ENET0_1588_CLKIN)

32 RW 0000_0000h

AD4h Module Input Source Selection Register 
(PSMI1_ENET0_1588_TMR0)

32 RW 0000_0000h

AD8h Module Input Source Selection Register 
(PSMI1_ENET0_1588_TMR1)

32 RW 0000_0000h

ADCh Module Input Source Selection Register 
(PSMI1_ENET0_1588_TMR2)

32 RW 0000_0000h

AE0h Module Input Source Selection Register 
(PSMI1_ENET0_1588_TMR3)

32 RW 0000_0000h

AE4h Module Input Source Selection Register (PSMI1_ENET0_COL) 32 RW 0000_0000h

AE8h Module Input Source Selection Register (PSMI1_ENET0_CRS) 32 RW 0000_0000h

AECh Module Input Source Selection Register (PSMI1_ENET0_CRS_DV) 32 RW 0000_0000h

AF0h Module Input Source Selection Register (PSMI1_ENET0_MDIO) 32 RW 0000_0000h

AF4h Module Input Source Selection Register (PSMI1_ENET0_REFCLK) 32 RW 0000_0000h

AF8h Module Input Source Selection Register (PSMI1_ENET0_RXD0) 32 RW 0000_0000h

AFCh Module Input Source Selection Register (PSMI1_ENET0_RXD1) 32 RW 0000_0000h

B00h Module Input Source Selection Register (PSMI1_ENET0_RXD2) 32 RW 0000_0000h

B04h Module Input Source Selection Register (PSMI1_ENET0_RXD3) 32 RW 0000_0000h

B08h Module Input Source Selection Register (PSMI1_ENET0_RXER) 32 RW 0000_0000h

B0Ch Module Input Source Selection Register (PSMI1_ENET0_RXCLK) 32 RW 0000_0000h

B10h Module Input Source Selection Register (PSMI1_ENET0_TXCLK) 32 RW 0000_0000h

B14h Module Input Source Selection Register (PSMI1_EXT_AUD_MCLK3) 32 RW 0000_0000h

B18h Module Input Source Selection Register (PSMI1_TPM8_CH0) 32 RW 0000_0000h

B1Ch Module Input Source Selection Register (PSMI1_TPM8_CH1) 32 RW 0000_0000h

B20h Module Input Source Selection Register (PSMI1_TPM8_CH2) 32 RW 0000_0000h
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Offset Register Width

(In bits)

Access Reset value

B24h Module Input Source Selection Register (PSMI1_TPM8_CH3) 32 RW 0000_0000h

B28h Module Input Source Selection Register (PSMI1_TPM8_CH4) 32 RW 0000_0000h

B2Ch Module Input Source Selection Register (PSMI1_TPM8_CH5) 32 RW 0000_0000h

B30h Module Input Source Selection Register (PSMI1_TPM8_CLKIN) 32 RW 0000_0000h

B34h Module Input Source Selection Register (PSMI1_I2S6_RXD0) 32 RW 0000_0000h

B38h Module Input Source Selection Register (PSMI1_I2S6_RXD1) 32 RW 0000_0000h

B3Ch Module Input Source Selection Register (PSMI1_I2S6_RXD2) 32 RW 0000_0000h

B40h Module Input Source Selection Register (PSMI1_I2S6_RXD3) 32 RW 0000_0000h

B44h Module Input Source Selection Register (PSMI1_I2S6_RX_BCLK) 32 RW 0000_0000h

B48h Module Input Source Selection Register (PSMI1_I2S6_RX_FS) 32 RW 0000_0000h

B4Ch Module Input Source Selection Register (PSMI1_I2S6_TX_BCLK) 32 RW 0000_0000h

B50h Module Input Source Selection Register (PSMI1_I2S6_TX_FS) 32 RW 0000_0000h

B54h Module Input Source Selection Register (PSMI1_I2S7_RXD0) 32 RW 0000_0000h

B58h Module Input Source Selection Register (PSMI1_I2S7_RXD1) 32 RW 0000_0000h

B5Ch Module Input Source Selection Register (PSMI1_I2S7_RXD2) 32 RW 0000_0000h

B60h Module Input Source Selection Register (PSMI1_I2S7_RXD3) 32 RW 0000_0000h

B64h Module Input Source Selection Register (PSMI1_I2S7_RX_BCLK) 32 RW 0000_0000h

B68h Module Input Source Selection Register (PSMI1_I2S7_RX_FS) 32 RW 0000_0000h

B6Ch Module Input Source Selection Register (PSMI1_I2S7_TX_BCLK) 32 RW 0000_0000h

B70h Module Input Source Selection Register (PSMI1_I2S7_TX_FS) 32 RW 0000_0000h

B74h Module Input Source Selection Register (PSMI1_SPDIF_IN1) 32 RW 0000_0000h

B78h Module Input Source Selection Register (PSMI1_SPDIF_IN2) 32 RW 0000_0000h

B7Ch Module Input Source Selection Register (PSMI1_SPDIF_IN3) 32 RW 0000_0000h

B80h Module Input Source Selection Register (PSMI1_SPDIF_IN4) 32 RW 0000_0000h

25.5.2.2 Pad Control Register (PCR1_PTD0 - PCR1_PTD23)

Offset

Register Offset

PCR1_PTD0 0h

PCR1_PTD1 4h
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Register Offset

PCR1_PTD2 8h

PCR1_PTD3 Ch

PCR1_PTD4 10h

PCR1_PTD5 14h

PCR1_PTD6 18h

PCR1_PTD7 1Ch

PCR1_PTD8 20h

PCR1_PTD9 24h

PCR1_PTD10 28h

PCR1_PTD11 2Ch

PCR1_PTD12 30h

PCR1_PTD13 34h

PCR1_PTD14 38h

PCR1_PTD15 3Ch

PCR1_PTD16 40h

PCR1_PTD17 44h

PCR1_PTD18 48h

PCR1_PTD19 4Ch

PCR1_PTD20 50h

PCR1_PTD21 54h

PCR1_PTD22 58h

PCR1_PTD23 5Ch

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled
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Field Function

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate
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Field Function

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected

25.5.2.3 Pad Control Register (PCR1_PTE0 - PCR1_PTE23)

Offset

Register Offset

PCR1_PTE0 80h

PCR1_PTE1 84h

PCR1_PTE2 88h

PCR1_PTE3 8Ch

PCR1_PTE4 90h

PCR1_PTE5 94h

PCR1_PTE6 98h

PCR1_PTE7 9Ch

PCR1_PTE8 A0h

PCR1_PTE9 A4h

PCR1_PTE10 A8h

PCR1_PTE11 ACh

PCR1_PTE12 B0h

PCR1_PTE13 B4h

PCR1_PTE14 B8h

PCR1_PTE15 BCh

PCR1_PTE16 C0h

PCR1_PTE17 C4h

PCR1_PTE18 C8h
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Table continued from the previous page...

Register Offset

PCR1_PTE19 CCh

PCR1_PTE20 D0h

PCR1_PTE21 D4h

PCR1_PTE22 D8h

PCR1_PTE23 DCh

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.

 
When AD is in Power Down Mode and LPAV is still active controlling the PTE and PTF IOs, the corresponding 
digital filters clock cannot use the LPAV bus clock. Use the 1 kHz clock source instead.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

Table continues on the next page...
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Field Function

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6 Drive Strength Enable
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Field Function

DSE Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected

25.5.2.4 Pad Control Register (PCR1_PTF0 - PCR1_PTF31)

Offset

Register Offset

PCR1_PTF0 100h

PCR1_PTF1 104h

PCR1_PTF2 108h

PCR1_PTF3 10Ch

PCR1_PTF4 110h
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Table continued from the previous page...

Register Offset

PCR1_PTF5 114h

PCR1_PTF6 118h

PCR1_PTF7 11Ch

PCR1_PTF8 120h

PCR1_PTF9 124h

PCR1_PTF10 128h

PCR1_PTF11 12Ch

PCR1_PTF12 130h

PCR1_PTF13 134h

PCR1_PTF14 138h

PCR1_PTF15 13Ch

PCR1_PTF16 140h

PCR1_PTF17 144h

PCR1_PTF18 148h

PCR1_PTF19 14Ch

PCR1_PTF20 150h

PCR1_PTF21 154h

PCR1_PTF22 158h

PCR1_PTF23 15Ch

PCR1_PTF24 160h

PCR1_PTF25 164h

PCR1_PTF26 168h

PCR1_PTF27 16Ch

PCR1_PTF28 170h

PCR1_PTF29 174h

PCR1_PTF30 178h

PCR1_PTF31 17Ch

Function

IOMUX PCR{DOMAIN}_{PADNAME}, Pad Control Register implements configuration fields for an specific {PADNAME}.

 
When AD is in Power Down Mode and LPAV is still active controlling the PTE and PTF IOs, the corresponding 
digital filters clock cannot use the LPAV bus clock. Use the 1 kHz clock source instead.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
DFD DFCS DFE 

Reserved 
OBE IBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LK 

Reserved 
MUX 

Reserv
ed DSE ODE 

Reserved 
SRE PE PS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-22

DFD

Digital Filter Duration

Defines deglitch window.

0_0000b - Digital filter is disabled

0_0001b - Filter window count value

21

DFCS

Digital Filter Clock Select

Digital filtering clock selection

0b - Digital filter is running out of PCTL* Bus clock

1b - Digital filter is running out RTC 1kHz clock

20

DFE

Digital Filter Enable

Enables input data deglitch on pad.

0b - Digital filter disabled

1b - Digital filter enabled

19-18

—

Reserved

17

OBE

Output Buffer Enable

Forces output buffer enabled if set. If not set, output buffer is eanbled depending on module and function 
selected on pad.

0b - Output Buffer enable depends on selected function

1b - Output buffer forced enabled
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Field Function

16

IBE

Input Buffer Enable

Forces input buffer enabled if set. If not set, input buffer is enabled if an input function is selected on the 
pad.

0b - Input Buffer enable depends on selected function

1b - Input buffer forced enabled

15

LK

Lock

Register Lock bit. If set prevents writes to the register. Once written is cleared by reset only

0b - Register Unlocked

1b - Register Locked for write

14-12

—

Reserved

11-8

MUX

PAD Mux Selector

Defines SSS value for Alternate Function selection on the PAD mux

0000b - Alternate function 0 ; Analog / Hiz

0001b - Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

7

—

Reserved

6

DSE

Drive Strength Enable

Pad output buffer drive strength control enable

0b - Standard Drive Strength

1b - Hi Drive Strength

5

ODE

Open-drain Enable

Pad output buffer push-pull or open-drain operation selection

0b - Push-pull Output

1b - Open-drain Output

4-3

—

Reserved

2

SRE

Slew Rate Enable

Pad output buffer slew rate control enable

0b - Standard Slew Rate

1b - Slow Slew Rate
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Table continued from the previous page...

Field Function

1

PE

Pull-up Enable

Pad weak pull enable

0b - pull disabled

1b - pull enabled

0

PS

Pull Select

Pad weak pull selection

0b - Pull-down selected

1b - Pull-up selected

25.5.2.5 Module Input Source Selection Register (PSMI1_EXT_AUD_MCLK2 - PSMI1_TPM5_CH1)

Offset

Register Offset

PSMI1_EXT_AUD_MCL
K2

800h

PSMI1_TPM4_CH0 804h

PSMI1_TPM4_CH1 808h

PSMI1_TPM4_CH2 80Ch

PSMI1_TPM4_CH3 810h

PSMI1_TPM4_CH4 814h

PSMI1_TPM4_CH5 818h

PSMI1_TPM4_CLKIN 81Ch

PSMI1_TPM5_CH0 820h

PSMI1_TPM5_CH1 824h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.2.6 Module Input Source Selection Register (PSMI1_TPM5_CLKIN - PSMI1_LPSPI5_SOUT)

Offset

Register Offset

PSMI1_TPM5_CLKIN 838h

PSMI1_FXIO1_D0 83Ch

PSMI1_FXIO1_D1 840h

PSMI1_FXIO1_D10 844h

PSMI1_FXIO1_D11 848h
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Table continued from the previous page...

Register Offset

PSMI1_FXIO1_D12 84Ch

PSMI1_FXIO1_D13 850h

PSMI1_FXIO1_D14 854h

PSMI1_FXIO1_D15 858h

PSMI1_FXIO1_D16 85Ch

PSMI1_FXIO1_D17 860h

PSMI1_FXIO1_D18 864h

PSMI1_FXIO1_D19 868h

PSMI1_FXIO1_D2 86Ch

PSMI1_FXIO1_D20 870h

PSMI1_FXIO1_D21 874h

PSMI1_FXIO1_D22 878h

PSMI1_FXIO1_D23 87Ch

PSMI1_FXIO1_D24 880h

PSMI1_FXIO1_D25 884h

PSMI1_FXIO1_D26 888h

PSMI1_FXIO1_D27 88Ch

PSMI1_FXIO1_D28 890h

PSMI1_FXIO1_D29 894h

PSMI1_FXIO1_D3 898h

PSMI1_FXIO1_D30 89Ch

PSMI1_FXIO1_D31 8A0h

PSMI1_FXIO1_D4 8A4h

PSMI1_FXIO1_D5 8A8h

PSMI1_FXIO1_D6 8ACh

PSMI1_FXIO1_D7 8B0h

PSMI1_FXIO1_D8 8B4h

PSMI1_FXIO1_D9 8B8h

PSMI1_I3C2_SCL 8BCh

PSMI1_I3C2_SDA 8C0h

PSMI1_LPI2C4_HREQ 8C4h

PSMI1_LPI2C4_SCL 8C8h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI1_LPI2C4_SDA 8CCh

PSMI1_LPI2C5_HREQ 8D0h

PSMI1_LPI2C5_SCL 8D4h

PSMI1_LPI2C5_SDA 8D8h

PSMI1_LPUART4_CTS_
b

8DCh

PSMI1_LPUART4_RX 8E0h

PSMI1_LPUART4_TX 8E4h

PSMI1_LPUART5_CTS_
b

8E8h

PSMI1_LPUART5_RX 8ECh

PSMI1_LPUART5_TX 8F0h

PSMI1_LPSPI4_PCS0 8F4h

PSMI1_LPSPI4_PCS1 8F8h

PSMI1_LPSPI4_PCS2 8FCh

PSMI1_LPSPI4_PCS3 900h

PSMI1_LPSPI4_SCK 904h

PSMI1_LPSPI4_SIN 908h

PSMI1_LPSPI4_SOUT 90Ch

PSMI1_LPSPI5_PCS0 910h

PSMI1_LPSPI5_PCS1 914h

PSMI1_LPSPI5_PCS2 918h

PSMI1_LPSPI5_PCS3 91Ch

PSMI1_LPSPI5_SCK 920h

PSMI1_LPSPI5_SIN 924h

PSMI1_LPSPI5_SOUT 928h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.2.7 Module Input Source Selection Register (PSMI1_FLEXSPI2_B_DATA0 - PSMI1_TPM6_CH1)

Offset

Register Offset

PSMI1_FLEXSPI2_B_DA
TA0

954h

PSMI1_FLEXSPI2_B_DA
TA1

958h

PSMI1_FLEXSPI2_B_DA
TA2

95Ch

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI1_FLEXSPI2_B_DA
TA3

960h

PSMI1_FLEXSPI2_B_DA
TA4

964h

PSMI1_FLEXSPI2_B_DA
TA5

968h

PSMI1_FLEXSPI2_B_DA
TA6

96Ch

PSMI1_FLEXSPI2_B_DA
TA7

970h

PSMI1_FLEXSPI2_B_D
QS

974h

PSMI1_FLEXSPI2_B_SC
LK

978h

PSMI1_TPM6_CH0 97Ch

PSMI1_TPM6_CH1 980h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.2.8 Module Input Source Selection Register (PSMI1_TPM6_CLKIN - PSMI1_LPUART7_TX)

Offset

Register Offset

PSMI1_TPM6_CLKIN 994h

PSMI1_TPM7_CH0 998h

PSMI1_TPM7_CH1 99Ch

PSMI1_TPM7_CH2 9A0h

PSMI1_TPM7_CH3 9A4h

PSMI1_TPM7_CH4 9A8h

PSMI1_TPM7_CH5 9ACh

PSMI1_TPM7_CLKIN 9B0h

PSMI1_LPI2C6_HREQ 9B4h

PSMI1_LPI2C6_SCL 9B8h

PSMI1_LPI2C6_SDA 9BCh

PSMI1_LPI2C7_HREQ 9C0h

PSMI1_LPI2C7_SCL 9C4h

PSMI1_LPI2C7_SDA 9C8h

PSMI1_LPUART6_CTS_
b

9CCh

PSMI1_LPUART6_RX 9D0h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI1_LPUART6_TX 9D4h

PSMI1_LPUART7_CTS_
b

9D8h

PSMI1_LPUART7_RX 9DCh

PSMI1_LPUART7_TX 9E0h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

Table continues on the next page...
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Table continued from the previous page...

Field Function

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source

25.5.2.9 Module Input Source Selection Register (PSMI1_SDHC1_CD - PSMI1_SPDIF_IN4)

Offset

Register Offset

PSMI1_SDHC1_CD A58h

PSMI1_SDHC1_CLK A5Ch

PSMI1_SDHC1_CMD A60h

PSMI1_SDHC1_D0 A64h

PSMI1_SDHC1_D1 A68h

PSMI1_SDHC1_D2 A6Ch

PSMI1_SDHC1_D3 A70h

PSMI1_SDHC1_D4 A74h

PSMI1_SDHC1_D5 A78h

PSMI1_SDHC1_D6 A7Ch

PSMI1_SDHC1_D7 A80h

PSMI1_SDHC1_DQS A84h

PSMI1_SDHC1_WP A88h

PSMI1_SDHC2_CD A8Ch

PSMI1_SDHC2_CLK A90h

PSMI1_SDHC2_CMD A94h

PSMI1_SDHC2_D0 A98h

PSMI1_SDHC2_D1 A9Ch

PSMI1_SDHC2_D2 AA0h

PSMI1_SDHC2_D3 AA4h

PSMI1_SDHC2_D4 AA8h

PSMI1_SDHC2_D5 AACh

PSMI1_SDHC2_D6 AB0h

PSMI1_SDHC2_D7 AB4h

PSMI1_SDHC2_DQS AB8h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI1_SDHC2_WP ABCh

PSMI1_USB0_OC AC0h

PSMI1_USB1_OC AC4h

PSMI1_USB0_ID AC8h

PSMI1_USB1_ID ACCh

PSMI1_ENET0_1588_CL
KIN

AD0h

PSMI1_ENET0_1588_T
MR0

AD4h

PSMI1_ENET0_1588_T
MR1

AD8h

PSMI1_ENET0_1588_T
MR2

ADCh

PSMI1_ENET0_1588_T
MR3

AE0h

PSMI1_ENET0_COL AE4h

PSMI1_ENET0_CRS AE8h

PSMI1_ENET0_CRS_DV AECh

PSMI1_ENET0_MDIO AF0h

PSMI1_ENET0_REFCLK AF4h

PSMI1_ENET0_RXD0 AF8h

PSMI1_ENET0_RXD1 AFCh

PSMI1_ENET0_RXD2 B00h

PSMI1_ENET0_RXD3 B04h

PSMI1_ENET0_RXER B08h

PSMI1_ENET0_RXCLK B0Ch

PSMI1_ENET0_TXCLK B10h

PSMI1_EXT_AUD_MCL
K3

B14h

PSMI1_TPM8_CH0 B18h

PSMI1_TPM8_CH1 B1Ch

PSMI1_TPM8_CH2 B20h

PSMI1_TPM8_CH3 B24h

PSMI1_TPM8_CH4 B28h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PSMI1_TPM8_CH5 B2Ch

PSMI1_TPM8_CLKIN B30h

PSMI1_I2S6_RXD0 B34h

PSMI1_I2S6_RXD1 B38h

PSMI1_I2S6_RXD2 B3Ch

PSMI1_I2S6_RXD3 B40h

PSMI1_I2S6_RX_BCLK B44h

PSMI1_I2S6_RX_FS B48h

PSMI1_I2S6_TX_BCLK B4Ch

PSMI1_I2S6_TX_FS B50h

PSMI1_I2S7_RXD0 B54h

PSMI1_I2S7_RXD1 B58h

PSMI1_I2S7_RXD2 B5Ch

PSMI1_I2S7_RXD3 B60h

PSMI1_I2S7_RX_BCLK B64h

PSMI1_I2S7_RX_FS B68h

PSMI1_I2S7_TX_BCLK B6Ch

PSMI1_I2S7_TX_FS B70h

PSMI1_SPDIF_IN1 B74h

PSMI1_SPDIF_IN2 B78h

PSMI1_SPDIF_IN3 B7Ch

PSMI1_SPDIF_IN4 B80h

Function

IOMUX PSMI{DOMAIN}_{MODULE_INPUT}, Module Input Source Selection Register implements the selection of the source 
pads involved on the Daisy Chain to a {MODULE_INPUT}.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INV 

Reserved 
SSS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

INV

Input path inversion

Inverts input path data from pad to module input

0b - Do not inverts signal polarity

1b - Inverts signal polarity

14-4

—

Reserved

3-0

SSS

Source Selection

Selects Pad source selection to the module in the case module input has multiple source options

0000b - No input Pad is selected. Module input is in safe state

0001b - Defines Pad source
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Chapter 26
Rapid General Purpose Input/Output Controller (RGPIO)
26.1 Chip-specific GPIO information
Table 141. Reference links to related information

Topic Related module Reference

Full description GPIO RGPIO

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

26.1.1 Module instances
This device has 6 instances of the GPIO module: GPIOA-GPIOF.

26.2 Overview
The GPIO module communicates to the processor core via a zero wait-state interface for maximum pin performance.

26.2.1 Block diagram
The following figure shows the block diagram for the GPIO module.

Interrupt
control

Interrupt, DMA
request, or trigger

GPIO pin
data control

GPIO

GPIO0

Peripheral bus

GPIO31

Figure 171. GPIO block diagram

26.2.2 Features
The GPIO module includes the following features:

• Port Data Input (PDIR) register displays the logic value on each pin when the pin is configured for any digital function provided 
the corresponding Port Control and Interrupt module for that pin are enabled.

• Port Data Output (PDOR) register with corresponding set/clear/toggle registers controls output data of each pin when the pin 
is configured for the GPIO function.

• Port Data Direction (PDDR) register controls the direction of each pin when the pin is configured for the GPIO function.
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• Port Input Disable (PIDR) register controls the disable of the input for each general-purpose pin.

• Pin interrupts

— Interrupt flag and enable registers for each pin are functional in all digital pin muxing modes.

— Support for interrupt, peripheral trigger, or DMA request configured per pin.

— Support for edge sensitive (rising or falling, or both) or level sensitive (low, high) configured per pin.

— Asynchronous wake-up in Low-Power modes.

— GPIO module generates a total of 4 interrupts, 4 output triggers and 4 DMA requests.

— Each pin can be used to generate a single interrupt, output trigger or DMA request.

• Protection registers

— Each pin is configured for Secure or Non-Secure and Privilege/Non-Privilege access.

— Each interrupt, trigger and DMA request domain is configured for Secure or Non-Secure and Privilege/Non-
Privilege access.

26.3 Functional description

26.3.1 Low-Power modes
The GPIO module can be configured to exit the Low-Power mode via an asynchronous wake-up signal if an enabled interrupt 
is detected.

26.3.2 Debug mode
The GPIO module remains functional in debug mode.

26.3.3 General-purpose input
The logic state of each pin is available via the Port Data Input registers (PDIR) if,

• the corresponding bit in the Port Input Disable Register (PIDR) is clear, and

• the pin is configured for a digital function.

26.3.4 General-purpose output
The logic state of each pin is controlled via the Port Data Output Registers(PDOR) and Port Data Direction Registers(PDDR), 
provided the pin is configured for the GPIO function. The following table depicts the conditions for a pin to be configured as 
input/output.

If Then

A pin is configured for the GPIO function and the corresponding 
PDDR bit is clear.

The pin is configured as an input.

A pin is configured for the GPIO function and the corresponding 
PDDR bit is set.

The pin is configured as an output and the logic state of the pin 
is equal to the corresponding PDOR.

For efficient bit manipulation on the general-purpose outputs, pin data set, pin data clear, and pin data toggle registers allows 
one or more outputs within one port to be set, cleared, or toggled from a single register write, eliminating the need for a 
read-modify-write operation to prevent changing pins accidentally.
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26.3.5 Clocking
The GPIO module receives a single clock, which is used for register access and synchronize external pin inputs. There are no 
special considerations.

26.3.6 Reset
The GPIO module receives a single reset, which resets the peripheral. There are no special considerations.

26.3.7 External interrupts
The external interrupt capability of the GPIO module is available in all digital pin muxing modes.

GPIO module generates a total of 4 interrupts, 4 output triggers and 4 DMA requests. Each pin can be individually configured for 
interrupt, output trigger or DMA request.

• Each output implements a separate interrupt status flag register for that domain

• Each output generates a single interrupt

• Each output generates a single DMA request

• Each output generates a single peripheral trigger output

Each pin can be individually configured for any of the following external interrupt modes:

Table 142. Available pin configuration for external interrupt

Signal conditions Software polling using 
flags

Peripheral triggers Interrupts DMA requests

Rising-edge Yes — Yes Yes

Falling-edge Yes — Yes Yes

Rising- and falling-
edge

Yes — Yes Yes

High-level — Yes Yes —

Low-level — Yes Yes —

The interrupt status flag is set when the configured edge or level is detected on the pin. Unless the GPIO module is in a Low-Power 
mode, the input is first synchronized to the system clock to detect the configured level or edge transition.

The GPIO module generates a pin interrupt that asserts when the interrupt status flag is set for any enabled interrupt for that output. 
The interrupt negates after the interrupt status flags for all enabled interrupts are cleared by writing a logic 1 to the ISF flag in either 
the ISFR or ICRn registers.

The GPIO module generates a DMA request that asserts when the interrupt status flag is set for any enabled DMA request in that 
output. The DMA request negates after the DMA transfer is completed, because that clears the interrupt status flags for all enabled 
DMA requests.

In Low-Power mode, the interrupt status flag for any enabled interrupt is asynchronously set if the required level or edge is 
detected. This also generates an asynchronous wake-up signal to exit the Low-Power mode.

The GPIO module generates a peripheral trigger output that asserts if any pin configured for active high trigger is logic one, or 
any pin triggered for active low trigger is logic zero. The peripheral trigger output asynchronously updates from the value on the 
configured pins.

26.3.8 Global interrupt control
The two global interrupt control registers (GICLR and GICHR) allow a single register write to update the upper 16-bit of the Interrupt 
Control Register for up to 16 pins, all with the same value.
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The global interrupt control registers allow software to quickly configure multiple pins within the same port with the same 
interrupt configuration.

The global interrupt control registers are write-only registers and always read as 0.

26.3.9 DMA
The GPIO module generates 4 requests. Each pin can be configured to generate one of those DMA requests on either or both 
pin edge detection. See External interrupts section for further details.

26.3.10 Access protection
The GPIO module implements access protection registers (PCNS and PCNP) for each pin as follows:

Access Description

Secure Pins configured for Secure access can only be written or read by software in Secure state.

Non-Secure Pins configured for Non-Secure access can only be written or read by software in Non-
Secure state.

Privilege Pins configured for Privilege access can only be written by software in Privilege state.

Non-Privilege Pins configured for Non-Privilege access can be written by software in both Privilege and 
Non-Privilege states.

The GPIO module implements access protection registers (ICNS and ICNP) for each interrupt, trigger output and DMA request 
as follows:

Access Description

Secure Outputs configured for Secure access can only be configured by software in Secure state.

Non-Secure Outputs configured for Non-Secure access can only be configured by software in Non-
Secure state.

Privilege Outputs configured for Privilege access can only be configured by software in Privilege state.

Non-Privilege Outputs configured for Non-Privilege access can be configured by software in both Privilege and 
Non-Privilege states.

The access protection registers (PCNS, PCNP, ICNS and ICNP) can only be written by software in secure-privilege state and can 
be optionally locked until the next reset.

Configuring a pin interrupt/trigger output/DMA request requires the following access permissions:

• Access permission to configure that pin.

• Access permission to configure to the desired interrupt/trigger output/DMA request or writing IRQC=0.

• Access permission to configure with the existing interrupt/trigger output/DMA request or currently IRQC=0.

• The interrupt configuration is not locked.
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26.4 External signals
Table 143. GPIO external signals

Signal Description Direction

GPIO31 - GPIO0 General-purpose input/output I/O

State meaning Asserted: The pin is logic 1.

Deasserted: The pin is logic 0.

Timing Assertion: When output, this signal occurs on the rising-edge of the 
system clock. For input, it may occur at any time and input may be 
asserted asynchronously to the system clock.

Deassertion: When output, this signal occurs on the rising-edge of 
the system clock. For input, it may occur at any time and input may 
be asserted asynchronously to the system clock.

 
Not all pins within each GPIO are implemented on each device. See the chapter on signal multiplexing for the 
number of GPIO pins within each port available in the device.

  NOTE  

26.5 Initialization
To initialize the GPIO module:

1. Initialize GPIO pins for output function

a. Configure the output logic value for each pin by using PDOR register.

b. Configure the direction for each pin by using PDDR register.

2. Initialize interrupt function

• Write to ICRn for the corresponding pins and desired configuration.

• If the pin is previously used for a different function, first write 0x0100_0000 to ICRn register to disable the previous 
function and clear the flag.

26.6 Application information
The GPIO module has the following applications:

• Read the state of a single pin

— Perform a byte read of PnDR register.

• Update the state of a single pin

— Perform a byte write to PnDR register.

• Read the state of multiple pins

— Read PDIR register.

• Update the state of multiple pins

— Write to PDOR register bits.

— Write to PSOR register to set PDOR register bits.

— Write to PCOR register to clear PDOR register bits.

— Write to PTOR register to toggle PDOR register bits.

NXP Semiconductors
Rapid General Purpose Input/Output Controller (RGPIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1266 / 5781



26.7 Memory map and register definition
The GPIO registers support 8-bit, 16-bit, or 32-bit accesses. Any read or write access to the GPIO memory space that is outside 
the valid memory map results in a bus error.

 
For simplicity, each GPIO port's register appears with the same width of 32 bits, corresponding to 32 pins. The 
actual number of pins per port (and therefore the number of usable control bits per port register) is chip-specific. 
See the Signal Multiplexing for exact control bits for each port.

  NOTE  

26.7.1 GPIO register descriptions

26.7.1.1 GPIO memory map

GPIOA base address: 2880_0000h

GPIOB base address: 2881_0000h

GPIOC base address: 2882_0000h

GPIOD base address: 2E20_0000h

GPIOE base address: 2D00_0000h

GPIOF base address: 2D01_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0201_0001h

4h Parameter (PARAM) 32 R 0000_0004h

Ch Lock (LOCK) 32 RW 0000_0000h

10h Pin Control Non-Secure (PCNS) 32 RW 0000_0000h

14h Interrupt Control Non-Secure (ICNS) 32 RW 0000_0000h

18h Pin Control Non-Privilege (PCNP) 32 RW 0000_0000h

1Ch Interrupt Control Non-Privilege (ICNP) 32 RW 0000_0000h

40h Port Data Output Register (PDOR) 32 RW 0000_0000h

44h Port Set Output Register (PSOR) 32 W 0000_0000h

48h Port Clear Output Register (PCOR) 32 W 0000_0000h

4Ch Port Toggle Output Register (PTOR) 32 W 0000_0000h

50h Port Data Input Register (PDIR) 32 R 0000_0000h

54h Port Data Direction Register (PDDR) 32 RW 0000_0000h

58h Port Input Disable Register (PIDR) 32 RW 0000_0000h

60h - 7Fh Pin Data Register a (P0DR - P31DR) 8 RW 00h

80h - FCh Interrupt Control Register a (ICR0 - ICR31) 32 RW See section

100h Global Interrupt Control Low Register (GICLR) 32 W 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

104h Global Interrupt Control High Register (GICHR) 32 W 0000_0000h

120h - 12Ch Interrupt Status Flag Register (ISFR0 - ISFR3) 32 RW 0000_0000h

26.7.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Indicates the version ID number of each GPIO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number.

0000_0000_0000_0000b - Basic implementation.

0000_0000_0000_0001b - Protection registers implemented.
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26.7.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Indicates the interrupt number of each GPIO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 IRQNUM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-4

—

Reserved

3-0

IRQNUM

Interrupt Number

This field indicates the number of Interrupt/Trigger/DMA request domains.

26.7.1.4 Lock (LOCK)

Offset

Register Offset

LOCK Ch

Function
Locks the Non-Secure and Non-Privilege access protection registers. This register can be written only by software in Secure-
Privilege state.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ICNP PCNP ICNS PCNS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

ICNP

Lock ICNP

This field locks ICNP register. When set, the ICNP register is not writable until the next reset.

0b - ICNP register is writable by software in Secure-Privilege state.

1b - ICNP register is not writable until the next reset.

2

PCNP

Lock PCNP

This field locks PCNP register. When set, the PCNP register is not writable until the next reset.

0b - PCNP register is writable by software in Secure-Privilege state.

1b - PCNP register is not writable until the next reset.

1

ICNS

Lock ICNS

This field locks ICNS register. When set, the ICNS register is not writable until the next reset.

0b - ICNS register is writable by software in Secure-Privilege state.

1b - ICNS register is not writable until the next reset.

0

PCNS

Lock PCNS

This field locks PCNS register. When set, the PCNS register is not writable until the next reset.

0b - PCNS register is writable by software in Secure-Privilege state.

1b - PCNS register is not writable until the next reset.
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26.7.1.5 Pin Control Non-Secure (PCNS)

Offset

Register Offset

PCNS 10h

Function
Configures Secure or Non-Secure access protection for each pin. This register can only be written by software in Secure-
Privilege state if it is not locked (LOCK[PCNS] = 0).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NSE31 NSE30 NSE29 NSE28 NSE27 NSE26 NSE25 NSE24 NSE23 NSE22 NSE21 NSE20 NSE19 NSE18 NSE17 NSE16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NSE15 NSE14 NSE13 NSE12 NSE11 NSE10 NSE9 NSE8 NSE7 NSE6 NSE5 NSE4 NSE3 NSE2 NSE1 NSE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

NSEn

Non-Secure Enable

This field configures the Secure or Non-Secure access protection for each pin.

0b - The pin is configured for Secure access. Read or write access to the corresponding pin's 
registers and bit fields is only allowed by software in Secure state. When the corresponding pin's 
registers are accessed by software in Non-Secure state, all bits in the registers related to that pin 
are read zero and write ignored.

1b - The pin is configured for Non-Secure access. Read or write access to the corresponding 
pin's registers and bit fields is only allowed by software in Non-Secure state. When the 
corresponding pin's registers are accessed by software in Secure state, all bits in the registers 
related to that pin are read zero and write ignored.

26.7.1.6 Interrupt Control Non-Secure (ICNS)

Offset

Register Offset

ICNS 14h
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Function
Configures Secure/Non-Secure access protection for each interrupt, output trigger or DMA request. This register can only be 
updated by software in Secure-Privilege state if it is not locked (LOCK[ICNS] = 0).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NSE3 NSE2 NSE1 NSE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

NSEn

Non-Secure Enable

This field configures Secure or Non-Secure access protection for each interrupt, output trigger or DMA 
request.

 
See GPIO chip-specific info to determine which GPIO instances support interrupt, DMA 
request, or trigger capabilities.

  NOTE  

0b - The interrupt, output trigger or DMA request is configured for Secure access. Only software 
in Secure state can configure a pin to use the corresponding interrupt, output trigger or DMA 
request or reconfigure a pin that is already configured to use the corresponding interrupt, output 
trigger or DMA request.

1b - The interrupt, output trigger or DMA request is configured for Non-Secure access. Only 
software in Non-Secure state can configure a pin to use the corresponding interrupt, output trigger 
or DMA request or reconfigure a pin that is already configured to use the corresponding interrupt, 
output trigger or DMA request.

26.7.1.7 Pin Control Non-Privilege (PCNP)

Offset

Register Offset

PCNP 18h
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Function
Configures either for Privilege or for both (Privilege and Non-Privilege) access protection for each pin. This register can only 
be updated by software in Secure-Privilege state if it is not locked (LOCK[PCNP] = 0).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NPE31 NPE30 NPE29 NPE28 NPE27 NPE26 NPE25 NPE24 NPE23 NPE22 NPE21 NPE20 NPE19 NPE18 NPE17 NPE16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NPE15 NPE14 NPE13 NPE12 NPE11 NPE10 NPE9 NPE8 NPE7 NPE6 NPE5 NPE4 NPE3 NPE2 NPE1 NPE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

NPEn

Non-Privilege Enable

This field configures Privilege/Non-Privilege access protection for each pin.

0b - The pin is configured for Privilege access. Write access to the corresponding pin's registers 
and bit fields is allowed only by software in Privilege state. When the corresponding pin's registers 
and bit fields are accessed by software in Non-Privilege state, all bits related to that pin in this 
GPIO are readable but write ignored.

1b - The pin is configured for Non-Privilege access, Read or write access to the corresponding 
pin's registers is allowed by software in both Privilege and Non-Privilege state.

26.7.1.8 Interrupt Control Non-Privilege (ICNP)

Offset

Register Offset

ICNP 1Ch

Function
Configures Privilege/Non-Privilege access protection for each interrupt/trigger output/DMA request. This register can only be 
updated by software in Secure-Privilege state if it is not locked (LOCK[ICNP] = 0).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NPE3 NPE2 NPE1 NPE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

NPEn

Non-Privilege Enable

This field configures Privilege/Non-Privilege access protection for each interrupt/trigger output/DMA 
request.

 
See GPIO chip-specific info to determine which GPIO instances support interrupt, DMA 
request, or trigger capabilities.

  NOTE  

0b - The pin is configured for Privilege access. Only software in Privilege state can configure a pin 
to use the corresponding interrupt/trigger output/DMA request or reconfigure a pin that is already 
configured to use the corresponding interrupt/trigger output/DMA request.

1b - The pin is configured for Non-Privilege access. Software in either Privilege or Non-Privilege 
state can configure a pin to use the corresponding interrupt/trigger output/DMA request or 
reconfigure a pin that is already configured to use the corresponding interrupt/trigger output/DMA 
request.

26.7.1.9 Port Data Output Register (PDOR)

Offset

Register Offset

PDOR 40h

Function
Configures the logic levels that are driven on each general-purpose output pin.
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Do not modify the pin configuration registers associated with pins that are not available in your selected package. 
These unbonded pins are default set to Disable state for lowest power consumption.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PDO3
1 

PDO3
0 

PDO2
9 

PDO2
8 

PDO2
7 

PDO2
6 

PDO2
5 

PDO2
4 

PDO2
3 

PDO2
2 

PDO2
1 

PDO2
0 

PDO1
9 

PDO1
8 

PDO1
7 

PDO1
6 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PDO1
5 

PDO1
4 

PDO1
3 

PDO1
2 

PDO1
1 

PDO1
0 

PDO9 PDO8 PDO7 PDO6 PDO5 PDO4 PDO3 PDO2 PDO1 PDO0 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PDOn

Port Data Output

This field configures the logic level on the pin if it is configured for general-purpose output.

 
Reading the fields for unbonded pins returns an undefined value.

  NOTE  

0b - Logic level 0 is driven on pin, if the pin is configured for general-purpose output.

1b - Logic level 1 is driven on pin, if the pin is configured for general-purpose output.

26.7.1.10 Port Set Output Register (PSOR)

Offset

Register Offset

PSOR 44h

Function
Configures whether to set the corresponding fields of the PDOR.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTSO

31 
PTSO

30 
PTSO

29 
PTSO

28 
PTSO

27 
PTSO

26 
PTSO

25 
PTSO

24 
PTSO

23 
PTSO

22 
PTSO

21 
PTSO

20 
PTSO

19 
PTSO

18 
PTSO

17 
PTSO

16 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTSO

15 
PTSO

14 
PTSO

13 
PTSO

12 
PTSO

11 
PTSO

10 
PTSO

9 
PTSO

8 
PTSO

7 
PTSO

6 
PTSO

5 
PTSO

4 
PTSO

3 
PTSO

2 
PTSO

1 
PTSO

0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PTSOn

Port Set Output

Writing to this field updates the content of the corresponding field in the PDOR as follows:

0b - Corresponding field of PDOR[PDOn] does not change.

1b - Corresponding field of PDOR[PDOn] is set to logic 1.

26.7.1.11 Port Clear Output Register (PCOR)

Offset

Register Offset

PCOR 48h

Function
Configures whether to clear the corresponding fields of PDOR.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTCO

31 
PTCO

30 
PTCO

29 
PTCO

28 
PTCO

27 
PTCO

26 
PTCO

25 
PTCO

24 
PTCO

23 
PTCO

22 
PTCO

21 
PTCO

20 
PTCO

19 
PTCO

18 
PTCO

17 
PTCO

16 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTCO

15 
PTCO

14 
PTCO

13 
PTCO

12 
PTCO

11 
PTCO

10 
PTCO

9 
PTCO

8 
PTCO

7 
PTCO

6 
PTCO

5 
PTCO

4 
PTCO

3 
PTCO

2 
PTCO

1 
PTCO

0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PTCOn

Port Clear Output

Writing to this field updates the content of the corresponding field in the PDOR as follows:

0b - Corresponding field of PDOR[PDOn] does not change.

1b - Corresponding field of PDOR[PDOn] is cleared to logic 0.

26.7.1.12 Port Toggle Output Register (PTOR)

Offset

Register Offset

PTOR 4Ch

Function
Configures whether to toggle the corresponding fields of PDOR.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTTO

31 
PTTO

30 
PTTO

29 
PTTO

28 
PTTO

27 
PTTO

26 
PTTO

25 
PTTO

24 
PTTO

23 
PTTO

22 
PTTO

21 
PTTO

20 
PTTO

19 
PTTO

18 
PTTO

17 
PTTO

16 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
PTTO

15 
PTTO

14 
PTTO

13 
PTTO

12 
PTTO

11 
PTTO

10 
PTTO

9 
PTTO

8 
PTTO

7 
PTTO

6 
PTTO

5 
PTTO

4 
PTTO

3 
PTTO

2 
PTTO

1 
PTTO

0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PTTOn

Port Toggle Output

Writing to this field updates the content of the corresponding field in the PDOR as follows:

0b - Corresponding field of PDOR[PDOn] does not change.

1b - Corresponding field of PDOR[PDOn] is set to the inverse of its current logic state.
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26.7.1.13 Port Data Input Register (PDIR)

Offset

Register Offset

PDIR 50h

Function
Captures the logic levels of each general-purpose input pin.

 
Do not modify the pin configuration registers associated with the pins that are not available in your selected 
package. These unbonded pins are default set to Disable state for lowest power consumption.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PDI31 PDI30 PDI29 PDI28 PDI27 PDI26 PDI25 PDI24 PDI23 PDI22 PDI21 PDI20 PDI19 PDI18 PDI17 PDI16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PDI15 PDI14 PDI13 PDI12 PDI11 PDI10 PDI9 PDI8 PDI7 PDI6 PDI5 PDI4 PDI3 PDI2 PDI1 PDI0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PDIn

Port Data Input

The field indicates the logic level of the pin that is configured for use by digital function. Reads 0 at the 
unimplemented pins or pins that are not configured for a digital function.

0b - Pin logic level is logic 0 or is not configured for use by digital function.

1b - Pin logic level is logic 1.

26.7.1.14 Port Data Direction Register (PDDR)

Offset

Register Offset

PDDR 54h
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Function
Configures the individual port pins for input or output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PDD3
1 

PDD3
0 

PDD2
9 

PDD2
8 

PDD2
7 

PDD2
6 

PDD2
5 

PDD2
4 

PDD2
3 

PDD2
2 

PDD2
1 

PDD2
0 

PDD1
9 

PDD1
8 

PDD1
7 

PDD1
6 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PDD1
5 

PDD1
4 

PDD1
3 

PDD1
2 

PDD1
1 

PDD1
0 

PDD9 PDD8 PDD7 PDD6 PDD5 PDD4 PDD3 PDD2 PDD1 PDD0 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PDDn

Port Data Direction

This field configures individual port pins for input or output.

0b - Pin is configured as general-purpose input for the GPIO function.

1b - Pin is configured as general-purpose output for the GPIO function.

26.7.1.15 Port Input Disable Register (PIDR)

Offset

Register Offset

PIDR 58h

Function
Disables the input for each general-purpose pin, which prevents the value from being reported in the PDIR register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PID31 PID30 PID29 PID28 PID27 PID26 PID25 PID24 PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8 PID7 PID6 PID5 PID4 PID3 PID2 PID1 PID0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PIDn

Port Input Disable

This field is used to disable a pin for general-purpose input

0b - Pin is configured for general-purpose input provided, the pin is configured for any digital 
function.

1b - Pin is disabled for general-purpose input.

26.7.1.16 Pin Data Register a (P0DR - P31DR)

Offset

For a = 0 to 31:

Register Offset

PaDR 60h + (a × 1h)

Function
Configures the data feature of a pin. Pin that is unimplemented or not configured for a digital function reads as zero.

 
Do not modify PaDR registers associated with the pins that are not available in your selected package. These 
unbonded pins are default set to Disable state for lowest power consumption.

  NOTE  

Diagram

Bits 7 6 5 4 3 2 1 0

R 0
PD 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-1

—

Reserved

0

PD

Pin Data (input and output)

Writing to this bit field of PaDR register will update corresponding bit a in the PDOR register, reading this 
bit field of PaDR register will return value in the corresponding bit a of the PDIR register.

0b - Pin logic level is logic zero or not configured for use by digital function.

1b - Pin logic level is logic one.
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26.7.1.17 Interrupt Control Register a (ICR0 - ICR31)

Offset

For a = 0 to 31:

Register Offset

ICRa 80h + (a × 4h)

Function
Configures interrupt features on each pin.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

GPIOA ICR0–ICR24 ICR25–ICR31

GPIOB ICR0–ICR15 ICR16–ICR31

GPIOC ICR0–ICR23 ICR24–ICR31

GPIOD ICR0–ICR23 ICR24–ICR31

GPIOE ICR0–ICR23 ICR24–ICR31

GPIOF ICR0–ICR31 —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 ISF 
LK 

0
IRQS IRQC 

W W1C

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset See Register reset values.

Register reset values

Register Reset value

ICR0–ICR15 GPIOA–GPIOF: 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Register Reset value

ICR16–ICR23 GPIOA: 0000_0000h
GPIOB: Register not supported
GPIOC–GPIOF: 0000_0000h

ICR24 GPIOA: 0000_0000h
GPIOB–GPIOE: Register not supported
GPIOF: 0000_0000h

ICR25–ICR31 0000_0000h

Fields

Field Function

31-25

—

Reserved

24

ISF

Interrupt Status Flag

This field indicates whether the configured interrupt is detected. The pin interrupt configuration is valid in all 
digital pin muxing modes.

The bit fields in the ISFR register have the same function. The interrupt status flag can be cleared with either 
register bit.

0b - Configured interrupt is not detected.

1b - Configured interrupt is detected. If the pin is configured to generate a DMA request, then the 
corresponding flag will be cleared automatically at the completion of the requested DMA transfer. 
Otherwise, the flag remains set until a logic 1 is written to the flag. If the pin is configured for a 
level sensitive interrupt and the pin remains asserted, then the flag is set again immediately after 
it is cleared.

23

LK

Lock Register

This field is used to lock ICR[23:0], and the locked field cannot be updated until the next system reset.

0b - Interrupt configuration by ICR[23:0] is not locked and can be updated.

1b - Interrupt configuration by ICR[23:0] is locked and cannot be updated until next system reset.

22

—

Reserved

21-20

IRQS

Interrupt Select

This field configures the interrupt/trigger output/DMA request.

 
See GPIO chip-specific info to determine which GPIO instances support interrupt, DMA 
request, or trigger capabilities.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Interrupt/trigger output/DMA request 0.

01b - Interrupt/trigger output/DMA request 1.

10b - Interrupt/trigger output/DMA request 2.

11b - Interrupt/trigger output/DMA request 3.

19-16

IRQC

Interrupt Configuration

The pin interrupt configuration is valid in all digital pin muxing modes. When changing the interrupt 
configuration, it is recommended to first disable the interrupt status flag and then write the new configuration. 
The corresponding pin is configured to generate interrupt, trigger or DMA request as follows:

 
See GPIO chip-specific info to determine which GPIO instances support interrupt, DMA 
request, or trigger capabilities.

  NOTE  

0000b - Interrupt Status Flag (ISF) is disabled.

0001b - ISF flag and DMA request on rising edge.

0010b - ISF flag and DMA request on falling edge.

0011b - ISF flag and DMA request on either edge.

0100b - Reserved.

0101b - ISF flag sets on rising edge.

0110b - ISF flag sets on falling edge.

0111b - ISF flag sets on either edge.

1000b - ISF flag and Interrupt when logic 0.

1001b - ISF flag and Interrupt on rising-edge.

1010b - ISF flag and Interrupt on falling-edge.

1011b - ISF flag and Interrupt on either edge.

1100b - ISF flag and Interrupt when logic 1.

1101b - Enable active high trigger output, ISF flag on rising edge. Pin state is ORed with other 
enabled triggers to generate the output trigger, for use by other peripherals.

1110b - Enable active low trigger output, ISF flag on falling edge. Pin state is inverted and ORed 
with other enabled triggers to generate the output trigger, for use by other peripherals.

1111b - Reserved.

15-0

—

Reserved
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26.7.1.18 Global Interrupt Control Low Register (GICLR)

Offset

Register Offset

GICLR 100h

Function
Only 32-bit writes are supported to this register, any 16-bit or 8-bit writes are ignored.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W GIWD 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
GIWE

15 
GIWE

14 
GIWE

13 
GIWE

12 
GIWE

11 
GIWE

10 
GIWE

9 
GIWE

8 
GIWE

7 
GIWE

6 
GIWE

5 
GIWE

4 
GIWE

3 
GIWE

2 
GIWE

1 
GIWE

0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

GIWD

Global Interrupt Write Data

Write value that is written to upper 16 bits of the Interrupt Control Registers that are selected by GIWE.

15-0

GIWEn

Global Interrupt Write Enable

This field selects whether the upper 16-bit field of the Interrupt Control Register ICR(n) will be updated 
with the value in GIWD.

0b - Upper 16-bit of corresponding Interrupt Control Register is not updated with the value in 
GIWD.

1b - Upper 16-bit of corresponding Interrupt Control Register is updated with the value in GIWD.

26.7.1.19 Global Interrupt Control High Register (GICHR)

Offset

Register Offset

GICHR 104h
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Function
Only 32-bit writes are supported to this register, any 16-bit or 8-bit writes are ignored.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W GIWD 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
GIWE

31 
GIWE

30 
GIWE

29 
GIWE

28 
GIWE

27 
GIWE

26 
GIWE

25 
GIWE

24 
GIWE

23 
GIWE

22 
GIWE

21 
GIWE

20 
GIWE

19 
GIWE

18 
GIWE

17 
GIWE

16 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

GIWD

Global Interrupt Write Data

Write value that is written to upper 16 bits of the Interrupt Control Registers that are selected by GIWE.

15-0

GIWEn

Global Interrupt Write Enable

This field selects whether the upper 16-bit field of the Interrupt Control Register ICR(n) will be updated 
with the value in GIWD.

0b - Upper 16-bit of corresponding Interrupt Control Register is not updated with the value in 
GIWD.

1b - Upper 16-bit of corresponding Interrupt Control Register is updated with the value in GIWD.

26.7.1.20 Interrupt Status Flag Register (ISFR0 - ISFR3)

Offset

Register Offset

ISFR0 120h

ISFR1 124h

ISFR2 128h

ISFR3 12Ch

Function

The Interrupt Status Flag Register (ISFR) indicates whether the related configured interrupt is detected on each pin. The pin 
interrupt configuration is valid in all digital pin muxing modes. The Interrupt Status Flag for each pin is also visible in the 
corresponding Interrupt Control Register, and each flag can be cleared in either location.
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There is a separate Interrupt Status Flag Register for each interrupt, trigger, or DMA request domain. Each status flag is only 
visible in the register that corresponds to that flag's domain as configured in IRCa[IRQS].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ISF31 ISF30 ISF29 ISF28 ISF27 ISF26 ISF25 ISF24 ISF23 ISF22 ISF21 ISF20 ISF19 ISF18 ISF17 ISF16 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ISF15 ISF14 ISF13 ISF12 ISF11 ISF10 ISF9 ISF8 ISF7 ISF6 ISF5 ISF4 ISF3 ISF2 ISF1 ISF0 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ISFn

Interrupt Status Flag

Each bit in the field indicates the detection of the configured interrupt on each pin of the same number.

0b - Configured interrupt is not detected on the pin of the same number.

1b - Configured interrupt is detected on the pin of the same number. If the pin is configured 
to generate a DMA request, then the corresponding flag will be cleared automatically at the 
completion of the requested DMA transfer. Otherwise, the flag remains set until a logic 1 is written 
to the flag. If the pin is configured for a level sensitive interrupt and the pin remains asserted, then 
the flag is set again immediately after it is cleared.
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Chapter 27
Low-Power Inter-Integrated Circuit (LPI2C)
27.1 Chip-specific LPI2C information
Table 144. Reference links to related information

Topic Related module Reference

Full description LPI2C LPI2C

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

27.1.1 Module instances
This device has 8 instances of the LPI2C module: LPI2C0-LPI2C7.

• LPI2C0-1 in RTD, LPI2C2-3 in DSPD and LPI2C4-7 in AD

27.1.2 Power mode mapping
The power modes mentioned in the block guide may be different than actual power modes implemented by the chip. For mapping 
of chip and module power modes, see Table 48 and Table 52.

27.2 Overview
LPI2C supports an efficient interface to an I2C bus as a controller and target:

• Implements logic support for Standard, Fast, Fast+, HS-mode (target only) and Ultra-Fast modes of operation

• Uses little CPU overhead, with DMA offloading of FIFO register accesses

• Continues operating in Sleep modes if an appropriate clock is available

LPI2C also complies with the System Management Bus (SMBus) Specification, version 3. The SMBus is a single-ended simple 
two-wire bus, which is typically used for low-bandwidth communications.

The Inter-Integrated Circuit (I2C) serial bus is multi-controller, multi-target, packet-switched, and single-ended, and is often used 
to attach microcontroller ICs to lower-speed peripheral ICs.

 
Terminology in this chapter has been updated to align with I2C-bus specification, Rev. 7.0, as shown in Table 145.

Table 145. Updated terms

Updated term Deprecated term

Controller Master

Target Slave

  NOTE  
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27.2.1 Block diagram

Internal chip
peripheral bus

Controller

Target

Bus clock External clock
Clock domains

LPI2C

Functional clock

Glitch
filter

SDAS

HREQ

SCLS

Configuration
registers

Controller
logic

Glitch
filter

Prescaler
Trigger

SDA

SCL

Target
logic

Configuration
registers

RX data/ 
address

TX data

RX FIFO

Command/ 
TX FIFO

Figure 172. Block diagram

27.2.2 Features
LPI2C supports:

• Standard, Fast, Fast+ and Ultra Fast modes

• HS mode in target mode

• Multi-controller, including synchronization and arbitration, meaning that any number of controller nodes can be present. 
Additionally, controller and target roles may be changed between messages (after a Stop signal is sent).

• Clock stretching. Sometimes multiple I2C nodes may drive the lines at the same time. If any I2C node is driving a line low, 
then that line is low. I2C nodes that are starting to transmit a logical one (by letting the line float high) can detect that the 
line is low. In this way, the nodes can identify whether another I2C node is active at the same time.

— When node detection is used on the SCL line, it is called clock stretching, which is used as an I2C flow control 
mechanism.

— When node detection is used on the SDA line, it is called arbitration, which ensures that there is only one I2C node 
transmitter at a time.

• General call, seven-bit addressing, and ten-bit addressing
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• Software reset, Start byte, and device ID (also require software support)

The LPI2C controller supports:

• Command and transmit FIFO of 4 words (8-bit transmit data + 3-bit command)

• Receive FIFO of 4 words (8-bit receive data).

• Command FIFO waiting for an I2C idle bus before initiating a transfer

• Initiation of repeated Start and Stop conditions and one or more controller-receiver transfers by command FIFO

• Stop condition generation from command FIFO, or automatic generation of Stop condition when the transmit FIFO is 
empty

• Host request input to control the start time of an I2C-bus transfer

• Interrupt generation on data match and unwanted data rejection, via flexible receive data match

• Flags and optional interrupt signals at repeated Start condition, Stop condition, loss of arbitration, unexpected NACK, and 
command word errors

• Configurable bus idle timeout and pin-stuck-low timeout

The LPI2C target supports:

• Separate I2C target registers to minimize software overhead because of controller or target switching.

• 7-bit or 10-bit addressing, address range, SMBus alert, and general call address.

• Transmit data register that supports interrupt or DMA requests

• Receive data register that supports interrupt or DMA requests

• Software-controllable ACK or NACK, with optional clock stretching on ACK or NACK field

• Configurable clock stretching, to avoid transmit-FIFO-underrun and receive-FIFO-overrun errors

• Flags and optional interrupt at end of packet, Stop condition, or bit error detection

27.3 Functional description

27.3.1 Controller mode
The LPI2C controller logic operates independently from the target logic to perform all controller-mode transfers on the I2C bus.

27.3.1.1 Transmit and Command FIFO commands

The transmit FIFO stores command data to initiate various I2C operations. The following operations can be initiated through 
commands in the transmit FIFO:

• Start or repeated Start condition with address byte, expecting ACK or NACK.

• Transmit data. This operation is the default for zero-extended-byte writes to the transmit FIFO.

• Receive 1-256 bytes of data. You can configure this operation to discard received data and not to store it in the receive 
FIFO.

• Stop condition. You can configure this operation to send a Stop condition when the transmit FIFO is empty.

Multiple transmit and receive commands can be inserted between the Start and Stop conditions. To comply with the I2C 
specification, transmit and receive commands must not be interleaved. The receive data command and the receive data and 
discard commands can be interleaved. This interleaving ensures that only the desired received data is stored in the receive FIFO 
(or compared with the data match logic).

The LPI2C controller automatically transmits a NACK on the last byte of a receive data command. It transmits the NACK unless 
the next command in the FIFO is also a receive data command. If the transmit FIFO is empty when a receive data command 
completes, a NACK is also automatically transmitted.

NXP Semiconductors
Low-Power Inter-Integrated Circuit (LPI2C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1289 / 5781



The LPI2C controller supports 10-bit addressing via a (repeated) Start condition, followed by a transmit data byte containing the 
second address byte, followed by any number of data bytes with the controller transmit data.

A Start or repeated Start condition expecting a NACK (for example, HS mode controller code) must be followed by a Stop or 
(repeated) Start condition.

27.3.1.2 Controller operations

When LPI2C is enabled, it monitors the I2C bus to detect when the I2C is idle (MSR[BBF]). If either SCL or SDA are low, the 
I2C bus is no longer considered idle. The bus becomes idle if a Stop condition is detected or if a bus idle timeout is detected (as 
configured by MCFGR2[BUSIDLE]). After the bus is idle, if the transmit FIFO is not empty and the host request is asserted or 
disabled, the LPI2C controller initiates a transfer on the bus. This transfer involves the following steps:

1. Wait for the duration of the bus idle time. The bus idle time is equal to (MCCR0[CLKLO] + 1) multiplied by the prescaler 
(MCFGR1[PRESCALE]).

2. Transmit a Start condition and address byte using the timing configuration in Controller Clock Configuration 0 (MCCR0). 
If an HS mode transfer is configured, the timing configuration from Controller Clock Configuration 1 (MCCR1) is used 
instead.

3. Perform controller transmit or controller receive transfers, as configured by the transmit FIFO.

4. Transmit NACK on the last byte of a controller receive transfer. This action is performed unless the next command in 
the transmit FIFO is also a receive data command and the transmit FIFO is not empty.

5. Transmit a repeated Start or Stop condition as configured by the transmit FIFO or MCFGR1[AUTOSTOP]. A repeated 
Start can change which timing configuration register is used.

When the LPI2C controller is disabled, LPI2C continues emptying the transmit FIFO until a Stop condition is transmitted. 
(The controller could be disabled due to MCR[MEN] being 0, or automatically due to mode entry.) However, LPI2C no longer 
stalls the I2C bus by waiting for the transmit or receive FIFO. After the transmit FIFO is empty, LPI2C generates a Stop 
condition automatically.

The LPI2C controller can stall the I2C bus under certain conditions. This stalling results in SCL pulled low continuously on the first 
bit of a byte, until these conditions change:

• The LPI2C controller is enabled and busy, the transmit FIFO is empty, and MCFGR1[AUTOSTOP] is 0. The LPI2C 
controller continues to stall the bus until the transmit FIFO is loaded with more data.

• The LPI2C controller is enabled and receiving data, receive data is not being discarded (due to command or receive data 
match), and the receive FIFO is full. The LPI2C controller continues to stall the I2C bus until the receive FIFO is emptied.

27.3.1.3 Receive FIFO and data matching

The receive FIFO stores receive data during controller-receiver transfers. You can configure the LPI2C controller to discard 
received data instead of storing it in the receive FIFO. This option is configured via the command word in the transmit FIFO.

Received data supports a receive data match function that can match received data against one of two bytes, or against a masked 
data byte. You can configure the data match function to compare only the first one or two data words received since the last 
(repeated) Start condition. Received data that is already discarded due to the command word cannot cause a data match. It delays 
the match on the first data word received until after the discarded data is received.

You can configure the receiver match function to discard all received data until a data match is detected, using MCFGR0[RDMO]. 
Following a data match, write 0 to MCFGR0[RDMO] before writing 0 to MSR[DMF] to allow all subsequent data to be received.

27.3.1.4 Timing parameters

The LPI2C controller can configure the following timing parameters. Parameters are configured separately for HS mode 
(Controller Clock Configuration 1 (MCCR1)) and other modes (Controller Clock Configuration 0 (MCCR0)). This separation allows 
the HS mode controller code to be sent using regular timing parameters. Then it allows a switch to HS mode timing (following a 
repeated Start) until the next STOP condition.
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Configure the LPI2C controller timing parameters, measured in LPI2C functional clock cycles, as shown in Table 146. You must 
configure these parameters to meet the I2C timing specification for the required mode.

Table 146. Timing parameters

I2C specification timing parameter I2C specification timing 
symbol

LPI2C timing parameter (in LPI2C functional clock 
cycles)

SCL clock period tSCL (CLKHI + CLKLO + 2 + SCL_LATENCY) × (2 ^ 
PRESCALE)

Hold time (repeated) Start condition tHD:STA (SETHOLD +1) × (2 ^ PRESCALE)

Low period of the SCL clock tLOW (CLKLO + 1) × (2 ^ PRESCALE)

High period of the SCL clock tHIGH (CLKHI + 1 + SCL_LATENCY) × (2 ^ 
PRESCALE)

Setup time for a repeated Start condition 
or Stop condition

tSU:STA, tSU:STO (SETHOLD + 1 + SCL_LATENCY) × (2 ^ 
PRESCALE)

Data hold time tHD:DAT (DATAVD + 1) × (2 ^ PRESCALE)

Data setup time tSU:DAT (SDA_LATENCY + 1) × (2 ^ PRESCALE)

Bus free time between a Stop and Start 
condition

tBUF (CLKLO + 1 + SDA_LATENCY) × (2 ^ 
PRESCALE)

Data valid time, data valid acknowledge 
time

tVD:DAT, tVD:ACK (DATAVD + 1) × (2 ^ PRESCALE)

Table 147 defines the latency parameters. These parameters assume that the risetime is less than one LPI2C functional clock 
cycle. The risetime depends on a number of factors, including the I/O propagation delay, the I2C bus loading, and the external 
pullup resistor sizing. A larger risetime increases the number of cycles that the signal takes to propagate through the synchronizer 
(and glitch filter), which increases the latency.

Table 147. Synchronization latency

Timing parameter Timing definition

SCL_LATENCY ROUNDDOWN ((2 + FILTSCL + SCL_RISETIME) ÷ (2 ^ PRESCALE))

SDA_LATENCY ROUNDDOWN ((2 + FILTSDA + SDA_RISETIME) ÷ (2 ^ PRESCALE))

The following timing restrictions must be enforced to avoid unexpected Start or Stop conditions on the I2C bus. These restrictions 
also avoid unexpected Start or Stop conditions detected by the LPI2C controller. The timing restrictions can be summarized as 
"SDA cannot change when SCL is high outside a transmitted (repeated) Start or Stop condition."

Table 148. LPI2C timing parameter restrictions

Timing parameter Minimum Maximum Comment

CLKLO 03h — CLKLO x (2 ^ PRESCALE) > 
SCL_LATENCY

CLKHI 01h — Configure CLKHI to meet the duty cycle 
requirements in the I2C specification

SETHOLD 02h — SETHOLD × (2 ^ PRESCALE) > 
SDA_LATENCY

Table continues on the next page...
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Table 148. LPI2C timing parameter restrictions (continued)

Timing parameter Minimum Maximum Comment

DATAVD 01h CLKLO –
 SDA_LATENCY – 1

Configure DATAVD to meet the data 
hold requirement in the I2C specification

FILTSCL 00h [CLKLO × (2 ^ 
PRESCALE)] – 3

FILTSCL and FILTSDA are the 
only parameters not multiplied by 

(2 ^ PRESCALE)

FILTSDA FILTSCL [CLKLO × (2 ^ 
PRESCALE)] – 3

Configuring FILTSDA greater than 
FILTSCL can delay the SDA input to 

compensate for board level skew

BUSIDLE (CLKLO + SETHOLD + 2)
 × 2

— Must also be greater than (CLKHI + 1)

See Application information for example LPI2C timing configurations.

27.3.1.5 Error conditions

The LPI2C controller monitors errors while it is active. The following conditions generate an error flag and block a new Start 
condition from being sent, until the flag is cleared by software:

• A Start or Stop condition is detected and is not generated by the LPI2C controller (MSR[ALF] becomes 1).

• Transmitting data on SDA and different values are received (MSR[ALF] becomes 1).

• NACK is detected when transmitting data, and MCFGR1[IGNACK] is 0 (MSR[NDF] becomes 1).

• NACK is detected and is expecting ACK for the address byte, and MCFGR1[IGNACK] is 0 (MSR[NDF] becomes 1).

• ACK is detected and is expecting NACK for the address byte, and MCFGR1[IGNACK] is 0 (MSR[NDF] becomes 1).

• Transmit FIFO is requesting to transmit or receive data without a Start condition (MSR[FEF] becomes 1).

• SCL (or SDA if MCFGR1[TIMECFG] is 1) is low for (MCFGR2[TIMELOW] × 256) prescaler cycles without a pin transition 
(MSR[PLTF] becomes 1).

You must respond to MSR[PLTF] to terminate the existing command. You can terminate the command cleanly by writing 0 to 
MCR[MEN], or you can terminate it abruptly by writing 1 to MCR[RST].

You can use MCFGR2[BUSIDLE] to force the I2C bus to be considered idle when SCL and SDA remain high for (BUSIDLE + 1) 
prescaler cycles. The bus is considered idle when the LPI2C controller is first enabled. When BUSIDLE is configured greater than 
zero, then SCL or SDA must be high for (BUSIDLE + 1) prescaler cycles before the I2C bus is considered idle.

27.3.1.6 Pin configuration

Configuration Description

Open-drain support The LPI2C controller defaults to open-drain configuration of the SDA and SCL pins. Support for true 
open drain depends on the specific device, and requires the pins where LPI2C pins are muxed to 
support true open drain.

HS mode support Support for HS mode depends on the specific device. This mode requires the SCL pin to support 
the current source pullup required in the I2C specification.

Table continues on the next page...
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Table continued from the previous page...

Configuration Description

Ultra-Fast mode 
support

The LPI2C controller supports the output-only push-pull function required for I2C Ultra-Fast mode 
using the SDA and SCL pins. Support for Ultra-Fast mode also requires MCFGR1[IGNACK] to be 
1.

Push-pull two-wire 
support

A push-pull two-wire configuration is available to the LPI2C controller. If LPI2C is the only controller 
and all I2C pins on the bus are at the same voltage, this configuration may support a partial HS 
mode. This configuration sets the SCL pin as push-pull for every clock except the ninth clock pulse, 
to allow HS-mode-compatible targets to perform clock stretching. In this mode, the SDA pin is 
tristated for controller-receive data bits and controller-transmit ACK/NACK bits, and is configured as 
push-pull at other times. To avoid the risk of contention when SDA is push-pull, configure the pin for 
open-drain operation, as part of the device-specific configuration.

Push-pull four-wire 
support

The push-pull four-wire configuration separates the SCL input data and output data into separate 
pins. It also separates the SDA input data and output data into separate pins. The SCL/SDA 
pins are used for input data; the SCLS/SDAS pins are used for output data, with configurable 
polarity. This configuration simplifies external connections when connecting the LPI2C to the I2C 
bus through external level shifters or discrete components. When using this four-wire configuration, 
the LPI2C controller logic and LPI2C target logic cannot connect to separate I2C buses.

27.3.2 Target mode
To perform all target mode transfers on the I2C bus, the LPI2C target logic operates independently from the LPI2C controller logic.

27.3.2.1 Address matching

You can configure the LPI2C target:

• To match one of two addresses, using either 7-bit or 10-bit addressing modes for each address.

• To match a range of addresses in either 7-bit or 10-bit addressing modes.

• To match the general call address and generate appropriate flags.

• To match the SMBus alert address and generate appropriate flags.

• To detect the HS mode controller code, and to disable the digital filters and output valid delay time until the next Stop 
condition is detected.

After a valid address is matched, the LPI2C target automatically performs target-transmit or target-receive transfers until:

• A NACK is detected (unless SCFGR1[IGNACK] becomes 1).

• A bit error is detected (the LPI2C target is driving SDA, but a different value is sampled).

• A (repeated) Start or Stop condition is detected.

27.3.2.2 Transmit and receive data

Target Transmit Data (STDR) and Target Receive Data (SRDR) are double-buffered and only update during a target-transmit and 
target-receive transfer, respectively.

You can configure the target address that was received to be read from SRDR (for example, when using DMA to transfer data) 
or from Target Address Status (SASR).

You can configure STDR to request data only after a target-transmit transfer is detected. You can also configure it to request new 
data whenever STDR is empty.

Write to STDR only when SSR[TDF] is set.
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Read SRDR only when SSR[RDF] is set, or when SSR[AVF] is set and SCFGR1[RXCFG] = 1.

Read SASR only when SSR[AVF] is set.

27.3.2.3 Clock stretching

The LPI2C target supports many configurable options for clock stretching. You can configure these conditions to perform 
clock stretching:

• SSR[AVF] is set during the ninth clock pulse of the address byte.

• SSR[TDF] is set during the ninth clock pulse of a target-transmit transfer.

• SSR[RDF] is set during the ninth clock pulse of a target-receive transfer.

• SSR[TAF] is set during the eighth clock pulse of an address byte or a target-receive transfer. In HS mode, this option is 
disabled.

• Clock stretching can be extended for a number of cycles equal to the value of SCFGR2[CLKHOLD] cycles. This stretching 
allows additional setup time to sample the SDA pin externally. In HS mode, this option is disabled.

When clock stretching is enabled, clock stretching extends for one peripheral bus clock cycle after SDA updates, unless extended 
by the SCFGR2[CLKHOLD] configuration.

27.3.2.4 Timing parameters

The LPI2C target can configure the following timing parameters:

• SDA data valid time from SCL negation to SDA update

• SCL hold time when clock stretching is enabled to increase setup time when sampling SDA externally

• SCL glitch filter time

• SDA glitch filter time

These parameters are disabled when SCR[FILTEN] is 0, when SCR[FILTDZ] is 1 in Doze mode, and when LPI2C target detects 
HS mode. When disabled, the LPI2C target is clocked directly from the I2C bus. In this case, the target may not satisfy all timing 
requirements of the I2C specification (such as SDA minimum hold time in Standard/Fast mode).

The LPI2C target places the following restrictions on the timing parameters:

• You must configure SCFGR2[FILTSDA] to be greater than or equal to SCFGR2[FILTSCL] (unless compensating for board 
level skew between SDA and SCL).

• You must configure SCFGR2[DATAVD] to be less than the minimum SCL low period.

27.3.2.5 Error conditions

The LPI2C target can flag the following error conditions:

• SSR[BEF] is set when the LPI2C target is driving SDA but it samples a different value than what is expected.

• SSR[FEF] is set due to a transmit data underrun or a receive data overrun. To eliminate the possibility of underrun and 
overrun, enable clock stretching.

• SSR[FEF] is also set due to an address overrun, but only when SCFGR1[RXCFG] is 1. To eliminate the possibility of 
overrun, enable clock stretching.

The LPI2C target does not implement a timeout due to SCL or SDA being stuck low. If this detection is required, use the LPI2C 
controller logic so you can reset the LPI2C target when this condition is detected.

27.3.3 Low-power modes
LPI2C remains functional during low-power modes, if MCR[DOZEN] = 0 and LPI2C uses an external or internal clock source that 
remains enabled. LPI2C can generate an interrupt or DMA request to cause a wake-up from low-power modes.
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You can configure LPI2C to be disabled in low-power modes when MCR[DOZEN] = 1. In this case, LPI2C waits for the current 
transfer to complete any pending operation.

 
See the chip-specific information for low-power modes available on your chip.

  NOTE  

27.3.4 Debug mode

Table 149. Debug mode

Mode LPI2C operation

Debug If MCR[DBGEN] = 1, can continue operating in Debug mode.

27.3.5 Peripheral triggers
The connection of the LPI2C peripheral triggers to other peripherals depends upon the specific device being used.

Table 150. LPI2C triggers

Trigger Description

Controller output trigger Generates an output trigger that can be connected to other peripherals on the device. The controller 
output trigger asserts on either a repeated Start or a Stop condition. The trigger remains asserted for 
one cycle of the LPI2C functional clock divided by MCFGR1[PRESCALE].

Target output trigger Generates an output trigger that can be connected to other peripherals on the device. The target output 
trigger asserts on either a repeated Start or a Stop condition that occurs after a target address match. 
The target output trigger remains asserted until the next target SCL pin negation.

Input trigger To control the start of a LPI2C bus transfer, the LPI2C input trigger can be selected instead of the 
HREQ input. The input trigger is synchronized. To be detected, the input trigger must assert for at least 
two cycles of the LPI2C functional clock divided by the value of MCFGR1[PRESCALE]. When LPI2C 
is busy, the HREQ input (and therefore the input trigger) is ignored.

27.3.6 Clocking

Table 151. LPI2C clocks

Clock Description

LPI2C functional clock The LPI2C functional clock is asynchronous to the bus clock. It can remain enabled in low-power 
modes to support I2C bus transfers by the LPI2C controller. The functional clock is also used by the 
LPI2C target to support digital filter and data hold time configurations. The LPI2C controller divides 
the functional clock by a prescaler (MCFGR1[PRESCALE]) and the resulting frequency must be at 
least eight times faster than the I2C bus bandwidth.

External clock The LPI2C target logic is clocked directly from the external pins. These pins are SCL and SDA, 
or SCLS and SDAS if the controller and target are implemented on separate pins). This clocking 
allows the LPI2C target to remain operational, even when the LPI2C functional clock is disabled.

 
If the LPI2C functional clock is disabled, the LPI2C target digital filter must be 
disabled. This condition can affect compliance with some timing parameters of the 
I2C specification, such as data hold time.

  NOTE  

Table continues on the next page...

NXP Semiconductors
Low-Power Inter-Integrated Circuit (LPI2C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1295 / 5781



Table 151. LPI2C clocks (continued)

Clock Description

Bus clock The bus clock is only used for bus accesses to the control and configuration registers. The bus 
clock frequency must be sufficient to support the data bandwidth requirements of the LPI2C 
controller and target registers.

For chip-specific clocking information, see the Clocking chapter.

27.3.7 Reset

Table 152. LPI2C resets

Reset Description

Chip reset The logic and registers for the LPI2C controller and target are reset to their default state on a chip 
reset.

Software reset • The LPI2C controller implements a software reset field in its control register. MCR[RST] resets 
all controller logic and registers to their default states, except for Controller Control (MCR) 
itself.

• The LPI2C target implements a software reset field in its control register. SCR[RST] resets all 
target logic and registers to their default states, except for Target Control (SCR) itself.

FIFO reset • The LPI2C controller implements write-only control fields that reset the transmit FIFO 
(MCR[RTF]) and receive FIFO (MCR[RRF]). After a FIFO is reset, that FIFO is empty.

• The LPI2C target implements write-only control fields that reset the transmit data register 
(SCR[RTF]) and receive data register (SCR[RRF]). After a data register is reset, that data 
register is empty.

27.3.8 Interrupts and DMA requests
Depending on the configuration, interrupts and DMA requests can be combined:

• LPI2C controller and target interrupts

• LPI2C controller and target transmit DMA requests

• LPI2C controller and target receive DMA requests

27.3.8.1 Controller mode

Table 153 lists the Controller mode sources that can generate LPI2C controller interrupts and LPI2C controller transmit and 
receive DMA requests.

Table 153. Controller interrupts and DMA requests

Status flag Description Can generate

Interrupt? DMA request? Low-power 
wake-up?

Transmit Data Flag 
(MSR[TDF])

Data can be written to transmit FIFO, as 
configured by MFCR[TXWATER].

Y TX Y

Receive Data Flag 
(MSR[RDF])

Data can be read from the receive FIFO, 
as configured by MFCR[RXWATER].

Y RX Y

Table continues on the next page...
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Table 153. Controller interrupts and DMA requests (continued)

Status flag Description Can generate

Interrupt? DMA request? Low-power 
wake-up?

End Packet Flag 
(MSR[EPF])

Controller has transmitted a repeated Start 
or Stop condition.

Y N Y

Stop Detect Flag 
(MSR[SDF])

Controller has transmitted a Stop condition Y N Y

NACK Detect Flag 
(MSR[NDF])

• During an address byte, the controller 
expects an ACK but detects a NACK.

• During an address byte, the controller 
expects a NACK but detects an ACK.

• During a controller-transmitter data 
byte, the controller detects a NACK.

Y N Y

Arbitration Lost Flag 
(MSR[ALF])

The controller lost arbitration due to a Start 
or Stop condition detected at the wrong 
time, or the controller was transmitting data 
but received data different from the data 
that was transmitted.

Y N Y

FIFO Error Flag 
(MSR[FEF])

The controller expects a Start condition in 
the command FIFO, but the next entry in 
the command FIFO is not a Start condition.

Y N Y

Pin Low Timeout Flag 
(MSR[PLTF])

Pin low timeout is enabled and SCL (or 
SDA, if configured) is low for longer than 
the configured timeout.

Y N Y

Data Match Flag 
(MSR[DMF])

The received data matches the configured 
data match, but the received data is not 
discarded due to a command FIFO entry.

Y N Y

Controller Busy Flag 
(MSR[MBF])

LPI2C controller is busy transmitting or 
receiving data.

N N N

Bus Busy Flag 
(MSR[BBF])

LPI2C controller is enabled and activity 
is detected on the I2C bus, but no Stop 
condition is detected and no bus idle 
timeout (if enabled) occurred.

N N N

27.3.8.2 Target mode

Table 154 lists the target mode sources that can generate LPI2C target interrupts and LPI2C target transmit and receive 
DMA requests.
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Table 154. Target interrupts and DMA requests

Status flag Description Can generate

Interrupt? DMA request? Low-power 
wake-up?

Transmit Data Flag 
(SSR[TDF])

Data can be written to Target Transmit 
Data (STDR).

Y TX Y

Receive Data Flag 
(SSR[RDF])

Data can be read from Target Receive 
Data (SRDR).

Y RX Y

Address Valid Flag 
(SSR[AVF])

Address can be read from the Target 
Address Status (SASR).

Y RX Y

Transmit ACK Flag 
(SSR[TAF])

ACK or NACK can be written to Target 
Transmit ACK (STAR).

Y N Y

Repeated Start Flag 
(SSR[RSF])

Target has detected an address match 
followed by a repeated Start condition.

Y RX Y

Stop Detect Flag 
(SSR[SDF])

Target has detected an address match 
followed by a STOP condition.

Y RX Y

Bit Error Flag 
(SSR[BEF])

Target was transmitting data, but received 
data different from what was transmitted.

Y N Y

FIFO Error Flag 
(SSR[FEF])

• Transmit data underrun

• Receive data overrun

• Address status overrun when 
SCFGR1[RXCFG] = 1.

This flag can only be set when clock 
stretching is disabled.

Y N Y

Address Match 0 Flag 
(SSR[AM0F])

Target detected an address match 
SAMR[ADDR0].

Y N N

Address Match 1 Flag 
(SSR[AM1F])

Target detected an address match with 
SAMR[ADDR1] or using an address range.

Y N N

General Call Flag 
(SSR[GCF])

Target detected an address match with the 
general call address.

Y N N

SMBus Alert Response 
Flag (SSR[SARF])

Target detected an address match with the 
SMBus alert address.

Y N N

Target Busy Flag 
(SSR[SBF])

LPI2C target is busy receiving an address 
byte or is transmitting or receiving data.

N N N

Bus Busy Flag 
(SSR[BBF])

LPI2C target is enabled and a Start 
condition is detected on I2C bus, but no 
Stop condition detected.

N N N

27.3.8.3 End-of-packet DMA transfer

End-of-packet functionality serves serial interfaces where the transfer size may not be known in advance and the data is pushed 
by an external device. Examples include UART receive, I2C Target mode, and SPI Target mode. End-of-packet processing 
is intended to ensure that data does not become stranded in either the receive FIFO or DMA receive buffer. Support for 
end-of-packet processing must be implemented in both the serial interfaces and DMA controller.
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The condition that signals the end of packet differs for each serial interface but is processed by the serial peripheral and DMA in 
the same way. For example:

• UART end of packet is signaled by an idle line condition.

• I2C end of packet is signaled by Stop or repeated Start condition.

• SPI end of packet is signaled by PCS negation.

When the serial peripheral is configured to signal an end-of-packet condition to the DMA and the serial interface detects an 
end-of-packet condition, it asserts the DMA request for the receive FIFO regardless of the watermark configuration. For larger 
watermark configurations, this behavior ensures that the last few words of the transfer are first flushed from the receive FIFO.

The DMA then reads the contents of the receive FIFO, depending on the first word in the FIFO:

• If the receive FIFO is empty, the serial interface signals an end-of-packet condition to the DMA controller.

• If the receive FIFO is not empty, but the first word in the FIFO starts a new packet, data is not pulled from the receive 
FIFO. Also, the serial interface signals an end-of-packet condition to the DMA controller.

• If the receive FIFO is not empty, and the first word in the FIFO does not start a new packet, the DMA transfers data as 
normal.

Because the DMA may transfer multiple words per request, the end-of-packet condition persists until the DMA minor loop finishes 
and no additional data is pulled from the FIFO. The status flag that triggered the end-of-packet condition is cleared when the minor 
loop completes after the end of packet is signaled to the DMA controller.

When the DMA detects the end-of-packet condition, it writes all received words up to the end of packet into system memory. It 
also saves the destination address for the word after the last valid data. The DMA then terminates the channel as if the major loop 
completed, including final offsets and optional interrupts, channel linking, and scatter-gather. The final destination address can be 
saved to system memory or is available in the destination address register.

Because the DMA terminates the major loop, the receive FIFO is not serviced until the DMA is reconfigured. You can perform this 
reconfiguration through software or hardware (for example, channel linking or scatter-gather). Minimize this delay to avoid receiver 
FIFO overrun. Automatic DMA end-of-packet processing is not recommended when there are only a few words transferred 
between end-of-packet conditions. In this case, the DMA spends more time processing the end of packet than transferring the 
data. For example, to avoid an excessive number of idle conditions, increase the UART idle line length as needed.

27.4 External signals
Table 155. Signals

Signal Name Two-wire scheme Four-wire scheme Direction

SCL LPI2C clock line SCL In Four-Wire mode, this pin is the SCL input 
pin.

Input

or output

SDA LPI2C data line SDA In Four-Wire mode, this pin is the SDA input 
pin.

Input

or output

SCLS Secondary I2C clock 
line

Not used In Four-Wire mode, this pin is the SCLS 
output pin. If LPI2C controller/target are 
configured to use separate pins, then this 
pin is the LPI2C target SCL pin.

Input

or output

SDAS Secondary I2C data 
line

Not used In Four-Wire mode, this pin is the SDAS 
output pin. If LPI2C controller/target are 
configured to use separate pins, then this 
pin is the LPI2C target SDA pin.

Input

or output

Table continues on the next page...
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Table 155. Signals (continued)

Signal Name Two-wire scheme Four-wire scheme Direction

HREQ Host request If host request is asserted and the I2C bus is idle, then it initiates an 
LPI2C controller transfer.

HREQ is an additional pin separate from the two-wire or four-
wire scheme.

Input

Figure 173 shows the two-signal connection.

MCU

Microcontroller

Data (SDA)

Clock (SCL)

Two-wire
peripheral
device # 1

Target

Two-wire
peripheral
device # 2

I2C (Inter-Integrated Circuit) two-wire serial bus

Target

Two-wire
peripheral
device # 3

Target

Printed circuit board (PCB)   
Figure 173. I2C two-wire serial bus

Figure 174 shows a possible four-signal connection.

SDA

simple line drivers

Vdd

SDAS

SCL

SDA

Microcontroller
side SCL

SCLS

Vdd of I2C bus

Figure 174. I2C four-wire serial bus

27.5 Initialization
To initialize the LPI2C controller:

1. Configure Controller Configuration 0 (MCFGR0)–Controller Configuration 3 (MCFGR3) as required by the application.

2. Configure Controller Clock Configuration 0 (MCCR0) and Controller Clock Configuration 1 (MCCR1) to satisfy the timing 
requirements of the I2C mode supported by the application.

3. Enable controller interrupts and DMA requests as required by the application.
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4. Enable the LPI2C controller by writing 1 to MCR[MEN].

To initialize the LPI2C target:

1. Configure Target Address Match (SAMR) with the I2C address of the target location on the I2C bus.

2. Configure Target Configuration 1 (SCFGR1) as required by the application.

3. Configure Target Configuration 2 (SCFGR2) to satisfy the timing requirements of the I2C mode supported by the 
application.

4. Enable target interrupts and DMA requests as required by the application.

5. Enable the LPI2C target by writing 1 to SCR[SEN].

27.6 Application information
Configure the I2C timing parameters to meet the requirements of the I2C specification. This configuration depends on the 
supported mode and LPI2C functional clock frequency. When switching between two modes using different clock configuration 
registers (for example, Fast mode and HS mode), MCFGR1[PRESCALE] must remain constant between the modes.

Table 156. Example timing configurations

I2C mode Clock 
frequency

Baud rate PRESCALE FILTSCL / 
FILTSDA

SETHOLD CLKLO CLKHI DATAVD

Standard 8 MHz 100 kbit/s 0h 0h/0h 24h 28h 24h 02h

Standard 48 MHz 100 kbit/s 2h 1h/1h 37h 3Fh 37h 03h

Standard 60 MHz 100 kbit/s 2h 1h/1h 45h 50h 44h 04h

Fast 8 MHz 400 kbit/s 0h 0h/0h 04h 0Bh 05h 02h

Fast+ 8 MHz 1 Mbit/s 0h 0h/0h 02h 03h 01h 01h

Fast 48 MHz 400 kbit/s 0h 1h/1h 1Dh 3Eh 35h 0Fh

Fast 48 MHz 400 kbit/s 2h 1h/1h 07h 11h 0Bh 03h

Fast+ 48 MHz 1 Mbit/s 2h 1h/1h 03h 06h 04h 04h

HS 48 MHz 3.2 Mbit/s 0h 0h/0h 07h 08h 03h 01h

Fast 60 MHz 400 kbit/s 1h 2h/2h 11h 28h 1Fh 08h

Fast+ 60 MHz 1 Mbit/s 1h 2h/2h 07h 0Fh 0Bh 01h

HS 60 MHz 3.33 Mbit/s 1h 0h/0h 04h 04h 02h 01h

27.7 Memory map and registers

27.7.1 LPI2C register descriptions
Writing to a read-only register or reading from a write-only register can cause bus errors. This module does not check whether 
programmed values in the registers are correct; you must ensure that valid programmed values are written to the registers.

27.7.1.1 LPI2C memory map

LPI2C0 base address: 2809_8000h

LPI2C1 base address: 2809_9000h

LPI2C2 base address: 2810_8000h

LPI2C3 base address: 2810_9000h
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LPI2C4 base address: 2937_0000h

LPI2C5 base address: 2938_0000h

LPI2C6 base address: 2984_0000h

LPI2C7 base address: 2985_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0102_0003h

4h Parameter (PARAM) 32 R 0000_0202h

10h Controller Control (MCR) 32 RW 0000_0000h

14h Controller Status (MSR) 32 RW 0000_0001h

18h Controller Interrupt Enable (MIER) 32 RW 0000_0000h

1Ch Controller DMA Enable (MDER) 32 RW 0000_0000h

20h Controller Configuration 0 (MCFGR0) 32 RW 0000_0000h

24h Controller Configuration 1 (MCFGR1) 32 RW 0000_0000h

28h Controller Configuration 2 (MCFGR2) 32 RW 0000_0000h

2Ch Controller Configuration 3 (MCFGR3) 32 RW 0000_0000h

40h Controller Data Match (MDMR) 32 RW 0000_0000h

48h Controller Clock Configuration 0 (MCCR0) 32 RW 0000_0000h

50h Controller Clock Configuration 1 (MCCR1) 32 RW 0000_0000h

58h Controller FIFO Control (MFCR) 32 RW 0000_0000h

5Ch Controller FIFO Status (MFSR) 32 R 0000_0000h

60h Controller Transmit Data (MTDR) 32 W 0000_0000h

70h Controller Receive Data (MRDR) 32 R 0000_4000h

110h Target Control (SCR) 32 RW 0000_0000h

114h Target Status (SSR) 32 RW 0000_0000h

118h Target Interrupt Enable (SIER) 32 RW 0000_0000h

11Ch Target DMA Enable (SDER) 32 RW 0000_0000h

124h Target Configuration 1 (SCFGR1) 32 RW 0000_0000h

128h Target Configuration 2 (SCFGR2) 32 RW 0000_0000h

140h Target Address Match (SAMR) 32 RW 0000_0000h

150h Target Address Status (SASR) 32 R 0000_4000h

154h Target Transmit ACK (STAR) 32 RW 0000_0000h

160h Target Transmit Data (STDR) 32 W 0000_0000h

170h Target Receive Data (SRDR) 32 R 0000_4000h

NXP Semiconductors
Low-Power Inter-Integrated Circuit (LPI2C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1302 / 5781



27.7.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains version numbers for the module design and feature set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-24

MAJOR

Major Version Number

Returns the major version number for the module design specification.

23-16

MINOR

Minor Version Number

Returns the minor version number for the module design specification.

15-0

FEATURE

Feature Specification Number

Returns the feature set number.

0000_0000_0000_0010b - Controller only, with standard feature set

0000_0000_0000_0011b - Controller and target, with standard feature set

27.7.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h
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Function
Contains parameter values implemented in the module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 MRXFIFO 0 MTXFIFO 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-16

—

Reserved

15-12

—

Reserved

11-8

MRXFIFO

Controller Receive FIFO Size

Configures the number of words in the controller receive FIFO to 2MRXFIFO.

7-4

—

Reserved

3-0

MTXFIFO

Controller Transmit FIFO Size

Configures the number of words in the controller transmit FIFO to 2MTXFIFO.

27.7.1.4 Controller Control (MCR)

Offset

Register Offset

MCR 10h

Function
Contains resets, debug enable, and other controller control settings.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 DBGE
N 

DOZE
N 

RST MEN 
W RRF RTF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

RRF

Reset Receive FIFO

Resets the receive FIFO.

0b - No effect

1b - Reset receive FIFO

8

RTF

Reset Transmit FIFO

Resets the transmit FIFO.

0b - No effect

1b - Reset transmit FIFO

7-4

—

Reserved

3

DBGEN

Debug Enable

Enables the controller in Debug mode.

0b - Disable

1b - Enable

2

DOZEN

Doze Mode Enable

Enables the controller in Doze mode.

0b - Enable

1b - Disable

1 Software Reset

Table continues on the next page...
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Table continued from the previous page...

Field Function

RST Resets all internal controller logic and registers except Controller Control (MCR).

This field remains 1 (enabled) until you write 0 to it. The reset takes effect immediately and remains asserted 
until negated by software. There is no minimum delay required before clearing the software reset.

0b - Not reset

1b - Reset

0

MEN

Controller Enable

Enables the controller logic.

0b - Disable

1b - Enable

27.7.1.5 Controller Status (MSR)

Offset

Register Offset

MSR 14h

Function
Contains status flags for transmit and receive data, for start and stop conditions, and for bus and controller busy or idle status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 BBF MBF 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DMF PLTF FEF ALF NDF SDF EPF 0 RDF TDF 

W W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-26

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

25

BBF

Bus Busy Flag

Specifies whether the I2C bus is busy.

0b - Idle

1b - Busy

24

MBF

Controller Busy Flag

Specifies whether the I2C controller is busy.

0b - Idle

1b - Busy

23-16

—

Reserved

15

—

Reserved

14

DMF

Data Match Flag

Indicates whether the received data matches MDMR[MATCH0] or MDMR[MATCH1] (as configured by 
MCFGR1[MATCFG]). Received data discarded due to MTDR[CMD] does not cause this flag to set.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Matching data not received

1b - Matching data received

When writing

0b - No effect

1b - Clear the flag

13

PLTF

Pin Low Timeout Flag

Indicates whether pin low timeout has occurred. Sets when the SCL or SDA input is low for more than 
the number of PINLOW cycles defined by MCFGR3[PINLOW], even when the LPI2C controller is idle.

You must resolve the pin low condition via software. PLTF cannot be cleared as long as the pin low timeout 
continues. Before LPI2C can initiate a Start condition, you must clear this flag.

See MCFGR1[TIMECFG] for the SCL and/or SDA timeout settings.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Pin low timeout did not occur

1b - Pin low timeout occurred

When writing

0b - No effect

1b - Clear the flag

12

FEF

FIFO Error Flag

Detects the LPI2C controller's attempt to send or receive data without first generating a (repeated) Start 
condition. This error can occur when the transmit FIFO underflows when MCFGR1[AUTOSTOP] = 1. 
When this flag is set, the LPI2C controller sends a Stop condition (if busy). The controller does not 
initiate a new Start condition until the flag is cleared.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No FIFO error

1b - FIFO error

When writing

0b - No effect

1b - Clear the flag

11

ALF

Arbitration Lost Flag

Indicates whether arbitration is lost. Either of these conditions sets this flag:

• The LPI2C controller transmits a logic 1 and detects a logic 0 on the I2C bus.

• The LPI2C controller detects a Start or Stop condition when the LPI2C controller is transmitting data.

When ALF is set, the LPI2C controller releases the I2C bus (goes idle), and the LPI2C controller does not 
initiate a new Start condition until the ALF is cleared.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Controller did not lose arbitration

1b - Controller lost arbitration

When writing

0b - No effect

1b - Clear the flag

10 NACK Detect Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

NDF Indicates whether an unexpected NACK has been detected. This flag is set when the LPI2C controller 
detects a NACK it was not expecting when transmitting an address or data. When set, the controller does 
not initiate a new Start condition until this flag is cleared. If a NACK is expected for a given address (as 
configured by the command word), this flag is set if a NACK is not generated.

When this flag is set, the LPI2C controller automatically transmits a Stop condition if 
MCFGR1[AUTOSTOP] = 1, or if the transmit FIFO is not empty.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No unexpected NACK detected

1b - Unexpected NACK detected

When writing

0b - No effect

1b - Clear the flag

9

SDF

Stop Detect Flag

Indicates whether the LPI2C controller has generated a Stop condition.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No Stop condition generated

1b - Stop condition generated

When writing

0b - No effect

1b - Clear the flag

8

EPF

End Packet Flag

Indicates whether the LPI2C controller has generated a repeated Start condition or a Stop condition. 
When the controller first generates a Start condition, this flag is not set.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No Stop or repeated Start generated

1b - Stop or repeated Start generated

When writing

Table continues on the next page...

NXP Semiconductors
Low-Power Inter-Integrated Circuit (LPI2C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1309 / 5781



Table continued from the previous page...

Field Function

0b - No effect

1b - Clear the flag

7-2

—

Reserved

1

RDF

Receive Data Flag

Indicates whether the receive data is ready. This flag is set when the number of words in the receive 
FIFO is greater than MFCR[RXWATER].

0b - Receive data not ready

1b - Receive data ready

0

TDF

Transmit Data Flag

Indicates whether transmit data is requested. This flag is set when the number of words in the transmit 
FIFO is equal or less than MFCR[TXWATER].

0b - Transmit data not requested

1b - Transmit data requested

27.7.1.6 Controller Interrupt Enable (MIER)

Offset

Register Offset

MIER 18h

Function
Contains enables for:

• Transmit and receive data interrupts

• Start, Stop, and NACK detection interrupts

• DMA interrupts
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DMIE PLTIE FEIE ALIE NDIE SDIE EPIE 

0
RDIE TDIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

—

Reserved

14

DMIE

Data Match Interrupt Enable

Enables interrupt for data match.

0b - Disable

1b - Enable

13

PLTIE

Pin Low Timeout Interrupt Enable

Enables interrupt for pin-low timeout.

0b - Disable

1b - Enable

12

FEIE

FIFO Error Interrupt Enable

Enables interrupt for FIFO error.

0b - Disable

1b - Enable

11

ALIE

Arbitration Lost Interrupt Enable

Enables interrupt for arbitration lost.

0b - Disable

1b - Enable

10 NACK Detect Interrupt Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

NDIE Enables interrupt for NACK detection.

0b - Disable

1b - Enable

9

SDIE

Stop Detect Interrupt Enable

Enables interrupt for Stop detection.

0b - Disable

1b - Enable

8

EPIE

End Packet Interrupt Enable

Enables interrupt for end packet.

0b - Disable

1b - Enable

7-2

—

Reserved

1

RDIE

Receive Data Interrupt Enable

Enables interrupt for receive data.

0b - Disable

1b - Enable

0

TDIE

Transmit Data Interrupt Enable

Enables interrupt for transmit data.

0b - Disable

1b - Enable

27.7.1.7 Controller DMA Enable (MDER)

Offset

Register Offset

MDER 1Ch

Function
Contains DMA transmit, request, and receive enables.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RDDE TDDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1

RDDE

Receive Data DMA Enable

Enables DMA receive data.

0b - Disable

1b - Enable

0

TDDE

Transmit Data DMA Enable

Enables DMA transmit data.

0b - Disable

1b - Enable

27.7.1.8 Controller Configuration 0 (MCFGR0)

Offset

Register Offset

MCFGR0 20h

Function
Contains host settings and other receive and transfer settings.

NXP Semiconductors
Low-Power Inter-Integrated Circuit (LPI2C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1313 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RDMO 

CIRFIF
O 

0 0 HRSE
L 

HRPO
L 

HREN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-16

—

Reserved

15-10

—

Reserved

9

RDMO

Receive Data Match Only

Determines whether all received data that does not set MSR[DMF] is discarded. After MSR[DMF] is 
set, the RDMO configuration is ignored. When disabling RDMO, write 0 to this field before writing 0 to 
MSR[DMF] to ensure that no receive data is lost.

0b - Received data is stored in the receive FIFO

1b - Received data is discarded unless MSR[DMF] is set

8

CIRFIFO

Circular FIFO Enable

Enables the transmit FIFO read pointer to be saved to a temporary register. The transmit FIFO empties 
as normal. After the LPI2C controller is idle and the transmit FIFO is empty, the read pointer value is 
restored from the temporary register. This setting causes the contents of the transmit FIFO to be cycled 
through repeatedly. If MCFGR1[AUTOSTOP] is 1, then a Stop condition is sent whenever the transmit 
FIFO is empty and the read pointer is restored.

0b - Disable

1b - Enable

7-4

—

Reserved

3 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

2

HRSEL

Host Request Select

Selects the source of the host request input. When host request is enabled, this field must not change.

0b - Host request input is pin HREQ

1b - Host request input is input trigger

1

HRPOL

Host Request Polarity

Configures the polarity of the host request input. When host request is enabled, this field must not 
change.

0b - Active low

1b - Active high

0

HREN

Host Request Enable

Enables host request. When enabled, the LPI2C controller only initiates a Start condition if the host 
request input is asserted and the bus is idle. A repeated Start condition is not affected by the host 
request.

0b - Host request input is disabled

1b - Host request input is enabled

27.7.1.9 Controller Configuration 1 (MCFGR1)

Offset

Register Offset

MCFGR1 24h

Function

Contains controls for pin configuration, clock prescaler, and various other control settings.

Write to this register only when the I2C controller is disabled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 Reserv
ed 

PINCFG 
0

MATCFG 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 TIMEC
FG 

IGNAC
K 

AUTO
STOP 

0
PRESCALE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27

—

Reserved

26-24

PINCFG

Pin Configuration

Configures the pin mode for LPI2C.

000b - Two-pin open drain mode. SCL/SDA pins: Bidirectional open drain for controller and target. 
SCLS/SDAS pins: Not used.

001b - Two-pin output only mode (Ultra-Fast mode). SCL/SDA pins: Output-only (Ultra-Fast 
mode) open drain for controller and target. SCLS/SDAS pins: Not used.

010b - Two-pin push-pull mode. SCL/SDA pins: Bidirectional push-pull for controller and target. 
SCLS/SDAS pins: Not used.

011b - Four-pin push-pull mode. SCL/SDA pins: Input only for controller and target. SCLS/SDAS 
pins: Output-only push-pull for controller and target.

100b - Two-pin open-drain mode with separate LPI2C target. SCL/SDA pins: Bidirectional open 
drain for controller. SCLS/SDAS pins: Bidirectional open drain for target.

101b - Two-pin output only mode (Ultra-Fast mode) with separate LPI2C target. SCL/SDA pins: 
Output-only (Ultra-Fast mode) open drain for controller. SCLS/SDAS pins: Output-only open drain 
for target.

110b - Two-pin push-pull mode with separate LPI2C target. SCL/SDA pins: Bidirectional push-pull 
for controller. SCLS/SDAS pins: Bidirectional push-pull for target.

111b - Four-pin push-pull mode (inverted outputs). SCL/SDA pins: Input only for controller and 
target. SCLS/SDAS pins: Inverted output-only push-pull for controller and target.

23-19

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

18-16

MATCFG

Match Configuration

Configures the condition that sets MSR[DMF]. See Controller Data Match (MDMR).

000b - Match is disabled

001b - Reserved

010b - Match is enabled: first data word equals MDMR[MATCH0] OR MDMR[MATCH1]

011b - Match is enabled: any data word equals MDMR[MATCH0] OR MDMR[MATCH1]

100b - Match is enabled: (first data word equals MDMR[MATCH0]) AND (second data word 
equals MDMR[MATCH1)

101b - Match is enabled: (any data word equals MDMR[MATCH0]) AND (next data word equals 
MDMR[MATCH1)

110b - Match is enabled: (first data word AND MDMR[MATCH1]) equals (MDMR[MATCH0] AND 
MDMR[MATCH1])

111b - Match is enabled: (any data word AND MDMR[MATCH1]) equals (MDMR[MATCH0] AND 
MDMR[MATCH1])

15-13

—

Reserved

12-11

—

Reserved

10

TIMECFG

Timeout Configuration

Configures the timeout settings for MSR[PLTF].

0b - MSR[PLTF] is set when SCL is low for longer than the configured timeout

1b - MSR[PLTF] is set when either SCL or SDA is low for longer than the configured timeout

9

IGNACK

Ignore NACK

Determines whether the LPI2C controller ignores a received NACK and treats it as an ACK. This field 
must be 1 in Ultra-Fast mode.

0b - No effect

1b - Treat a received NACK as an ACK

8

AUTOSTOP

Automatic Stop Generation

Determines whether a Stop condition is generated when the LPI2C controller is busy and the transmit 
FIFO is empty. The Stop condition can also be generated using a transmit FIFO command.

0b - No effect

1b - Stop condition is automatically generated when the transmit FIFO is empty and the LPI2C 
controller is busy

7-3 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

2-0

PRESCALE

Prescaler

Configures the clock prescaler used for all LPI2C controller logic except the digital glitch filters.

000b - Divide by 1

001b - Divide by 2

010b - Divide by 4

011b - Divide by 8

100b - Divide by 16

101b - Divide by 32

110b - Divide by 64

111b - Divide by 128

27.7.1.10 Controller Configuration 2 (MCFGR2)

Offset

Register Offset

MCFGR2 28h

Function

Contains the configuration for the bus idle timeout and glitch filters for SDA and SCL.

Write to this register only when the I2C controller is disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FILTSDA 

0
FILTSCL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BUSIDLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

FILTSDA

Glitch Filter SDA

Configures the I2C controller digital glitch filters for the SDA input.

The latency through the glitch filter is equal to the number of cycles defined by this field. The value of this 
field must be less than the minimum SCL low or high period.

Glitches equal to or less than the number of cycles defined by this field are filtered out and ignored. Writing 
0 to this field disables the glitch filter.

MCFGR1[PRESCALE] does not affect the glitch filter cycle count. It is automatically bypassed in HS mode.

23-20

—

Reserved

19-16

FILTSCL

Glitch Filter SCL

Configures the I2C controller digital glitch filters for SCL input.

The latency through the glitch filter is equal to the number of cycles defined by this field. The value of this 
field must be less than the minimum SCL low or high period.

Glitches equal to or less than the number of cycles defined by this field are filtered out and ignored. These 
cycles are based on the functional clock. Writing 0 to this field disables the glitch filter.

MCFGR1[PRESCALE] does not affect the glitch filter cycle count. It is automatically bypassed in HS mode.

15-12

—

Reserved

11-0

BUSIDLE

Bus Idle Timeout

Configures the bus idle timeout period, in clock cycles.

If both SCL and SDA are high for longer than the number of cycles defined by this field, the I2C bus is 
assumed to be idle and the controller can generate a Start condition.

Writing 0 to this field disables the bus idle timeout.

27.7.1.11 Controller Configuration 3 (MCFGR3)

Offset

Register Offset

MCFGR3 2Ch

Function

Configures the threshold value for the pin low timeout flag.
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Write to this register only when the I2C controller is disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
PINLOW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PINLOW 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-8

PINLOW

Pin Low Timeout

Configures the threshold value, in clock cycles, that triggers the pin low timeout flag (MSR[PLTF]).

If SCL or SDA (selected by MCFGR1[TIMECFG]) is low for longer than (PINLOW × 256) cycles, MSR[PLTF] 
is set.

When this field is 0, the pin low timeout feature is disabled.

7-0

—

Reserved

27.7.1.12 Controller Data Match (MDMR)

Offset

Register Offset

MDMR 40h

Function

Contains data match values.

Write to this register only when the I2C controller is disabled or idle.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
MATCH1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MATCH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

MATCH1

Match 1 Value

Specifies match 1 value that is compared to the received data when receive data match is enabled.

15-8

—

Reserved

7-0

MATCH0

Match 0 Value

Specifies match 0 value that is compared to the received data when receive data match is enabled.

27.7.1.13 Controller Clock Configuration 0 (MCCR0)

Offset

Register Offset

MCCR0 48h

Function

Configures various clock controls.

You cannot make changes to this register when the I2C controller is enabled and is used for standard, fast, fast-mode plus, and 
ultra-fast transfers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
DATAVD 

0
SETHOLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CLKHI 

0
CLKLO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

DATAVD

Data Valid Delay

Specifies the minimum number of cycles (minus one) used as the data hold time for SDA. This value 
must be less than the minimum SCL low period.

23-22

—

Reserved

21-16

SETHOLD

Setup Hold Delay

Specifies the minimum number of cycles (minus one) used by the controller for these conditions:

• Hold time for a Start

• Setup and hold time for a repeated Start

• Setup time for a Stop

The setup time is extended by the time it takes to detect a rising edge on the external SCL pin. Ignoring any 
additional board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE cycles.

15-14

—

Reserved

13-8

CLKHI

Clock High Period

Specifies the minimum number of cycles (minus one) that the controller drives the SCL clock high. The 
SCL high time is extended by the time needed to detect a rising edge on the external SCL pin. Ignoring 
any additional board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE 
cycles.

7-6

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

5-0

CLKLO

Clock Low Period

Specifies the minimum number of cycles (minus one) that the controller drives the SCL clock low. This 
value is also used for the minimum bus free time between a Stop and a Start condition. This period is 
extended by the time needed to detect a rising edge on the external SCL pin. Ignoring any additional 
board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE cycles.

27.7.1.14 Controller Clock Configuration 1 (MCCR1)

Offset

Register Offset

MCCR1 50h

Function

Configures various clock controls.

You cannot makes changes to this register when the I2C controller is enabled and is used for HS mode transfers. The separate 
clock configuration for HS mode allows arbitration to take place in Fast mode (with timing configured by Controller Clock 
Configuration 0 (MCCR0)), before switching to HS mode (with timing configured by MCCR1).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
DATAVD 

0
SETHOLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CLKHI 

0
CLKLO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

DATAVD

Data Valid Delay

Table continues on the next page...
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Table continued from the previous page...

Field Function

Specifies the minimum number of cycles (minus one) used as the data hold time for SDA. This value 
must be less than the minimum SCL low period.

23-22

—

Reserved

21-16

SETHOLD

Setup Hold Delay

Specifies the minimum number of cycles (minus one) used by the controller for these conditions:

• Hold time for a Start condition

• Setup and hold time for a repeated Start condition

• Setup time for a Stop condition

The setup time is extended by the time needed to detect a rising edge on the external SCL pin. Ignoring any 
additional board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE cycles.

15-14

—

Reserved

13-8

CLKHI

Clock High Period

Specifies the minimum number of cycles (minus one) that the controller drives the SCL clock high. The 
SCL high time is extended by the time needed to detect a rising edge on the external SCL pin. Ignoring 
any additional board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE 
cycles.

7-6

—

Reserved

5-0

CLKLO

Clock Low Period

Specifies the minimum number of cycles (minus one) that the controller drives the SCL clock low. This 
value is also used for the minimum bus free time between a Stop and a Start condition. This period is 
extended by the time needed to detect a rising edge on the external SCL pin. Ignoring any additional 
board delay due to external loading, this time is equal to (2 + FILTSCL) ÷ 2^PRESCALE cycles.

27.7.1.15 Controller FIFO Control (MFCR)

Offset

Register Offset

MFCR 58h

Function

Controls the receive and transmit FIFO watermark values.

This register is used only in Stop mode, when this register is static (not changing).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
RXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-16

RXWATER

Receive FIFO Watermark

The Receive Data Flag (SSR[RDF]). That flag is set when the number of words in the receive FIFO is 
greater than the value of this field. Writing a value equal to or greater than the FIFO size truncates the 
value.

15-2

—

Reserved

1-0

TXWATER

Transmit FIFO Watermark

Determines the watermark for setting SSR[TDF]. That flag is set when the number of words in the 
transmit FIFO is equal or less than the value of this field. Writing a value equal to or greater than the 
FIFO size truncates the value.

27.7.1.16 Controller FIFO Status (MFSR)

Offset

Register Offset

MFSR 5Ch

Function
Specifies the number of words in the transmit and receive FIFOs.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 RXCOUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TXCOUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18-16

RXCOUNT

Receive FIFO Count

Specifies the number of words in the receive FIFO.

15-3

—

Reserved

2-0

TXCOUNT

Transmit FIFO Count

Specifies the number of words in the transmit FIFO.

27.7.1.17 Controller Transmit Data (MTDR)

Offset

Register Offset

MTDR 60h

Function

Configures transmit data:

• An 8-bit write to MTDR[CMD] is ignored and does not increment the FIFO write pointer.

• An 8-bit write to MTDR[DATA] zero-extends the value of MTDR[CMD] and increments the FIFO write pointer.

• A 16-bit or 32-bit write operation writes to both MTDR[CMD] and MTDR[DATA] and increments the FIFO write pointer.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W 0 CMD DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-8

CMD

Command Data

000b - Transmit the value in DATA[7:0]

001b - Receive (DATA[7:0] + 1) bytes. DATA[7:0] is used as a byte counter. Receive that many 
bytes and check each for a data match (if configured) before storing the received data in the 
receive FIFO.

010b - Generate Stop condition on I2C bus

011b - Receive and discard (DATA[7:0] + 1) bytes. DATA[7:0] is used as a byte counter. Receive 
that many bytes but do not check for a data match or store those bytes in the receive FIFO.

100b - Generate (repeated) Start on the I2C bus and transmit the address in DATA[7:0]

101b - Generate (repeated) Start on the I2C bus and transmit the address in DATA[7:0] (this 
transfer expects a NACK to be returned)

110b - Generate (repeated) Start on the I2C bus and transmit the address in DATA[7:0] using HS 
mode

111b - Generate (repeated) Start on the I2C bus and transmit the address in DATA[7:0] using HS 
mode (this transfer expects a NACK to be returned)

7-0

DATA

Transmit Data

Contains data used by the commands listed in MTDR[CMD]. Performing an 8-bit write to this field 
zero-extends the value of MTDR[CMD].

27.7.1.18 Controller Receive Data (MRDR)

Offset

Register Offset

MRDR 70h
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Function
Contains the status of the receive FIFO and the data received by the I2C controller that has not been discarded.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RXEM
PTY 

0 DATA 

W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

RXEMPTY

Receive Empty

Indicates whether the controller receive data FIFO is empty.

0b - Not empty

1b - Empty

13-8

—

Reserved

7-0

DATA

Receive Data

Contains data received by the I2C controller that has not been discarded. Received data can be 
discarded due to the command in MTDR[CMD], or the controller can be configured to discard 
nonmatching data.

27.7.1.19 Target Control (SCR)

Offset

Register Offset

SCR 110h

Function
Contains resets and other target control settings.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 FILTD
Z 

FILTE
N 

0
RST SEN 

W RRF RTF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

RRF

Reset Receive FIFO

Empties the receive FIFO.

0b - No effect

1b - Receive Data Register is now empty

8

RTF

Reset Transmit FIFO

Empties the transmit FIFO.

0b - No effect

1b - Transmit Data Register is now empty

7-6

—

Reserved

5

FILTDZ

Filter Doze Enable

Enables filter in Doze mode. Update this field only when the I2C target is disabled.

0b - Enable

1b - Disable

4

FILTEN

Filter Enable

Enables digital filter and output delay counter for target mode. Update this field only when the I2C target 
is disabled.

0b - Disable

1b - Enable

3-2 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

1

RST

Software Reset

Resets target mode logic. The reset takes effect immediately. The value of this field remains 1 until you 
write 0 to it. There is no minimum delay required before clearing the software reset.

0b - Not reset

1b - Reset

0

SEN

Target Enable

Enables I2C Target mode.

0b - Disable

1b - Enable

27.7.1.20 Target Status (SSR)

Offset

Register Offset

SSR 114h

Function
Contains status flags for transmit and receive data, for error conditions, and for bus and target busy or idle status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 BBF SBF 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SARF GCF AM1F AM0F FEF BEF SDF RSF 0 TAF AVF RDF TDF 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25

BBF

Bus Busy Flag

Indicates whether an I2C bus is idle or busy.

0b - Idle

1b - Busy

24

SBF

Target Busy Flag

Indicates whether an I2C target is idle or busy.

0b - Idle

1b - Busy

23-16

—

Reserved

15

SARF

SMBus Alert Response Flag

Indicates whether an SMBus alert response has been detected.

You can clear this flag by reading Target Address Status (SASR). This flag cannot generate an 
asynchronous wakeup.

0b - Disabled or not detected

1b - Enabled and detected

14

GCF

General Call Flag

Indicates whether a target has detected the general call address.

You can clear this flag by reading Target Address Status (SASR). This flag cannot generate an 
asynchronous wakeup.

0b - General call address disabled or not detected

1b - General call address detected

13

AM1F

Address Match 1 Flag

Indicates whether the received address matches the value in ADDR1, or it falls within the ADDR0 to 
ADDR1 range as configured by SCFGR1[ADDRCFG].

This flag is cleared by reading Target Address Status (SASR). This flag cannot generate an 
asynchronous wakeup.

0b - Matching address not received

1b - Matching address received

12 Address Match 0 Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

AM0F Indicates whether the received address matches the ADDR0 field, as configured by 
SCFGR1[ADDRCFG].

This flag is cleared by reading Target Address Status (SASR). This flag cannot generate an 
asynchronous wakeup.

0b - ADDR0 matching address not received

1b - ADDR0 matching address received

11

FEF

FIFO Error Flag

Indicates whether there is a FIFO error. This flag can only be set when clock stretching is disabled.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No FIFO error

1b - FIFO error

When writing

0b - No effect

1b - Clear the flag

10

BEF

Bit Error Flag

Indicates whether the LPI2C target has transmitted a logic 1 and detects a logic 0 on the I2C bus. The 
target ignores the rest of the transfer until the next (repeated) Start condition.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No bit error occurred

1b - Bit error occurred

When writing

0b - No effect

1b - Clear the flag

9

SDF

Stop Detect Flag

Indicates whether the LPI2C target detects a Stop condition, and if the LPI2C target matched the last 
address byte.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No Stop detected

1b - Stop detected

When writing

0b - No effect

1b - Clear the flag

8

RSF

Repeated Start Flag

Indicates whether the LPI2C target detects a repeated Start condition and if the LPI2C target matched 
the last address byte. This flag is not set when the target first detects a Start condition.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - No repeated Start detected

1b - Repeated Start detected

When writing

0b - No effect

1b - Clear the flag

7-4

—

Reserved

3

TAF

Transmit ACK Flag

Indicates whether a transmit ACK or NACK is required. You can clear this flag by writing to Target 
Transmit ACK (STAR).

0b - Not required

1b - Required

2

AVF

Address Valid Flag

Indicates whether the contents of the Address Status Register are valid. You can clear this flag by 
reading Target Address Status (SASR). When SCFGR1[RXCFG] = 1, this flag is also cleared by reading 
Target Receive Data (SRDR).

0b - Not valid

1b - Valid

1

RDF

Receive Data Flag

Indicates whether receive data is ready. You can clear this flag by reading Target Receive Data (SRDR). 
When SCFGR1[RXCFG] = 1, this flag is not cleared when reading Target Receive Data (SRDR) if 
SSR[AVF] = 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Not ready

1b - Ready

0

TDF

Transmit Data Flag

Indicates whether transmit data has been requested. This flag is cleared by writing to Target Transmit 
Data (STDR). When SCFGR1[TXCFG] = 0, if a NACK, repeated Start, or Stop condition is detected, this 
flag is also cleared.

0b - Transmit data not requested

1b - Transmit data is requested

27.7.1.21 Target Interrupt Enable (SIER)

Offset

Register Offset

SIER 118h

Function
Contains transmit and receive data interrupt enables, start and stop detect interrupt enables, and other target interrupt 
enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SARIE GCIE AM1IE AM0IE FEIE BEIE SDIE RSIE 

0
TAIE AVIE RDIE TDIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

SARIE

SMBus Alert Response Interrupt Enable

Enables interrupt for SMBus alert response.

0b - Disable

1b - Enable

14

GCIE

General call interrupt enable

Enables interrupt for general call.

0b - Disabled

1b - Enabled

13

AM1IE

Address Match 1 Interrupt Enable

Enables interrupt for address match 1.

0b - Disable

1b - Enable

12

AM0IE

Address Match 0 Interrupt Enable

Enables interrupt for address match 0.

0b - Disable

1b - Enable

11

FEIE

FIFO Error Interrupt Enable

Enables interrupt for FIFO error.

0b - Disable

1b - Enable

10

BEIE

Bit Error Interrupt Enable

Enables interrupt for bit error.

0b - Disable

1b - Enable

9

SDIE

Stop Detect Interrupt Enable

Enables interrupt for Stop detection.

0b - Disable

1b - Enable

8

RSIE

Repeated Start Interrupt Enable

Enables interrupt for repeated start.

0b - Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Enable

7-4

—

Reserved

3

TAIE

Transmit ACK Interrupt Enable

Enables interrupt for transmit ACK.

0b - Disable

1b - Enable

2

AVIE

Address Valid Interrupt Enable

Enables interrupt for valid address.

0b - Disable

1b - Enable

1

RDIE

Receive Data Interrupt Enable

Enables interrupt for receive data.

0b - Disable

1b - Enable

0

TDIE

Transmit Data Interrupt Enable

Enables interrupt for transmit data.

0b - Disable

1b - Enable

27.7.1.22 Target DMA Enable (SDER)

Offset

Register Offset

SDER 11Ch

Function
Contains the transmit, request, and receive enables for DMA.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SDDE RSDE 

0
AVDE RDDE TDDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

SDDE

Stop Detect DMA Enable

Enables DMA end-of-packet processing on stop detection. Reading Target Receive Data (SRDR) when 
it is empty:

• Generates a DMA end-of-packet response.

• Returns 0000_40FFh.

• Writes 0 to MSR[SDF].

0b - Disable

1b - Enable

8

RSDE

Repeated Start DMA Enable

Enables DMA end-of-packet processing on repeated start. Reading Target Receive Data (SRDR) when it 
is empty:

• Generates a DMA end-of-packet response.

• Returns 0000_40FFh.

• Writes 0 to MSR[RDF].

0b - Disable

1b - Enable

7-3

—

Reserved

2

AVDE

Address Valid DMA Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

Enables address valid DMA request. The address valid DMA request is shared with the receive data 
DMA request. If both are enabled, write 1 to SCFGR1[RXCFG] to allow the DMA to read the address 
from Target Receive Data (SRDR).

0b - Disable

1b - Enable

1

RDDE

Receive Data DMA Enable

Enables receive data for DMA.

0b - Disable DMA request

1b - Enable DMA request

0

TDDE

Transmit Data DMA Enable

Enables transmit data for DMA.

0b - Disable

1b - Enable

27.7.1.23 Target Configuration 1 (SCFGR1)

Offset

Register Offset

SCFGR1 124h

Function

Configures various aspects of the target.

Only write to this register when the I2C target is disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0
ADDRCFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 HSME
N 

IGNAC
K 

RXCF
G 

TXCF
G 

SAEN GCEN 
0 0 ACKS

TALL 
TXDS
TALL 

RXST
ALL 

ADRS
TALL W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-24

—

Reserved

23-19

—

Reserved

18-16

ADDRCFG

Address Configuration

Configures the condition that causes an address to match.

000b - Address match 0 (7-bit)

001b - Address match 0 (10-bit)

010b - Address match 0 (7-bit) or address match 1 (7-bit)

011b - Address match 0 (10-bit) or address match 1 (10-bit)

100b - Address match 0 (7-bit) or address match 1 (10-bit)

101b - Address match 0 (10-bit) or address match 1 (7-bit)

110b - From address match 0 (7-bit) to address match 1 (7-bit)

111b - From address match 0 (10-bit) to address match 1 (10-bit)

15-14

—

Reserved

13

HSMEN

HS Mode Enable

Enables detection of the HS mode controller code of target address 0000_1XX, but does not cause 
an address match on this code. When this field is 1 and any HS mode controller code is detected, 
SCR[FILTEN] and SCFGR1[ACKSTALL] are ignored until the next Stop condition is detected.

0b - Disable

1b - Enable

12

IGNACK

Ignore NACK

Determines whether the target ends transfer when a NACK condition is detected. When this field is 1, 
the LPI2C target continues transfers after a NACK is detected. This field is required to be 1 in Ultra-Fast 
mode.

0b - End transfer on NACK

1b - Do not end transfer on NACK

11

RXCFG

Receive Data Configuration

Configures which data is returned and which flags are cleared when reading Target Receive Data (SRDR).

When this field is 0, reading SRDR returns received data and clears MSR[RDF].

Table continues on the next page...
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Table continued from the previous page...

Field Function

When this field is 1, reading SRDR:

• Returns the value of Target Address Status (SASR) and clears SSR[AVF] when SSR[AVF] is set.

• Returns received data and clears MSR[RDF] when SSR[AVF] is not set.

0b - Return received data, clear MSR[RDF]

1b - Return SASR and clear SSR[AVF] when SSR[AVF] is set, return received data and clear 
MSR[RDF] when SSR[AFV] is not set

10

TXCFG

Transmit Flag Configuration

Determines which conditions set MSR[TDF].

This field always becomes 1 before a NACK is detected at the end of a target-transmit transfer. This change 
can cause an extra word to be written to the transmit data FIFO.

When this field is 0, Target Transmit Data (STDR) is automatically emptied when a target-transmit transfer 
is detected. MSR[TDF] is set when a target-transmit transfer is detected, and MSR[TDF] is cleared at the 
end of the target-transmit transfer.

When this field is 1, MSR[TDF] is set when STDR is empty, and MSR[TDF] is cleared when STDR is full. This 
setting allows STDR to be filled before a target-transmit transfer is detected. However, it can cause STDR 
to be written before a NACK is detected on the last byte of a target-transmit transfer.

0b - MSR[TDF] is set only during a target-transmit transfer when STDR is empty

1b - MSR[TDF] is set whenever STDR is empty

9

SAEN

SMBus Alert Enable

Enables a match on an SMBus alert.

0b - Disable

1b - Enable

8

GCEN

General Call Enable

Enables a general call address.

0b - Disable

1b - Enable

7-5

—

Reserved

4

—

Reserved

3

ACKSTALL

ACK SCL Stall

Enables SCL clock stretching during target-transmit address bytes and target-receiver address and data 
bytes, so you can write to Target Transmit ACK (STAR) before the ACK or NACK is transmitted. Clock 
stretching occurs when transmitting the ninth bit, and is therefore not compatible with HS mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

If this field is 1:

• You do not need to write 1 to SCFGR1[RXSTALL] or SCFGR1[ADRSTALL].

• When there is an address match on the first byte of a 10-bit address, SSR[AVF] is set, allowing you 
to read the received address before writing to Target Transmit ACK (STAR).

0b - Disable

1b - Enable

2

TXDSTALL

Transmit Data SCL Stall

Enables SCL clock stretching when SSR[TDF] = 1 during a target-transmit transfer. Clock stretching 
occurs following the ninth bit, and is therefore compatible with HS mode.

0b - Disable

1b - Enable

1

RXSTALL

RX SCL Stall

Enables SCL clock stretching when SSR[RDF] = 1 during a target-receive transfer. Clock stretching 
occurs following the ninth bit, and is therefore compatible with HS mode.

0b - Disable

1b - Enable

0

ADRSTALL

Address SCL Stall

Enables SCL clock stretching when SSR[AVF] = 1. Clock stretching only occurs following the ninth bit, 
and is therefore compatible with HS mode.

0b - Disable

1b - Enable

27.7.1.24 Target Configuration 2 (SCFGR2)

Offset

Register Offset

SCFGR2 128h

Function

Configures data valid delay, clock hold time, and glitch filters for SDA and SCL.

Write to this register only when the I2C target is disabled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FILTSDA 

0
FILTSCL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DATAVD 

0
CLKHOLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

FILTSDA

Glitch Filter SDA

Configures the I2C target digital glitch filters for SDA input.

Writing 0 to this field disables the glitch filter.

Glitches equal to or less than the number of cycles defined by this field are filtered out and ignored.

The latency through the glitch filter is equal to the number of cycles defined by this field  + 3. The latency 
must be configured to be less than the minimum SCL low or high period.

MCFGR1[PRESCALE] does not affect the glitch filter cycle count, and the glitch filter cycle count is disabled 
in HS mode.

23-20

—

Reserved

19-16

FILTSCL

Glitch Filter SCL

Configures the I2C target digital glitch filters for SCL input.

Writing 0 to this field disables the glitch filter.

Glitches equal to or less than the number of cycles defined by this field are filtered out and ignored.

The latency through the glitch filter is equal to the number of cycles defined by this field  + 3. The latency 
must be configured to be less than the minimum SCL low or high period.

MCFGR1[PRESCALE] does not affect the glitch filter cycle count, and the glitch filter cycle count is disabled 
in HS mode.

15-14

—

Reserved

13-8 Data Valid Delay

Table continues on the next page...
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Table continued from the previous page...

Field Function

DATAVD Configures the SDA data valid delay time for the I2C target, which is equal to 
FILTSCL + DATAVD + 3 cycles.

The data valid delay must be configured to be less than the minimum SCL low period.

MCFGR1[PRESCALE] does not affect the I2C target data valid delay time, and the I2C target data valid 
delay time is disabled in HS mode.

7-4

—

Reserved

3-0

CLKHOLD

Clock Hold Time

Configures the minimum clock hold time for the I2C target, when clock stretching is enabled.

The minimum hold time is equal to the number of cycles defined by this field + 3.

MCFGR1[PRESCALE] does not affect the I2C target clock hold time, and the I2C target clock hold time is 
disabled in HS mode.

27.7.1.25 Target Address Match (SAMR)

Offset

Register Offset

SAMR 140h

Function

Contains address values for received target match comparison.

Write to this register only when the I2C target is disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
ADDR1 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ADDR0 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-17

ADDR1

Address 1 value

Contains the value of address 1, which is compared to the received address to detect the target address.

In 10-bit mode, the first address byte is compared to {11110, ADDR1[26:25]} and the second address byte 
is compared to ADDR1[24:17].

In 7-bit mode, the address is compared to ADDR1[23:17].

16-11

—

Reserved

10-1

ADDR0

Address 0 Value

Contains the value of address 0, which is compared to the received address to detect the target address.

In 10-bit mode, the first address byte is compared to {11110, ADDR0[10:9]} and the second address byte 
is compared to ADDR0[8:1].

In 7-bit mode, the address is compared to ADDR0[7:1].

0

—

Reserved

27.7.1.26 Target Address Status (SASR)

Offset

Register Offset

SASR 150h

Function
Contains the received address and its validity.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ANV 0 RADDR 

W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

ANV

Address Not Valid

Indicates whether SASR[RADDR] is valid.

0b - Valid

1b - Not valid

13-11

—

Reserved

10-0

RADDR

Received Address

Contains the received address. Updates whenever SSR[AM0F] or SSR[AM1F] is set. Reading Target 
Address Status (SASR) clears SSR[AM0F] and SSR[AM1F].

In 7-bit mode, the address byte is stored in RADDR[7:0].

In 10-bit mode, the first address byte is {11110, RADDR[10:9], RADDR[0]} and the second address byte is 
RADDR[8:1]. The Read-or-Write bit is therefore always stored in RADDR[0].

When SCFGR1[ACKSTALL] = 1, if the first address byte matches in 10-bit mode, the first address byte is 
stored in RADDR[7:0] so you can read this field before writing the Transmit ACK. If the second address byte 
matches, this field is then updated with the full 10-bit address.

27.7.1.27 Target Transmit ACK (STAR)

Offset

Register Offset

STAR 154h
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Function

Configures choice of ACK or NACK on each received word.

You can write to this register only when SCFGR1[ACKSTALL] = 1.

SCFGR1[ACKSTALL] enables clock stretching during the ACK-or-NACK bit slot. During this time, you can write to this register.

The logic ensures that the clock stretching continues for at least one bus clock cycle after this register is updated.

This clock stretching time can be extended via SCFGR2[CLKHOLD].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TXNA
CK W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

TXNACK

Transmit NACK

Selects whether transmit ACK (logic 0) or NACK (logic 1) is returned on the bus by the I2C target after 
receiving each word.

• When SCFGR1[ACKSTALL] = 1, a transmit NACK signal must be written once for each matching 
address byte and each received word. SCFGR1[ACKSTALL] must be 1, because that setting stalls 
the data transfer until software reads the received word (and determines whether to respond with an 
ACK or NACK).

• To configure the default (ACK or NACK), you can write to this field when LPI2C target is disabled or 
idle.

0b - Transmit ACK

1b - Transmit NACK

27.7.1.28 Target Transmit Data (STDR)

Offset

Register Offset

STDR 160h
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Function

Contains the I2C target data to transmit.

Clock stretching (enabled or disabled) affects when the transmit data is transferred. SCFGR1[TXDSTALL] enables clock 
stretching during the first data bit of a target-transmit transfer.

If clock stretching is enabled (SCFGR1[TXDSTALL] = 1), the transmit data transfer is stalled until this register is updated. Clock 
stretching is extended by at least 1 bus clock cycle after this register is updated. Clock stretching can be delayed further by 
using SCFGR2[CLKHOLD].

If clock stretching is disabled (SCFGR1[TXDSTALL] = 0), the transmit data must be written before the start of the target-transmit 
transfer, otherwise SSR[FEF] is set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W 0 DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

DATA

Transmit Data

Contains the I2C target data to transmit. Writing data to this register stores I2C target transmit data in 
this register.

27.7.1.29 Target Receive Data (SRDR)

Offset

Register Offset

SRDR 170h

Function
Contains status of target receive data transfer.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SOF 
RXEM
PTY 

0 RADDR DATA 

W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

SOF

Start of Frame

Indicates whether this data word is the first data word since a (repeated) Start or Stop condition.

0b - Not first

1b - First

14

RXEMPTY

Receive Empty

Indicates whether this register is empty.

0b - Not empty

1b - Empty

13-11

—

Reserved

10-8

RADDR

Received Address

Contains the address received by the IC2 target. When both SCFGR1[RXCFG] and SSR[AVF] are 1, bits 
[10:8] of SASR[RADDR] are returned. Otherwise, this field returns zero.

7-0

DATA

Received Data

Contains the data received by the I2C target. When both SCFGR1[RXCFG] and SSR[AVF] are 1, bits [7:0] 
of SASR[RADDR] are returned.
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Chapter 28
Low-Power Serial Peripheral Interface (LPSPI)
28.1 Chip-specific LPSPI information
Table 157. Reference links to related information

Topic Related module Reference

Full description LPSPI LPSPI

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

28.1.1 Module instances
This device has 6 instances of the LPSPI module: LPSPI0-LPSPI5.

• LPSPI0-3(2 in RTD and 2 in DSPD): 4TX/RX FIFO, 4 Chip Selects

• LPSPI4-5(APD): 16TX/RX FIFO, 4 Chip Selects

28.1.2 Power mode mapping
The power modes mentioned in the block guide may be different than actual power modes implemented by the chip. For mapping 
of chip and module power modes, see Table 48 and Table 52.

28.2 Overview
LPSPI provides an efficient interface to a SPI bus, either as a master or slave. A SPI bus is a synchronous serial communication 
interface used in embedded systems. It is typically used to perform short distance communications between microcontrollers and 
peripheral devices, on printed circuit boards. Typical applications include interfacing to Secure Digital cards and LCD displays.
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28.2.1 Block diagram

Configuration
registers

Command/TX
FIFO

SCK and PCS[n:0]
are inputs in Slave mode,

and are outputs in Master mode

By default, SIN is input and SOUT is output,
but SIN/SOUT can be configured differently.

Either SIN or SOUT can be used for single wire.

Control
Iogic

Trigger

HREQ

Shift
register

LPSPI
External
SPI Interface

Internal chip
peripheral bus

RX
FIFO

SCK

SIN

SOUT

PCS[n:0]

Bus clock

Functional clock

External clock

Figure 175. Block diagram

28.2.2 Features
• Requires minimal CPU overhead, with FIFO register access supported by DMA transmit and receive requests.

• Continues operating in Sleep mode, if configured to do so and an appropriate clock is available

• 32-bit word size

• Configurable clock polarity and phase

• Master mode—supports 4 peripheral chip selects

• Slave mode

• 4-word transmit and command FIFO

• 4-word receive FIFO

• Flexible timing parameters in Master mode, including SCK frequency and duty cycle, and delays between PCS and 
SCK edges

• Continuous transfer option to keep PCS asserted across multiple frames

• Full-duplex transfers support 1-bit transmit and receive on each clock edge

• Half-duplex transfers support:

— 1-bit transmit or receive on each clock edge

— 2-bit transmit or receive on each clock edge

— 4-bit transmit or receive on each clock edge
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• Can use host request to control the start of a SPI bus transfer

• Receive data match logic supports discard of non-matching data and interrupt on data match

28.3 Memory map and registers
 

• Writing to a read-only register or reading a write-only register can cause bus errors.

• LPSPI does not check values programmed in registers for validity, so you must take care to write valid 
values only.

  NOTE  

28.3.1 LPSPI register descriptions
LPSPI provides an efficient interface to a SPI bus, either as a master or slave. A SPI bus is a synchronous serial communication 
interface used in embedded systems. It is typically used to perform short distance communications between microcontrollers and 
peripheral devices, on printed circuit boards. Typical applications include interfacing to Secure Digital cards and LCD displays.

28.3.1.1 LPSPI memory map

LPSPI0 base address: 2803_E000h

LPSPI1 base address: 2803_F000h

LPSPI2 base address: 2810_D000h

LPSPI3 base address: 2810_E000h

LPSPI4 base address: 293B_0000h

LPSPI5 base address: 293C_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0200_0004h

4h Parameter (PARAM) 32 R See section

10h Control (CR) 32 RW 0000_0000h

14h Status (SR) 32 RW 0000_0001h

18h Interrupt Enable (IER) 32 RW 0000_0000h

1Ch DMA Enable (DER) 32 RW 0000_0000h

20h Configuration 0 (CFGR0) 32 RW 0000_0000h

24h Configuration 1 (CFGR1) 32 RW 0000_0000h

30h Data Match 0 (DMR0) 32 RW 0000_0000h

34h Data Match 1 (DMR1) 32 RW 0000_0000h

40h Clock Configuration (CCR) 32 RW 0000_0000h

44h Clock Configuration 1 (CCR1) 32 RW 0000_0000h

58h FIFO Control (FCR) 32 RW 0000_0000h

5Ch FIFO Status (FSR) 32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

60h Transmit Command (TCR) 32 RW 0000_001Fh

64h Transmit Data (TDR) 32 W 0000_0000h

70h Receive Status (RSR) 32 R 0000_0002h

74h Receive Data (RDR) 32 R 0000_0000h

78h Receive Data Read Only (RDROR) 32 R 0000_0000h

3FCh Transmit Command Burst (TCBR) 32 W 0000_0000h

400h - 5FCh Transmit Data Burst (TDBR0 - TDBR127) 32 W 0000_0000h

600h - 7FCh Receive Data Burst (RDBR0 - RDBR127) 32 R 0000_0000h

28.3.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains version numbers for the module design and feature set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24 Major Version Number

Table continues on the next page...
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Table continued from the previous page...

Field Function

MAJOR Indicates the major version number for the module specification.

23-16

MINOR

Minor Version Number

Indicates the minor version number for the module specification.

15-0

FEATURE

Module Identification Number

Indicates the feature set number.

0000_0000_0000_0100b - Standard feature set supporting a 32-bit shift register.

All other values are reserved.

28.3.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains:

• Number of PCS pins

• Receive FIFO size

• Transmit FIFO size

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 PCSNUM 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXFIFO TXFIFO 

W

Reset See Register reset values.
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Register reset values

Register Reset value

PARAM LPSPI0–LPSPI3: 0004_0202h
LPSPI4,LPSPI5: 0004_0404h

Fields

Field Function

31-24

—

Reserved

23-16

PCSNUM

PCS Number

Indicates the number of PCS pins supported.

15-8

RXFIFO

Receive FIFO Size

Indicates the maximum number of words in the receive FIFO. The maximum number of words is 2RXFIFO.

7-0

TXFIFO

Transmit FIFO Size

Indicates the maximum number of words in the transmit FIFO. The maximum number of words is 
2TXFIFO.

28.3.1.4 Control (CR)

Offset

Register Offset

CR 10h

Function
Contains fields that control module operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 DBGE
N 

DOZE
N 

RST MEN 
W RRF RTF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-10

—

Reserved

9

RRF

Reset Receive FIFO

Deletes all entries in the receive FIFO. This field always reads 0.

0b - No effect

1b - Reset

8

RTF

Reset Transmit FIFO

Deletes all entries in the transmit FIFO. This field always reads 0.

0b - No effect

1b - Reset

7-4

—

Reserved

3

DBGEN

Debug Enable

Enables LPSPI in when the CPU is in Debug mode. When this field is 0, LPSPI is disabled when the CPU 
is halted; the PCS pin is deasserted after the transmit FIFO is empty regardless of the state of Transmit 
Command (TCR).

Update this field only when the LPSPI module is disabled (MEN = 0).

0b - Disable

1b - Enable

2

DOZEN

Doze Mode Enable

Enables LPSPI when the chip is in Doze mode.

Update this field only when the LPSPI module is disabled (MEN = 0).

0b - Enable

1b - Disable

1

RST

Software Reset

Resets all internal logic and registers, except Control (CR). The reset takes effect immediately and 
remains asserted until you write 0 to it. There is no minimum delay required before clearing the software 
reset by writing 0.

0b - Not reset

1b - Reset

0

MEN

Module Enable

After writing 0, MEN remains set until the LPSPI has completed the current transfer and is idle.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

28.3.1.5 Status (SR)

Offset

Register Offset

SR 14h

Function
Contains data flow status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 MBF 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DMF REF TEF TCF FCF WCF 0 RDF TDF 

W W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-25

—

Reserved

24

MBF

Module Busy Flag

In Master mode, indicates that there is data to transmit and LPSPI is able to transmit (for example, HREQ 
is asserted). It deasserts after the PCS pin deasserts and the LPSPI master has waited half the CCR[DBT] 
time with no new data to transmit.

Slave mode asserts this flag when LPSPI is enabled and PCS is asserted.

0b - LPSPI is idle

1b - LPSPI is busy

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-14

—

Reserved

13

DMF

Data Match Flag

Indicates that received data matches DMR0[MATCH0] and/or DMR1[MATCH1] (as configured by 
CFGR1[MATCFG]).

0b - No match

1b - Match

12

REF

Receive Error Flag

Indicates a receive FIFO overflow error. When this flag is set:

1. End the transfer.

2. Empty the Receive FIFO.

3. Clear this flag.

4. Restart the transfer from the beginning.

0b - No overflow

1b - Overflow

11

TEF

Transmit Error Flag

Indicates a Transmit FIFO underrun error. When this flag is set:

1. End the transfer.

2. Clear this flag.

3. Restart the transfer from the beginning.

0b - No underrun

1b - Underrun

10

TCF

Transfer Complete Flag

In Master mode, indicates that all transfers have completed and that LPSPI has returned to Idle state 
and the transmit FIFO is empty.

0b - Not complete

1b - Complete

9

FCF

Frame Complete Flag

Indicates that a frame transfer has completed, when the PCS deasserts.

0b - Not complete

1b - Complete

8 Word Complete Flag

Table continues on the next page...

NXP Semiconductors
Low-Power Serial Peripheral Interface (LPSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1357 / 5781



Table continued from the previous page...

Field Function

WCF Indicates that the last bit of a received word is sampled.

0b - Not complete

1b - Complete

7-2

—

Reserved

1

RDF

Receive Data Flag

Indicates that the number of words in the receive FIFO is greater than the value in FCR[RXWATER].

0b - Receive data not ready

1b - Receive data is ready

0

TDF

Transmit Data Flag

Indicates that the number of words in the transmit FIFO is equal to or less than the value in 
FCR[TXWATER].

0b - Transmit data not requested

1b - Transmit data is requested

28.3.1.6 Interrupt Enable (IER)

Offset

Register Offset

IER 18h

Function
Enables interrupts based on data flow and errors.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DMIE REIE TEIE TCIE FCIE WCIE 

0
RDIE TDIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-14

—

Reserved

13

DMIE

Data Match Interrupt Enable

0b - Disable

1b - Enable

12

REIE

Receive Error Interrupt Enable

0b - Disable

1b - Enable

11

TEIE

Transmit Error Interrupt Enable

0b - Disable

1b - Enable

10

TCIE

Transfer Complete Interrupt Enable

0b - Disable

1b - Enable

9

FCIE

Frame Complete Interrupt Enable

0b - Disable

1b - Enable

8

WCIE

Word Complete Interrupt Enable

0b - Disable

1b - Enable

7-2

—

Reserved

1

RDIE

Receive Data Interrupt Enable

0b - Disable

1b - Enable

0

TDIE

Transmit Data Interrupt Enable

0b - Disable

1b - Enable
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28.3.1.7 DMA Enable (DER)

Offset

Register Offset

DER 1Ch

Function
Enables DMA data flow.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FCDE 

0
RDDE TDDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

FCDE

Frame Complete DMA Enable

Enables DMA end-of-packet processing. After the last word of a frame is read from the receive data 
FIFO, reading the receive data FIFO returns an end-of-packet signal with the receive data forced to 
FFFF_FFFFh. This continues until the DMA minor loop completes, and then SR[FCF] deasserts if the 
receive FIFO is empty or if LPSPI is busy (SR[MBF] = 1).

0b - Disable

1b - Enable

8-2

—

Reserved

1

RDDE

Receive Data DMA Enable

0b - Disable

1b - Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

TDDE

Transmit Data DMA Enable

0b - Disable

1b - Enable

28.3.1.8 Configuration 0 (CFGR0)

Offset

Register Offset

CFGR0 20h

Function
Includes fields to configure LPSPI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RDMO 

CIRFIF
O 

0
HRDIR 

HRSE
L 

HRPO
L 

HREN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

RDMO

Receive Data Match Only

When enabled, all received data that does not cause the Data Match Flag (SR[DMF]) to assert is discarded.

• Write 1 to this field when LPSPI is idle and SR[DMF] = 0.

• After SR[DMF] = 1, this field is ignored.

• To ensure that no receive data is lost when disabling RDMO, write 0 to this field before 
clearing SR[DMF].

Table continues on the next page...
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Table continued from the previous page...

Field Function

See CFGR1[MATCFG] for the received data matching options. When disabled, all received data is stored 
in the receive FIFO.

0b - Disable

1b - Enable

8

CIRFIFO

Circular FIFO Enable

When enabled, the transmit FIFO read pointer is saved to a temporary register. The transmit FIFO is 
emptied as in normal operation, but when LPSPI is idle and the transmit FIFO is empty, the read pointer 
value is restored from the temporary register.

This restoring of the read pointer causes the contents of the transmit FIFO to be cycled through repeatedly.

 
The read pointer is restored for as long as this field is 1. Writing additional words to the FIFO 
when this field is 1 adds them to the end of the FIFO, up to the size of the transmit FIFO.

  NOTE  

0b - Disable

1b - Enable

7-4

—

Reserved

3

HRDIR

Host Request Direction

Specifies the direction of the HREQ pin. Only configure the HREQ pin as an output when LPSPI is in 
Slave mode. The HREQ pin direction must be an input for Master mode.

0b - Input

1b - Output

2

HRSEL

Host Request Select

Specifies the source of the host request input. When the host request function is enabled with the HREQ 
pin, the PCS[1] function is disabled.

0b - HREQ pin

1b - Input trigger

1

HRPOL

Host Request Polarity

Specifies the polarity of the HREQ pin or input trigger.

0b - Active high

1b - Active low

0

HREN

Host Request Enable

In Master mode, allows LPSPI to start a new SPI bus transfer only if the host request input is asserted. When 
LPSPI is busy, the host request input is ignored.

In Slave mode, causes the HREQ output pin to assert when data is available to be transmitted.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

28.3.1.9 Configuration 1 (CFGR1)

Offset

Register Offset

CFGR1 24h

Function
Includes fields to configure LPSPI. Write to this register only when LPSPI is disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 PCSC
FG 

OUTC
FG 

PINCFG 
0

MATCFG 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PCSPOL 

0 PARTI
AL 

NOST
ALL 

AUTO
PCS 

SAMP
LE 

MAST
ER W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

—

Reserved

27

PCSCFG

Peripheral Chip Select Configuration

Specifies the PCS pin configuration. When performing parallel transfers, this field must be configured to 
enable the desired transfer.

0b - PCS[3:2] are configured for chip select function

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - PCS[3:2] are configured for half-duplex 4-bit transfers (PCS[3:2] = DATA[3:2])

26

OUTCFG

Output Configuration

Specifies whether the output data is 3-stated between accesses (when PCS is deasserted). When 
performing half-duplex transfers, this field must be 1.

0b - Output data retains last value.

1b - Output data is 3-stated.

25-24

PINCFG

Pin Configuration

Specifies the pins used for input and output data during serial transfers. This field is ignored when 
performing parallel transfers.

00b - SIN is used for input data; SOUT is used for output data.

01b - SIN is used for both input and output data. Only half-duplex serial transfers are supported.

10b - SOUT is used for both input and output data. Only half-duplex serial transfers are 
supported.

11b - SOUT is used for input data; SIN is used for output data.

23-19

—

Reserved

18-16

MATCFG

Match Configuration

Specifies the condition that causes SR[DMF] to assert.

Condition Description

Match first data word with 
compare word

Match if first data word equals MATCH0 logically ORed with MATCH1

first_data_word == (MATCH0 || MATCH1)

Match any data word with 
compare word

Match if any data word equals MATCH0 logically ORed with MATCH1

any_data_word == (MATCH0 || MATCH1)

Sequential match, first 
data word

Match if first data word equals MATCH0, and second data word 
equals MATCH1

(first_data_word == MATCH0) && (second_data_word == MATCH1)

Sequential match, any 
data word

Match if any data word equals MATCH0, and the next data word 
equals MATCH1

(any_data_word == MATCH0) && (next_data_word == MATCH1)

Match first data word 
(masked) with compare 
word (masked)

Match if first data word logically ANDed with MATCH1 equals MATCH0 
logically ANDed with MATCH1
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Table continued from the previous page...

Field Function

Condition Description

(first_data_word && MATCH1) == (MATCH0 && MATCH1)

Match any data word 
(masked) with compare 
word (masked)

Match if any data word logically ANDed with MATCH1 equals MATCH0 
logically ANDed with MATCH1

(any_data_word && MATCH1) == (MATCH0 && MATCH1)

000b - Match is disabled

001b - Reserved

010b - Match first data word with compare word

011b - Match any data word with compare word

100b - Sequential match, first data word

101b - Sequential match, any data word

110b - Match first data word (masked) with compare word (masked)

111b - Match any data word (masked) with compare word (masked)

15-12

—

Reserved

11-8

PCSPOL

Peripheral Chip Select Polarity

Specifies the polarity of each PCS pin. Bit n in this field (the least-significant bit is bit 0) corresponds 
to PCS[n].

For each PCSPOL bit:

0b – PCS[n] pin is active low

1b – PCS[n] pin is active high

 
The entire PCSPOL field is not fully supported in every LPSPI module instance. See the 
LPSPI chip-specific information.

  NOTE  

7-5

—

Reserved

4

PARTIAL

Partial Enable

Specifies whether LPSPI, when in Slave mode, stores a partial received word in the receive FIFO, or 
discards it, when PCS deasserts. See Partial received word.

0b - Discard

1b - Store

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

NOSTALL

No Stall

Disables a normal operating feature that causes LPSPI, when in Master mode, to stall transfers when the 
transmit FIFO is empty or when the receive FIFO is full. This feature prevents transmit FIFO underruns 
and receive FIFO overruns. Writing 1 to this field disables this functionality.

0b - Disable

1b - Enable

2

AUTOPCS

Automatic PCS

Enables automatic PCS generation. For correct operation in Slave mode, LPSPI requires the PCS signal to 
deassert between frames. Writing 1 to this field generates an internal PCS signal at the end of each transfer 
word when TCR[CPHA] = 1.

When this field is 1, SCK must remain idle for at least 4 LPSPI functional clock cycles, divided by the 
prescaler selected (see TCR[PRESCALE]) between each word, to ensure correct operation.

This field is ignored in Master mode.

0b - Disable

1b - Enable

1

SAMPLE

Sample Point

Specifies the SCK clock edge on which LPSPI, when in Master mode, samples input data. Writing 1 to this 
field causes LPSPI to sample input data on a delayed loopback SCK clock edge, which improves the setup 
time when sampling data (see Clock loopback). In this configuration. The input data setup time in Master 
mode is equal to the input data setup time in Slave mode.

In Slave mode, this field is ignored.

 
When SAMPLE = 1 both the input buffer and output buffer must be enabled for the SCK pin.

  NOTE  

0b - SCK edge

1b - Delayed SCK edge

0

MASTER

Master Mode

Specifies the LPSPI operating mode—either Master or Slave. This field directly controls the direction of 
the SCK and PCS pins.

0b - Slave mode

1b - Master mode

28.3.1.10 Data Match 0 (DMR0)

Offset

Register Offset

DMR0 30h

NXP Semiconductors
Low-Power Serial Peripheral Interface (LPSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1366 / 5781



Function
Specifies match data to be used when data matching is enabled. See CFGR1[MATCFG] for the received data matching 
options.

 
Do not change the value in this register while CFGR0[RDMO] = 1.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MATCH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MATCH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

MATCH0

Match 0 Value

MATCH0 value to be compared against received data.

28.3.1.11 Data Match 1 (DMR1)

Offset

Register Offset

DMR1 34h

Function
Specifies match data to be used when data matching is enabled. See CFGR1[MATCFG] for the received data matching 
options.

 
Do not change the value in this register while CFGR0[RDMO] = 1.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MATCH1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MATCH1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

MATCH1

Match 1 Value

MATCH1 value to be compared against received data.

28.3.1.12 Clock Configuration (CCR)

Offset

Register Offset

CCR 40h

Function

Contains clock configuration fields. These fields are only used in Master mode and you can only change them when LPSPI is 
disabled (CR[MEN] = 0).

 
Writing a 32-bit value to this register overwrites Clock Configuration 1 (CCR1); DBT and SCKDIV always read 0.

To avoid overwriting CCR1:

• Either write all 4 CCR register fields simultaneously and only once in a 32-bit data.

• Or to modify SCKPCS and/or PCSSCK values, write only these 2 upper bytes in a 16-bit data or one of them 
in an 8-bit data.

• Or to modify CCR1[PCSPCS] and CCR1[SCKSCK] fields only or CCR1[SCKSET] and CCR1[SCKHLD] fields 
only, write respectively CCR[DBT] or CCR[SCKDIV] in 8-bit data

  Warning  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SCKPCS PCSSCK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0

W DBT SCKDIV 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

SCKPCS

SCK-to-PCS Delay

In Master mode: configures the delay from the last SCK edge to the PCS negation.

• The delay is equal to (SCKPCS + 1) cycles of the LPSPI functional clock divided by the prescaler 
selected (see TCR[PRESCALE]).

• The minimum delay is 1 cycle.

See Figure 176.

23-16

PCSSCK

PCS-to-SCK Delay

In Master mode: configures the delay from the PCS assertion to the first SCK edge.

• The delay is equal to (PCSSCK + 1) cycles of the LPSPI functional clock divided by the prescaler 
selected (see TCR[PRESCALE]).

• The minimum delay is 1 cycle.

See Figure 176.

15-8

DBT

Delay Between Transfers

Writing this field updates the contents of CCR1[PCSPCS] and CCR1[SCKSCK].

7-0

SCKDIV

SCK Divider

Writing this field updates the contents of CCR1[SCKSET] and CCR1[SCKHLD].

Baud rate = Function clock / (2^PRESCALE * (SCKSET+SCKHLD+2))

28.3.1.13 Clock Configuration 1 (CCR1)

Offset

Register Offset

CCR1 44h
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Function

Contains clock configuration fields. These fields are only used in Master mode and you can only change them when LPSPI is 
disabled (CR[MEN] = 0).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SCKSCK PCSPCS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SCKHLD SCKSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

SCKSCK

SCK Inter-Frame Delay

In Master mode:

• Configures the delay from the last SCK pulse of a frame and the first SCK pulse of the following 
frame, in a continuous transfer.

• The delay is equal to (SCKSCK + 1) cycles of the LPSPI functional clock divided by the prescaler 
selected (see TCR[PRESCALE]).

• The minimum delay is 1 cycle.

 
For backward compatibility, writing CCR[DBT] updates CCR1[SCKSCK] with the 
value written.

  NOTE  

23-16

PCSPCS

PCS to PCS delay

In Master mode:

• Configures the delay from the PCS negation to the next PCS assertion.

• The delay is equal to (PCSPCS + PCSPCS + 2) cycles of the LPSPI functional clock divided by the 
prescaler selected (see TCR[PRESCALE]).

• The minimum delay is 2 cycles.

• Half of the delay (PCSPCS + 1) occurs before PCS assertion and the other half of the delay 
(PCSPCS + 1) occurs after PCS negation. If the command word is updated between 2 transfers, 
then the command word is updated halfway between the PCS negation of the last transfer and PCS 
assertion of the next transfer.

• The command word specifies which PCS signal is used, the polarity and phase of the SCK signal, 
and the prescaler selected.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
For backward compatibility, writing CCR[DBT] updates this field with (DBT÷2) rounded up.

  NOTE  

15-8

SCKHLD

SCK Hold

In Master mode, this field configures the hold phase of the SCK pin.

• The hold phase is the delay between the SCK edge that samples the receive data and the SCK 
edge that drives the transmit data.

• This is the SCK low period when CPHA = 0 and CPOL = 1, or CPHA = 1 and CPOL = 0. This is the 
SCK high period when CPHA = 0, CPOL = 0 and CPHA = 1, CPOL = 1.

• The SCK hold phase delay is equal to (SCKHLD + 1) cycles of the LPSPI functional clock divided by 
the prescaler selected (see TCR[PRESCALE]).

• The minimum delay is 1 cycle.

• The SCK period is equal to (SCKSET + SCKHLD + 2) cycles of the LPSPI functional clock divided 
by the prescaler selected (see TCR[PRESCALE]).

• The SCK duty cycle is based on the difference between SCKSET and SCKHLD. Configure both 
fields to the same value for 50/50 duty cycle.

See Figure 176.

 
For backward compatibility, writing CCR[SCKDIV] updates this field with (SCKDIV ÷ 2) 
rounded down.

  NOTE  

7-0

SCKSET

SCK Setup

In Master mode, the SCK Setup configures the setup phase of the SCK pin.

• The setup phase is the delay between the SCK edge that drives the transmit data and the SCK edge 
that samples the receive data.

• This is the SCK high period when CPHA = 0 and CPOL = 1, or CPHA = 1 and CPOL = 0. This is the 
SCK low period when CPHA = 0 and CPOL = 0, or CPHA = 1 and CPOL = 1.

• The SCK setup phase delay is equal to (SCKSET + 1) cycles of the LPSPI functional clock divided 
by the prescaler selected (see TCR[PRESCALE]).

• The minimum delay is 1 cycle.

• The SCK period is equal to (SCKSET + SCKHLD + 2) cycles of the LPSPI functional clock divided 
by the prescaler selected (see TCR[PRESCALE]).

• The SCK duty cycle is based on the difference between SCKSET and SCKHLD, configure both 
fields to the same value for 50/50 duty cycle.

See Figure 176.

 
For backward compatibility, writing CCR[SCKDIV] updates this field with (SCKDIV ÷ 2) 
rounded up.

  NOTE  
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28.3.1.14 FIFO Control (FCR)

Offset

Register Offset

FCR 58h

Function
Contains the receive FIFO and transmit FIFO watermark values.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0
RXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
TXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-20

—

Reserved

19-16

RXWATER

Receive FIFO Watermark

Causes LPSPI to set the Receive Data Flag (SR[RDF]) when the number of words in the receive FIFO is 
greater than RXWATER. Writing a value equal or greater than the FIFO size truncates the written value.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

LPSPI0 FCR[17–16] FCR[19–18]

LPSPI1 FCR[17–16] FCR[19–18]
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Field Function

Instance Field supported in Field not supported in

LPSPI2 FCR[17–16] FCR[19–18]

LPSPI3 FCR[17–16] FCR[19–18]

LPSPI4 FCR —

LPSPI5 FCR —

15-8

—

Reserved

7-4

—

Reserved

3-0

TXWATER

Transmit FIFO Watermark

Causes LPSPI to set the Transmit Data Flag (SR[TDF]) when the number of words in the transmit FIFO 
is equal or less than TXWATER. Writing a value equal or greater than the FIFO size truncates the written 
value.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

LPSPI0 FCR[1–0] FCR[3–2]

LPSPI1 FCR[1–0] FCR[3–2]

LPSPI2 FCR[1–0] FCR[3–2]

LPSPI3 FCR[1–0] FCR[3–2]

LPSPI4 FCR —

LPSPI5 FCR —
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28.3.1.15 FIFO Status (FSR)

Offset

Register Offset

FSR 5Ch

Function
Contains fields that indicate the number of words currently stored in the receive FIFO and transmit FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 RXCOUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 TXCOUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-21

—

Reserved

20-16

RXCOUNT

Receive FIFO Count

Indicates the number of words currently stored in the receive FIFO.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

LPSPI0 FSR[18–16] FSR[20–19]

LPSPI1 FSR[18–16] FSR[20–19]

LPSPI2 FSR[18–16] FSR[20–19]
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Field Function

Instance Field supported in Field not supported in

LPSPI3 FSR[18–16] FSR[20–19]

LPSPI4 FSR —

LPSPI5 FSR —

15-8

—

Reserved

7-5

—

Reserved

4-0

TXCOUNT

Transmit FIFO Count

Indicates the number of words currently stored in the transmit FIFO.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

LPSPI0 FSR[2–0] FSR[4–3]

LPSPI1 FSR[2–0] FSR[4–3]

LPSPI2 FSR[2–0] FSR[4–3]

LPSPI3 FSR[2–0] FSR[4–3]

LPSPI4 FSR —

LPSPI5 FSR —

28.3.1.16 Transmit Command (TCR)

Offset

Register Offset

TCR 60h
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Function

Writes to either this register or Transmit Data (TDR) push the data into the transmit FIFO, in the order written. Only write to this 
register using 32-bit writes. Writes are tagged and cause the command register to update, after that entry reaches the top of the 
FIFO and the LPSPI is enabled. This allows changes to the command word and the transmit data itself to be interleaved. That 
is, the writes to the two registers can be interleaved (write command word, then data word, then command word, and so on). 
Changing the command word causes all subsequent SPI bus transfers to be performed using the new command word.

• In Master mode, writing a new command word does not initiate a new transfer, unless TXMSK is 1. Transfers are initiated by 
transmit data in the transmit FIFO, or by a new command word (with TXMSK = 1). Hardware writes 0 to TXMSK when the 
PCS deasserts.

• In Master mode, if the command word is changed before an existing frame has completed, then the existing frame terminates 
and the command word then updates. The command word can be changed during a continuous transfer, if CONTC of the new 
command word is 1 and the command word is written on a frame size boundary.

• In Slave mode, the command word should be changed only when LPSPI is idle and there is no SPI bus transfer.

Avoid resetting the Transmit FIFO after writing to the Transmit Command Register, wait for the command register to update from 
the FIFO first.

Avoid register reading problems: Reading the Transmit Command Register returns the current state of the command register. 
Reading the Transmit Command Register at the same time that the Transmit Command Register is loaded from the transmit FIFO, 
can return an incorrect Transmit Command Register value. It is recommended to:

• Read the Transmit Command Register when the transmit FIFO is empty,

• Read the Transmit Command Register more than once and then compare the returned values.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CPOL CPHA PRESCALE 

Reserv
ed 

PCS LSBF BYSW CONT 
CONT

C 
RXMS

K 
TXMS

K 
WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
FRAMESZ 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

Fields

Field Function

31

CPOL

Clock Polarity

Specifies the value of SCK when it is idle. This field can only be updated when PCS deasserted.

See Figure 176.

0b - Inactive low

1b - Inactive high

30 Clock Phase

Table continues on the next page...
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Table continued from the previous page...

Field Function

CPHA This field can only be updated when PCS deasserted.

See Figure 176.

0b - Captured. Data is captured on the leading edge of SCK and changed on the following edge 
of SCK

1b - Changed. Data is changed on the leading edge of SCK and captured on the following edge 
of SCK

29-27

PRESCALE

Prescaler Value

For all SPI bus transfers, this value is applied to Clock Configuration (CCR) clock. This field can only be 
updated when PCS deasserted.

000b - Divide by 1

001b - Divide by 2

010b - Divide by 4

011b - Divide by 8

100b - Divide by 16

101b - Divide by 32

110b - Divide by 64

111b - Divide by 128

26

—

Reserved

25-24

PCS

Peripheral Chip Select

Configures the peripheral chip select used for the transfer. The Peripheral Chip Select field is only 
updated when PCS deasserted.

 
The entire PCS field is not fully supported in every LPSPI module instance. See the 
chip-specific LPSPI information.

  NOTE  

00b - Transfer using PCS[0]

01b - Transfer using PCS[1]

10b - Transfer using PCS[2]

11b - Transfer using PCS[3]

23

LSBF

LSB First

0b - Data is transferred MSB first

1b - Data is transferred LSB first

22 Byte Swap

Table continues on the next page...
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Table continued from the previous page...

Field Function

BYSW Swaps the contents of [31:24] with [7:0] and [23:16] with [15:8] for each transmit data word read from the 
FIFO and for each received data word stored to the FIFO (or compared with match registers).

0b - Disabled

1b - Enabled

21

CONT

Continuous Transfer

• In Master mode, CONT keeps the PCS asserted at the end of the frame size, until a command word 
is received that starts a new frame.

• In Slave mode, when CONT is enabled, LPSPI only transmits the first FRAMESZ bits; after which 
LPSPI transmits received data (assuming a 32-bit shift register) until the next PCS negation.

0b - Continuous transfer is disabled

1b - Continuous transfer is enabled

20

CONTC

Continuing Command

In Master mode, this field enables the command word to be changed within a continuous transfer.

• The initial command word must enable continuous transfer (CONT = 1).

• The continuing command must have CONTC = 1.

• The continuing command word must be loaded on a frame size boundary.

For example, if the continuous transfer has a frame size of 64-bits, then a continuing command word must 
be loaded on a 64-bit boundary.

In Slave mode, the Continuing Command bit modifies the internal RXMSK/TXMSK configuration after the 
first FRAMESZ bits and until the PCS negation.

• Receive data is discarded after the first FRAMESZ bits. If CONT is also 1 this does not block the 
transmission of received data.

• Transmit data is not masked after the first FRAMESZ bits, this allows the first FRAMESZ bits to be 
received and a response transmitted.

0b - Command word for start of new transfer

1b - Command word for continuing transfer

19

RXMSK

Receive Data Mask

Masks receive data (receive data is not stored in receive FIFO).

0b - Normal transfer

1b - Receive data is masked

18

TXMSK

Transmit Data Mask

Masks transmit data (no data is loaded from transmit FIFO and the output pin is 3-stated). In Master 
mode, TXMSK initiates a new transfer which cannot be aborted by another command word. TXMSK 
automatically transitions to 0 at the end of the transfer.

0b - Normal transfer

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Mask transmit data

17-16

WIDTH

Transfer Width

Configures serial (1-bit) or parallel transfers. For half-duplex parallel transfers, either Receive Data Mask 
(RXMSK) or Transmit Data Mask (TXMSK) must be 1.

00b - 1-bit transfer

01b - 2-bit transfer

10b - 4-bit transfer

11b - Reserved

15-12

—

Reserved

11-0

FRAMESZ

Frame Size

Configures the frame size in number of bits equal to (FRAMESZ + 1).

• The minimum frame size is 8 bits

• If the frame size is larger than 32 bits, then the frame is divided into multiple words of 32 bits; each 
word is loaded from the transmit FIFO and stored in the receive FIFO separately.

• If the size of the frame is not divisible by 32, then the last load of the transmit FIFO and store of the 
receive FIFO contains the remainder bits. For example, a 72-bit transfer consists of 3 words: the first 
and second words are 32 bits, and the third word is 8 bits.

28.3.1.17 Transmit Data (TDR)

Offset

Register Offset

TDR 64h

Function

Writes to either Transmit Command (TCR) or this register push the data into the transmit FIFO, in the order that the data is written. 
You can write to TDR using 32-, 16-, or 8-bit writes, but each write pushes data into the FIFO with zero pushed in unwritten bytes.

NXP Semiconductors
Low-Power Serial Peripheral Interface (LPSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1379 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

Transmit Data

Both 8- and 16-bit writes of transmit data zero-extend the data written and push the data into the transmit 
FIFO. To zero-extend 8- and 16-bit writes (to 32 bits), means that the higher order (most significant) 
empty parts of the 8-bit and 16-bit writes are filled with zeroes.

28.3.1.18 Receive Status (RSR)

Offset

Register Offset

RSR 70h

Function
Contains data flow status fields for receive FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RXEM
PTY 

SOF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-2

—

Reserved

1

RXEMPTY

RX FIFO Empty

0b - Not empty

1b - Empty

0

SOF

Start Of Frame

Indicates that this is the first data word received after PCS assertion.

0b - Subsequent data word

1b - First data word

28.3.1.19 Receive Data (RDR)

Offset

Register Offset

RDR 74h

Function
Reading this register pulls the first entry from the receive FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

Receive Data
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28.3.1.20 Receive Data Read Only (RDROR)

Offset

Register Offset

RDROR 78h

Function
Returns the first entry in the receive FIFO, but does not remove the data from the FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

Receive Data

28.3.1.21 Transmit Command Burst (TCBR)

Offset

Register Offset

TCBR 3FCh

Function
Supports burst transfers of command data to the transmit FIFO for use with the DMA controller.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

Command Data

Data is written to the Transmit Command Register.

28.3.1.22 Transmit Data Burst (TDBR0 - TDBR127)

Offset

For n = 0 to 127:

Register Offset

TDBRn 400h + (n × 4h)

Function
Supports burst transfers of data to the transmit FIFO for use with the DMA controller. The size of this register is 512 bytes.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

DATA

Data

Data is written to Transmit Data (TDR).

28.3.1.23 Receive Data Burst (RDBR0 - RDBR127)

Offset

For n = 0 to 127:

Register Offset

RDBRn 600h + (n × 4h)

Function
Supports burst transfers of data from the receive FIFO. The size of this register is 512 bytes.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

Data

Data is read from the Receive Data Register.

28.4 Functional description

28.4.1 Master mode

28.4.1.1 Transmit and command FIFO commands

The transmit and command FIFO is a combined FIFO that includes both transmit data words and command words.

• You store transmit data words to the transmit and command FIFO, by writing to Transmit Data (TDR).
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• You store command words to the transmit and command FIFO, by writing to Transmit Command (TCR).

When a command word is at the top of the transmit and command FIFO, the actions that can occur depend upon whether the 
LPSPI module is busy or between frames. See TCR[CONT] and TCR[CONTC].

Table 158. Possible actions when a command word is at the top of the transmit and command FIFO

Condition Action

LPSPI is enabled and idle The command word is pulled from the FIFO, and that command word controls all 
subsequent transfers.

LPSPI is busy and the Continuing 
Command field (TCR[CONTC]) is 0

The SPI frame completes at the end of the existing word, ignoring 
TCR[FRAMESZ]. The command word is then pulled from the FIFO and that 
command word controls all subsequent transfers (or until the next update to 
the command word). Note that a command word with TCR[CONTC] = 0 always 
terminates the existing transfer regardless of the previous TCR[CONT] value.

LPSPI is busy, the existing TCR[CONT] 
value is 1 and the new TCR[CONTC] 
value is 1

The command word must be updated at the frame boundary. The command word 
is pulled from the FIFO during the last SCK pulse of the existing frame (based 
on the FRAMESZ value), and the frame continues using the new command value 
for the rest of the frame (or until the next update to the command word). When 
TCR[CONTC] = 1, only the lower 24-bits of the command word are updated. If the 
command word is updated at a word boundary, then the transfer halts (stops) after 
that word. TCR[CONTC] is ignored when not at a frame boundary, so the frame 
ends prematurely.

About TCR[CONT] and TCR[CONTC]:

• TCR[CONT] = 1 keeps PCS asserted at end of frame, allowing the transfer to continue.

• TCR[CONTC] = 1 specifies that this command word should not terminate the existing frame, and the transfer can continue 
using the new command word.

TCR[CONTC] = 1 is restricted in the sense that the new command must load on a frame boundary, and the only way for a transfer 
to continue from a frame boundary is when the previous command has TCR[CONT] = 1.

You can read the current state of the existing command word from Transmit Command (TCR). It requires at least 3 LPSPI 
functional clock cycles for TCR to update after TCR is written (assuming an empty FIFO), and LPSPI must be enabled 
(CR[MEN] = 1).

Writing the TCR does not initiate a SPI bus transfer, unless the TCR[TXMSK] = 1. When the TCR[TXMSK] = 1, a new command 
word is not loaded until the end of the existing frame (based on the TCR[FRAMESZ] value); at the end of the transfer, 
TCR[TXMSK] transitions to 0.

In Master mode, the LPSPI command word in TCR controls SPI attributes based on selections in register fields.

Table 159. Command word in Master mode

Transmit Command (TCR) Description Can this field 
be modified 

during a data 
transfer?

Field Name

CPOL Clock polarity Specifies the polarity of the SCK pin. Any change of CPOL value causes 
a transition on the SCK pin.

N

CPHA Clock phase Specifies the clock phase of the transfer. N

PRESCALE Prescaler value Specifies a prescaler used to divide the LPSPI functional clock, to 
generate the timing parameters of the SPI bus transfer. Changing 

N

Table continues on the next page...
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Table 159. Command word in Master mode (continued)

Transmit Command (TCR) Description Can this field 
be modified 

during a data 
transfer?

Field Name

PRESCALE in conjunction with PCS enables the LPSPI module to 
connect to different slave devices at different frequencies.

PCS Peripheral chip 
select

Specifies which PCS pin asserts for the transfer; the polarity of PCS is 
static and specified by CFGR1[PCSPOL].

If CFGR1[PCSCFG] = 1, do not select PCS[3:2].

N

LSBF LSB first Specifies whether LSB (bit 0) or MSB (bit 31 for a 32-bit word) is 
transmitted or received first.

Y

BYSW Byte swap Enables byte swap on each 32-bit word when transmitting and receiving 
data. Byte swapping can be useful when interfacing to devices that 
organize data as big-endian.

Y

CONT Continuous transfer Configures LPSPI for a continuous transfer that keeps PCS asserted 
between frames (as specified by FRAMESZ). You must write a new 
command word to cause PCS to negate. Also supports changing the 
command word at the frame size boundaries.

Y

CONTC Continuing 
command

Indicates that this is a new command word for the existing continuous 
transfer. When CONTC = 1, the command word must only be written to 
the transmit and command FIFO on a frame boundary.

Y

RXMSK Receive data mask Masks the receive data and does not store the masked receive data to 
the receive FIFO or perform receive data matching. This option is useful 
for half-duplex transfers or to specify which fields are compared during 
receive data matching.

Y

TXMSK Transmit data mask Masks the transmit data; masked transmit data is not pulled from the 
transmit FIFO, and the output data pin is 3-stated (unless otherwise 
configured by CFGR1[OUTCFG]). This option is useful for half-duplex 
transfers.

Y

WIDTH Transfer width Specifies the number of bits shifted on each SCK pulse.

• 1-bit transfers support traditional SPI bus transfers in either half-
duplex or full-duplex data formats.

• 2-bit and 4-bit half-duplex transfers are useful for interfacing to 
QuadSPI memory devices, and either TXMSK or RXMSK must also 
be 1.

Y

FRAMESZ Frame size Configures the frame size in number of bits equal to (FRAMESZ + 1).

• The minimum frame size is 8 bits.

• If the frame size is larger than 32 bits, then the frame is divided 
into multiple words of 32 bits; each word is loaded from the transmit 
FIFO and stored in the receive FIFO separately.

• If the size of the frame is not divisible by 32, then the last load of the 
transmit FIFO and store of the receive FIFO contains the remaining 

Y

Table continues on the next page...
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Table 159. Command word in Master mode (continued)

Transmit Command (TCR) Description Can this field 
be modified 

during a data 
transfer?

Field Name

bits. For example, a 72-bit transfer consists of 3 words: the first and 
second words are 32 bits, and the third word is 8 bits.

28.4.1.1.1 SPI bus transfers

LPSPI initiates a SPI bus transfer when all of the following conditions are true:

• Data is written to the transmit FIFO.

• The HREQ pin is asserted (or the HREQ function is disabled).

• LPSPI is enabled.

To perform the SPI bus transfer, LPSPI uses the attributes configured in Transmit Command (TCR) and uses the timing 
parameters in Clock Configuration (CCR).

The SPI bus transfer ends after the number of bits indicated by the FRAMESZ value have been transferred (provided CONT = 0), 
or at the end of a word when a new transmit command word is at the top of the transmit and command FIFO. When LPSPI is 
disabled, the SPI bus transfers end after the transmit FIFO is empty and LPSPI is idle.

The HREQ input is only checked when PCS is negated.

28.4.1.1.2 Circular FIFO

The transmit and command FIFO supports a circular FIFO feature. This feature enables the LPSPI master to (periodically) repeat 
a short data transfer that fits within the transmit and command FIFO, without requiring additional FIFO accesses. When the circular 
FIFO is enabled (CFGR0[CIRFIFO] = 1), the current state of the FIFO read pointer is saved and the status flags do not update. 
After the FIFO is empty and LPSPI is idle, the FIFO read pointer is restored with the saved version, so the contents of the transmit 
and command FIFO are not permanently pulled from the FIFO while Circular FIFO mode is enabled.

28.4.1.2 Receive FIFO and data match

The receive FIFO stores received data during SPI bus transfers. When TCR[RXMSK] = 1, the received data is discarded instead 
of being stored in the receive FIFO.

• Received data is written to the receive FIFO when the last bit of the word is sampled.

• If the transmit FIFO is empty during a multiple-word or continuous transfer, then the receive data is written to the receive FIFO 
before the transfer stalls (assuming CFGR1[NOSTALL] = 0) while waiting for new transmit data or for a command word to 
be written.

LPSPI provides a receive data match function that can match received data against one of two words in DMR0 and DMR1, or 
against a masked data word. The received data match function can also be configured to compare only the first one or two received 
data words since the start of the frame.

• Received data that is already discarded due to the TCR[RXMSK] field cannot cause the data match flag to set, and delays 
the receive data match on the first received data word, until all discarded data is received.

• You can configure the receive data match function to discard all received data until a data match is detected, 
using CFGR0[RDMO].

• After a receive data match, to allow all subsequent data to be received, write 0 to the CFGR0[RDMO] field, then write 0 
to SR[DMF].
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28.4.1.3 Timing parameters

The timing parameters that are used for all SPI bus transfers are relative to the LPSPI functional clock divided by the 
TCR[PRESCALE] selection. Although you cannot change Clock Configuration (CCR) when the LPSPI module is busy, to support 
interfacing to different slave devices at different frequencies, you can change the TCR[PRESCALE] selection between SPI bus 
transfers using Transmit Command (TCR).

 
The minimum value below is the minimum counter value, but the clock configuration register values must also 
satisfy the data sheet specs based on the LPSPI functional clock frequency and prescaler value.

  NOTE  

Table 160. Timing parameters

Clock Configuration (CCR)

Clock Configuration 1 (CCR1)

Description Min Max

Field Name

SCKSET SCK setup 
phase

Configures the SCK setup phase to (SCKSET + 1) 
cycles. The setup phase is the SCK high period 
when either CPHA = 0 and CPOL = 1, or 
CPHA = 1 and CPOL = 0. Otherwise, it is the 
SCK low period. The SCK period is defined as 
(SCKSET + SCKHLD + 2) and the duty cycle is the 
difference between SCKSET and SCKHLD.

0 (1 cycle) 255 (256 
cycles)

SCKHLD SCK hold phase Configures the SCK hold phase to (SCKHLD + 1) 
cycles. The hold phase is the SCK low period when 
either CPHA = 0 and CPOL = 1, or CPHA = 1 and 
CPOL = 0. Otherwise, it is the SCK high period. The 
SCK period is defined as (SCKSET + SCKHLD + 2) 
and the duty cycle is the difference between 
SCKSET and SCKHLD.

0 (1 cycle) 255 (256 
cycles)

PCSPCS PCS-to-PCS 
delay

Configures the minimum delay between PCS 
negation and the next PCS assertion to 
(PCSPCS + PCSPCS + 2) cycles. When the 
command word is updated between transfers, there 
is a minimum of (PCSPCS + 1) cycles between the 
command word update and any change on PCS 
pins.

0 (2 cycles) 255 (512 
cycles)

SCKSCK SCK-to-SCK 
delay

Configures the delay during a continuous transfer 
between the last SCK edge of a frame and the first 
SCK edge of the continuing frame to (SCKSCK + 1) 
cycles. This is useful when the external slave 
requires a large delay between different words of an 
SPI bus transfer.

0 (1 cycle) 255 (256 
cycles)

PCSSCK PCS-to-SCK 
delay

Configures the minimum delay between PCS 
assertion and the first SCK edge to (PCSSCK + 1) 
cycles.

0 (1 cycle) 255 (256 
cycles)

SCKPCS SCK-to-PCS 
delay

Configures the minimum delay between the last 
SCK edge and the PCS negation to (SCKPCS + 1) 
cycles.

0 (1 cycle) 255 (256 
cycles)

This figure shows the timing settings controlled by:
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• TCR[CPHA]

• TCR[CPOL]

• CCR[SCKPCS]

• CCR[PCSSCK]

• CCR1[SCKSET]

• CCR1[SCKHLD]

MSB

Data is sampled internally
on odd clock edges.

MSB

SCK(CPOL = 0)

CPHA = 0 PCSSCK

(CPOL = 1) SCK

PCS

SDO

SDI LSB

LSB

SCK
SET

SCK
PCS

SCK
HLD

Data frame

MSB

Data is sampled internally
on even clock edges.

MSB

SCK(CPOL = 0)

CPHA = 1 PCSSCK

(CPOL = 1) SCK

PCS

SDO

SDI LSB

LSB

SCK
SET

SCK
PCS

SCK
HLD

Data frame

Figure 176. Clock phase (TCR[CPHA]) timing diagram example

To configure for a baud rate of 10 MHz with 50/50 duty cycle and with a functional clock frequency of 100 MHz, use the 
following settings:

• CCR1[SCKSET] = 0x4 (5 cycles)
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• CCR1[SCKHLD] = 0x4 (5 cycles)

• CCR1[PCSPCS] = 0x8 (10 cycles)

• CCR1[SCKSCK] = 0x4 (5 cycles)

• CRR[PCSSCK] = 0x4 (5 cycles)

• CRR[SCKPCS] = 0x4 (5 cycles)

• TCR[PRESCALE] = 0x0 (divide by 1)

28.4.1.4 Pin configuration

• To swap directions or support half-duplex transfers on the same pin, you can configure the SIN and SOUT pins using 
CFGR1[PINCFG].

• To specify whether an output data pin (SOUT, for example) 3-states when PCS is negated, or if the output data pin retains 
the last value, use CFGR1[OUTCFG].

• When configuring for half-duplex transfers, you must configure the output data pins to 3-state when PCS is negated 
(CFGR1[OUTCFG] = 1).

• When performing half-duplex 2-bit transfers, you can set CFGR1[PCSCFG] to any value.

• When performing half-duplex 4-bit transfers, you must set CFGR1[PCSCFG] to 1h.

28.4.1.5 Clock loopback

Configure the LPSPI master to use one of the following clocks to sample the input data:

• The SCK output clock

• A delayed version of the SCK output clock

The delayed version of the SCK is chosen by the SCK pin output delay, plus the SCK pin input delay, and is selected by writing 
1 to CFGR1[SAMPLE]. Enabling the loopback version of the SCK can improve the setup time of the input data from the slave.

delayed SCK

CFGR1[SAMPLE]

SCK
SCK input

MISO
SIN

LPSPI master SPI slave

0

1

Figure 177. Clock loopback

See the chip data sheet for the specific input setup time in Master Loopback mode.

28.4.2 Slave mode
LPSPI slave mode:

• Uses the same shift register and logic that master mode uses.

• Does not use Clock Configuration Register (CCR).

• Requires that Transmit Command (TCR) remain static (unchanging) during SPI bus transfers.
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28.4.2.1 Transmit and command FIFO commands

Before enabling LPSPI in Slave mode, initialize Transmit Command (TCR), although TCR does not update until after LPSPI is 
enabled. After LPSPI is enabled, only change TCR when LPSPI is idle. In Slave mode, the LPSPI command word in TCR controls 
SPI attributes. Before the PCS input asserts, the transmit FIFO must be filled with transmit data, or the transmit error flag sets.

Table 161. Command word in Slave mode

Transmit Command (TCR) Description

Field Name

CPOL Clock polarity Specifies the polarity of the external SCK input.

CPHA Clock phase Specifies the clock phase of transfer.

PRESCALE Prescaler value Specifies the LPSPI functional clock prescaler.

PCS Peripheral chip 
select

Specifies which PCS is used. The polarity of PCS is static and configured 
by CFGR1[PCSPOL].

If CFGR1[PCSCFG] is not equal to zero, then do not select the PCS[3:2] pins.

LSBF LSB first Specifies whether LSB (bit 0) or MSB (bit 31 for a 32-bit word) is transmitted or 
received first.

BYSW Byte swap Enables byte swap on each 32-bit word when transmitting and receiving data. Byte 
swapping can be useful when interfacing to devices that organize data as big-endian.

CONT Continuous transfer When continuous transfer is selected in Slave mode, after the number of bits indicated 
by FRAMESZ are transferred, the LPSPI will passthrough and transmit the received 
data until the next PCS negation. Whatever is shifted in on the receive data is shifted 
out as transmit data as if there were a 32-bit shift register.

CONTC Continuing 
command

When continuing command is enabled in Slave mode, after the number of bits indicated 
by FRAMESZ are transferred, then RXMSK is considered equal to 1 and TXMSK is 
considered equal to 0 until the next PCS negation. CONTC can be used to change the 
direction of a transfer after the number of bits indicated by FRAMESZ.

RXMSK Receive data mask Masks the receive data; LPSPI does not store masked receive data to the receive FIFO 
or perform receive data matching. This option is useful for half-duplex transfers or to 
specify which fields are compared during receive data matching.

TXMSK Transmit data mask Masks the transmit data, so that the masked transmit data is not pulled from 
transmit FIFO, and the output data pin is 3-stated (unless otherwise specified by 
CFGR1[OUTCFG]). This option is useful for half-duplex transfers.

WIDTH Transfer width Specifies the number of bits shifted on each SCK pulse.

• 1-bit transfers support traditional SPI bus transfers in either half-duplex or full-
duplex data formats.

• 2-bit and 4-bit half-duplex transfers are useful for interfacing to QuadSPI memory 
devices, and at least one of TCR[TXMSK] or TCR[RXMSK] must be 1.

FRAMESZ Frame size Specifies the frame size in number of bits equal to (FRAMESZ + 1).

• The minimum frame size is 8 bits.

• If the frame size is larger than 32 bits, then the frame is divided into multiple words 
of 32 bits; each word is loaded from the transmit FIFO and stored in the receive 
FIFO separately.

Table continues on the next page...
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Table 161. Command word in Slave mode (continued)

Transmit Command (TCR) Description

Field Name

• If the size of the frame is not divisible by 32, then the last load of the transmit FIFO 
and store of the receive FIFO contain the remainder bits. For example, a 72-bit 
transfer consists of 3 words: the first and second words are 32 bits, and the third 
word is 8 bits.

28.4.2.2 Receive FIFO and data match

The receive FIFO stores receive data during SPI bus transfers. When TCR[RXMSK] = 1, the received data is discarded instead 
of storing the received data in the receive FIFO.

Receive data supports a receive data match function that can match received data against one of two words in the DMR0 and 
DMR1 registers or against a masked data word. The data match function can also be configured to compare only the first one or 
two received data words since the start of the frame.

• Received data that is already discarded because TCR[RXMSK] = 1 cannot cause the data match to set, and delays the match 
on the first received data word, until all discarded data is received.

• The receiver match function can also be configured to discard all received data until a data match is detected, using the 
CFGR0[RDMO] bit.

• After a receive data match, to allow all subsequent data to be received, first clear the CFGR0[RDMO] bit, then clear the 
SR[DMF] bit.

28.4.2.3 Partial received word

When the PCS pin deasserts and the receive shift register has shifted in a partial word, the receive shift register can be configured 
to either discard the partial word or to store it in the receive FIFO. You specify this using CFGR1[PARTIAL].

A partial word is defined as less than FRAMESZ bits (when FRAMESZ is equal or less than 32 bits, or it is the last word in a 
multi-word frame) or less than 32 bits (when FRAMESZ is greater than 32 bits and not the last word in a multi-word frame).

A single-bit frame is not supported. A partial received word of 1 bit is fine, but a partial received frame of 1 bit is not supported.

28.4.2.4 Clocked interface

LPSPI supports interfacing to external masters that provide only clock and data pins (PCS is not required). This interface requires:

• Writing 1 to TCR[CPHA] (data is changed on the leading edge of SCK and captured on the following edge).

• Configuring the PCS input to be always asserted (CFGR1[PCSPOLn] = 1). For example, to configure PCS[0] to be always 
asserted, write 1 to PCSPOL[0], and do not configure PCS[0] in the pin muxing. The chip-level drives PCS to a certain value 
(ideally 1), CFGR1[PCSPOLn] could be used to invert that value.

• Writing 1 to CFGR1[AUTOPCS] to enable automatic PCS generation. When CFGR1[AUTOPCS] = 1, a minimum of four 
LPSPI functional clock cycles (divided by the TCR[PRESCALE] selection) is required between the last SCK edge of one word 
and the first SCK edge of the next word.
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28.4.3 Low-power modes

Table 162. Low-power modes

Chip mode LPSPI operation

Run Normal operation

Sleep/Wait Can continue operating in Sleep mode if CR[DOZEN] = 0 and LPSPI is using an 
external or internal clock source that remains operating during Sleep/Wait modes

Low Power Stop (also called Deep 
Sleep)

Before entering Low Power Stop mode, LPSPI waits for the current transfer to 
finish any pending operation, temporarily ignoring CR[DOZEN].

28.4.4 Debug mode

Table 163. Debug mode

Chip mode LPSPI operation

Debug (the core is in Debug/
Halted mode)

Can continue operating in Debug mode, if the CR[DBGEN] = 1.

28.4.5 Interrupts and DMA requests
The following table lists the Slave mode sources (status flags) that can generate LPSPI interrupts and LPSPI slave transmit and 
receive DMA requests.

Table 164. Interrupts and DMA requests

Status (SR) Description Can generate

Status flag Name Interrupt? DMA 
request?

Low-power 
wake-up?

TDF Transmit data 
flag

Data can be written to transmit FIFO, as 
configured by the transmit FIFO watermark 
FCR[TXWATER]

Y TX Y

RDF Receive data 
flag

Data can be read from the receive FIFO, as 
configured by the receive FIFO watermark 
FCR[RXWATER]

Y RX Y

WCF Word 
complete flag

Word is complete, the last bit of the word has 
been sampled

Y N Y

FCF Frame 
complete flag

Frame is complete, and PCS has deasserted Y RX Y

TCF Transfer 
complete flag

Transfer is complete, PCS has deasserted, 
and the transmit and command FIFO is 
empty

Y N Y

TEF Transmit 
error flag

Indicates a transmit and command 
FIFO underrun. In Master mode when 
CFGR1[NOSTALL] = 0 (transfers stall when 

Y N Y

Table continues on the next page...
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Table 164. Interrupts and DMA requests (continued)

Status (SR) Description Can generate

Status flag Name Interrupt? DMA 
request?

Low-power 
wake-up?

transmit FIFO is empty), the Transmit Error 
Flag cannot set.

REF Receive error 
flag

Indicates a receive FIFO overflow. In Master 
mode when CFGR1[NOSTALL] = 0 (transfers 
stall when receive FIFO is full), the Receive 
Error Flag cannot set.

Y N Y

DMF Data match 
flag

Indicates that the received data has matched 
the configured data match value

Y N Y

MBF Module busy 
flag

LPSPI is busy performing a SPI bus transfer N N N

28.4.5.1 End of packet DMA transfer

The end of packet functionality is designed for serial interfaces where the size of the transfer may not be known by software in 
advance and the data is being pushed by an external device. Examples include UART receive, I2C Slave mode and SPI Slave 
mode. The end of packet processing is intended to ensure data does not become stranded in either the receive FIFO or the DMA 
receive buffer. Support for end of packet processing must be implemented in both the serial interfaces and the DMA controller.

The condition that signals the end of packet is different for each serial interface but is processed by the serial peripheral and DMA 
in the same way. For example, UART end of packet is signaled by idle line condition, I2C end of packet by STOP and/or Repeated 
START condition, and SPI end of packet by PCS negation.

When the serial peripheral is configured to signal end of packet condition to the DMA and an end of packet condition is detected 
by the serial interface, it asserts the DMA request for the receive FIFO irrespective of the watermark configuration. For larger 
watermark configurations, this ensures the last few words of the transfer are first flushed from the receive FIFO.

The DMA then reads the contents of the receive FIFO, depending on the first word in the FIFO:

• If the receive FIFO is empty, the serial interface signals an end of packet condition to the DMA controller.

• If the receive FIFO is not empty, but the first word in the FIFO is the start of a new packet, then data is not pulled from the 
receive FIFO and the serial interface signals an end of packet condition to the DMA controller.

• If the receive FIFO is not empty, and the first word in the FIFO is not the start of a new packet, the DMA will transfer the receive 
data as normal.

Since the DMA may be transferring multiple words on each request, the end of packet condition persists until the DMA minor loop 
has completed and no additional data is pulled from the receive FIFO. The status flag that triggered the end of packet condition 
is cleared when the minor loop completes following end of packet being signaled to the DMA controller.

When the DMA detects the end of packet condition, it writes all received words up to the end of packet into system memory and 
saves the destination address for the word after the last valid data. The DMA then terminates the channel as if the major loop 
completed, including final offsets and optional interrupts, channel linking and scatter/gather. The final destination address can 
optionally be saved to system memory or is available in the destination address register.

Since the DMA terminates the major loop, no servicing of the receive FIFO occurs until the DMA is reconfigured through either 
software or hardware (for example, channel linking or scatter-gather). This delay should be minimized to avoid receiver FIFO 
overrun. The automatic DMA end of packet processing is not recommended when there are only a few words transferred between 
end of packet conditions since the DMA will spend more time processing the end of packet than transferring the data. For example, 
the UART idle line length should be increased as needed to avoid an excessive number of idle conditions.
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28.4.6 Clocks

Table 165. LPSPI clocks

LPSPI functional clock • Asynchronous to the bus clock.

• If the LPSPI functional clock remains enabled in low-power modes, then LPSPI can perform 
SPI bus transfers and low-power wakeups, in both Master and Slave modes.

• LPSPI divides the functional clock by a prescaler; the resulting frequency must be at least 2 
times faster than the SPI external clock frequency (SCK).

External clock • The LPSPI shift register is clocked directly by the SCK clock.

• How the SCK clock is generated or supplied depends upon the mode (Master or Slave):

— In Master mode: the SCK clock is generated internally.

— In Slave mode: the SCK clock is supplied externally.

Bus clock The bus clock is only used for bus accesses to the LPSPI control and configuration registers. The 
bus clock frequency must be high enough to support the data bandwidth requirements of the LPSPI 
registers, including the FIFOs.

See the chip-specific LPSPI information.

28.4.7 Resets

Table 166. Resets

Chip reset Resets the LPSPI logic and registers to their default state.

Software reset • Resets the LPSPI logic and registers to their default state, except for the Control Register.

• The LPSPI software reset is controlled using CR[RST].

FIFO resets • Resets the transmit and command FIFO and the receive FIFO.

• The Reset Transmit FIFO field, CR[RTF], and the Reset Receive FIFO field, CR[RRF], are 
write only.

• After being reset, a FIFO is empty.

28.4.8 Peripheral triggers
The connection of the LPSPI peripheral triggers to other peripherals depend upon the specific device being used.

Table 167. Peripheral triggers

Trigger Description Notes

Frame output trigger The frame output trigger:

• Asserts at the end of each frame (when PCS deasserts)

• Remains asserted for one cycle of LPSPI functional clock divided by the 
PRESCALE configuration

LPSPI generates two 
output triggers that can 
be connected to other 
peripherals on the chip.

Word output trigger The word output trigger:

• Asserts at the end of each received word

Table continues on the next page...
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Table 167. Peripheral triggers (continued)

Trigger Description Notes

• Remains asserted for one cycle of LPSPI functional clock divided by the 
PRESCALE configuration

Input trigger To control the start of an LPSPI bus transfer, the LPSPI input trigger can be 
selected instead of the HREQ input.

• The LPSPI input trigger is synchronized, and must assert for at least 
2 cycles of the LPSPI functional clock divided by the PRESCALE 
configuration, so that the input trigger can be detected.

• When the LPSPI module is busy, the HREQ input (and therefore the 
LPSPI input trigger) is ignored.

• Both HREQ and the LPSPI input trigger are ignored when the module is 
busy. They are used to start a new transfer when the module is idle.

28.5 Signals
Table 168. Signals

Signal Name Description I/O

SCK Serial clock • Input in Slave mode

• Output in Master mode

I/O

PCS[0] Peripheral chip select • Input in Slave mode

• Output in Master mode

I/O

PCS[1] / HREQ Peripheral chip select

or

host request

Host request pin is selected when 
CFGR0[HREN] = 1 and CFGR0[HRSEL] = 0 

• Input in either Slave mode or when used as 
master host request

• Output in either Master mode or when used as 
slave host request

I/O

PCS[2] / 
DATA[2]

Peripheral chip select or data pin 
2 during parallel data transfers

When CFGR1[PCSCFG] = 0:

• Input in Slave mode

• Output in Master mode

When CFGR1[PCSCFG] = 1:

• Input in half-duplex parallel data receive 
transfers

• Output in half-duplex parallel data transmit 
transfers

I/O

PCS[3] / 
DATA[3]

Peripheral chip select or data pin 
3 during parallel data transfers

When CFGR1[PCSCFG] = 0:

• Input in Slave mode

I/O

Table continues on the next page...
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Table 168. Signals (continued)

Signal Name Description I/O

• Output in Master mode

When CFGR1[PCSCFG] = 1:

• Input in half-duplex parallel data receive 
transfers

• Output in half-duplex parallel data transmit 
transfers

SOUT / 
DATA[0]

Serial data output Can be configured as serial data input signal

• Used as data pin 0 in half-duplex parallel data 
transfers

I/O

SIN / DATA[1] Serial data input Can be configured as serial data output signal

• Used as data pin 1 in half-duplex parallel data 
transfers

I/O
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Chapter 29
Low Power Universal Asynchronous Receiver/
Transmitter (LPUART)
29.1 Chip-specific LPUART information
Table 169. Reference links to related information

Topic Related module Reference

Full description LPUART LPUART

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

29.1.1 Module instances
This device has eight instances of the LPUART module: LPUART0-LPUART7.

• LPUART0-3 (2 in RTD and 2 in DSPD): 8-word TX FIFO and RX FIFO

• LPUART4-7 (AD): 8-word TX FIFO and RX FIFO

• LPUART 0-7: HW Flow Control, IrDA

29.2 Overview
LPUART provides asynchronous, serial communication capabilities with external devices. It supports the non-return-to-zero 
(NRZ) encoding format and IrDA-compatible, low-speed serial infrared (SIR) protocol. LPUART can continue operating when the 
processor is in Low-Power mode, if an appropriate peripheral clock is available.

29.2.1 Block diagram
The following figure shows the transmitter portion of LPUART.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1398 / 5781



Internal slave peripheral bus

Write-only

CTRL[R9T8]

Parity generation

Transmit control

LPUART controls TxD

TxD direction

Lo
ad

 fr
om

 F
IF

O

Sh
ift

 e
na

bl
e

Pr
ea

m
bl

e 
(a

ll 
1s

)

Br
ea

k 
(a

ll 
0s

)

CTRL[PE]

CTRL[PT]

STAT[TDRE]

TX interrupt request

TxD logic

CTRL[TIE]

CTRL[M]

Transmit FIFO

Loop control To receive data in

To TxD pin

OSR divider

Baud divider

Asynchronous
module clock

CTRL[LOOPS]

CTRL[RSRC]

CTRL[TXINV]

CTRL[TE]

CTRL[SBK]

CTRL[TXDIR]

STAT[BRK13]

11-bit Transmit shift register

St
op

H 8 7 6 5 4 3 2 1 0 L

St
ar

t

lsb

STAT[TC]

CTRL[TCIE]

Shift direction

Figure 178. LPUART transmitter block diagram

The following figure shows the receiver portion of LPUART.
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Figure 179. LPUART receiver block diagram

29.2.2 Features
• Full-duplex, standard NRZ format

• Programmable baud rates (13-bit modulo divider) with a configurable oversampling ratio (OSR) of 4× to 32×

• Asynchronous operations of transmit and receive baud rates with respect to the bus clock:

— Baud rate can be configured independently of the bus clock frequency.

— Operation in Low-Power modes is supported.

• Interrupt, DMA, or polled operations:

— Transmit data empty and transmission complete

— Receive data full

— Receive overrun, parity error, framing error, and noise error

— Idle receiver detect

— Active edge on receive pin

— Break detect supporting LIN

— Receive data match

• Hardware parity generation and checking

• Programmable 7-bit, 8-bit, 9-bit, or 10-bit character length

• Programmable 1-bit or 2-bit stop bits

• Support for three receiver wakeup methods:

— Idle line wakeup
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— Address mark wakeup

— Receive data match

• Automatic address matching to reduce ISR overhead:

— Address mark matching

— Idle line address matching

— Address match start, address match end

• Optional 13-bit and 11-bit break character generation

• Configurable idle length detection supporting 1, 2, 4, 8, 16, 32, 64, or 128 idle characters

• Selectable transmitter output and receiver input polarity

• Hardware flow control support for request to send (RTS) and clear to send (CTS) signals

• Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with a programmable pulse width

• Independent FIFO structure for transmit and receive functions:

— Separate configurable watermarks for receive and transmit requests

— Option for receiver to assert request after a configurable number of idle characters, if receive FIFO is not empty

29.3 Functional description
LPUART supports full-duplex, asynchronous, NRZ serial communication and comprises a baud rate generator, transmitter, 
and receiver block. The transmitter and receiver operate independently, although they use the same baud rate generator. The 
following sections describe all LPUART blocks.

29.3.1 Submodule sections

29.3.1.1 Baud rate generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver and transmitter. The value, ranging 
from 1 to 8191, written to BAUD[SBR] determines the baud clock divisor for the asynchronous LPUART baud clock. The baud 
rate clock drives the receiver, while a bit clock, generated from the baud rate clock divided by the OSR, drives the transmitter. 
Depending on the OSR, the receiver has an acquisition rate of 4 to 32 samples per bit time.

Modulo divide by
1 - 8191

BAUD[SBR] Divide by
OSR + 1

OSR

Rx sampling clock
[(OSR+1) × baud rate]

LPUART asynchronous module clock
BAUD[SBR] × (OSR+1) 

Tx baud rate

Baud rate generator
off if BAUD[SBR] = 0 

Baud rate =

LPUART asynchronous
module clock

Figure 180. Baud rate generation

Baud rate generation is subject to two sources of error:

• Integer division of the asynchronous LPUART baud clock may not give the exact target frequency.

• Synchronization with the asynchronous LPUART baud clock can lead to a phase shift.
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Baud rate generation is a free-running counter that continues whenever the transmitter or receiver is enabled. The transmitter bit 
clock continues whenever the transmitter is enabled; each transmitted character aligns to the next edge of the transmit bit clock.

In general, configuring OSR for a higher ratio and/or sampling on both edges of the clock slightly improves LPUART's tolerance 
to baud rate mismatch between the received data and LPUART configured baud rate. However, the three data samples in each 
bit are also closer together, which may impact noise sensitivity.

29.3.1.2 Transmitter functional description

This section discusses the functioning of the LPUART transmitter, as shown in the transmitter portion of Block diagram, as well 
as specialized functions for sending break and idle characters.

The transmitter output (TXD) idle state defaults to logic high; the transmitter output is inverted when you write 1 to CTRL[TXINV], 
which becomes 0 following reset. You can enable the transmitter by writing 1 to CTRL[TE]. This queues a preamble character that 
is one full character frame of the idle state. The transmitter then remains idle until data is available in the transmit FIFO. Programs 
store data in the transmit FIFO by writing to Data (DATA).

The central element of the LPUART transmitter is the transmit shift register that is 9-bit to 13-bit long depending on the settings 
of CTRL[M], CTRL[M7], BAUD[M10], and BAUD[SBNS]. Going forward in this discussion, assume that CTRL[M], CTRL[M7], 
BAUD[M10], and BAUD[SBNS] are 0, selecting the normal 8-bit Data mode, in which the shift register holds a start bit, eight data 
bits, and a stop bit. When the transmit shift register is available for a new character, the value waiting in transmit FIFO is transferred 
to the transmit shift register, synchronized with the baud rate clock, and STAT[TDRE] becomes 1 to indicate that another character 
may be written to the transmit FIFO at Data (DATA).

If no new character is waiting in the transmit FIFO after a stop bit is shifted out of the TXD pin, the transmitter sets the transmit 
complete flag and enters an idle mode, with TXD high, waiting for more characters to transmit.

Writing 0 to CTRL[TE] does not immediately disable the transmitter. The current transmit activity in progress must first be 
completed (that could include a data character, idle character, or break character), although the transmitter does not start 
transmitting another character.

29.3.1.2.1 Send break and queued idle

CTRL[SBK] sends break characters, originally used to gain the attention of old teletype receivers. Break characters are a full 
character time of logic 0, 9-bit to 12-bit times, including the start and stop bits. You can enable a longer break of 13-bit times 
by writing 1 to STAT[BRK13]. Normally, a program waits for STAT[TDRE] to become 1 to indicate that the last character of a 
message has moved to the transmit shifter. Next, the program writes 1 and then writes 0 to CTRL[SBK]. This action queues a break 
character to be sent as soon as the shifter is available. If CTRL[SBK] remains 1 when the queued break moves into the shifter, 
synchronized with the baud rate clock, an additional break character is queued. When LPUART is the receiving module, it receives 
a break character as 0s in all data bits and a framing error (STAT[FE] = 1) is detected.

You can also transmit a break character by writing to Data (DATA) with DATA[FRETSC] = 1 and the data bits clear. This supports 
transmitting the break character as part of the normal data stream and also allows DMA to transmit a break character.

When idle-line wakeup is used, a full character time of idle (logic 1) is needed between messages to wake up any sleeping 
receivers. Normally, a program waits for STAT[TDRE] to become 1 to indicate that the last character of a message has moved to 
the transmit shifter. Next, the program writes 0 and then writes 1 to CTRL[TE]. This action queues an idle character to be sent as 
soon as the shifter is available. As long as the character in the shifter does not finish while CTRL[TE] becomes 0, the LPUART 
transmitter does not release control of the TXD pin.

You can also write to Data (DATA) to transmit an idle character, with DATA[FRETSC] and DATA[R9T9] = 1 and the values of all 
the other fields = 0. This supports transmitting the idle character as part of the normal data stream and also allows DMA to transmit 
an idle character.

As shown in the following table, STAT[BRK13], CTRL[M], CTRL[M7], BAUD[M10], and BAUD[SBNS] affect the length of the 
break character.
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Table 170. Break character length

STAT[BRK13] CTRL[M] BAUD[M10] CTRL[M7] BAUD[SBNS] Break character 
length (in bit times)

0 0 0 0 0 10

0 0 0 0 1 11

0 0 0 1 0 9

0 0 0 1 1 10

0 1 0 — 0 11

0 1 0 — 1 12

0 — 1 — 0 12

0 — 1 — 1 13

1 0 0 0 0 13

1 0 0 0 1 13

1 0 0 1 0 12

1 0 0 1 1 12

1 1 0 — 0 14

1 1 0 — 1 14

1 — 1 — 0 15

1 — 1 — 1 15

29.3.1.2.2 Hardware flow control

The transmitter supports hardware flow control by gating the transmission with the value of CTS_B. If the CTS operation is 
enabled, the character is transmitted when CTS_B is asserted. If CTS_B is deasserted in the middle of a transmission with 
characters remaining in the transmitter FIFO, the character in the transmit shift register is complete. Any characters in the FIFO 
wait for CTS_B to assert again, and TXD remains in the mark state (idle state) until CTS_B is reasserted. The CTS_B pin must 
assert for longer than one bit period to guarantee that a new transmission is started when the transmitter is idle with DTS.

If the CTS operation is disabled, the transmitter ignores the state of CTS_B.

The transmitter's CTS_B signal can be enabled even if the same LPUART receiver's RTS_B signal is disabled.

29.3.1.2.3 Transceiver driver enable

The transmitter can use RTS_B as an enable signal for the driver of an external transceiver. See Transceiver driver enable using 
RTS_B for details. If the RTS operation is enabled, when a character is placed into an empty transmit shift register, RTS_B asserts 
1-bit time before the start bit is transmitted. RTS_B remains asserted for the whole time that the transmit shift register has any 
characters. RTS_B deasserts 1-bit time after all characters in the transmit FIFO and shift register are completely sent, including the 
last stop bit. In other words, when RTS_B is used as a transceiver enable, RTS_B asserts 1-bit time before the transmitter starts 
transmitting and negates 1-bit time after the transmitter goes idle.

Transmitting a break character also asserts RTS_B, with the same assertion and deassertion timing as having a character in the 
transmit shift register.

The transmitter's RTS_B signal asserts only when the transmitter is enabled. However, the transmitter's RTS_B signal is 
unaffected by its CTS_B signal. RTS_B remains asserted until the transfer is complete, even if the transmitter is disabled mid-way 
through a data transfer.
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29.3.1.2.4 Transceiver driver enable using RTS_B

RS-485 is a multiple drop communication protocol in which the LPUART transceiver's driver is three-stated unless the LPUART 
is driving. The transmitter can use the RTS_B signal to enable the driver of a transceiver. The polarity of RTS_B can be matched 
to the polarity of the transceiver's driver enable signal.

In the following figure, the receiver enable signal is asserted. Another option for this connection is to connect RTS_B to both DE 
and RE_B. The transceiver's receiver is disabled while driving. A pullup can pull RXD to a non-floating value during this time. You 
can refine this option further by operating LPUART in Single-Wire mode, freeing the RXD pin for other uses.

Driver

RS-485 transceiver

DI

DE

Y

Z

Receiver

Transmitter

LPUART

Receiver
RO

RE_B

RTS_B
TXD

RXD A

B

Figure 181. Transceiver driver enable using RTS_B

29.3.1.3 Receiver functional description

This section discusses the functioning of the LPUART receiver, as shown in the receiver portion of Block diagram. The section 
also discusses:

• The data sampling technique used to reconstruct receiver data

• Different variations of the receiver wakeup function

You can invert the receiver input by writing 1 to STAT[RXINV] and enable the receiver by writing 1 to CTRL[RE]. Character frames 
consist of a start bit of logic 0, sever to 10 data bits (MSB or LSB first), and one or two stop bits of logic 1. For information about 7-bit, 
9-bit, or 10-bit Data mode, see Data modes. Going forward in this discussion, assume that LPUART is configured for a normal 
8-bit Data mode.

After receiving the stop bit into the receive shifter, and provided STAT[RDRF] = 0, the data character is transferred to receive FIFO, 
resulting the bit STAT[RDRF] to 1. However, if STAT[RDRF] is already 1, indicating that the receive data buffer is already full, 
STAT[OR] becomes 1 and the new data is lost.

Because the LPUART receiver is separate from the receive FIFO, the receive shift register can receive the next word when the 
receive FIFO is full, and it is only at the end of the character that the next data is written into the receive FIFO, potentially triggering 
the overrun flag if the FIFO is full.

When a program detects that STAT[RDRF] = 1, it gets the data from STAT[RDRF] by reading Data (DATA). See Interrupts and 
status fields for details about flag clearing.

29.3.1.3.1 Data sampling technique

The LPUART receiver supports a configurable oversampling rate of between 4× and 32× of the baud rate clock for sampling. The 
receiver starts by considering logic level samples at the oversampling rate times the baud rate to search for a falling edge on the 
RXD serial data input pin. A falling edge is defined as a logic 0 sample after three consecutive logic 1 samples. The oversampling 
baud rate clock divides the bit time into 4 to 32 segments from 1 to OSR (where OSR is the configured oversampling ratio). When 
a falling edge is located, three more samples are taken at (OSR ÷ 2), (OSR ÷ 2) + 1, and (OSR ÷ 2) + 2 to ensure that this is a real 
start bit and not merely noise. If at least two of these three samples are 0, the receiver assumes it is synchronized to a received 
character. If another falling edge is detected before the receiver is considered synchronized, the receiver restarts sampling from 
the first segment.
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The receiver then samples each bit time, including the start and stop bits, at (OSR ÷ 2), (OSR ÷ 2) + 1, and (OSR ÷ 2) + 2, to 
determine the logic level for that bit. The logic level is interpreted to be that of the majority of the samples taken during the bit time. 
If any sample in any bit time, including the start and stop bits, in a character frame fails to agree with the logic level for that bit, 
STAT[NF] becomes 1 when the received character is transferred to the receive FIFO.

When the LPUART receiver is configured to sample on both edges of the baud rate clock (that is, when BAUD[BOTHEDGE] = 1), 
the number of segments in each received bit is effectively doubled (from 1 to OSR× 2). The start and data bits are then sampled 
at OSR, OSR + 1, and OSR + 2. You must enable sampling on both edges of the clock for oversampling rates of 4× to 7×. This 
sampling is optional for higher oversampling rates.

The synchronization feature of LPUART synchronizes the internal oversampling counter with a detected falling edge on the 
receive signal, and to adjust the data sampling window. The falling edge detection needs three consecutive 1s prior to the 1->0 
transition. After the initial falling edge detection for the start bit, the circuit continuously monitors the next falling edge, and resets 
the counter after another falling edge is detected. This is called resynchronization.

When BAUD[RESYNCDIS] = 0, you perform this falling edge detection and resynchronization not only for the start bit but also for 
the rest of the character reception after the start bit.

When BAUD[RESYNCDIS] = 1, you perform the falling edge detection and resynchronization only for the start bit. The use case 
for disabling the resynchronization is protocols that require this (for example, LIN 2.1 prohibits resynchronization within a byte).

The following table and figure explain LPUART resynchronization.

Table 171. LPUART resynchronization settings

Resynchronization BAUD[RESYNCDIS] = 0 BAUD[RESYNCDIS] = 1

For the starting bit falling 
edge

Yes Yes

For all falling edges after the 
start bit

Yes No

Internal sampling
clock

RX with noise and delay
BAUD[RESYNCDIS] = 0

Oversample cycle number - - - 1 2 3 4 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 1 2 3 4 5 6 7 8 1 2

- - - 1 2 3 4 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3

RX with noise and delay
BAUD[RESYNCDIS] = 1

Oversample cycle number

Sample with both edges;
sample points: 1-8

Start bit Data bit #0 Data bit #1

Falling edge
detection

Falling edge
detection

Falling edge
detection

Falling edge
detection

Falling edge
detection

Data sampling

Data sampling Data sampling

Data sampling

Data sampling

Data sampling

Resynchronization

Resynchronization Resynchronization

Figure 182. LPUART resynchronization diagram
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29.3.1.3.2 Receiver wakeup operation

Receiver wakeup and receiver address matching are hardware mechanisms that allow an LPUART receiver to ignore the 
characters in a message intended for a different receiver.

During receiver wakeup, all receivers evaluate the first character(s) of each message, and as soon as they determine the message 
is intended for a different receiver, they write 1 to CTRL[RWU].

When CTRL[RWU] and STAT[RWUID] are 1, the status fields associated with the receiver, with the exception of STAT[IDLE], are 
inhibited from becoming 1, thus eliminating the software overhead for handling the unimportant message characters. At the end 
of a message, all receivers automatically force CTRL[RWU] to become 0. This results in all receivers waking up in time to look at 
the first character(s) of the next message.

During receiver address matching, the address matching is performed in hardware and the LPUART receiver ignores all 
characters that do not meet the address match requirements.

Table 172. Receiver wakeup options

CTRL[RWU] BAUD[MAEN1] | 
BAUD[MAEN2]

BAUD[MATCFG] CTRL[WAKE]:
STAT[RWUID]

Receiver wakeup

0 0 X X Normal operation

1 0 00 00 Receiver wakeup on 
idle line, STAT[IDLE] = 

0

1 0 00 01 Receiver wakeup on 
idle line, STAT[IDLE] = 

1

1 0 00 10 Receiver wakeup on 
address mark

1 1 11 10 Receiver wakeup on 
data match

0 1 00 X0 Address mark address 
match, STAT[IDLE] 

= 0 for discarded 
characters

0 1 00 X1 Address mark address 
match, STAT[IDLE] 

= 1 for discarded 
characters

0 1 01 X0 Idle line address match

0 1 10 X0 Match on and match 
off, STAT[IDLE] = 0 for 
discarded characters

0 1 10 X1 Match on and match 
off, STAT[IDLE] = 1 for 
discarded characters

29.3.1.3.2.1 Idle-line wakeup

When CTRL[WAKE] = 0, you can configure the receiver for an idle-line wakeup. In this mode, CTRL[RWU] becomes 0 
automatically when the receiver detects a full character time of the idle-line level.
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CTRL[M], CTRL[M7], and BAUD[M10] select 7-bit to 10-bit Data mode and BAUD[SBNS] selects a 1-bit or 2-bit stop bit number 
that determines how many bit times of idle are needed to constitute a full character time, 9 to 13 bit times because of the start and 
stop bits.

When CTRL[RWU] = 1 and STAT[RWUID] = 0, the idle condition that wakes up the receiver does not lead to STAT[IDLE] 
becoming 1. The receiver wakes up and waits for the first data character of the next message that leads to STAT[RDRF] becoming 
1 and generates an interrupt if enabled. When STAT[RWUID] = 1, any idle condition leads to STAT[IDLE] becoming 1 and 
generates an interrupt if enabled, regardless of whether CTRL[RWU] is 0 or 1.

The following are ways to detect an idle line:

• When CTRL[ILT] = 0, the idle bit counter starts after the start bit so that the stop bit and any logic 1s at the end of a character 
count to calculate the full character time of idle.

• When CTRL[ILT] = 1, the idle bit counter does not start until after the stop bit time so that the data in the last character of the 
previous message does not impact the idle detection.

29.3.1.3.2.2 Address-mark wakeup

When CTRL[WAKE] = 1, you can configure the receiver for an address-mark wakeup. In this mode, CTRL[RWU] becomes 0 
automatically when the receiver detects a logic 1 in the most significant bit of the received character. When parity is enabled, the 
second most significant bit is used for address-mark wakeup.

Address-mark wakeup allows messages to contain idle characters, but requires one bit to be reserved for use in address frames. 
The logic 1 in the most significant bit (or second most significant bit when parity is enabled) of an address frame writes 0 to 
CTRL[RWU] and writes 1 to STAT[RDRF]. In this case, the character with the address-mark bit is received even if the receiver is 
sleeping during most of this character time.

29.3.1.3.2.3 Data-match wakeup

When CTRL[RWU] and CTRL[WAKE] are 1, and BAUD[MATCFG] equals 11, the receiver is configured for a data-match wakeup. 
In this mode, CTRL[RWU] becomes 0 automatically when the receiver detects a character that matches MATCH[MA1] when 
BAUD[MAEN1] = 1, or that matches MATCH[MA2] when BAUD[MAEN2] = 1.

29.3.1.3.2.4 Address match operation

You can enable the address match operation when either BAUD[MAEN1] or BAUD[MAEN2] = 1 and BAUD[MATCFG] = 0. In this 
function, a character that the RXD pin receives with a logic 1 in the most significant bit (or second most significant bit when parity is 
enabled) is considered an address and is compared to the associated MATCH[MA1] or MATCH[MA2] field. The character is only 
transferred to the receive buffer, and STAT[RDRF] becomes 1, if the comparison matches. All subsequent characters received 
with a logic 0 in the most significant bit (or second most significant bit when parity is enabled) are considered to be data associated 
with the address and are transferred to the receive FIFO. If no marked address match occurs, no transfer is made to the receive 
FIFO, and all the characters that follow, with logic 0 in the most significant bit (or second most significant bit when parity is enabled), 
are also discarded. If both BAUD[MAEN1] and BAUD[MAEN2] are 0, the receiver operates normally, and all the received data is 
transferred to the receive FIFO.

The address match operation functions in the same way for both MATCH[MA1] and MATCH[MA2]:

• If either BAUD[MAEN1] or BAUD[MAEN2] is 1, a marked address is compared only to the associated Match Address 
(MATCH) field and data is transferred to the receive FIFO only on a match.

• If both BAUD[MAEN1] and BAUD[MAEN2] are 1, a marked address is compared to both MATCH[MA1] and MATCH[MA2] 
and data is transferred only on a match with either of these fields.

29.3.1.3.2.5 Idle match operation

You can enable the idle match operation when either BAUD[MAEN1] or BAUD[MAEN2] = 1 and BAUD[MATCFG] = 1. In this 
function, the first character that the RXD pin receives after an idle line condition is considered an address and is compared to 
the associated MATCH[MA1] or MATCH[MA2] field. The character is transferred only to the receive buffer, and STAT[RDRF] 
becomes 1, if the comparison matches. All subsequent characters are considered to be data associated with the address and 
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are transferred to the receive FIFO until the next idle line condition is detected. If no address match occurs, no transfer is made 
to the receive FIFO, and all the frames that follow, until the next idle condition, are also discarded. If both BAUD[MAEN1] and 
BAUD[MAEN2] are 0, the receiver operates normally, and all the received data is transferred to the receive FIFO.

An idle match operation functions in the same way for both MATCH[MA1] and MATCH[MA2]:

• If either BAUD[MAEN1] or BAUD[MAEN2] is 1, the first character after an idle line is compared only to the associated Data 
(DATA) field and data is transferred to the receive FIFO only on a match.

• If both BAUD[MAEN1] and BAUD[MAEN2] are 1, the first character after an idle line is compared to both MATCH[MA1] and 
MATCH[MA2] and data is transferred only on a match with either of these fields.

29.3.1.3.2.6 Match on, match off operation

The match on, match off operation is enabled when both BAUD[MAEN1] and BAUD[MAEN2] are 1 and BAUD[MATCFG] = 
10. In this function, a character that the RXD pin receives matches MATCH[MA1] and is transferred to the receive buffer, and 
STAT[RDRF] becomes 1. All subsequent characters are considered to be data and are also transferred to the receive FIFO, 
until a character that matches MATCH[MA2] is received. The character that matches MATCH[MA2], along with all subsequent 
characters, is discarded; and this continues until another character that matches MATCH[MA1] is received. If both BAUD[MAEN1] 
and BAUD[MAEN2] are 0, the receiver operates normally, and all the received data is transferred to the receive FIFO.

 
The match on, match off operation requires both BAUD[MAEN1] and BAUD[MAEN2] to be 1.

  NOTE  

29.3.1.3.3 Hardware flow control

To support hardware flow control, you can program the receiver to automatically assert and deassert RTS_B:

• RTS_B remains asserted until the transfer is complete, even if the transmitter is disabled midway through a data transfer. 
See Transceiver driver enable using RTS_B for more information.

• If the receiver RTS functionality is enabled, the receiver automatically deasserts RTS_B if STAT[RDRF] = 1 or a start bit is 
detected that causes STAT[RDRF] to become 1.

• The receiver asserts RTS_B when STAT[RDRF] = 0 and has not detected a start bit that causes STAT[RDRF] to become 
1. There is no impact if STAT[RDRF] = 1 already.

• Even if RTS_B is deasserted, the receiver continues to receive characters until the receive FIFO is overrun.

• If the receiver RTS functionality is disabled, the receiver's RTS_B remains deasserted.

29.3.2 Operation sections

29.3.2.1 Additional LPUART functions

29.3.2.1.1 Data modes

The LPUART transmitter and receiver can be configured to operate in 7-bit Data mode by writing 1 to CTRL[M7], 9-bit Data mode 
by writing 1 to CTRL[M], or 10-bit Data mode by writing 1 to BAUD[M10]. In 9-bit Data mode, there exists a ninth data bit and in 
10-bit mode, there exists a tenth data bit.

When performing 8-bit writes to the transmit FIFO, the ninth and tenth bits are pushed into the FIFO from CTRL[T8] and CTRL[T9]. 
For coherent 8-bit writes, you must write to CTRL[T8] and CTRL[T9] before writing to Data (DATA)[7:0]. However, if the values 
in CTRL[T8] or CTRL[T9] do not need to change, it is not necessary to update CTRL[T8] and CTRL[T9] before every 8-bit write 
to Data (DATA).

When performing 16-bit or 32-bit writes to the transmit FIFO, all 10 bits are pushed into the transmit FIFO from the write data.

When performing 8-bit reads of the receive FIFO, the ninth and tenth bits are held in CTRL[R8] and CTRL[R9] but should be read 
before reading Data (DATA). A 16-bit or 32-bit read of the receive FIFO returns all 10 bits in Data (DATA).
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The 9-bit Data mode is typically used with parity to allow eight bits of data plus the parity in the ninth bit, or it is used with the 
address-mark wakeup so that the ninth data bit can serve as the wakeup bit. The 10-bit Data mode is typically used with parity 
and address-mark wakeup so that the ninth data bit can serve as the wakeup bit and the tenth bit can serve as the parity bit. In 
custom protocols, the ninth and/or tenth bits can also serve as software-controlled markers.

29.3.2.1.2 Idle length

An idle character is one where the start bit, all data bits, and stop bits are in the mark position (idle state, generally logic 1). You 
can configure CTRL[ILT] to start detecting an idle character from the previous start bit (any data bits and stop bits count for idle 
character detection) or from the previous stop bit.

You can also use CTRL[IDLECFG] to configure the number of idle characters that must be received before an idle line condition 
is detected. This field configures the number of idle characters that must be received before STAT[IDLE] becomes 1, STAT[RAF] 
becomes 0, and DATA[IDLINE] becomes 1 with the next received character.

CTRL[IDLECFG] also affects the idle-line wakeup and idle match operations. When either the address match or match on/off 
operation is enabled, writing 1 to STAT[RWUID] causes any discarded characters to be treated as idle characters.

29.3.2.1.3 Loop mode

When CTRL[LOOPS] = 1, CTRL[RSRC] selects between Loop mode (CTRL[RSRC] = 0) or Single-Wire mode (CTRL[RSRC] = 
1). You, sometimes, use Loop mode to check software, independent of connections in the external system, to help isolate system 
problems. In this mode, the transmitter output is internally connected to the receiver input and LPUART does not use the RXD pin.

29.3.2.1.4 Single-Wire mode

When CTRL[LOOPS] = 1, CTRL[RSRC] selects either Loop mode (CTRL[RSRC] = 0) or Single-Wire mode (CTRL[RSRC] = 1). 
Single-Wire mode implements a half-duplex serial connection. The receiver is internally connected to the transmitter output and 
to the TXD pin (the RXD pin is not used).

In Single-Wire mode, CTRL[TXDIR] controls the direction of serial data on the TXD pin. When CTRL[TXDIR] becomes 0, the TXD 
pin is an input to the receiver and the transmitter is temporarily disconnected from the TXD pin so that an external device can send 
serial data to the receiver. When CTRL[TXDIR] = 1, the TXD pin is an output that the transmitter drives. The internal loop back 
connection is disabled, and as a result, the receiver is unable to receive characters that the transmitter sends out.

29.3.2.2 Peripheral triggers

The connection of the LPUART peripheral triggers with other peripherals is chip-specific.

Output triggers

LPUART generates the following output triggers that can be connected to other peripherals on the chip:

• The transmit word trigger asserts at the end of each transmitted word and negates after 1-bit period.

• The transmit data trigger is identical to the TXD pin output, but without support for input trigger modulation.

• The receive word trigger asserts at the end of each received word that is written to the receive FIFO, for one oversampling 
clock period.

• The receive idle trigger asserts when STAT[IDLE] becomes 1, for one oversampling clock period.

Input trigger

LPUART supports one peripheral input trigger that you can configure in one of the following ways:

• By enabling the CTS function: You can connect the input trigger instead of the CTS_B pin input. The input trigger must 
assert for longer than 1-bit clock period when the transmitter is idle, with data to send, to guarantee a new transmission.
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• By making the input trigger modulate the transmit data output (trigger is logically ANDed with the TXD output): The input 
trigger is expected to be a free running clock (carrier signal) that generates from a timer or PWM source with a frequency 
that is greater than the bit-clock frequency. The carrier signal must not toggle faster than the maximum supported bit time.

• By connecting the input trigger instead of the RXD pin input: The input trigger is expected to be generated from a receive 
data source, such as an analog comparator or external pin.

29.3.2.3 Infrared (IR) interface

LPUART provides the capability of transmitting narrow pulses to an IR LED and receiving narrow pulses, transforming them to 
serial bits, which are then sent to LPUART. The IrDA physical layer specification defines a half-duplex IR communication link for 
exchanging data. The full standard includes data rates up to 16 Mbit/s. The LPUART IrDA support is limited to SIR mode that 
supports data rates only between 2.4 kbit/s and 115.2 kbit/s.

LPUART has an infrared transmit encoder and a receive decoder. The infrared decoder converts the received character from the 
IrDA format to the NRZ format, which the receiver uses. It also has an OSR oversampling baud rate clock counter that filters noise 
and indicates when a 1 is received. LPUART transmits serial bits of data, which the infrared submodule encodes, to transmit a 
narrow pulse for every zero bit. No pulse is transmitted for every single bit. When receiving data, an IR photo diode (external to 
LPUART) detects the IR pulses. The IR receive decoder transforms them to CMOS levels. The infrared receive decoder then 
stretches the narrow pulses to get back to a serial bit stream that LPUART receives. You can invert the polarity of transmitted 
pulses and expected receive pulses so that a direct connection can be made to external IrDA transceiver modules that use 
active-high pulses.

The IR submodule receives its clock sources from LPUART. The submodule selects one of these clocks to generate either 1 ÷ 
OSR, 2 ÷ OSR, 3 ÷ OSR, or 4 ÷ OSR narrow pulses during transmission.

29.3.2.3.1 Infrared transmit encoder

The infrared transmit encoder converts serial bits of data from the transmit shift register to the TXD signal. A narrow pulse is 
transmitted for a 0 bit and no pulse is transmitted for a 1 bit. The narrow pulse is sent at the start of the bit with a duration of 1 ÷ 
OSR, 2 ÷ OSR, 3 ÷ OSR, or 4 ÷ OSR of a bit time. A narrow low pulse is transmitted for a 0 bit when CTRL[TXINV] = 0, while a 
narrow high pulse is transmitted for a 0 bit when CTRL[TXINV] = 1.

29.3.2.3.2 Infrared receive decoder

The infrared receive block converts data from the RXD signal to the receive shift register. A narrow pulse is expected for each 0 
received and no pulse is expected for each 1 received. A narrow low pulse is expected for a 0 bit when STAT[RXINV] = 0, while 
a narrow high pulse is expected for a 0 bit when STAT[RXINV] = 1. This receive decoder meets the edge jitter requirement as 
defined by the IrDA serial infrared physical layer specification.

29.3.2.3.3 Start bit detection

When STAT[RXINV] = 0, the first falling edge of the received character corresponds to the start bit. The infrared decoder resets its 
counter. At this time, the receiver also begins its start bit detection process. After the start bit is detected, the receiver synchronizes 
its bit times to this start bit time. For the rest of the character reception, the infrared decoder's counter and the receiver's bit time 
counter count independently of each other.

29.3.2.3.4 Noise filtering

The decoder ignores any rising edges detected during the first half of the infrared decoder counter, and can leave any pulses less 
than one oversampling baud clock as undetected. This is regardless of whether the pulse is seen in the first or second half of 
the count.

29.3.2.3.5 Low-bit detection

During the second half of the decoder count, a rising edge is decoded as 0, which is sent to the receiver. The decoder counter is 
also reset.

NXP Semiconductors
Low Power Universal Asynchronous Receiver/Transmitter (LPUART)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1410 / 5781



29.3.2.3.6 High-bit detection

At OSR oversampling baud rate clocks after the previous rising edge, if a rising edge is not seen, the decoder sends a 1 to 
the receiver.

If the next bit is 0, which arrives late, a low bit is detected according to Low-bit detection. The value sent to the receiver is changed 
from 1 to 0. Then, if a noise pulse occurs outside the receiver's bit time sampling period, the delay of a 0 is not recorded as noise.

29.3.3 Modes

29.3.3.1 Low-Power modes

LPUART remains functional during Low-Power modes, provided CTRL[DOZEEN] = 0 and the LPUART functional clock is 
enabled. LPUART can generate an interrupt or DMA request to cause a wakeup from Low-Power modes.

You can configure LPUART to be disabled in Low-Power modes, when CTRL[DOZEEN] = 1. In this case, the transmitter and 
receiver finish transmitting and receiving the current word.

If LPUART is disabled in Low-Power modes, it can generate a wakeup via STAT[RXEDGIF] if the receiver detects an active edge.

 
See the chip-specific information for specific Low-Power modes available on your chip.

  NOTE  

29.3.3.2 Debug mode

LPUART remains functional in Debug mode.

29.3.4 Clocking and resets

Table 173. Clocks

LPUART functional 
clock

Is asynchronous to the bus clock and can remain enabled in Low-Power modes to support transmit 
and/or receive functions, including low-power wakeups.

Bus clock Is only used for bus accesses to the control and configuration registers. The bus clock frequency 
must be sufficient to support the data bandwidth requirements of the LPUART transmit and receive 
registers, including the FIFOs.

Table 174. Resets

Chip reset Enables the logic and registers for the LPUART transmitter and receiver to reset to their default 
states.

Software reset Resets the LPUART logic and registers to their default states, except for Global (GLOBAL).

GLOBAL[RST] controls the LPUART software reset.

FIFO reset Implements write-only control fields that reset the transmit FIFO (FIFO[TXFLUSH]) and receive 
FIFO (FIFO[RXFLUSH]). After a FIFO is reset, that FIFO becomes empty.

29.3.5 Interrupts and status fields
The LPUART transmitter has two status fields that can optionally generate hardware interrupt requests. STAT[TDRE] = 1 indicates 
that there is room in the transmit FIFO to write another transmit character to Data (DATA). If CTRL[TIE] = 1, a hardware interrupt 
is requested when STAT[TDRE] = 1.

STAT[TC] indicates that the transmitter is finished transmitting all data, preamble, and break characters and is idle with TXD at the 
inactive level. This field is often used in systems with modems to determine when it is safe to turn off the modem. If CTRL[TCIE] = 
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1, a hardware interrupt is requested when STAT[TC] = 1. Instead of hardware interrupts, software polling may be used to monitor 
STAT[TDRE] and STAT[TC] if the corresponding CTRL[TIE] or CTRL[TCIE] are 0.

When a program detects that STAT[RDRF] = 1, it gets the data from this field by reading Data (DATA). The field becomes 0 by 
reading Data (DATA).

STAT[IDLE] includes logic that prevents it from becoming 1 repeatedly when the RXD line remains idle for an extended period of 
time. STAT[IDLE] becomes 0 when you write 1 to it, and cannot become 1 again until the receiver has received at least one new 
character and has STAT[RDRF] = 1.

If the associated error is detected in the received character that caused STAT[RDRF] to become 1, STAT[NF], STAT[FE], and 
STAT[PF] become 1 at the same time STAT[RDRF] becomes 1. These flags do not become 1 in overrun cases.

If STAT[RDRF] is already 1 when a new character is ready to be transferred from the receive shifter to the receive FIFO, STAT[OR] 
becomes 1, instead of the data along with any associated STAT[NF], STAT[FE], or STAT[PF] condition is lost.

If the received character matches the contents of MATCH[MA1] and/or MATCH[MA2], then STAT[MA1F] and/or STAT[MA2F] 
become 1 at the same time that STAT[RDRF] becomes 1.

At any time, an active edge on the RXD serial data input pin causes STAT[RXEDGIF] to become 1. STAT[RXEDGIF] becomes 
0 when you write 1 to it. This function depends on the receiver being enabled (CTRL[RE] = 1).

29.3.6 DMA

29.4 External signals
Table 175. External signals

Signal Description I/O

TXD Transmit data: This pin is normally 
an output, but is an input (tristated) 
in Single-Wire mode whenever the 
transmitter is disabled or transmit 
direction is configured for receive data.

I/O

RXD Receive data I

CTS_B Clear-to-send I

RTS_B Request-to-send O

29.5 Register definition
LPUART includes registers to control baud rate, select options, report status, and store transmit and receive data. Access to an 
address outside the valid memory map generates a bus error.

 
Writing to a read-only (RO) register or reading a write-only (WO) register can cause bus errors. This module does 
not check if programmed values in the registers are correct; you must write valid values to them.

  NOTE  

29.5.1 LPUART register descriptions

29.5.1.1 LPUART memory map

LPUART0 base address: 2809_A000h

LPUART1 base address: 2809_B000h

LPUART2 base address: 2810_B000h
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LPUART3 base address: 2810_C000h

LPUART4 base address: 2939_0000h

LPUART5 base address: 293A_0000h

LPUART6 base address: 2986_0000h

LPUART7 base address: 2987_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0402_0003h

4h Parameter (PARAM) 32 R 0000_0303h

8h Global (GLOBAL) 32 RW 0000_0000h

Ch Pin Configuration (PINCFG) 32 RW 0000_0000h

10h Baud Rate (BAUD) 32 RW 0F00_0004h

14h Status (STAT) 32 RW 00C0_0000h

18h Control (CTRL) 32 RW 0000_0000h

1Ch Data (DATA) 32 RW 0000_1000h

20h Match Address (MATCH) 32 RW 0000_0000h

24h MODEM IrDA (MODIR) 32 RW 0000_0000h

28h FIFO (FIFO) 32 RW 00C0_0022h

2Ch Watermark (WATER) 32 RW 0000_0000h

29.5.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Indicates the version integrated for this instance on the chip and also specifies the inclusion and exclusion of several optional 
features.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-24

MAJOR

Major Version Number

Returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

Returns the minor version number for the module specification.

15-0

FEATURE

Feature Identification Number

Returns the feature set number.

0000_0000_0000_0001b - Standard feature set

0000_0000_0000_0011b - Standard feature set with MODEM and IrDA support

29.5.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Indicates the parameter configuration for this instance on the chip.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXFIFO TXFIFO 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1

Fields

Field Function

31-16

—

Reserved

15-8

RXFIFO

Receive FIFO Size

Indicates the number of characters in the receive FIFO, which is 2^RXFIFO.

7-0

TXFIFO

Transmit FIFO Size

Indicates the number of characters in the transmit FIFO, which is 2^TXFIFO.

29.5.1.4 Global (GLOBAL)

Offset

Register Offset

GLOBAL 8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RST 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-2

—

Reserved

1

RST

Software Reset

Specifies whether the module is reset.

This field resets all internal logic and registers, except Global (GLOBAL). The reset takes effect immediately 
and remains asserted until you negate it. There is no minimum delay required before clearing the 
software reset.

0b - Not reset

1b - Reset

0

—

Reserved

29.5.1.5 Pin Configuration (PINCFG)

Offset

Register Offset

PINCFG Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TRGSEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

TRGSEL

Trigger Select

Configures the input trigger usage.

You must change the value of this field only when both the transmitter and receiver are disabled.

00b - Input trigger disabled

01b - Input trigger used instead of the RXD pin input

10b - Input trigger used instead of the CTS_B pin input

11b - Input trigger used to modulate the TXD pin output, which (after TXINV configuration) is 
internally ANDed with the input trigger

29.5.1.6 Baud Rate (BAUD)

Offset

Register Offset

BAUD 10h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAEN
1 

MAEN
2 

M10 OSR 
TDMA

E 

0 RDMA
E 

Reserv
ed MATCFG 

BOTH
EDGE 

RESY
NCD...

W 0

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LBKDI
E 

RXED
GIE 

SBNS SBR 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31

MAEN1

Match Address Mode Enable 1

Enables automatic address matching or data matching mode for MATCH[MA1]. If this field = 0, normal 
operation takes place.

0b - Disables

1b - Enables
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Field Function

30

MAEN2

Match Address Mode Enable 2

Enables automatic address matching or data matching mode for MATCH[MA2]. If this field = 0, normal 
operation takes place.

0b - Disables

1b - Enables

29

M10

10-Bit Mode Select

Causes the tenth bit to be a part of the serial transmission.

You must change the value of this field only when both the transmitter and receiver are disabled.

0b - Receiver and transmitter use 7-bit to 9-bit data characters

1b - Receiver and transmitter use 10-bit data characters

28-24

OSR

Oversampling Ratio (OSR)

Configures the OSR of the receiver.

You must change the value of this field only when both the transmitter and receiver are disabled.

 
BAUD[OSR] in this bit field results an OSR of BAUD[OSR]+1, for example, BAUD[OSR] = 
0_0101b results in final divide by 6.

  NOTE  

0_0000b - Results in an OSR of 16

0_0001b - Reserved

0_0010b - Reserved

0_0011b - Results in an OSR of 4 (requires BAUD[BOTHEDGE] to be 1)

0_0100b - Results in an OSR of 5 (requires BAUD[BOTHEDGE] to be 1)

0_0101b - Results in an OSR of 6 (requires BAUD[BOTHEDGE] to be 1)

0_0110b - Results in an OSR of 7 (requires BAUD[BOTHEDGE] to be 1)

0_0111b - Results in an OSR of 8

0_1000b - Results in an OSR of 9

0_1001b - Results in an OSR of 10

0_1010b - Results in an OSR of 11

0_1011b - Results in an OSR of 12

0_1100b - Results in an OSR of 13

0_1101b - Results in an OSR of 14

0_1110b - Results in an OSR of 15

0_1111b - Results in an OSR of 16

1_0000b - Results in an OSR of 17
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Table continued from the previous page...

Field Function

1_0001b - Results in an OSR of 18

1_0010b - Results in an OSR of 19

1_0011b - Results in an OSR of 20

1_0100b - Results in an OSR of 21

1_0101b - Results in an OSR of 22

1_0110b - Results in an OSR of 23

1_0111b - Results in an OSR of 24

1_1000b - Results in an OSR of 25

1_1001b - Results in an OSR of 26

1_1010b - Results in an OSR of 27

1_1011b - Results in an OSR of 28

1_1100b - Results in an OSR of 29

1_1101b - Results in an OSR of 30

1_1110b - Results in an OSR of 31

1_1111b - Results in an OSR of 32

23

TDMAE

Transmitter DMA Enable

Configures STAT[TDRE] to generate a DMA request.

0b - Disables DMA request

1b - Enables DMA request

22

—

Reserved

21

RDMAE

Receiver Full DMA Enable

Configures STAT[RDRF] to generate a DMA request.

0b - Disables DMA request

1b - Enables DMA request

20

—

Reserved

19-18

MATCFG

Match Configuration

Configures the match addressing mode used.

You must change the value of this field only when both the transmitter and receiver are disabled.

00b - Address match wakeup
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Field Function

01b - Idle match wakeup

10b - Match on and match off

11b - Enables RWU on data match and match on/off for the transmitter CTS input

17

BOTHEDGE

Both Edge Sampling

Enables sampling of the received data on both edges of the baud rate clock, effectively doubling the number 
of times the receiver samples the input data for a given OSR.

This field must be 1 for OSRs between x4 and x7 and is optional for higher OSRs. You must change the 
value of this field only when the receiver is disabled.

0b - Receiver samples input data using the rising edge of the baud rate clock

1b - Receiver samples input data using the rising and falling edges of the baud rate clock

16

RESYNCDIS

Resynchronization Disable

Disables resynchronization of the received data word when a data one followed by data zero transition 
is detected.

You must change the value of this field only when the receiver is disabled.

0b - Enables resynchronization

1b - Disables resynchronization

15

LBKDIE

LIN Break Detect Interrupt Enable

Enables STAT[LBKDIF] to generate interrupt requests.

0b - Disables hardware interrupts from STAT[LBKDIF] (uses polling)

1b - Requests hardware interrupt when STAT[LBKDIF] is 1

14

RXEDGIE

RX Input Active Edge Interrupt Enable

Enables STAT[RXEDGIF] to generate interrupt requests.

Changing the value of CTRL[LOOPS] or CTRL[RSRC] when this field (RXEDGIE) is 1 can cause 
STAT[RXEDGIF] to become 1.

0b - Disables hardware interrupts from STAT[RXEDGIF]

1b - Requests hardware interrupts when STAT[RXEDGIF] is 1

13

SBNS

Stop Bit Number Select

Determines whether data characters include one or two stop bits.

You must change the value of this field only when both the transmitter and receiver are disabled.

0b - One stop bit

1b - Two stop bits

12-0

SBR

Baud Rate Modulo Divisor

Sets the modulo divide rate for the baud rate generator.
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Field Function

• If SBR is 0 – baud rate generator is disabled.

• If SBR is 1 - 8191, baud rate = baud clock ÷ ((OSR + 1) × SBR). You must update the 13-bit baud 
rate setting [SBR12:SBR0] only when both the transmitter and receiver are disabled (both CTRL[RE] 
and CTRL[TE] are 0).

29.5.1.7 Status (STAT)

Offset

Register Offset

STAT 14h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LBKDI

F 
RXED

GIF MSBF RXINV 
RWUI

D 
BRK13 

LBKD
E 

RAF TDRE TC RDRF IDLE OR NF FE PF 

W W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MA1F MA2F 0 0 0 0

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LBKDIF

LIN Break Detect Interrupt Flag

Specifies whether a LIN break character is detected.

This field becomes 1 when the LIN break detect circuitry is enabled and a LIN break character is detected.

0b - Not detected

1b - Detected

30

RXEDGIF

RXD Pin Active Edge Interrupt Flag

Specifies whether an active edge on the receive pin has occurred.

This field becomes 1 whenever the receiver is enabled and an active edge (falling if STAT[RXINV] = 0, rising 
if STAT[RXINV] = 1) on the RXD pin occurs.
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Field Function

0b - Not occurred

1b - Occurred

29

MSBF

MSB First

Specifies the first bit that is transmitted after the start bit.

If the value of this field = 0, LSB (bit 0) is the first bit transmitted after the start bit (which means, the first bit 
received after the start bit is identified as bit 0).

If the value of this field = 1, MSB (identified as bit 9, bit 8, bit 7, or bit 6) is the first bit that is transmitted, after 
the start bit, depending on the settings of CTRL[M], CTRL[PE], and BAUD[M10].

Writing 1 to this field reverses the order of the bits that are transmitted and received on the wire. This field 
does not affect the polarity of the bits, the location of the parity bit, or the location of the start or stop bits. 
You must change the value of this field only when both the transmitter and receiver are disabled.

0b - LSB

1b - MSB

28

RXINV

Receive Data Inversion

Specifies whether receive data is inverted.

Writing 1 to this field reverses the polarity of the received data input. You must change the value of this field 
only when the receiver is disabled.

 
Writing 1 to this field inverts the RXD input for all cases: data bits, start and stop bits, break, 
and idle.

  NOTE  

0b - Inverted

1b - Not inverted

27

RWUID

Receive Wake Up Idle Detect

Controls, for CTRL[RWU] on idle character detection, whether the idle character that wakes up the receiver 
writes 1 to STAT[IDLE].

For address match wakeup, this field controls whether STAT[IDLE] = 1 when the address does not match. 
You must change the value of this field only when the receiver is disabled.

If the value of this field = 0, during the Receive Standby state (CTRL[RWU] = 1), STAT[IDLE] does not 
become 1 upon detection of an idle character. During address match wakeup, STAT[IDLE] does not become 
1 when an address does not match.

If the value of this field = 1, during the Receive Standby state (CTRL[RWU] = 1), STAT[IDLE] becomes 
1 upon detection of an idle character. During address match wakeup, STAT[IDLE] becomes 1 when an 
address does not match.

0b - STAT[IDLE] does not become 1

1b - STAT[IDLE] becomes 1

26 Break Character Generation Length
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Field Function

BRK13 Selects the longer transmitted break character length.

The state of this field does not affect the detection of a framing error. You must change the value of this 
field only when the transmitter is disabled. You can send a break character by writing 1 to CTRL[SBK], or 
by writing the transmit FIFO when DATA[FRETSC] = 1 and DATA[R9T9] = 0.

0b - 9 to 13 bit times

1b - 12 to 15 bit times

25

LBKDE

LIN Break Detection Enable

Enables LIN break detection.

When the value of this field is 1, LIN break detect is enabled and the LIN break character is detected at a 
length of 11 bit times (if CTRL[M] = 0), 12 bit times (if CTRL[M] = 1), or 13 bit times (if BAUD[M10] = 1). When 
the value of this field is 0, LIN break detect is disabled, and only a normal break character can be detected.

This field selects a longer break character detection length. While the field is 1, receive data is not stored 
in the receive FIFO.

 
This field enables the LIN break detect circuit and disables writing receive data to FIFO. 
Therefore, it essentially ignores all characters except a LIN break.

  NOTE  

0b - Disables

1b - Enables

24

RAF

Receiver Active Flag

Specifies whether the LPUART receiver is idle or active.

This field becomes 1 when the receiver detects the beginning of a valid start bit, and the field becomes 0 
automatically when the receiver detects an idle line.

0b - Idle, waiting for a start bit

1b - Receiver active (RXD pin input not idle)

23

TDRE

Transmit Data Register Empty Flag

Specifies whether the transmit FIFO level is greater than, equal to, or less than the watermark.

After the transmit FIFO is enabled, this field becomes 1 when the number of datawords in the transmit FIFO 
is equal to, or less than the number that WATER[TXWATER] indicates. To make the value of this field 0, 
write to it until the number of words in the transmit FIFO is greater than the number that WATER[TXWATER] 
indicates. After the transmit FIFO is disabled, this field becomes 1 to indicate that the FIFO level is less than 
the watermark. To make the value of this field 0, write to Data (DATA).

This register is not affected by a character that is in the process of being transmitted; it is updated at the start 
of each transmitted character.

0b - Greater than watermark

1b - Equal to or less than watermark

22 Transmission Complete Flag
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Field Function

TC Specifies whether the transmitter is active.

This field becomes 0 when a transmission is in progress or a preamble or break character is loaded. The 
field becomes 1 when the transmit buffer is empty and no data, preamble, or break character is being 
transmitted. When this happens, the transmit data output signal becomes idle (logic 1). This field becomes 
0 after you write to Data (DATA) to transmit new data, queuing a preamble by first writing 0 and then writing 
1 to CTRL[TE], queuing a break character by writing 1 to CTRL[SBK].

0b - Transmitter active (sending data, a preamble, or a break)

1b - Transmitter idle (transmission activity complete)

21

RDRF

Receive Data Register Full Flag

Specifies whether the receive FIFO level is less than, equal to, or greater than the watermark.

This field becomes 1 when the number of datawords in the receive buffer is greater than the number 
that WATER[RXWATER] indicates and the receive FIFO is enabled. To write 0 to this field, read Data 
(DATA) until the number of datawords in the receive FIFO is equal to, or less than the number that 
WATER[RXWATER] indicates. When the receive FIFO is disabled, this field (RDRF) becomes 1 if the 
receive buffer (Data (DATA)) is full. To make this field 0, read Data (DATA).

A character that is in the process of being received does not cause a change in this field until the entire 
character is received. Even if this field is 1, the character continues to be received until an overrun condition 
occurs after the entire character is received.

0b - Equal to or less than watermark

1b - Greater than watermark

20

IDLE

Idle Line Flag

Specifies whether an idle line is detected.

This field becomes 1 when the LPUART receive line becomes idle for a full character time after a period 
of activity. When CTRL[ILT] = 0, the receiver starts counting idle bit times after the start bit. If the receive 
character is all 1s, these bit times and the stop bit time count towards the full character time of logic high, 10 
to 13 bit times, needed for the receiver to detect an idle line. After CTRL[ILT] becomes 1, the receiver does 
not start counting idle bit times until after the stop bits. The stop bits and any logic high bit times at the end 
of the previous character do not count towards the full character time of logic high needed for the receiver 
to detect an idle line.

For this field to become 0, write 1 to it. After the field becomes 0, you cannot write 1 to it again until after a 
new character is stored in the receive buffer or a LIN break character writes 1 to STAT[LBKDIF]. This field 
becomes 1 only once, even if the receive line remains idle for an extended period.

0b - No idle line detected

1b - Idle line detected

19

OR

Receiver Overrun Flag

Specifies whether there is receive overrun.

This field becomes 1 when you cannot prevent STAT[RDRF] from overflowing with data. The field becomes 
1 immediately after the stop bit is completely received for the dataword that overflows the buffer and all the 
other error fields (STAT[FE], STAT[NF], and STAT[PF]) are prevented from becoming 1. The data in the shift 
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Field Function

register is lost, but the data already in the LPUART data registers is not affected. If STAT[LBKDE] is enabled 
and a LIN break is detected, this field becomes 1 if STAT[LBKDIF] is not 0 before the next data character 
is received.

When this field is 1, no additional data is stored in the receive FIFO even if sufficient room exists.

0b - No overrun

1b - Receive overrun (new LPUART data lost)

18

NF

Noise Flag (NF)

Specifies whether noise is detected in the received character of Data (DATA).

The advanced sampling technique used in the receiver takes three samples in each of the received bits. If 
any of these samples disagrees with the rest of the samples within any bit time in the frame, then noise is 
detected for that character. This field becomes 1 whenever the next character to be read from Data (DATA) 
is received with noise detected within the character.

0b - No noise detected

1b - Noise detected

17

FE

Framing Error Flag (FE)

Specifies whether a framing error is detected.

This field becomes 1 whenever the next character to be read from Data (DATA) is received with logic 0 
detected where a stop bit was expected.

0b - No framing error detected (this does not guarantee that the framing is correct)

1b - Framing error detected

16

PF

Parity Error Flag (PF)

Specifies whether a parity error is detected.

This field becomes 1 whenever the next character to be read from Data (DATA) received when parity is 
enabled (CTRL[PE] = 1) and the parity bit in the received character does not agree with the expected 
parity value.

0b - No parity error detected

1b - Parity error detected

15

MA1F

Match 1 Flag

Specifies whether the received data is equal to MATCH[MA1].

This field becomes 1 whenever the next character to be read from Data (DATA) matches the value 
of MATCH[MA1].

0b - Not equal to MA1

1b - Equal to MA1

14

MA2F

Match 2 Flag

Specifies whether the received data is equal to MATCH[MA2].

Table continues on the next page...

NXP Semiconductors
Low Power Universal Asynchronous Receiver/Transmitter (LPUART)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1425 / 5781



Table continued from the previous page...

Field Function

This field becomes 1 whenever the next character to be read from Data (DATA) matches the value 
of MATCH[MA2].

0b - Not equal to MA2

1b - Equal to MA2

13-10

—

Reserved

9-8

—

Reserved

7-2

—

Reserved

1-0

—

Reserved

29.5.1.8 Control (CTRL)

Offset

Register Offset

CTRL 18h

Function

Controls various optional features of the LPUART system.

You must write to the fields of this register only when both the transmitter and receiver are disabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
R8T9 R9T8 TXDIR TXINV ORIE NEIE FEIE PEIE TIE TCIE RIE ILIE TE RE RWU SBK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MA1IE MA2IE 

0
M7 IDLECFG 

LOOP
S 

DOZE
EN 

RSRC M WAKE ILT PE PT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

R8T9

Receive Bit 8 Transmit Bit 9

Contains R8 and T9 that correspond to different functions.

R8 is the ninth data bit received after you configure LPUART for 9-bit or 10-bit data formats. When reading 
9-bit or 10-bit data, read R8 before reading Data (DATA).

T9 is the tenth data bit transmitted after you configure LPUART for 10-bit data formats. When writing 10-bit 
data, write T9 before writing to Data (DATA). If T9 does not need to change from its previous value, such 
as when it is used to generate address mark or parity, then you need not write to it each time you write to 
Data (DATA).

 
R8 is a read-only bit and T9 is a write-only bit; the value read is different from the 
value written.

  NOTE  

30

R9T8

Receive Bit 9 Transmit Bit 8

Contains R9 and T8 that correspond to different functions.

R9 is the tenth data bit received after you configure LPUART for 10-bit data formats. When reading 10-bit 
data, read R9 before reading Data (DATA).

T8 is the ninth data bit transmitted after you configure LPUART for 9-bit or 10-bit data formats. When writing 
9-bit or 10-bit data, write T8 before writing to Data (DATA). If T8 does not need to change from its previous 
value, such as when it is used to generate address mark or parity, then you need not write to it each time 
you write to Data (DATA).

 
R9 is a read-only field and T8 is a write-only field; the value read is different from the 
value written.

  NOTE  

29

TXDIR

TXD Pin Direction in Single-Wire Mode

Determines the direction of data at the TXD pin when LPUART is configured for a single-wire half-duplex 
operation, (CTRL[LOOPS] = CTRL[RSRC] = 1). When writing 0 to this field, the transmitter finishes 
transmitting the current character (if any) before the receiver starts receiving data from the TXD pin.

0b - TXD pin is an input in Single-Wire mode

1b - TXD pin is an output in Single-Wire mode

28

TXINV

Transmit Data Inversion

Specifies whether transmit data is inverted.

Writing 1 to this field reverses the polarity of the transmitted data output. This action inverts the TXD output 
for all cases: data bits, start and stop bits, break, and idle.

0b - Not inverted

1b - Inverted

27

ORIE

Overrun Interrupt Enable
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Field Function

Enables STAT[OR] to generate hardware interrupt requests. When this field is 1, a hardware interrupt is 
requested. Use polling when OR interrupts are disabled.

0b - Disables

1b - Enables

26

NEIE

Noise Error Interrupt Enable

Enables STAT[NF] to generate hardware interrupt requests. When this field is 1, a hardware interrupt is 
requested. Use polling when NF interrupts are disabled.

0b - Disables

1b - Enables

25

FEIE

Framing Error Interrupt Enable

Enables STAT[FE] to generate hardware interrupt requests. When this field is 1, a hardware interrupt is 
requested. Use polling when FE interrupts are disabled.

0b - Disables

1b - Enables

24

PEIE

Parity Error Interrupt Enable

Enables STAT[PF] to generate hardware interrupt requests. When this field is 1, a hardware interrupt is 
requested. Use polling when PF interrupts are disabled.

0b - Disables

1b - Enables

23

TIE

Transmit Interrupt Enable

Enables STAT[TDRE] to generate interrupt requests if STAT[TDRE] = 1.

0b - Disables

1b - Enables

22

TCIE

Transmission Complete Interrupt Enable

Enables STAT[TC] to generate interrupt requests if STAT[TC] = 1.

0b - Disables

1b - Enables

21

RIE

Receiver Interrupt Enable

Enables STAT[RDRF] to generate hardware interrupt requests if STAT[RDRF] = 1.

0b - Disables

1b - Enables

20

ILIE

Idle Line Interrupt Enable

Enables hardware interrupts.
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Field Function

This field enables STAT[IDLE] to generate interrupt requests.

0b - Disables hardware interrupts from STAT[IDLE]; use polling

1b - Enables hardware interrupts when STAT[IDLE] = 1

19

TE

Transmitter Enable

Enables the LPUART transmitter.

Using this field, you can also queue an idle preamble by first writing 0 and then writing 1 to this field. After 
this field becomes 0, the field reads 1 until the transmitter has completed the current character and the TXD 
pin is tristated.

You can also queue a single idle character by writing to the transmit FIFO with DATA[FRETSC] = 1 and 
DATA[R9T9] = 1.

0b - Disables

1b - Enables

18

RE

Receiver Enable

Enables the LPUART receiver.

After you write 0 to this field, this field becomes 1 until the receiver finishes receiving the current character 
(if any).

0b - Disables

1b - Enables

17

RWU

Receiver Wakeup Control

Specifies whether the LPUART receiver in standby is waiting for a wakeup condition.

You can write 1 to this field to place the LPUART receiver in a Standby state. The field becomes 0 
automatically when an RWU event occurs, that is, in case of an idle event when CTRL[WAKE] = 0 or an 
address match when CTRL[WAKE] = 1 and STAT[RWUID] = 0.

 
You must write 1 to this field only when CTRL[WAKE] = 0 (wakeup on idle), if the channel is 
currently not idle. You can determine this by the value of STAT[RAF]. If the field is 1 to wake 
up an idle event and the channel is already idle, LPUART, possibly, discards the data. This 
is because the data must be received or a LIN break is detected after an IDLE is detected 
before IDLE is allowed to be reasserted.

  NOTE  

0b - Normal receiver operation

1b - LPUART receiver in standby, waiting for a wakeup condition

16

SBK

Send Break

Specifies whether queue break character(s) are to be sent.

Writing a 1 and then a 0 to this field queues a break character in the transmit data stream. Additional break 
characters of 9 to 13 bits, or 12 to 15 bits if STAT[BRK13] = 1, and bit times of logic 0 are queued as long 
as this field is 1. Depending on the timing when this field is 1 and 0, relative to the character currently being 
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Field Function

transmitted, a second break character may be queued before you write 0 to this field. If the time taken to write 
0 to this field is too long, for example, if the field does not become 0 by the end of the first break character, 
a second break character is sent. This is compared to queuing a break character through the transmit FIFO 
that guarantees only one break character is sent.

You can also queue a single break character by writing to the transmit FIFO when DATA[FRETSC] = 1 and 
DATA[R9T9] = 0.

0b - Normal transmitter operation

1b - Queue break character(s) to be sent

15

MA1IE

Match 1 (MA1F) Interrupt Enable

Enables the MA1F interrupt.

0b - Disables

1b - Enables

14

MA2IE

Match 2 (MA2F) Interrupt Enable

Enables the MA2F interrupt.

0b - Disables

1b - Enables

13-12

—

Reserved

11

M7

7-Bit Mode Select

Specifies the data characters that the receiver and transmitter use.

You must change the value of this field only after both the transmitter and receiver are disabled.

0b - 8-bit to 10-bit data characters

1b - 7-bit data characters

10-8

IDLECFG

Idle Configuration

Configures the number of idle characters that must be received before you write 1 to STAT[IDLE].

000b - 1

001b - 2

010b - 4

011b - 8

100b - 16

101b - 32

110b - 64

111b - 128

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

LOOPS

Loop Mode Select

Selects Loop mode.

After this field becomes 1, the RXD pin is disconnected from LPUART and the transmitter output is internally 
connected to the receiver input. The transmitter and receiver must be enabled to use the loop function. 
In Loop mode or Single-Wire mode, the transmitter outputs are internally connected to the receiver input 
(see CTRL[RSRC]).

0b - Normal operation: RXD and TXD use separate pins

1b - Loop mode or Single-Wire mode

6

DOZEEN

Enables LPUART in Doze mode.

If this field is 1, LPUART remains active when not in Doze mode.

0b - Enables

1b - Disables

5

RSRC

Receiver Source Select

Determines the source of the receiver shift register input if CTRL[LOOPS] = 1.

This field has no effect unless CTRL[LOOPS] = 1.

If the value of this field is 0, internal Loopback mode is selected. LPUART does not use the RXD pin.

If the value of this field is 1, single-wire LPUART mode is selected where the TXD pin is connected to the 
transmitter output and receiver input.

0b - Internal Loopback mode

1b - Single-wire mode

4

M

9-Bit Or 8-Bit Mode Select

Specifies the mode that the receiver and transmitter use.

0b - 8-bit data characters

1b - 9-bit data characters

3

WAKE

Receiver Wakeup Method Select

Determines which condition wakes up LPUART when CTRL[RWU] = 1 and BAUD[MATCFG] = 0 (this 
field must be 1 when BAUD[MATCFG] = 11):

• Address mark in the bit preceding the stop bit (or bit preceding the parity bit when parity is enabled) 
of the received data character

• An idle condition on the receive pin input signal

0b - Configures CTRL[RWU] for idle-line wakeup

1b - Configures CTRL[RWU] with address-mark wakeup

2

ILT

Idle Line Type Select

Determines when the receiver starts counting logic 1s as idle character bits.

Table continues on the next page...
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Table continued from the previous page...

Field Function

The count begins either after a valid start bit or the stop bit. If the count begins after the start bit, a string of 
logic 1s preceding the stop bit can cause false recognition of an idle character. Beginning the count after the 
stop bit avoids false idle character recognition, but requires properly synchronized transmissions.

 
In case you write 1 to this field, a logic 0 is automatically shifted after a received stop bit, 
therefore resetting the idle count.

  NOTE  

0b - After the start bit

1b - After the stop bit

1

PE

Parity Enable

Enables hardware parity generation and checking.

If parity is enabled, the bit immediately before the stop bit is treated as the parity bit.

0b - Disables

1b - Enables

0

PT

Parity Type

Selects the type of parity, even or odd, if parity is enabled (CTRL[PE] = 1):

• Odd parity means that the total number of logic 1 bits in the data character, including the parity bit, is 
odd.

• Even parity means that the total number of 1s in the data character, including the parity bit, is even.

0b - Even parity

1b - Odd parity

29.5.1.9 Data (DATA)

Offset

Register Offset

DATA 1Ch

Function

Supports 8-bit, 16-bit, or 32-bit writes, each type of write performing a separate function. An 8-bit write to DATA[7:0] pushes 
{CTRL[R8T9], CTRL[R9T8], DATA[7:0]} the transmit FIFO with TSC clear. A 16-bit or 32-bit write pushes the data written into the 
FIFO and does not update the value of CTRL[R8T9] or CTRL[R9T8].

Reads and writes of this register are also involved in the automatic flag clearing mechanisms for some of the LPUART status fields.

 
Reads return the contents of the read-only receive FIFO and writes go to the write-only transmit FIFO, making this 
register work as a set of two separate registers.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NOISY 
PARIT

YE FRET
SC 

RXEM
PT 

IDLIN
E 

0
R9T9 R8T8 R7T7 R6T6 R5T5 R4T4 R3T3 R2T2 R1T1 R0T0 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

NOISY

Noisy Data Received

Indicates whether the current received dataword contained in DATA[R9:R0] is received with noise.

0b - Received without noise

1b - Received with noise

14

PARITYE

Parity Error

Indicates whether the current received dataword contained in DATA[R9:R0] is received with a parity 
error.

0b - Received without a parity error

1b - Received with a parity error

13

FRETSC

Frame Error Transmit Special Character

Indicates the way the dataword is received.

For reads, this field indicates that the current received dataword contained in DATA[R9:R0] is received with 
a frame error. For writes, the field indicates that a break or idle character is to be transmitted instead of the 
contents in DATA[T9:T0]. T9 indicates a break character when it is 0 and indicates an idle character when 
it is 1. The contents of DATA[T8:T0] must be 0.

0b - Received without a frame error on reads or transmits a normal character on writes

1b - Received with a frame error on reads or transmits an idle or break character on writes

12

RXEMPT

Receive Buffer Empty

Indicates whether the receive buffer contains valid data.

This field becomes 1 when there is no data in the receive buffer. The field does not consider data in the 
receive shift register.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Contains valid data

1b - Contains invalid data and is empty

11

IDLINE

Idle Line

Indicates whether the receiver line was idle before receiving the character in DATA[9:0]. Unlike 
STAT[IDLE], you can write 1 to this field for the first character received when the receiver is first enabled.

0b - Received was not idle

1b - Receiver was idle

10

—

Reserved

9

R9T9

Read Receive FIFO Bit 9 Or Write Transmit FIFO Bit 9

8

R8T8

Read Receive FIFO Bit 8 Or Write Transmit FIFO Bit 8

7

R7T7

Read Receive FIFO Bit 7 Or Write Transmit FIFO Bit 7

6

R6T6

Read Receive FIFO Bit 6 Or Write Transmit FIFO Bit 6

5

R5T5

Read Receive FIFO Bit 5 Or Write Transmit FIFO Bit 5

4

R4T4

Read Receive FIFO Bit 4 Or Write Transmit FIFO Bit 4

3

R3T3

Read Receive FIFO Bit 3 Or Write Transmit FIFO Bit 3

2

R2T2

Read Receive FIFO Bit 2 Or Write Transmit FIFO Bit 2

1

R1T1

Read Receive FIFO Bit 1 Or Write Transmit FIFO Bit 1

0

R0T0

Read Receive FIFO Bit 0 Or Write Transmit FIFO Bit 0
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29.5.1.10 Match Address (MATCH)

Offset

Register Offset

MATCH 20h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
MA2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MA1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

MA2

Match Address 2

Is compared to input data addresses when the most significant bit is 1 and the associated Baud Rate (BAUD) 
field is 1.

If a match occurs, the data that follows is transferred to Data (DATA). If a match fails, the data that follows is 
discarded. You must write to MATCH[MA1] and MATCH[MA2] only when the associated Baud Rate (BAUD) 
field is 0.

15-10

—

Reserved

9-0

MA1

Match Address 1

Is compared to input data addresses when the most significant bit is 1 and the associated Baud Rate (BAUD) 
field is 1.

If a match occurs, the data that follows is transferred to Data (DATA). If a match fails, the data that follows is 
discarded. You must write to MATCH[MA1] and MATCH[MA2] fields only when the associated Baud Rate 
(BAUD) field is 0.
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29.5.1.11 MODEM IrDA (MODIR)

Offset

Register Offset

MODIR 24h

Function
Controls options for setting the MODEM configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
IREN TNP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RTSWATER 

0 TXCT
SSRC 

TXCT
SC 

RXRT
SE 

TXRT
SPOL 

TXRT
SE 

TXCT
SE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18

IREN

IR Enable

Enables IR modulation and demodulation.

You must change the value of this field only when both the transmitter and receiver are disabled.

0b - Disables

1b - Enables

17-16

TNP

Transmitter Narrow Pulse

Indicates whether LPUART transmits a 1 ÷ OSR, 2 ÷ OSR, 3 ÷ OSR, or 4 ÷ OSR narrow pulse when the IR 
pulse is enabled.

You must change the value of this field only when both the transmitter and receiver are disabled.

The IR pulse width must be configured to less than half of the OSR. Common pulse widths are 3 ÷ 16, 1 ÷ 16, 
1 ÷ 32, or 1 ÷ 4 of the bit length. You can configure these by selecting the appropriate OSR and pulse width.

00b - 1 ÷ OSR

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - 2 ÷ OSR

10b - 3 ÷ OSR

11b - 4 ÷ OSR

15-11

—

Reserved

10-8

RTSWATER

Receive RTS Configuration

Configures the assertion and negation of the receiver's RTS_B output.

The receiver's RTS_B output negates when the number of empty words in the receive FIFO is greater or 
equal to the value of this field. If this field is 0, the RTS_B pin negates when the receive FIFO is full. For the 
purpose of receive RTS_B generation, the number of words in the receive FIFO updates when a start bit is 
detected. This supports additional latency between RTS_B negation and the external transmitter ceasing 
transmission. If both receive RTS_B and address or data matching is enabled, RTS_B could assert at the 
end of a character if there exists no match.

You must change the value of this field only when the receiver is disabled.

7-6

—

Reserved

5

TXCTSSRC

Transmit CTS Source

Configures the source of the CTS input.

0b - The CTS_B pin

1b - An internal connection to the receiver address match result

4

TXCTSC

Transmit CTS Configuration

Configures whether the CTS state or input is checked or sampled at the start of each character or only 
when the transmitter is idle.

0b - Sampled at the start of each character

1b - Sampled when the transmitter is idle

3

RXRTSE

Receiver RTS Enable

Allows the RTS output to control the CTS input of the transmitting device to prevent receiver overrun.

You must change the value of this field only when the receiver is disabled.

If the value of this field = 0, the receiver has no effect on RTS.

If the value of this field = 1, RTS is deasserted if STAT[RDRF] = 1 or a start bit is detected that causes 
STAT[RDRF] to become 1. RTS is asserted if STAT[RDRF] = 0 and has not detected a start bit that causes 
STAT[RDRF] to become 1.

 
Do not write 1 to both MODIR[RXRTSE] and MODIR[TXRTSE].

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disables

1b - Enables

2

TXRTSPOL

Transmitter RTS Polarity

Controls the polarity of the transmitter RTS.

This field does not affect the polarity of the receiver RTS that remains negated in the active-low state unless 
MODIR[TXRTSE] = 1. You must change the value of this field only when the transmitter is disabled.

0b - Transmitter RTS is active low

1b - Transmitter RTS is active high

1

TXRTSE

Transmitter RTS Enable

Controls the operation of RTS before and after a transmission.

You must change the value of this field only when the transmitter is disabled. When the value of this field 
= 1, a character is placed into an empty transmit shift register. RTS asserts 1-bit time before the start bit 
is transmitted and deasserts 1-bit time after all characters in the transmitter FIFO and shift register are 
completely sent, including the last stop bit. If the value of this field = 0, the transmitter has no effect on RTS.

0b - Disables

1b - Enables

0

TXCTSE

Transmitter CTS Enable

Enables the operation of the transmitter.

You can write 1 to this field irrespective of the states of MODIR[TXRTSE] and MODIR[RXRTSE]. If the value 
of this field = 1, the transmitter checks the state of the CTS signal each time it is ready to send a character. 
If CTS is asserted, the character is sent. If CTS is deasserted, the signal TXD remains in the mark state and 
transmission is delayed until CTS is asserted. Changes in CTS, when a character is being sent, do not affect 
its transmission.

0b - Disables

1b - Enables

29.5.1.12 FIFO (FIFO)

Offset

Register Offset

FIFO 28h

Function

Provides you the ability to turn on and turn off the FIFO functionality.

This register also provides you the size of the FIFO that has been implemented. You can read this register at any time and must 
write to it only when CTRL[RE] and CTRL[TE] are 0 and the FIFO is empty.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TXEM

PT 
RXEM

PT 
0 TXOF RXUF 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
RXIDEN 

TXOF
E 

RXUF
E 

TXFE 
TXFIFOSIZE 

RXFE 
RXFIFOSIZE 

W
TXFLU

SH 
RXFL
USH 

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Fields

Field Function

31-24

—

Reserved

23

TXEMPT

Transmit FIFO Or Buffer Empty

Specifies whether the transmit buffer is empty.

This field becomes 1 when there is no data in the transmit FIFO or buffer. The field does not consider data 
in the transmit shift register.

0b - Not empty

1b - Empty

22

RXEMPT

Receive FIFO Or Buffer Empty

Specifies whether the receive buffer is empty.

This field becomes 1 when there is no data in the receive FIFO or buffer. The field does not consider data 
in the receive shift register.

0b - Not empty

1b - Empty

21-18

—

Reserved

17

TXOF

Transmitter FIFO Overflow Flag

Specifies whether more data has been written to the transmit FIFO than it can hold.

If the value of this field = 1, at least one transmit FIFO overflow has occurred since the last time the field 
was cleared. If the value of this field = 0, no transmit FIFO overflow has occurred since the last time the field 
was cleared.

This field becomes 1 regardless of the value of FIFO[TXOFE]. However, an interrupt is issued to the host 
only if FIFO[TXOFE] = 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No overflow

1b - Overflow

16

RXUF

Receiver FIFO Underflow Flag

Specifies whether more data has been read from the receive FIFO than was present.

If the value of this field = 1, at least one receive FIFO underflow has occurred since the last time the field 
was cleared. If the value of this field = 0, no receive FIFO underflow has occurred since the last time the field 
was cleared.

This field becomes 1 regardless of the value of FIFO[RXUFE]. However, an interrupt is issued to the host 
only if FIFO[RXUFE] = 1.

0b - No underflow

1b - Underflow

15

TXFLUSH

Transmit FIFO Flush

Causes all data that is stored in the transmit FIFO to be flushed.

If you write 0 to this field, no flush operation occurs, and if you write 1 to this field, all data in the transmit 
FIFO or buffer clears out.

This does not affect data in the transmit shift register.

0b - No effect

1b - All data is flushed out

14

RXFLUSH

Receive FIFO Flush

Causes all data that is stored in the receive FIFO to be flushed.

If you write 0 to this field, no flush operation occurs, and if you write 1 to this field, all data in the receive FIFO 
or buffer clears out.

This does not affect data in the receive shift register.

0b - No effect

1b - All data is flushed out

13

—

Reserved

12-10

RXIDEN

Receiver Idle Empty Enable

Enables STAT[RDRF] to become 1 when the receiver is idle for a number of idle characters and the 
FIFO is not empty.

000b - Disables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle

001b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for one character

Table continues on the next page...
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Field Function

010b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for two characters

011b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for four characters

100b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for eight characters

101b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for 16 characters

110b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for 32 characters

111b - Enables STAT[RDRF] to become 1 because of partially filled FIFO when the receiver is 
idle for 64 characters

9

TXOFE

Transmit FIFO Overflow Interrupt Enable

Enables FIFO[TXOF] to generate an interrupt to the host.

0b - Disables

1b - Enables

8

RXUFE

Receive FIFO Underflow Interrupt Enable

Enables FIFO[RXUF] to generate an interrupt to the host.

0b - Disables

1b - Enables

7

TXFE

Transmit FIFO Enable

Enables the transmit FIFO.

When the value of this field = 1, the built-in FIFO structure for the transmit buffer is enabled. 
FIFO[TXFIFOSIZE] indicates the size of the FIFO structure.

If the value of this field = 0, the transmit buffer operates as a FIFO of depth equal to 1 dataword, regardless 
of the value in FIFO[TXFIFOSIZE]. Both CTRL[TE] and CTRL[RE] must be 0 before you change the value 
of this field.

0b - Disables; buffer depth is 1

1b - Enables; FIFO[TXFIFOSIZE] indicates the buffer depth

6-4

TXFIFOSIZE

Transmit FIFO Buffer Depth

Indicates the maximum number of transmit datawords that can be stored in the transmit buffer.

000b - Transmit FIFO buffer depth = 1 dataword

001b - Transmit FIFO buffer depth = 4 datawords

010b - Transmit FIFO buffer depth = 8 datawords

Table continues on the next page...
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Field Function

011b - Transmit FIFO buffer depth = 16 datawords

100b - Transmit FIFO buffer depth = 32 datawords

101b - Transmit FIFO buffer depth = 64 datawords

110b - Transmit FIFO buffer depth = 128 datawords

111b - Transmit FIFO buffer depth = 256 datawords

3

RXFE

Receive FIFO Enable

Enables the receive FIFO.

When the value of this field = 1, the built-in FIFO structure for the receive buffer is enabled. 
FIFO[RXFIFOSIZE] indicates the size of the FIFO structure.

If RXFE is 0, the receive buffer operates as a FIFO of depth equal to 1 dataword, regardless of the value in 
FIFO[RXFIFOSIZE]. Both CTRL[RE] and CTRL[TE] must be 0 before you change the value of this field.

0b - Disables; buffer depth is 1

1b - Enables; FIFO[RXFIFOSIZE] indicates the buffer depth

2-0

RXFIFOSIZE

Receive FIFO Buffer Depth

Contains the maximum number of receive datawords that can be stored in the receive buffer before an 
overrun occurs.

000b - Receive FIFO buffer depth = 1 dataword

001b - Receive FIFO buffer depth = 4 datawords

010b - Receive FIFO buffer depth = 8 datawords

011b - Receive FIFO buffer depth = 16 datawords

100b - Receive FIFO buffer depth = 32 datawords

101b - Receive FIFO buffer depth = 64 datawords

110b - Receive FIFO buffer depth = 128 datawords

111b - Receive FIFO buffer depth = 256 datawords

29.5.1.13 Watermark (WATER)

Offset

Register Offset

WATER 2Ch

Function

Provides the ability to set a programmable threshold for notification, or sets the programmable thresholds to indicate that transmit 
data can be written or receive data can be read.

You may read this register at any time but must write to it only when CTRL[TE] = 0.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 RXCOUNT 0
RXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TXCOUNT 0
TXWATER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

RXCOUNT

Receive Counter

Indicates the number of datawords in the receive FIFO or buffer.

If a dataword is being received in the receive shift register, it is not included in the count. This value may be 
used in conjunction with FIFO[RXFIFOSIZE] to calculate the room left in the receive FIFO or buffer.

23-19

—

Reserved

18-16

RXWATER

Receive Watermark

Generates an interrupt, or a DMA request if the number of datawords in the receive FIFO or buffer is greater 
than the value of this field.

For proper operation, the value of this field must be less than the size of the receive FIFO or buffer, as 
indicated by FIFO[RXFIFOSIZE] and FIFO[RXFE].

15-12

—

Reserved

11-8

TXCOUNT

Transmit Counter

Indicates the number of datawords in the transmit FIFO or buffer.

If a dataword is being transmitted to the transmit shift register, it is not included in the count. This value may 
be used in conjunction with the value of FIFO[TXFIFOSIZE] to calculate the room left in the transmit FIFO 
or buffer.

7-3

—

Reserved

2-0 Transmit Watermark

Table continues on the next page...
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Table continued from the previous page...

Field Function

TXWATER Generates an interrupt, or a DMA request when the number of datawords in the transmit FIFO or buffer is 
equal to or less than the value of this field.

For proper operation, the value of this field must be less than the size of the transmit buffer or FIFO, as 
indicated by FIFO[TXFIFOSIZE] and FIFO[TXFE].

29.6 Glossary
Baud rate Number of bits transmitted or received per second by LPUART

Break character Break character is generated when the transmitter is holding the data line at the space level for at least one 
character time

Oversampling Number of times the receive circuitry samples the receive input per baud period (that is, per data bit)
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Chapter 30
Flexible Controller Area Network (FlexCAN)
30.1 Chip-specific FlexCAN information
Table 176. Reference links to related information

Topic Related module Reference

Full description FlexCAN FlexCAN

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

30.1.1 Module instances
This device has one instance of the FlexCAN module.

30.2 Overview
FlexCAN is a communication controller implementing the CAN protocol according to the ISO 11898-1:2015 standard and CAN 
2.0 B protocol specifications.

The CAN protocol was primarily designed to be used as a vehicle serial data bus, meeting the specific real-time processing 
and reliable operation requirements in the electromagnetic interference (EMI) environment of a vehicle. FlexCAN is a full 
implementation of the CAN protocol specification, the CAN with flexible data rate (CAN FD) protocol, and the CAN 2.0 version B 
protocol. It supports both standard and extended message frames and long payloads.

 
Legacy Receive FIFO cannot be used in Flexible Data (FD) mode.

  NOTE  

 
In CAN FD mode, use the enhanced receive FIFO feature instead of the legacy receive FIFO.

  NOTE  

30.2.1 Block diagram
Figure 183 shows the main submodules implemented in FlexCAN.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1445 / 5781



TX
arbitration

RX
matching

Bus interface unit (BIU)

Controller
host interface (CHI)

Protocol engine (PE)

CAN transceiver

CAN bus

CAN TX CAN RX FlexCAN

Message
buffers
(MBs)

RAM

Registers

Address, data, clocks, and interrupts

Peripheral bus interface

Figure 183. FlexCAN block diagram

The Protocol Engine (PE) submodule manages the serial communication on the CAN bus:

• Requesting RAM access for receiving and transmitting message frames.

• Validating received messages.

• Performing error handling.

• Detecting CAN FD messages.

The Controller Host Interface (CHI) submodule manages:

• Message buffer selection for reception and transmission.

• Arbitration and ID matching algorithms for both CAN FD and non-CAN FD message formats.

The Bus Interface Unit (BIU) submodule controls access to and from the internal interface bus to establish connection to the CPU 
and to other blocks. The BIU manages access to:

• Clocks

• Address and data buses

• Interrupt outputs

• DMA

• Test signals

30.2.2 Features
FlexCAN includes:

• Full implementation of CAN with Flexible data rate (CAN FD) protocol specification and CAN protocol specification, 
Version 2.0 B

— Standard data frames

— Extended data frames

— Data length of zero to sixty-four bytes
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— Programmable bit rate (see chip-specific FlexCAN information for specific maximum rate configuration)

— Content-related addressing

• Compliance with ISO 11898-1:2015 standard

• Flexible message buffers that can be configured to store a payload of 0, 8, 16, 32, or 64 bytes. Increasing the payload size 
decreases the number of supported message buffers (see FlexCAN memory partition for CAN FD). Message buffers are 
configurable as receive or transmit, supporting standard and extended messages.

• Individual Receive Mask registers for each message buffer

• Full-featured legacy receive FIFO with storage capacity for six frames and automatic internal pointer handling with DMA 
support

• Full-featured enhanced receive FIFO with storage capacity of 6 CAN FD frames and automatic internal pointer handling 
with DMA support

• Transmission abort capability

• Option to use RAM not used by reception or transmission structures as general-purpose RAM space

• Listen-Only mode

• Programmable loopback mode supporting self-test operation

• Programmable transmission priority scheme: lowest ID, lowest buffer number, or highest priority

• Timestamp based on 32-bit free-running timer, with optional external time tick

• Global network time, synchronized by specific message

• Maskable interrupts

• Independence from transmission medium (external transceiver is assumed)

• Short latency time due to arbitration scheme for high-priority messages

• Low-power modes, with programmable wake-up on bus activity or matching with received frames (Pretended Networking)

• Transceiver delay compensation when transmitting CAN FD messages at faster data rates

• Management of remote request frames automatically or by software

• Restriction only to write CAN bit time settings and configuration bits in Freeze mode

• Transmit message buffer status (lowest-priority buffer or empty buffer)

• Identifier Acceptance Filter Hit Indicator (IDHIT) register for received frames

• SYNCH bit in Error in Status 1 register to indicate module is synchronous with CAN bus

• CRC status for transmitted message

• Legacy Receive FIFO Global Mask register

• Selectable priority between message buffers and receive FIFO during matching process

• Powerful legacy receive FIFO ID filtering, capable of matching incoming IDs against either 128 extended IDs, 256 
standard IDs, or 512 partial (8-bit) IDs, with 32 individual masking capability

• Powerful enhanced receive FIFO ID filtering, capable of matching incoming IDs against either 16 extended or 32 standard 
ID filter elements with three filtering schemes: mask plus filter, range, and two filters without mask.

• Complete backward compatibility with previous FlexCAN version

• Pretended Networking functionality in low power: Doze mode, Stop mode 
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30.3 Functional description
FlexCAN is a CAN protocol engine with a flexible message buffer system for transmitting and receiving CAN frames. The system 
is a set of message buffers that stores configuration and control data, timestamp, message ID, and data (see Message buffer 
structure). The memory corresponding to the first 38 message buffers can be configured to support a Legacy FIFO reception 
scheme with a powerful ID filtering mechanism. This scheme can check incoming frames against a table of IDs (up to 128 extended 
IDs or 256 standard IDs or 512 8-bit ID slices), with an individual mask register for up to 32 ID filter table elements.

For classical CAN frames, FlexCAN supports simultaneous reception through Legacy FIFO and message buffer. For CAN FD 
frames, FlexCAN supports reception through message buffer and enhanced receive FIFO.

For message buffer reception, a matching algorithm makes it possible to store received frames only into MBs that have the same 
ID programmed in the ID field. A masking scheme makes it possible to match the ID programmed on the message buffer with a 
range of IDs on received CAN frames. For transmission, an arbitration algorithm decides the prioritization of message buffers to 
be transmitted based on the message ID (optionally augmented by three local priority bits) or the message buffer ordering.

A message buffer is active at a given time if it can participate in both the matching and arbitration processes. A receive message 
buffer with a 0b code is inactive (see Table 213). A transmit message buffer with a 1000b or 1001b code is also inactive (see 
Table 214).

FlexCAN can receive and transmit messages in CAN FD format. The message buffers are sized to store the quantity of data bytes 
selected by FDCTRL[MBDSRn]. The quantity of FD message buffers available for a given quantity of data bytes is described in 
the CAN FD Control (FDCTRL) register. See also FlexCAN memory partition for CAN FD.

30.3.1 Modes of operation
FlexCAN has these functional modes:

Table 177. Functional modes

Mode Description

Normal (User or 
Supervisor)

In Normal mode, FlexCAN receives and transmits message frames, errors are managed normally, and all 
CAN Protocol functions are enabled. User and Supervisor modes differ in the access to some restricted 
control registers.

Freeze Freeze mode is enabled when MCR[FRZ] = 1. If enabled, FlexCAN enters Freeze mode when MCR[HALT] 
is 1 or when Debug mode is requested at chip level and FlexCAN writes 1 to MCR[FRZACK]. In this mode, 
no transmission or reception of frames is done, and synchronicity to the CAN bus is lost. See Freeze mode.

Loopback FlexCAN enters this mode when CTRL1[LPB] becomes 1. In this mode, FlexCAN performs an internal 
loopback that can be used for self-test. The bit stream output of the transmitter is internally fed back 
to the receiver input. The receiving CAN input pin is ignored and the transmitting CAN output goes to 
the recessive state (logic 1). FlexCAN behaves as it normally does when transmitting and treats its own 
transmitted message as a message received from a remote node. To ensure proper reception of its own 
message, FlexCAN ignores the bit sent during the ACK slot in the CAN frame acknowledge field. Both 
transmit and receive interrupts are generated.

Listen-Only FlexCAN enters this mode when CTRL1[LOM] becomes 1. In this mode, transmission is disabled, all 
error counters are frozen, and the module operates in a CAN Error Passive mode. Only messages 
acknowledged by another CAN station are received. If FlexCAN detects an unacknowledged message, it 
flags a BIT0 error (without changing the REC), as if it was trying to acknowledge the message.

CAN FD Active In this mode, FlexCAN can transmit and receive all messages formatted according to the CAN FD 
Standard (2.0) and 2.0B Protocol in an interleaved fashion. The CPU can put FlexCAN into CAN FD Active 
mode by configuring MCR[FDEN] in Freeze mode.

It is important to know which features are available in CAN FD active mode.
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Table 178. Differences between classical CAN and CAN FD

Feature Classical CAN CAN FD

Legacy RX FIFO DMA Yes No

Legacy RX FIFO Yes No

Enhanced RX FIFO DMA Yes Yes

Enhanced RX FIFO Yes Yes

Pretended network support Yes No

FlexCAN can operate in these low-power modes.

Table 179. Low-power modes

Mode Description

Module Disable FlexCAN enters this mode when the CPU writes 1 to MCR[MDIS] and FlexCAN writes 1 to MCR[LPMACK]. 
After FlexCAN is disabled, it issues a request to disable the clocks to the CAN Protocol Engine and 
Controller Host Interface submodules. Writing 0 to MCR[MDIS] exits this mode. See Module Disable mode.

Doze FlexCAN enters this mode when MCR[DOZE] is 1, Doze mode is requested at chip level, and FlexCAN 
writes 1 to MCR[LPMACK]. When in Doze mode, FlexCAN issues a request to disable the clocks to the 
CAN Protocol Engine and the CAN Controller-Host Interface submodules. This mode is exited when:

• MCR[DOZE] becomes 0

• The chip is removed from Doze mode

• Or activity is detected on the CAN bus and the Self-Wake-Up mechanism is enabled.

See Doze mode.

Stop FlexCAN enters this mode when Stop mode is requested at chip level and FlexCAN writes 1 to 
MCR[LPMACK]. When in Stop mode, FlexCAN puts itself in an inactive state and then informs the CPU 
that the clocks can be shut down globally. Exit from this mode occurs when the Stop mode request is 
removed, or when activity is detected on the CAN bus and the Self-Wake-Up mechanism is enabled. See 
Stop mode.

Pretended Network FlexCAN can operate in this mode with Doze mode or Stop mode. Before entering one of these 
low-power modes, you must write 1 to MCR[PNET_EN]. When in a low-power mode, CHI subblock 
clocks are shut down and CAN_PE subblock remains clocked. The receive process remains active to 
filter incoming messages (see Receive process under Pretended Networking mode) as defined by the 
configuration registers (see Pretended Networking Control 1 (CTRL1_PN)). Upon detecting a wake-up 
event, a Wake-Up interrupt is issued to the system. When MCR[PNET_EN] becomes 1, the CPU must 
disable Self-Wake-Up by writing 0 to MCR[SLFWAK] (see Module Configuration (MCR).

30.3.1.1 Modes of operation details

FlexCAN has functional modes and low-power modes. See Modes of operation for an introductory description of all the modes of 
operation. The following subsections contain functional details about Freeze mode and low-power modes.

 
FlexCAN does not support "Permanent Dominant" failure on the CAN bus line. If a Low-Power request or Freeze 
mode request occurs during a "Permanent Dominant" condition, the corresponding acknowledgment field can 
never be 1.

  CAUTION  
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30.3.1.1.1 Freeze mode

This mode is requested either by the CPU writing 1 to MCR[HALT] or when the chip is put into Debug mode. MCR[FRZ] must be 
1 and the module must not be in a low-power mode.

To obtain acknowledgment, FlexCAN writes 1 to MCR[FRZACK]. The CPU must only consider FlexCAN to be in Freeze mode 
when both request and acknowledgment conditions are satisfied.

When Freeze mode is requested, FlexCAN:

• Waits to be in either Intermission, Passive Error, Bus Off, or Idle state.

• Waits for all internal activities like arbitration, matching, move-in, and move-out to finish. A pending move-in does not prevent 
entering Freeze mode.

• Ignores the receive input pin and drives the transmit pin as recessive.

• Stops the prescaler, halting all CAN protocol activities.

• Grants write access to the Error Counters register, which is read-only in other modes.

• Writes 1 to MCR[NOTRDY] and MCR[FRZACK].

After requesting Freeze mode, you must wait for MCR[FRZACK] to become 1 before executing any other action, otherwise 
FlexCAN may operate unpredictably. In Freeze mode, all memory-mapped registers are accessible.

Freeze mode is exited in one of these conditions:

• CPU writes 0 to MCR[FRZ].

• The chip is removed from Debug mode or the MCR[HALT] becomes 0.

MCR[FRZACK] becomes 0 after the protocol engine recognizes the negation of the freeze request. After leaving Freeze mode, 
FlexCAN tries to resynchronize to the CAN bus by waiting for 11 consecutive recessive bits.

30.3.1.1.2 Module Disable mode

This low-power mode is normally used to disable a complete FlexCAN block temporarily, with no power consumption. The CPU 
requests this mode by writing 1 to MCR[MDIS], and FlexCAN acknowledges the request by writing 1 to MCR[LPMACK]. The CPU 
must only consider FlexCAN to be in Disable mode when both the request and acknowledgment conditions are satisfied.

If FlexCAN is disabled during Freeze mode, the module requests to disable the clocks to the PE and CHI submodules, writes 1 
to MCR[LPMACK] and writes 0 to MCR[FRZACK].

It is not recommended to use Module Disable mode under Pretended Networking mode. Write 0 to MCR[MDIS] and wait for 
MCR[LPMACK] to become 0 before writing 1 to MCR[PNET_EN].

If the module is disabled during transmission or reception, FlexCAN:

• Waits to be in either Idle or Bus Off state, or waits for the third bit of Intermission and then checks that it is recessive.

• Waits for all internal activities like arbitration, matching, move-in, and move-out to finish. FlexCAN does not take a pending 
move-in into account.

• Ignores its receive input pin and drives its transmit pin as recessive.

• Shuts down the clocks to the PE and CHI submodules.

• Writes 1 to MCR[NOTRDY] and MCR[LPMACK].

In this mode, the Bus Interface Unit continues to operate, enabling the CPU to access memory-mapped registers, except for:

• The Receive Message Buffers Global Mask registers

• The Receive Buffer 14 Mask register

• The Receive Buffer 15 Mask register

• The Legacy Receive FIFO Global Mask register
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While in Disable mode, these items may not be accessed:

• The Legacy Receive FIFO Information register

• The message buffers

• The Receive Individual Mask registers

• The reserved words within RAM

To exit this mode, the CPU writes 0 to MCR[MDIS], causing FlexCAN to request to resume the clocks and write 0 to 
MCR[LPMACK]. This write occurs after the CAN protocol engine recognizes the negation of disable mode requested by the CPU.

30.3.1.1.3 Doze mode

This is a system low power mode in which the CPU bus is kept alive and a global Doze mode request is sent to all 
peripherals asking them to enter low-power mode. When Doze mode is globally requested, MCR[DOZE] needs to have been 
asserted previously for Doze mode to be triggered. The acknowledgement is obtained through the assertion by the FlexCAN 
of MCR[LPMACK]. The CPU must only consider the FlexCAN to be in Doze mode when both request and acknowledgement 
conditions are satisfied.

If Doze mode is triggered during Freeze mode, FlexCAN requests to shut down the clocks to the PE and CHI submodules, 
sets MCR[LPMACK] and negates MCR[FRZACK]. If Doze mode is triggered during transmission or reception, FlexCAN does 
the following:

• Waits to be in either Idle or Bus Off state, or else waits for the third bit of Intermission and checks it to be recessive.

• Waits for all internal activities like arbitration, matching, move-in, and move-out to finish. A pending move-in is not taken 
into account.

• Ignores its Rx input pin and drives its Tx pin as recessive.

• Shuts down the clocks to the PE and CHI submodules.

• Sets MCR[NOTRDY] and MCR[LPMACK].

The Bus Interface Unit continues to operate, enabling the CPU to access memory-mapped registers, except the Rx Mailboxes 
Global Mask registers, the Rx Buffer 14 Mask register, the Rx Buffer 15 Mask register, the Legacy Rx FIFO Global Mask register. 
The Legacy Rx FIFO Information register, the message buffers, the Rx Individual Mask registers, and the reserved words within 
RAM may not be accessed when the module is in Doze mode.

Exiting Doze mode is done in one of the following ways:

• CPU removing the Doze mode request

• CPU negating MCR [DOZE]

• Self Wake mechanism

In the Self Wake mechanism, if MCR[SLFWAK] was set at the time FlexCAN entered Doze mode, then upon detection of a 
recessive to dominant transition on the CAN bus, FlexCAN negates the DOZE bit, requests to resume its clocks and negates the 
LPMACK after the CAN protocol engine recognizes the negation of the Doze mode request. It also sets ESR [WAKINT] and, if 
enabled by MCR[WAKMSK], generates a Wake-Up interrupt to the CPU. FlexCAN will then wait for 11 consecutive recessive bits 
to synchronize to the CAN bus. As a consequence, it will not receive the frame that woke it up. The following table details the effect 
of SLFWAK and WAKMSK upon wakeup from Doze mode.

Table 180. Wakeup from Doze mode

SLFWAK WAKINT WAKMSK FlexCAN 
clocks enabled

Wakeup 
interrupt generated

0 - - No No

Table continues on the next page...
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Table 180. Wakeup from Doze mode (continued)

SLFWAK WAKINT WAKMSK FlexCAN 
clocks enabled

Wakeup 
interrupt generated

0 - - No No

1 0 0 No No

1 0 1 No No

1 1 0 Yes No

1 1 1 Yes Yes

30.3.1.1.4 Stop mode

In this low-power mode for the system, all chip clocks can be stopped for maximum power savings. Stop mode is globally 
requested by the CPU and FlexCAN writes 1 to a Stop Acknowledgment signal to indicate acknowledgment. The CPU must only 
consider FlexCAN to be in Stop mode when both request and acknowledgment conditions are satisfied.

If FlexCAN receives the global Stop mode request during Freeze mode, it shuts down the clocks globally by:

1. Writing 1 to MCR[LPMACK].

2. Writing 0 to MCR[FRZACK].

3. Sending the Stop Acknowledge signal to the CPU.

If Stop mode is requested during transmission or reception, FlexCAN:

• Waits to be in either Idle or Bus Off state, or waits for the third bit of Intermission and verifies that it is recessive.

• Waits for all internal activities like arbitration, matching, move-in, and move-out to finish. FlexCAN does not take a pending 
move-in into account.

• Ignores its receive input pin and drives its transmit pin as recessive.

• Writes 1 to MCR[NOTRDY] and MCR[LPMACK].

• Sends a Stop Acknowledge signal to the CPU, so that the CPU can shut down the clocks globally.

FlexCAN exits Stop mode when the CPU resumes the clocks and removes the Stop mode request. This exit can occur as a result 
of the Self-Wake mechanism.

In Self-Wake, if MCR[SLFWAK] = 1 when FlexCAN enters Stop mode, then upon detecting a recessive-to-dominant transition on 
the CAN bus, FlexCAN writes 1 to ESR1[WAKINT]. If enabled by MCR[WAKMSK], FlexCAN generates a wake-up interrupt to the 
CPU. Upon receiving the interrupt, the CPU should resume the clocks and remove the Stop mode request. FlexCAN waits for 11 
consecutive recessive bits to synchronize to the CAN bus. As a consequence, FlexCAN does not receive the frame that woke it 
up. Table 181 details the effect of MCR[SLFWAK] and MCR[WAKMSK] upon wakeup from Stop mode. Waking from Stop mode 
only works when both fields are 1.

After the CAN protocol engine recognizes the negation of the Stop mode request, FlexCAN writes 0 to MCR[LPMACK]. FlexCAN 
then waits for 11 consecutive recessive bits to synchronize to the CAN bus. As a consequence, FlexCAN does not receive the 
frame that woke it up.
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Table 181. Waking from Stop mode

SLFWAK WAKINT WAKMSK Chip

clocks enabled

Wake-up interrupt 
generated

0 - - No No

0 - - No No

1 0 0 No No

1 0 1 No No

1 1 0 No No

1 1 1 Yes Yes

 
When FlexCAN is in BUSOFF state and low-power mode is asserted, FlexCAN may take extra 128 IDLEs to come 
out of BUSOFF state when low-power mode is exited.

  NOTE  

30.3.1.1.5 Pretended Networking mode

This special low-power mode receives wake-up messages with low power consumption. This mode can be selected to operate 
together with Doze mode or Stop mode. Before entering a low-power mode, MCR[PNET_EN] must be 1. After entering a 
low-power mode, the CHI subblock is shut down and the CAN_PE subblock is kept active. The receive process is still active to 
filter incoming messages (see Receive process under Pretended Networking mode) as defined by the configuration registers 
(see Pretended Networking Control 1 (CTRL1_PN)). Upon detecting a wake-up event, FlexCAN issues a Wake-up interrupt to 
the system.

To enter Pretended Networking mode, FlexCAN must be in Normal mode, not in Freeze or Module Disable mode. In Pretended 
Networking mode, FlexCAN keeps itself synchronized with the CAN bus in Doze or Stop mode. Then, when either Doze or Stop 
mode is requested, FlexCAN:

• Waits to be in Idle state, or waits for the third bit of Intermission, then verifies that it is recessive.

• Writes 1 to MCR[LPMACK].

• Requests the shutdown of the CHI submodule clock, while keeping the PE submodule clock active.

FlexCAN can exit Pretended Networking mode in one of these ways:

• The CPU removes the Doze mode request.

• The CPU writes 0 to MCR[DOZE].

• The CPU removes the Stop mode request.

• FlexCAN waits until Bus Idle, or until the third bit of Intermission state, to write 0 to MCR[LPMACK].

The above exit events can be triggered:

• By FlexCAN, after detecting a wake-up event and issuing the respective interrupt.

• By the CPU itself, when another method wakes it up.

Consequently, FlexCAN waits until the Bus Idle state, or until the third bit of the Intermission state, to write 0 to MCR[LPMACK] and 
resume Normal mode. This procedure ensures that FlexCAN is synchronized to the CAN bus after exiting Pretended Networking 
mode. The CPU must wait for MCR[LPM_ACK] to become 0 before performing any access to FlexCAN.

When MCR[PNET_EN] becomes 1, the CPU must disable the self-wake-up by writing 0 to MCR[SLFWAK] (see Module 
Configuration (MCR)).
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For more information about the difference between FD and non-FD regarding this feature, see Table 178.

  NOTE  

30.3.2 Transmission process
To transmit a CAN frame, the CPU must prepare a message buffer for transmission by executing the following procedure:

1. Check whether the respective interrupt flag is set, and clear it if necessary.

2. If the message buffer is active (transmission pending), request an abort of the transmission. Write the ABORT code 
(1001b) to the CODE field of the Control and Status word.

3. Poll the IFLAG register until the corresponding IFLAG flag is set, or wait for the interrupt request (if enabled by the 
respective IMASK field).

4. Read the CODE field to identify whether the transmission was aborted or transmitted (see Transmission abort 
mechanism).

5. Clear the corresponding interrupt flag.

6. Write the ID register (containing the local priority if enabled via MCR[LPRIOEN]).

7. Write payload data bytes.

8. Configure the Control and Status word as needed.

a. Set ID type via MB_CS[IDE].

b. Set Remote Transmission Request (if needed) via MB_CS[RTR].

c. If MCR[FDEN] = 1, configure MB_CS[EDL] and MB_CS[BRS]. For details about the relationship between the 
written value and transmitted value of MB_CS[ESI], see Table 193.[1]

d. Configure Data Length Code in bytes via MB_CS[DLC]. See Table 217 for detailed information.

e. To transmit the CAN frame, activate the message buffer by writing Ch to MB_CS[CODE].

 
To maximize software performance, configure all the fields in the MB_CS word in a single 32-bit write operation. If 
the fields are configured in separate writes, MB_CS[CODE] must be the last write in the Control and Status word.

  NOTE  

When the MB is activated, it participates in the arbitration process and its contents are eventually transmitted according to its 
priority. When the DLC value stored in the MB selected for transmission exceeds the MB payload size, FlexCAN completes the 
expected DLC by adding a constant CCh pattern.

After a successful transmission:

• The value of the free-running timer is written into the timestamp field.

• The CODE field in the Control and Status word is updated.

• Both Cyclic Redundancy Check (CRCR) and CAN FD CRC (FDCRC) are updated.

• A status flag is set in the Interrupt Flag register.

• If allowed by the corresponding Interrupt Mask Register field, an interrupt is generated.

After transmission, the new CODE field depends on the code used to activate the message buffer (see Table 213 and Table 214 
in Message buffer structure).

When the Abort feature is enabled (MCR[AEN] is 1), after the Interrupt flag is set for an MB configured as transmit buffer, the 
message buffer is blocked. The CPU cannot update the message buffer until the Interrupt Flag is cleared by the CPU. The CPU 
must clear the corresponding IFLAG flag before preparing this MB for a new transmission or reception.

[1] There is no need to write the ESI field; it is automatically transmitted as dominant by error active nodes and as recessive 
by error passive nodes. If FlexCAN is operating as a network gateway, however, the CPU writes MB_CS[ESI] according 
to the error status of the node that sent the message.
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For backward compatibility (MCR[AEN] is 0), write the INACTIVE code (1000b) to the CODE field to deactivate the 
MB. In this case, the pending frame may be transmitted without notification (see Message buffer inactivation).

  NOTE  

30.3.3 Arbitration process
The arbitration process scans the message buffers, searching for the transmission MB that holds the message to be sent at the 
next opportunity. This MB is called the arbitration winner.

The scan starts from the lowest number MB and runs toward the higher ones.

The arbitration process is triggered in these ways:

• CRC field of the CAN frame arrives. The starting point depends on the value of CTRL2[TASD].

• Error Delimiter field of a CAN frame is in progress.

• Overload Delimiter field of a CAN frame is in progress.

• The winner of the arbitration is deactivated, and the CAN bus has not reached the first bit of the Intermission field.

• CPU writes to the Control and Status word of a winner MB, and the CAN bus has not reached the first bit of the 
Intermission field.

• CHI is in the Idle state and the CPU writes to the Control and Status word of any message buffer.

• FlexCAN exits Bus Off state.

• FlexCAN leaves Freeze mode or a low-power mode.

If the arbitration process does not evaluate all message buffers before the CAN bus reaches the first bit of the Intermission field, 
the temporary arbitration winner is invalidated. FlexCAN will not compete for the CAN bus at the next opportunity.

The arbitration process selects the winner among the active transmission message buffers at the end of the scan according to the 
values of CTRL1[LBUF] and MCR[LPRIOEN].

30.3.3.1 Lowest-number message buffer first

If CTRL1[LBUF] is 1, the first (lowest number) active transmission message buffer found is the arbitration winner. MCR[LPRIOEN] 
has no effect when CTRL1[LBUF] is 1.

30.3.3.2 Highest-priority message buffer first

If CTRL1[LBUF] is 0, the arbitration process searches for the active transmission message buffer with the highest priority. The 
frame of this message buffer has a higher probability of winning the arbitration on the CAN bus when multiple external nodes 
compete for the bus simultaneously.

The sequence of bits considered for this arbitration is called the arbitration value of the message buffer. The transmission message 
buffer with the lowest arbitration value among all transmission message buffers has the highest priority.

If two or more message buffers have equivalent arbitration values, the message buffer with the lowest number is the 
arbitration winner.

The composition of the arbitration value depends on MCR[LPRIOEN].

30.3.3.2.1 Local priority disabled

If MCR[LPRIOEN] = 0, the arbitration value is built using the exact sequence of bits that would be transmitted in a CAN frame 
where local priority is disabled.
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Table 182. Composition of the arbitration value when local priority is disabled

Format Message buffer arbitration value (32 bits)

Standard (IDE = 0) Standard ID 
(11 bits)

RTR (1 bit) IDE (1 bit) — (18 bits) — (1 bit)

Extended (IDE = 1) Extended ID[28:18] 
(11 bits)

SRR (1 bit) IDE (1 bit) Extended ID[17:0] 
(18 bits)

RTR (1 bit)

30.3.3.2.2 Local priority enabled

To enable local priority, MCR[LPRIOEN] must be 1. In this case, the message buffer PRIO field is included at the very left of the 
arbitration value (see the following table).

Table 183. Composition of the arbitration value when local priority is enabled

Format Message buffer arbitration value (35 bits)

Standard 
(IDE = 0)

PRIO (3 bits) Standard ID 
(11 bits)

RTR (1 bit) IDE (1 bit) — (18 bits) — (1 bit)

Extended 
(IDE = 1)

PRIO (3 bits) Extended 
ID[28:18] 
(11 bits)

SRR (1 bit) IDE (1 bit) Extended 
ID[17:0] 
(18 bits)

RTR (1 bit)

Because the PRIO field is the most significant part of the arbitration value, message buffers with low PRIO values have higher 
priority than message buffers with high PRIO values. This priority is maintained regardless of the rest of their arbitration values.

The PRIO field is not part of the frame on the CAN bus. Its purpose is only to affect the internal arbitration process.

30.3.3.3 Arbitration process (continued)

After the arbitration winner is found, its content is copied to a hidden auxiliary message buffer called a transmit serial message 
buffer (TX SMB). The TX SMB has the same structure as a normal message buffer, but is not user accessible. This copy 
operation is called move-out. After it is done, write access to the Control and Status word of the corresponding MB is blocked (if 
MCR[AEN] = 1). Write access is restored in the following events:

• The CPU clears the corresponding IFLAG flag after the message buffer is transmitted.

• FlexCAN enters Freeze mode or Bus Off state.

• FlexCAN loses the bus arbitration, or there is an error during the transmission.

At the first opportunity window on the CAN bus, the message on the TX SMB is transmitted according to the CAN protocol rules.

The arbitration process can be triggered under the following conditions:

• During RX and TX frames from CAN CRC field to end of frame. The value of CTRL2[TASD] may be changed to optimize 
the arbitration start point.

• During CAN Bus Off state from TX_ERR_CNT = 124 to 128. The value of CTRL2[TASD] may be changed to optimize the 
arbitration start point.

• During Control and Status write by CPU in Bus Idle. The first Control and Status write starts the arbitration process, and 
a second Control and Status write during this same arbitration restarts the process. If other Control and Status writes are 
performed, the transmission arbitration process is pending. If there is no arbitration winner after the arbitration process has 
finished, then the TX arbitration machine begins a new arbitration process. If there is a pending arbitration and Bus Idle 
state starts, then an arbitration process is triggered. In this case, the first and second Control and Status writes in Bus 
Idle do not restart the arbitration process. If there is not enough time to finish arbitration in the Wait For Bus Idle state and 
the next state is Idle, the scan is not interrupted. That scan is completed during Bus Idle state. During this arbitration, a 
Control and Status write does not cause an arbitration restart.
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• Deactivation of an arbitration winner during a valid arbitration window.

• Upon exiting Freeze mode (first bit of the Wait For Bus Idle state). If a resynchronization occurs during Wait For Bus Idle, 
the arbitration process is restarted.

The arbitration process stops when:

• All message buffers were scanned.

• A transmission message buffer is found (if lowest buffer feature is enabled).

• An arbitration winner deactivates or aborts during any arbitration process.

• There is not enough time to finish the transmission arbitration process (for instance, when a deactivation is performed 
near the end of frame). In this case, the arbitration process is pending.

• An error or overload flag occurs in the bus.

• A low-power or Freeze mode request occurs in Idle state.

Arbitration is considered pending when:

• It is not possible to finish arbitration process in time.

• A Control and Status write occurs during arbitration, when that write is performed in an MB whose number is lower than 
the transmission arbitration pointer.

• Any Control and Status write occurs when there is no transmission arbitration process in progress.

• RX Match has updated an RX code to TX code.

• FlexCAN enters the Bus Off state.

If a Control and Status write is performed in the arbitration winner, a new process is restarted immediately.

If a Control and Status write is performed in an MB whose number is higher than the transmission arbitration pointer, the ongoing 
arbitration process scans this MB as normal.

30.3.4 Receive process
To be able to receive CAN frames into a message buffer, the CPU must prepare it for reception by executing the following steps:

1. If the message buffer is active (either TX or RX) deactivate it (see Message buffer inactivation), preferably with a safe 
deactivation (see Transmission abort mechanism).

2. Write the ID word into the message buffer.

3. To activate the message buffer, write the EMPTY code (0100b) to the CODE field of the Control and Status word. No 
setup is required for EDL, BRS, and ESI fields. The respective fields in the received message overwrite these fields.

After the MB is activated, it can receive frames that match the programmed filter. At the end of a successful reception, the move-in 
process updates the message buffer (see Move-in) as follows:

1. The received data field (up to eight bytes for Classical CAN message format and up to 64 bytes for CAN FD message 
format) is stored.

2. The received Identifier field is stored.

3. The value of the free-running timer when the second bit of the Identifier field of the frame is written into the Timestamp 
field of the MB.

4. The received SRR, IDE, RTR, EDL, BRS, ESI, and DLC fields are stored.

5. The CODE field in the Control and Status word is updated (see Table 213 and Table 214 in Section Message buffer 
structure).

6. If allowed by the corresponding Interrupt Mask field, a status flag is set in the Interrupt Flag register and an interrupt is 
generated.

The recommended way for the CPU to service (read) the frame received in a message buffer is:
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1. Read the Control and Status word of that message buffer.

2. Verify that the BUSY bit is 0, indicating that the message buffer is locked. Repeat step 1 while the value remains 1. See 
Message buffer lock mechanism.

3. Read the contents of the message buffer. After the message buffer is locked, FlexCAN move-in processes do not 
modify its contents. See Move-in.

4. Acknowledge the proper flag in the IFLAG registers.

5. Unlock the message buffer by reading the free-running timer.

To verify frame reception, the CPU should poll the status flag bit for the specific message buffer in one of the IFLAG registers, 
not the CODE field of that message buffer. Polling the CODE field does not work in this case. After a frame is received and the 
CPU services the message buffer (by reading the Control and Status word and unlocking the message buffer), the CODE field 
does not return to EMPTY. It remains FULL, as explained in Table 213. If the CPU tries to work around this behavior by writing to 
the Control and Status word to force an EMPTY code after reading the message buffer without a prior safe deactivation, a newly 
received frame matching the filter of that message buffer may be lost.

 
In summary: never poll by reading the Control and Status word of the message buffers directly. Instead, read the 
IFLAG registers.

  CAUTION  

The Identifier field of the received frame is always stored in the matching message buffer. If the match was due to masking, 
the contents of the ID field in a message buffer may change. When MCR[SRXDIS] becomes 1, FlexCAN does not store frames 
transmitted by itself in any MB, even if it contains a matching receive MB. Also, no interrupt flag or interrupt signal is generated. 
Otherwise, when MCR[SRXDIS] becomes 0, if a matching receive MB exists, FlexCAN can receive frames transmitted by itself.

To be able to receive CAN frames through the Legacy RX FIFO, the CPU must enable and configure the Legacy RX FIFO during 
Freeze mode (see Legacy RX FIFO). Upon receiving the Frames Available in the Legacy RX FIFO interrupt (see MCR[BUF5I]), 
the CPU should service the received frame using the following procedure:

1. If a mask was used for IDE and RTR bits, read the Control and Status word.

2. If a mask was used, read the ID field.

3. Read the data field.

4. If the Identifier Acceptance Filter Hit Indicator (IDHIT) is required in the application, read Legacy RX FIFO Information 
(RXFIR).

5. Clear the Frames Available in Legacy RX FIFO interrupt by writing one to IFLAG1[BUF5I]. This step is mandatory; it 
releases the MB and allows the CPU to read the next RX FIFO entry.

When MCR[DMA]) becomes 1, upon receiving a frame in the Legacy FIFO, IFLAG1[BUF5I] generates a DMA request and does 
not generate a CPU interrupt (see Legacy RX FIFO in DMA Operation). The IMASK1 fields in the Legacy RX FIFO region are 
not used.

The DMA controller must service the received frame using the following procedure:

1. Read the Control and Status word (read 80h address, optional).

2. Read the ID field (read 84h address, optional).

3. Read all data bytes (start read at 88h address, optional).

4. Read the last data bytes (read 8Ch address, mandatory).

30.3.5 Matching process
The matching process scans the message buffer memory for RX MBs programmed with the same ID as the one received from 
the CAN bus. If the Legacy RX or Enhanced RX FIFO is enabled, the priority of scanning can be selected between MBs and FIFO 
filters. The matching starts from the lowest number message buffer and continues toward the higher-numbered ones. If no match 
is found within the first structure, the other is scanned afterward. If the FIFO is full, the matching algorithm always looks for a 
matching MB outside the FIFO region.
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For enhanced RX FIFO, see Enhanced RX FIFO.

For legacy RX FIFO, see Legacy RX FIFO.

As the frame is received, it is stored in a hidden auxiliary MB called Receive Serial Message Buffer (RX SMB).

The starting point of the matching process depends on the following conditions:

• If the received frame is a remote frame, the starting point is the CRC field of the frame.

• If the received frame is a data frame with DLC field equal to zero, the starting point is the CRC field of the frame.

• If the received frame is a data frame and the DLC field has a nonzero value, the starting point is the DATA field of the 
frame.

If a matching ID is found in the FIFO table or in one of the message buffers, the move-in process transfers the contents of the RX 
SMB to the FIFO or to the matched MB. If any CAN protocol error is detected, no match results are transferred to the FIFO or to 
the matched MB at the end of reception.

The matching process scans all matching elements of the RX FIFO (if enabled) and the active receive MBs (CODE is EMPTY, 
FULL, OVERRUN, or RANSWER). The process searches for a successful comparison to the matching elements of the RX 
SMB that is receiving the frame on the CAN bus. The RX SMB has the same structure as a message buffer. The reception 
structures (RX FIFO or message buffers) associated with the matching elements that had a successful comparison are the 
matched structures. The matching winner is selected at the end of the scan among those matched structures. The matching 
winner depends on conditions described in Table 184.

Table 184. Matching architecture

Structure SMB[RTR] CTRL2[RRS] CTRL2[EACE
N]

MB[IDE] MB[RTR] MB[ID1] MB[CODE]

Message 
buffer

0 — 0 cmp2 no_cmp3 cmp_msk4 EMPTY or 
FULL or 
OVERRUN

Message 
buffer

0 — 1 cmp_msk cmp_msk cmp_msk EMPTY, 
FULL, or 
OVERRUN

Message 
buffer

1 0 — cmp no_cmp cmp RANSWER

Message 
buffer

1 1 0 cmp no_cmp cmp_msk EMPTY, 
FULL, or 
OVERRUN

Message 
buffer

1 1 1 cmp_msk cmp_msk cmp_msk EMPTY, 
FULL, or 
OVERRUN

Legacy RX 
FIFO5

— — — cmp_msk cmp_msk cmp_msk —

1. For message buffer structure, If SMB[IDE] is 1, the ID is 29 bits (ID Standard plus ID Extended). If SMB[IDE] is 0, the ID is 
11 bits (ID Standard). For Legacy RX FIFO structure, the ID depends on IDAM.

2. cmp: Compares the RX SMB contents to the MB contents regardless of masks.
3. no_cmp: The RX SMB contents are not compared to the MB contents.
4. cmp_msk: Compares the RX SMB contents to MB contents, accounting for masks.
5. SMB[IDE] and SMB[RTR] are not considered when IDAM is type C.

 
For Enhanced RX FIFO, see Enhanced RX FIFO matching process.

  NOTE  

A reception structure is free-to-receive when any of the following conditions is satisfied:
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• The CODE field of the message buffer is EMPTY.

• The CODE field of the message buffer is either FULL or OVERRUN. Also, it has already been serviced (the CPU has read 
the Control and Status word and unlocked as described in Message buffer lock mechanism).

• The CODE field of the message buffer is either FULL or OVERRUN and an inactivation (see Message buffer inactivation) 
is performed.

• The Legacy RX FIFO or Enhanced RX FIFO is not full.

The scan order for message buffers and Legacy Receive FIFO is from the matching element with lowest number to the 
higher ones.

MCR[IRMQ] affects the matching winner search for MBs. If the field is 0, the matching winner is the first matched MB regardless 
if it is free-to-receive or not. If it is 1, the matching winner is selected according to this priority:

1. The first free-to-receive matched message buffer

2. The last non-free-to-receive matched message buffer

It is possible to select the priority of scan between MBs and Legacy RX FIFO or Enhanced RX FIFO with CTRL2[MRP].

If the selected priority is RX FIFO first:

• If the RX FIFO is a matched structure and is free-to-receive, the RX FIFO is the matching winner regardless of the scan 
for MBs.

• Otherwise the matching winner is searched for among MBs as described above.

If the selected priority is MBs first:

• If a free-to-receive matched MB is found, it is the matching winner regardless of the scan for receive FIFO.

• If no matched MB is found, then the matching winner is searched for in the scan for the receive FIFO.

• If both conditions above are not satisfied and a non-free-to-receive matched MB is found, then the matching winner 
depends on the value of MCR[IRMQ]:

— If MCR[IRMQ] = 0, the matching winner is the first matched MB.

— If MCR[IRMQ] = 1, the matching winner is the RX FIFO if it is a free-to-receive matched structure. Otherwise, the 
matching winner is the last non-free-to-receive matched MB.

Table 185. Matching possibilities and resulting reception structures

RFEN or 
ERFEN

IRMQ MRP Matched in MB Matched in 
FIFO

Reception 
structure

Description

No FIFO, only MB, match is always MB first

0 0 X1 None2 -3 None Frame lost by 
no match

0 0 X Free4 - First MB

0 1 X None - None Frame lost by 
no match

0 1 X Free - First MB

0 1 X Not free - Last MB Overrun

FIFO enabled, no match in FIFO; is as if FIFO does not exist

1 0 X None None5 None Frame lost by 
no match

Table continues on the next page...
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Table 185. Matching possibilities and resulting reception structures (continued)

RFEN or 
ERFEN

IRMQ MRP Matched in MB Matched in 
FIFO

Reception 
structure

Description

1 0 X Free None First MB

1 1 X None None None Frame lost by 
no match

1 1 X Free None First message 
buffer

1 1 X Not free None Last message 
buffer

Overrun

FIFO enabled, queue disabled

1 0 0 X Not full6 FIFO

1 0 0 None Full7 None Frame lost by 
FIFO full (FIFO 

overflow)

1 0 0 Free Full First MB

1 0 0 Not free Full First MB

1 0 1 None Not full FIFO

1 0 1 None Full None Frame lost by 
FIFO full (FIFO 

overflow)

1 0 1 Free X First message 
buffer

1 0 1 Not free X First message 
buffer

Overrun

FIFO enabled, queue enabled

1 1 0 X Not full FIFO

1 1 0 None Full None Frame lost by 
FIFO full (FIFO 

overflow)

1 1 0 Free Full First message 
buffer

1 1 0 Not free Full Last message 
buffer

Overrun

1 1 1 None Not full FIFO

1 1 1 Free X First message 
buffer

1 1 1 Not free Not full FIFO

1 1 1 Not free Full Last message 
buffer

Overrun

1. Indicates a don't care condition.
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2. Matched in message buffer "None" means that the frame has not matched any message buffer (free-to-receive or non-
free-to-receive).

3. This condition is forbidden.
4. Matched in message buffer "Free" means that the frame matched at least one message buffer free-to-receive regardless of 

whether it has matched MBs non-free-to-receive.
5. Matched in FIFO, "None" means that the frame has not matched any filter in FIFO. It is as if the FIFO did not exist 

(CTRL2[RFFN] = 0 and ERFCR[ERFEN] = 0).
6. Matched in FIFO, "Not full" means that the frame has matched a FIFO filter and has empty slots to receive it.
7. Matched in FIFO, "Full" means that the frame matched a FIFO filter but could not store it, because it has no empty slots to 

receive it.

If a non-safe MB inactivation (see Message buffer inactivation) occurs during the matching process and the inactivated MB is 
the temporary matching winner, the temporary matching winner is invalidated. The matching elements scan is not stopped and 
not restarted; it continues normally. The consequence is that the current matching process works as if the matching elements 
compared before the inactivation did not exist. In this case, a message may be lost.

Consider an example where:

• The FIFO is disabled.

• MCR[IRMQ] is 1.

• There are two message buffers with the same ID: the second and fifth MBs in the array.

• FlexCAN starts receiving messages with that ID.

When the first message arrives, the matching algorithm finds the first match in message buffer number 2. The code of this 
message buffer is EMPTY, so the message is stored in that MB. When the second message arrives, the matching algorithm finds 
MB number 2 again, but it is not "free-to-receive", so it keeps looking, finds MB number 5, and stores the message in that MB. If 
yet another message with the same ID arrives, the matching algorithm finds no matching free-to-receive MBs, so it overwrites the 
last matched message buffer (MB number 5). In doing so, it sets the CODE field of the message buffer to OVERRUN.

The ability to match the same ID in more than one MB can be used to implement a reception queue (in addition to the full-featured 
FIFO) to allow more time for the CPU to service the MBs. By programming more than one MB with the same ID, received messages 
are queued into the message buffers. The CPU can examine the Timestamp field of the message buffers to determine the order 
in which the messages arrived.

Matching a range of IDs is possible via ID acceptance masks. FlexCAN supports individual masking per message buffer (see 
Receive Individual Mask (RXIMR0 - RXIMR63)). During the matching algorithm, if a mask field is 1, the corresponding ID bit is 
compared. If the mask field is 0, the corresponding ID bit is a "don't care". Individual Mask Registers are implemented in RAM, so 
they are not initialized out of reset. Also, they can only be programmed when the module is in Freeze mode; otherwise, the module 
blocks them.

FlexCAN also supports an alternate masking scheme with only Legacy RX FIFO Global Mask (RXFGMASK), RX Message Buffers 
Global Mask (RXMGMASK), Receive 14 Mask (RX14MASK), and Receive 15 Mask (RX15MASK) for backward compatibility with 
legacy applications. This alternate masking scheme is enabled when the MCR[IRMQ] = 0.

30.3.6 Receive process under Pretended Networking mode
Pretended Networking mode adds specific wake-up functionality in low-power modes (Doze and Stop mode). When Pretended 
Networking mode (PN) is enabled by writing 1 to MCR[PNET_EN], FlexCAN continues processing received CAN messages 
in low-power mode. FlexCAN is able to detect specific wake-up messages by filtering them against identifier (ID) and payload 
target values using preselected matching criteria. Wake-up functionality is not available for messages in CAN FD format. When 
in Pretended Networking mode, CAN FD format messages are ignored.

PN registers are located in the 0B00h—0B7Ch address range and can be written only in Freeze mode. These registers are 
used for writing PN configuration (both control and target values) prior to entering PN mode. They are also used for reading 
wake-up flags and the received message ID and data when returning to Normal mode after wake-up. The CPU must wait for 
MCR[LPMACK] to become 0 before performing any access to FlexCAN PN registers.

PN control registers are described in Pretended Networking Control 1 (CTRL1_PN) and Pretended Networking Control 2 
(CTRL2_PN). The control fields that configure the filtering criteria are:
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• CTRLn_PN[PLFS]. Payload filtering selection.

• CTRLn_PN[IDFS]. ID filtering selection.

• CTRLn_PN[FCS]. Filtering combination selection.

Table 186. PN target values

Value Description

FLT_IDE IDE target value used to filter the incoming message by its format (standard or extended)

FLT_RTR RTR target value used to filter the incoming message by its type (data or remote frame)

FLT_DLC_HI and 
FLT_DLC_LO

Target DLC range used to filter the size of the payload of an incoming message

FLT_ID1 ID target value used to filter the incoming message ID (equal to, smaller than or equal, greater than or 
equal, or the lower limit value in an ID range)

FLT_ID2 ID target value used as the upper limit in an ID range

PL1 Payload target value used to filter the incoming message payload (equal to, smaller than or equal, 
greater than or equal, or the lower limit value in a payload range)

PL2 Payload target value used as the upper limit in a payload range

IDE, RTR, ID, and payload filters have their respective masks. The ones in these masks determine which bits are considered in 
equality comparisons. The zeroes in these masks determine which bits are don't care. ID and payload masks are used only for 
exact ID and exact payload comparisons.

The IDs of incoming messages can be filtered based on the following criteria:

• Match the exact ID value, found by comparing the ID field of the incoming message to the content of target Pretended 
Networking ID Filter 1 (FLT_ID1). The ID mask is used.

• Less than or equal to the maximum range of ID. That is, any message with ID value smaller than or equal to the content of 
target FLT_ID1 is accepted. The ID mask is not used.

• Greater than or equal to the minimum range of ID. That is, any message with ID value greater than or equal to the content 
of target FLT_ID1 is accepted. The ID mask is not used.

• Inside a range of IDs. Any message with an ID value greater than or equal to the content of target FLT_ID1 and smaller 
than or equal to the content of target Pretended Networking ID Filter 2 or ID Mask (FLT_ID2_IDMASK) is accepted. The ID 
mask is not used.

See CTRL1_PN[IDFS].

The above criteria for ID filtering must be coherent with FLT_IDE and FLT_RTR target values in Pretended Networking ID 
Filter 1 (FLT_ID1). Only RX frames that match the respective IDE and RTR bits to the contents of FLT_ID1[FLT_IDE] and 
FLT_ID1[FLT_RTR] are compared. When a range of IDs is selected (CTRL1_PN[IDFS] = 11), both FLT_ID1 and FLT_ID2 are 
referred to the same FLT_IDE and FLT_RTR fields in FLT_ID1.

The ID mask is applied only to the exact ID comparison filtering option (CTRL1_PN[IDFS] = 00) to determine which bits are 
considered in the comparison. For the exact match option, the mask can select any bit within the ID field. For maximum range, 
minimum range, and inside range comparisons, the ID mask is not considered.

The IDE and RTR masks are applied in both exact and range ID comparison filtering options to determine which bits are 
considered in comparison.

Similar to the ID criteria, 64-bit data or payloads (PL) of incoming messages can be filtered based on the following criteria:

• A match with the exact payload value, found by comparing the payload field of the incoming message to the content of 
PL1. The payload mask is used.
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• Less than or equal to the maximum range of payload. That is, any message with payload value smaller than or equal to 
the content of PL1 is accepted. The payload mask is not used.

• Greater than or equal to the minimum range of payload. That is, any message with payload value greater than or equal to 
the content of PL1 is accepted. The payload mask is not used.

• Inside a range of payloads. Any message with a payload value greater than or equal to the content of PL1 and smaller 
than or equal to the content of PL2 is accepted. The payload mask is not used.

See CTRL1_PN[PLFS].

The above criteria for payload filtering must be coherent with upper and lower limit values in Pretended Networking Data Length 
Code (DLC) Filter (FLT_DLC). The payload of an incoming message is filtered using the selected criteria only if the DLC value of 
the incoming message is inside a DLC range:

• Greater than or equal to FLT_DLC[FLT_DLC_LO] (lower limit)

• Lower than or equal to FLT_DLC[FLT_DLC_HI] (upper limit)

A DLC value outside the specified range results in a mismatch. If you configure FLT_DLC_LO = FLT_DLC_HI, only payloads of 
the specified quantity of bytes are filtered. DLC is not maskable.

When the inside range of payloads option is selected (CTRL1_PN[PLFS] = 11), both PL1 and PL2 are considered with the 8-byte 
data length. All data bytes excluded by the DLC of the received message are considered to have value zero.

The payload mask is only used in the exact match option (CTRL1_PN[PLFS] = 00). This mask determines which bits or bytes in 
the 8-byte data field of both incoming message and the contents of PL1 register are used for matching. Mask length must meet 
the expected range of DLC values. For maximum range, minimum range, and inside range comparisons, the payload mask is 
not considered.

When FlexCAN receives a remote frame and CTRL1_PN[FCS] is configured to select payload comparison, payload filtering is not 
considered and the comparison results in a mismatch.

Incoming messages can also be filtered based by the quantity and rate of message reception, specifically:

• Several messages that match the filtering criteria for ID or payload for a predefined number of times. This number can be 
from 1 to 255. See Pretended Networking Control 1 (CTRL1_PN).

• No message matching the filtering criteria for ID or payload up to a timeout trigger. That is, non-reception of a matching 
message for a defined quantity of time. See Pretended Networking Control 2 (CTRL2_PN).

When the counter reaches the predefined timeout value, FlexCAN can generate a wake-up timeout event from an internal timer 
with associated comparator circuitry capable of generating a timeout flag. This behavior is specified in CTRL2_PN[MATCHTO].

The above filtering criteria can be used together as follows:

• Message ID filtering only

• Message ID filtering and Payload filtering

• Message ID filtering only occurring n times

• Message ID filtering and Payload filtering occurring n times

The timeout counter runs concurrently with the reception filtering process. Both engines, timeout counter and message filtering, 
are independent. If an incoming message matches the selected filter criteria, the timeout counter continues counting until the CPU 
wakes up. If the timeout counter reaches the target value, the message filtering process continues to filter incoming messages until 
the CPU wakes up. WU_MTC[MCOUNTER] reports the number of matched messages that occurred in Pretended Networking 
mode up to the moment the CPU wakes up.

In Pretended Networking mode, the wake-up event that may occur sets the respective wake-up flag (see Pretended Networking 
Wake-Up Match (WU_MTC)):

• For a successful match meeting the selected filtering criteria, WU_MTC[WUMF].

• For a timeout trigger, WU_MTC[WTOF].
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Any of these flags generates interrupts to the CPU, provided the respective mask bits are enabled (CTRL1_PN[WUMF_MSK] = 1 
or CTRL1_PN[WTOF_MSK] = 1).

There are four Wake-up Message Buffers (WMBs) used to store incoming messages in Pretended Networking mode. Up to four 
messages can be stored (see Wake-Up Message Buffer (WMB0_CS - WMB3_CS)).

When CTRL1_PN[NMATCH] = 1, only one message is received if the filtering criteria are matched. This message is stored 
in WMB0.

If CTRL1_PN[NMATCH] is between two and four, WMB1, WMB2, and WMB3 store the second, third, and fourth matching 
messages, respectively.

If CTRL1_PN[NMATCH] is greater than four, the last four matching messages are stored in the WMBs. The WMB index indicates 
the arrival order. The last message is stored in WMB3.

Only the valid data bytes of the incoming match message are stored in the data field of WMBs. The non-valid data bytes are read 
as zero. If DLC = 0 and RTR = 1, the data field is filled with zeroes. In any of the above cases, the wake-up interrupt is generated 
only when the filtering criteria are completed and CTRL1_PN[WUMF_MSK] = 1.

When a non-match wake-up event occurs (timeout or external) and WU_MTC[MCOUNTER] ≥ 4, the message stored in WMB0 
does not have valid content. WMB0 is used as a buffer for the current message in the CAN bus. Messages received during 
Pretended Networking mode do not have time stamps, and the respective field in the WMB structure must be ignored.

In low-power mode (Doze or Stop), all processes are shut down except for the PN functionality inside the CAN_PE subblock, which 
remains clocked by the oscillator clock (see Clock domains and restrictions). FlexCAN continues to receive incoming messages, 
but only compares them to the predefined target values according to the selected filtering criteria. The matching, arbitration, 
move-in, and move-out processes, normally available in Normal mode, are not performed in Pretended Networking mode.

FlexCAN in Pretended Networking reacts to messages on the CAN bus in the same manner as in Normal mode. It generates 
acknowledge bits, detect and count errors, and so on.

30.3.7 Move process
There are two types of move process: move-in and move-out.

30.3.7.1 Move-in

The move-in process is the copying of a message received by an RX SMB to an RX message buffer or FIFO that has matched 
it. If the move destination is the Legacy RX FIFO, attributes of the message are also copied to the CAN_RXFIR FIFO. Each RX 
SMB has its own move-in process, but only one is performed at a given time. The move-in starts only when the message held by 
the RX SMB has a corresponding match (see Matching process) and all of the following conditions are true:

• The CAN bus has reached or already gone past:

— The second bit of Intermission field next to the frame that carried the message that is in the RX SMB.

— The first bit of an overload frame next to the frame that carried the message in the RX SMB.

• There is no ongoing matching process.

• The CPU is not locking the destination message buffer.

• No move-in process from another RX SMB is ongoing. If more than one move-in process is to be started at the same time, 
both are performed and the newest process substitutes for the oldest.

The term pending move-in is used throughout the documentation and stands for a move-to-be that does not satisfy all of the 
above conditions.

If any of the following conditions is satisfied, the move-in is canceled and the RX SMB is able to receive another message.

• The destination message buffer is inactivated after the CAN bus has reached the first bit of the Intermission field next to 
the frame that carried the message. Also, its matching process has finished.

• There is a previous pending move-in to the same destination message buffer.

• The RX SMB is receiving a frame transmitted by FlexCAN itself and self-reception is disabled (MCR[SRXDIS] = 1).
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• Any CAN protocol error is detected.

If the module enters Freeze or Low-Power mode, the pending move-in is not canceled. It remains on hold, waiting for Freeze and 
Low-Power mode to be exited and for the module to be unlocked. If a message buffer is unlocked during Freeze mode, the move-in 
occurs immediately.

The move-in process is FlexCAN executing the following steps:

1. Push IDHIT into the RXFIR FIFO if the message is destined for the Legacy RX FIFO.

2. Read all data words from the RX SMB in accordance with the selected payload size for the RX storage element.

3. Write all data words to the RX message buffer according to the selected payload size for the RX storage element. If the 
data size of the storage element is smaller than the original payload size described in the DLC field of the message, the 
payload is truncated. The high-order bytes that do not fit the destination size are lost.

4. Read the Control and Status and ID words from the RX SMB.

5. Write the Control and Status and ID words to the RX message buffer, and update the CODE field.

The move-in process is not atomic; the inactivation of the destination message buffer immediately cancels it (see Message 
buffer inactivation). In this case, the message buffer may remain partially updated, and therefore incoherent. When the move-in 
destination is a Legacy or Enhanced RX FIFO message buffer, however, the process cannot be canceled.

To alert the CPU that the message buffer content is temporarily incoherent, the BUSY Bit (least significant bit of the CODE field) 
of the destination message buffer becomes 1 during move-in.

30.3.7.2 Move-out

The move-out process is the copying of content from a TX message buffer to the TX SMB when a message for transmission is 
available (see Arbitration process). The move-out occurs in the following conditions:

• In the first bit of Intermission field

• During the Bus Off state, when TX Error Counter is in the 124 to 128 range

• During the Bus Idle state

• During the Wait For Bus Idle state

The move-out process is not atomic. Only the CPU has priority to access the memory concurrently outside the Bus Idle state. In 
Bus Idle, the move-out has the lowest priority of the concurrent memory accesses.

30.3.8 Data coherence
In order to maintain data coherency and proper FlexCAN operation, the CPU must obey the rules described in Transmission 
process and Receive process.

30.3.8.1 Transmission abort mechanism

The abort mechanism provides a safe way to request the abortion of a pending transmission. A feedback mechanism is provided 
to inform the CPU whether the transmission was aborted or the frame could not be aborted and was transmitted instead.

These primary conditions must be fulfilled in order to abort a transmission:

• MCR[AEN] must be 1.

• The first CPU action must be the writing of abort code (1001b) into the CODE field of the Control and Status word.

Active message buffers configured for transmission must be aborted before they can be updated. The write operation is blocked 
and the transmission is not disturbed when the abort code is written to:

• A message buffer currently being transmitted.

• A message buffer that was already loaded into the TX SMB for transmission.

In this case, the abort request is captured and kept pending until one of the following conditions is satisfied:
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• The module loses the bus arbitration.

• There is an error during the transmission.

• The module is put into Freeze mode.

• The module enters the Bus Off state.

• There is an overload frame.

If none of the conditions above are reached:

• The message buffer is transmitted correctly.

• The interrupt flag is set in the proper IFLAG register.

• If enabled, an interrupt to the CPU is generated.

The abort request is automatically cleared when the interrupt flag is set. If only one of the above conditions is reached, the frame 
is not transmitted. In this case:

• The abort code is written into the CODE field.

• The interrupt flag is set in the proper IFLAG register.

• Optionally, an interrupt is generated to the CPU.

If the CPU writes the abort code before the transmission begins internally, the write operation is not blocked. The MB is updated 
and the interrupt flag is set. In this way, the CPU only must read the abort code to verify that the active MB was safely inactivated. 
In this case, although MCR[AEN] = 1 and the CPU wrote the abort code, the MB is inactivated and not aborted, because the 
transmission did not start yet. A message buffer is aborted only when the abort request is captured and kept pending until one of 
the previous conditions is satisfied.

30.3.8.2 Message buffer inactivation

Inactivation protects the message buffer against updates by FlexCAN internal processes. It allows the CPU to rely on message 
buffer data coherence after having updated it, even in Normal mode.

Inactivation of transmission message buffers must be performed only when MCR[AEN] = 0.

If a message buffer is inactivated, it does not participate in the arbitration process or the matching process until it is reactivated. 
See Transmission process and Receive process for detailed instructions on how to inactivate and reactivate a message buffer.

To inactivate a message buffer, the CPU must update its CODE field to INACTIVE (either 0b or 1000b).

Because you cannot synchronize the CODE field update with FlexCAN internal processes, an inactivation can have the 
following consequences:

• A frame in the bus that matches the filtering of an inactivated RX message buffer may be lost without notice. This loss can 
occur even if there are other message buffers with the same filter.

• A frame containing the message within an inactivated TX message buffer may be transmitted without setting the 
respective IFLAG flag.

To perform a safe inactivation and avoid the above consequences for TX message buffers, the CPU must use the transmission 
abort mechanism (see Transmission abort mechanism).

The inactivation automatically unlocks the message buffer (see Message buffer lock mechanism).

 
Message buffers that are part of the Legacy RX FIFO or Enhanced RX FIFO cannot be inactivated. There is no write 
protection on the Legacy FIFO region by FlexCAN. The CPU must maintain data coherency in the Legacy FIFO 
region when MCR[RFEN] = 1.

  NOTE  
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30.3.8.3 Message buffer lock mechanism

In addition to message buffer inactivation, FlexCAN uses a message buffer lock mechanism to maintain data coherence for the 
receive process. When the CPU reads the Control and Status word of an RX message buffer with codes FULL or OVERRUN, 
FlexCAN is configured to allow the CPU to read the whole message buffer in an atomic operation. It sets an internal lock flag for 
that message buffer.

The lock is released when:

• The CPU reads the free-running timer (global unlock operation).

• The CPU reads the Control and Status word of another message buffer, regardless of its code.

• The CPU writes into the Control and Status word. This procedure is not recommended for normal unlocking, because it 
cancels a pending move and may lose a received message.

The message buffer lock prevents a new frame from being written into the message buffer while the CPU is reading it.

 
The locking mechanism applies only to RX message buffers that are not part of the Legacy RX FIFO and have a 
code other than INACTIVE (0b) or EMPTY[1] (0100b). Also, TX message buffers cannot be locked.

  NOTE  

Consider an example where:

• The Legacy RX FIFO is disabled.

• The second and the fifth message buffers of the array are programmed with the same ID.

• FlexCAN has already received and stored messages into these two message buffers.

• The CPU reads message buffer number 5 while another message with the same ID is arriving.

When the CPU reads the Control and Status word of message buffer number 5, this message buffer is locked. The new message 
arrives and the matching algorithm finds no free-to-receive message buffers, so it overrides message buffer number 5. This 
message buffer is locked, so the new message cannot be written to it. The message remains in the RX SMB until the message 
buffer is unlocked, and only then is it written to the message buffer.

If the message buffer remains locked and another new message with the same ID arrives, the new message overwrites the one in 
the RX SMB. There is no indication of lost messages in the CODE field of the message buffer or in the Error and Status Register.

While the message is moved from the RX SMB to the message buffer, the BUSY bit on the CODE field becomes 1. If the CPU 
reads the Control and Status word and identifies that the BUSY bit is 1, it should wait until the BUSY bit becomes 0 to access 
the MB.

 
If the BUSY bit is 1 or the message buffer is empty, reading the Control and Status word does not lock the 
message buffer.

  NOTE  

Inactivation takes precedence over locking. If the CPU inactivates a locked receive message buffer, then its lock status is negated 
and the message buffer is marked as invalid for the current matching round. Any pending message on the RX SMB is not 
transferred to the message buffer. A message buffer is unlocked when the CPU reads Free-Running Timer (TIMER) or the Control 
and Status word of another message buffer.

The lock and unlock mechanisms have the same functionality in Normal and Freeze modes.

An unlock during Normal or Freeze mode results in the move-in of the pending message. If unlocking occurs during a low-power 
mode, however, the move-in is postponed (see Modes of operation). Move-in takes place only when the module returns to Normal 
or Freeze mode.

[1] In previous FlexCAN versions, reading the Control and Status word locked the message buffer even if it was EMPTY. This 
behavior is maintained when the IRMQ bit is 0.
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30.3.9 Enhanced RX FIFO
FlexCAN supports an enhanced RX FIFO engine which can store up to 6 CAN FD messages. The region 2000h–204Fh contains 
the output of the FIFO, which the CPU should read. To enable the enhanced RX FIFO, write 1 to ERFCR[ERFEN]. FlexCAN has 
two FIFO options, Legacy RX FIFO and Enhanced RX FIFO, but both options cannot be enabled at the same time. See Legacy 
RX FIFO for information about Legacy RX FIFO.

To configure the enhanced RX FIFO watermark, write a value to ERFCR[ERFWM]. If ERFCR[ERFWM] is configured, the CPU 
is notified only if a minimum number of messages is stored in the FIFO. When the number of stored messages is greater than 
the value in ERFCR[ERFWM], the module sets ERFSR[ERFWMI]. Optionally, if MCR[DMA] or ERFIER[ERFWMIIE] are set, an 
interrupt or a DMA transfer can be triggered, respectively.

For the enhanced RX FIFO to receive, the CPU must execute the configuration procedure below. If the CPU must change any 
configurations of the Enhanced RX FIFO, the same procedure must be followed.

Prerequisites

MCR[RFEN] must be 0.

Procedure

Step Purpose Programming Notes

1 Enter Freeze mode. See Freeze mode. —

2 If enhanced RX FIFO is not already 
enabled, enable it.

Write 1 to ERFCR[ERFEN]. —

3 Reset enhanced RX FIFO engine. Write 1 to ERFSR[ERFCLR]. —

4 If the enhanced RX FIFO error flags are 
set, clear them.

Write 1 to these flags:

• ERFSR[ERFUFW]

• ERFSR[ERFOVF]

• ERFSR[ERFWMI]

• ERFSR[ERFDA]

—

5 Specify the total number of enhanced 
RX FIFO filter elements to be used in 
Enhanced RX FIFO reception.

Write the number to ERFCR[NFE]. —

6 Specify the number of extended ID and 
standard ID filter elements to be used in 
Enhanced RX FIFO reception.

Write the number to ERFCR[NEXIF]. ERFCR[NEXIF] ≤ ERFCR[NFE]
 + 1.

7 If you are using DMA, enable DMA. Write 1 to MCR[DMA]. —

8 If you are using DMA, specify the 
number of words to transfer for each 
Enhanced RX FIFO data element.

Write the number to ERFCR[DMALW]. —

9 Specify the Enhanced RX FIFO 
watermark.

Write the number to ERFCR[ERFWM]. If MCR[DMA] = 1, 
ERFCR[ERFWM] should be 0h.

10 If you are using interrupts, enable the 
interrupts.

Write 1 to the interrupt enables in 
Enhanced RX FIFO Interrupt Enable 
(ERFIER).

—

11 Configure the filter elements. Write to the ERFFELn registers. ERFFELn registers are 
implemented in RAM; you must 

Table continues on the next page...
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Table continued from the previous page...

Step Purpose Programming Notes

explicitly initialize them before 
prior any reception.

12 Exit Freeze mode. See Freeze mode. —

There are two types of enhanced RX FIFO filter elements that can be stored in ERFFELn registers: extended-ID filter elements 
and standard-ID filter elements. Each extended-ID filter element is stored in two ERFFELn registers, while each standard-ID filter 
element is stored in one ERFFELn register. ERFCR[NFE] defines the total number of Enhanced RX FIFO filter elements.

In addition, the filter memory space can be split into two regions: one for extended-ID filter elements and another for standard-ID 
filter elements, according to ERFCR[NEXIF]. Figure 184 shows how the enhanced RX filter elements are defined. See Enhanced 
RX FIFO matching process for information about the Enhanced RX FIFO matching process and filter element formats.

NFE

Standard ID
filter element

NEXIF

3000h

Last ERFFEL
address

Extended ID
filter element

Figure 184. Number of enhanced RX FIFO filter elements

30.3.9.1 Enhanced RX FIFO matching process

When ERFCR[ERFEN] = 1, FlexCAN scans the ERFFELn memory region. If at least one filter element satisfies the matching 
criteria, the CAN message content is transferred to the enhanced RX FIFO memory. If multiple filters match the incoming message 
ID, the first matching filter found by the matching process must be indicated in IDHIT.

Each ERFFELn register can store one standard filter element. ERFFELn[FSCH] determines the matching criteria in this way:

• If FSCH = b00, the filter scheme is based on mask and filter. A CAN message matches a standard ID filter element only if 
these criteria are reached:
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1. CAN message is base-frame format (IDE = 0).

2. (ID[n] = STD ID filter [n]) or (STD ID Mask[n] = 0) for each bit n from 0 to 10.

3. (RTR = RTR Filter) or (RTR MASK = 0).

In this explanation, RTR and ID are the Remote Transmit Request field and the ID from a CAN message, respectively.

If FSCH = b00, the filters and masks are defined as shown in Table 187.

Table 187. Standard ID filter element with filter and mask scheme (FSCH = b00)

31 30 29 28 27 26 16 15 12 11 10 0

FSCH = b00 Reserved RTR 
filter

STD ID filter Reserved RTR 
mask

STD ID mask

• If FSCH = b01, the filter scheme is based on range. A CAN message matches a standard ID filter element only if these 
criteria are reached:

1. CAN message is base frame format (IDE = 0).

2. ID ≥ STD ID Filter1.

3. ID ≤ STD ID Filter2.

4. (RTR = RTR filter) or (RTR MASK = 0).

RTR and ID are the Remote Transmit Request bit and ID from a CAN message, respectively. If FSCH = b01, the filters and mask 
are defined as shown in Table 188.

Table 188. Standard ID filter element with range scheme (FSCH = b01)

31 30 29 28 27 26 16 15 12 11 10 0

FSCH = b01 Reserved RTRfil
ter

STD ID Filter2 Reserved RTR 
mask

STD ID Filter1

• If FSCH = b10, the filter scheme is based on two filters without masks. A CAN message matches a standard ID filter 
element only if these criteria are reached:

1. CAN message is base frame format (IDE = 0).

2. (ID[n] = STD ID Filter1[n]) or (ID[n] = STD ID Filter2[n]) for each bit n from 0 to 10.

3. (RTR = RTR Filter1) or (RTR = RTR Filter2).

RTR and ID are the Remote Transmit Request bit and ID from a CAN message, respectively. If FSCH = b10, the filters are defined 
as shown in Table 189.

Table 189. Standard ID filter element with two-filter scheme (FSCH = b10)

31 30 29 28 27 26 16 15 12 11 10 0

FSCH = b10 Reserved RTR 
Filter

2

STD ID Filter2 Reserved RTR 
Filter

1

STD ID Filter1

Each pair of ERFFELn registers can store one extended filter element. ERFFELn[FSCH] determines the matching criteria in 
this way:

• If FSCH = b00, the filter scheme is based on mask and filter. A CAN message matches an extended ID filter element only if 
these criteria are reached:

1. CAN message is extended frame format (IDE = 1).

2. (ID[n] = EXT ID filter [n]) or (EXT ID Mask[n] = 0) for each bit n from 0 to 28.
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3. (RTR = RTR Filter) or (RTR MASK = 0).

If FSCH = b00, the filters and masks are defined as shown in Table 190.

Table 190. Extended ID filter element with filter + mask scheme (FSCH = b00)

31 30 29 28 0

FSCH RTR 
filter

EXT ID filter

Reserved RTR 
mask

EXT ID mask

• If FSCH = b01, the filter scheme is based on range. A CAN message matches an extended ID filter element only if the 
following criteria are reached:

1. CAN message is extended frame format (IDE = 1).

2. ID ≥ EXT ID Filter1.

3. ID ≤ EXT ID Filter2.

4. (RTR = RTR Filter) or (RTR MASK = 0).

If FSCH = b01, the filters and masks are defined as shown in Table 191.

Table 191. Extended ID filter element with range scheme (FSCH = b01)

31 30 29 28 0

FSCH RTR 
filter

EXT ID Filter2

Reserved RTR 
mask

EXT ID filter 1

• If FSCH = b10, the filter scheme is based on two filters without masks. A CAN message matches an extended ID filter 
element only if these criteria are reached:

1. CAN message is extended frame format (IDE = 1).

2. (ID[n] = EXT ID Filter1[n]) or (ID[n] = EXT ID Filter2[n]) for each bit n from 0 to 28.

3. (RTR = RTR Filter1) or (RTR = RTR Filter2).

If FSCH = b10, the filters are defined as shown in Table 192.

Table 192. Extended ID filter element with two-filter scheme (FSCH = b10)

31 30 29 28 0

FSCH RTR 
Filter2

EXT ID Filter2

Reserved RTR 
Filter1

EXT ID filter 1

30.3.9.2 Enhanced RX FIFO under DMA operation

You can enable the DMA feature by writing 1 to both ERFCR[ERFEN] and MCR[DMA]. The DMA controller can read the received 
message by reading a message buffer structure at the enhanced FIFO output port at the address range defined in Enhanced RX 
FIFO structure.
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FlexCAN supports 32-bit access only for DMA transfers.

  NOTE  

For proper FIFO engine operation, the CPU should not access the Enhanced FIFO output port address range during DMA 
operation. Before writing 1 to MCR[DMA], the CPU must service Enhanced RX FIFO status bits. Otherwise, these bits may show 
that the FIFO has data to be serviced, and mistakenly generate a DMA request. Before writing 0 to MCR[DMA], the CPU must first 
clear the ERFSR[ERFUFW], ERFSR[ERFOVF], ERFSR[ERFWMI], and ERFSR[ERFDA] flags. It must then clear the enhanced 
RX FIFO engine by writing one to ERFSR[ERFCLR].

When there is one frame available to be read from the Enhanced RX FIFO, FlexCAN sets ERFSR[ERFDA]. Upon receiving the 
request, the DMA controller can read the message in the Enhanced RX FIFO output. Each message reading process must end 
by the address defined in ERFCR[DMALW].

Follow these rules for Enhanced RX FIFO DMA operation:

• Because a DMA transfer cannot be changed dynamically, program ERFCR[DMALW] so the enhanced RX FIFO element 
can store the largest CAN message present on the CAN bus.

• Data bytes are valid according to the DLC field. See Table 217.

Each time the DMA controller reads one message from the FIFO, FlexCAN clears ERFSR[ERFDA]. If there is at least one 
message stored in the FIFO, FlexCAN sets it again.

Consider an example where the maximum number of bytes in the data field of a CAN frame for a certain application is eight, and 
high-resolution timestamp is enabled. In that case, the last enhanced RX FIFO address offset can be found in Table 227 and Table 
228. Using this address offset, ERFCR[DMALW] can be determined in this way:

• Maximum number of data bytes = 8.

• HR TIME STAMP enabled.

• Last address offset = TS_OFF = 2014h.

• DMALW = 5.

30.3.9.3 Enhanced RX FIFO clear operation

When ERFCR[ERFEN] is 1, the CPU can clear the Enhanced RX FIFO by writing 1 to ERFSR[ERFCLR]. The clear 
operation resets the internal FIFO pointers, but the FIFO content stored in RAM is not changed. This operation can only 
be performed in Freeze mode; the module blocks the operation in other modes. This operation does not clear ERFSR[ERFUFW], 
ERFSR[ERFOVF], ERFSR[ERFDA], or ERFSR[ERFWMI]. The CPU must service all these fields before executing the clear 
FIFO operation.

30.3.10 Legacy RX FIFO
The Legacy RX FIFO is receive-only. To enable it, write 1 to MCR[RFEN]. To maintain software backward compatibility with 
previous versions of FlexCAN that did not have the Legacy FIFO feature, the reset value of this field is zero.

 
Do not enable Legacy RX FIFO when the CAN FD feature is enabled.

  CAUTION  

The Legacy FIFO is six messages deep. The memory region the Legacy FIFO structure occupies (both message buffers and 
Legacy FIFO engine) is described in Legacy RX FIFO structure. The CPU can read the received messages sequentially, in the 
order they were received, by repeatedly reading a message buffer structure at the output of the Legacy FIFO.

IFLAG1[BUF5I] (Frames Available in Legacy RX FIFO) is set when at least one frame is available to be read from the Legacy FIFO. 
If the corresponding mask bit enables it, an interrupt is generated. Upon receiving the interrupt, the CPU can read the message 
(accessing the output of the Legacy FIFO as a message buffer) and Legacy RX FIFO Information (RXFIR), then clear the interrupt. 
If there are more messages in the Legacy FIFO, clearing the interrupt:

1. Updates the output of the Legacy FIFO with the next message.

2. Updates RXFIR with the attributes of that message.
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3. Reissues the interrupt to the CPU.

Otherwise, the flag remains cleared. The output of the Legacy FIFO is valid only while IFLAG1[BUF5I] is set.

IFLAG1[BUF6I] (Legacy RX FIFO Warning) is set when the Legacy RX FIFO receives a new message that increases the number 
of unread messages to five from four. This change means that the Legacy RX FIFO is almost full. The flag remains set until the 
CPU clears it.

IFLAG1[BUF7I] (Legacy RX FIFO Overflow) is set when an incoming message is lost because the Legacy RX FIFO is full. The flag 
is not set when the Legacy RX FIFO is full and a message buffer captures the message. The flag remains set until the CPU clears it.

Clearing one of the three flags above does not affect the state of the other two.

If an IFLAG flag is set and the corresponding mask bit is 1, an interrupt is generated.

A powerful filtering scheme is provided to accept only frames intended for the target application, reducing the interrupt servicing 
workload. The filtering criteria are specified by programming a table of up to 128 32-bit registers, according to CTRL2[RFFN]. This 
table can be configured to one of the following formats (see also Legacy RX FIFO structure):

• Format A: 128 Identifier Acceptance Filters (IDAFs) – extended or standard IDs including IDE and RTR

• Format B: 256 IDAFs – standard IDs or extended 14-bit ID slices including IDE and RTR

• Format C: 512 IDAFs – standard or extended 8-bit ID slices)

 
A chosen format is applied to all entries of the filter table. It is not possible to mix formats within the table.

  NOTE  

Every frame available in the Legacy RX FIFO has a corresponding Identifier Acceptance Filter Hit Indicator (IDHIT). The IDHIT 
can be read in the IDHIT field in the Control and Status word, as shown in the Legacy RX FIFO Structure description. The CPU 
can also obtain this information by accessing Legacy RX FIFO Information (RXFIR). RXFIR[IDHIT] refers to the message at the 
output of the Legacy FIFO, and is valid while IFLAG1[BUF5I] is set. RXFIR must be read only before clearing the flag, guaranteeing 
that the information refers to the correct frame within the Legacy FIFO.

The Individual Mask Registers (RXIMRn) individually affect up to 32 elements of the filter table, according to the value of 
CTRL2[RFFN]. This configuration allows very powerful filtering criteria to be defined. If MCR[IRMQ] is 0, the Legacy RX FIFO filter 
table is affected by Legacy RX FIFO Global Mask (RXFGMASK).

 
See Table 178 for information about the difference between FD and non-FD regarding this feature.

  NOTE  

30.3.10.1 Legacy RX FIFO in DMA Operation

The receive-only Legacy FIFO can support DMA. To enable this feature, write 1 to both MCR[RFEN] and MCR[DMA]. To maintain 
backward compatibility with previous versions of the module that did not have the DMA feature, the reset value of MCR[DMA] 
is zero.

The DMA controller can read the received message by reading a message buffer structure at the Legacy FIFO output port in the 
80h—8Ch address range.

 
FlexCAN supports 32-bit access only for DMA transfers.

  NOTE  

When MCR[DMA] = 1, the CPU must not access the Legacy FIFO output port address range. Before writing 1 to MCR[DMA], the 
CPU must service the IFLAG flags set in the Legacy RX FIFO region. Otherwise, these flags may indicate that the FIFO has data 
to be serviced, and mistakenly generate a DMA request. Before writing 0 to MCR[DMA], the CPU must perform a clear Legacy 
FIFO operation.

When at least one frame available to be read from the FIFO, IFLAG1[BUF5I] (Frames available in Legacy RX FIFO) is set. A DMA 
request is generated simultaneously. Upon receiving the request, the DMA controller can read the message (accessing the output 
of the Legacy FIFO as a message buffer). The DMA reading process must end by reading address 8Ch. This read operation:

• Clears IFLAG1[BUF5I].

NXP Semiconductors
Flexible Controller Area Network (FlexCAN)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1474 / 5781



• Updates the FIFO output with the next message (if the FIFO is not empty).

• Updates Legacy RX FIFO Information (RXFIR) with the attributes of the new message.

If there are more messages stored in the FIFO, IFLAG1[BUF5I] is reasserted and another DMA request is issued. Otherwise, the 
flag remains cleared.

 
RXFIR contents cannot be read after DMA completes the Legacy FIFO read. The IDHIT information is also 
available in the Control and Status word at address 080h (see Legacy RX FIFO structure.

  NOTE  

IFLAG1[BUF6I] and IFLAG1[BUF7I] are not used when the DMA feature is enabled.

When FlexCAN is working with DMA, the CPU does not receive any Legacy RX FIFO interruption and must not clear the related 
IFLAG flags. The related IMASK bits are not used to mask the generation of DMA requests.

 
See Table 178 for information about the difference between FD and non-FD regarding this feature.

  NOTE  

30.3.10.2 Clear Legacy FIFO

When MCR[RFEN] = 1, you can use the clear Legacy FIFO operation to empty Legacy FIFO contents. When the CPU writes 1 
to IFLAG1[BUF0I], the clear FIFO operation occurs. This operation can only be performed in Freeze mode; FlexCAN blocks it in 
other modes. This operation does not clear the FIFO IFLAG flags; the CPU must service all FIFO IFLAG flags before executing 
the clear FIFO operation.

When Legacy RX FIFO is working with DMA, the clear FIFO operation clears IFLAG1[BUF5I], and the DMA request is canceled.

 
The clear Legacy FIFO operation does not clear IFLAG flags, except when MCR[DMA] = 1; in this case, only 
IFLAG1[BUF5I] is cleared.

  CAUTION  

30.3.11 CAN protocol-related features
This section describes features related to the CAN protocol.

30.3.11.1 CAN FD ISO compliance

The CAN FD protocol has been improved to increase the failure-detection capability that was in the original CAN FD protocol. This 
original protocol is also called non-ISO CAN FD, by CAN in Automation (CiA). A three-bit stuff counter and a parity bit have been 
introduced in the improved CAN FD protocol, now called ISO CAN FD. The CRC calculation has also been modified. All these 
improvements make the ISO CAN FD protocol incompatible with the non-ISO CAN FD protocol. FlexCAN still supports non-ISO 
CAN FD, so it can be used during an intermediate phase, for evaluation and development purposes.

It is recommended that you configure FlexCAN with the ISO CAN FD protocol by writing 1 to CTRL2[ISOCANFDEN].

30.3.11.2 CAN FD frames

ISO 11898-1:2015 specifies the Classical Frame format compliant to ISO 11898-1:2003 (2003) and introduces the CAN Flexible 
Data Rate Frame format (CAN FD). The Classical Frame format allows bit rates up to one Mbit/s and payloads up to eight bytes 
per frame. The Flexible Data Rate Frame format allows bit rates faster than one Mbit/s and payloads longer than eight bytes per 
frame. FlexCAN can receive and transmit CAN FD messages interleaved with Classical CAN messages.

There are additional control bits in the CAN FD frame:

• The Extended Data Length (EDL) bit enables a longer data payload with different data length coding.

• The Bit Rate Switch (BRS) bit decides whether the bit rate is switched inside a CAN FD format frame.

• The Error State Indicator (ESI) flag is transmitted dominant by error active nodes, and recessive by error passive nodes.
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There are no Remote Frames (see Remote frames) in the CAN FD format. A message configured to transmit a Remote Frame 
is always sent out in Classical CAN format. When an FD frame is received and matches a message buffer, the RTR bit in the 
receiving message buffer becomes 0. The RTR bit must be considered in classical frames only.

CAN FD messages may be formatted as long frames where the data field exceeds eight bytes, and may range from 12 up to 
64 bytes. They can also be configured to support bit rate switching. In this case, the control field, data field, and CRC field of a 
CAN frame are transmitted with a higher bit rate than the beginning and end of the frame. Messages in Classical CAN format are 
limited to transport a maximum payload of eight bytes at nominal rate. Figure 185 illustrates the message formats for Classical 
and FD frames with either standard or extended ID.
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Figure 185. CAN message formats

MCR[FDEN] enables the ability to receive and transmit CAN FD messages. A recessive R0 bit in CAN frames with 11-bit 
identifiers, or a recessive R1 bit in CAN frames with 29-bit identifiers, is decoded as an EDL bit (not a reserved one). A recessive 
EDL bit identifies a CAN FD frame, and a dominant EDL bit identifies a Classical CAN frame. The BRS bit specifies whether this 
frame switches the bit rate in its data phase. A long frame is decoded according to the DLC field value (see DLC definition in 
Message buffer structure).

CAN FD messages can be transmitted with two different bit rates. The first part of a CAN FD frame, from the Start of Frame (SOF) 
bit until the Bit Rate Switch (BRS) bit is called the arbitration phase. This part is transmitted with the nominal bit rate based on a 
set of nominal CAN bit timing configuration values. The second part, from the BRS bit until the CRC Delimiter bit, is called the data 
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phase. When this second part is transmitted, a second set of CAN data bit timing configuration values determines the data bit rate. 
Finally, from the CRC delimiter until the Intermission bits, the transmission returns to nominal bit rate.

In CAN FD frames with bit rate switching, the bit timing changes inside the frame at the sample point of the BRS bit if this bit is 
recessive. Before the BRS bit, in the CAN FD arbitration phase, the nominal CAN bit timing is used as defined by CAN Bit Timing 
(CBT). (Control 1 (CTRL1) also defines this timing for backward compatibility.) Upon detecting a recessive BRS bit, the CAN data 
bit timing is used as defined by CAN FD Bit Timing (FDCBT).

 
If the time quantum length in nominal bit timing and in the data bit timing are not identical, a quantization error 
of up to one time quantum of the arbitration phase may be present as a phase error. This situation can occur 
after the switch from arbitration to data phase, and it lasts until the next synchronization event. The length of the 
time quantum should be the same in nominal and data bit timing. This configuration minimizes the chance of error 
frames on the CAN bus, and optimizes the clock tolerance in networks that use FD frames.

  NOTE  

If BRS = 1 in the selected TX MB, FDCTRL[FDRATE] enables the transmission of all frames with bit rate switching. If 
FDCTRL[FDRATE] = 0, the transmission is performed at nominal rate regardless of the BRS bit value. FDCTRL[FDRATE] can 
be written at any time but takes effect only for the next message transmitted or received.

Nominal bit timing is resumed at the sample point of the CRC Delimiter bit or when an error is detected, whichever occurs first. 
Figure 186 describes the mechanism for entering and leaving the data phase when the BRS bit is recessive.
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Figure 186. Bit rate switching mechanism for CAN FD messages

 
In Classical CAN frames, the CRC delimiter is one recessive bit. In CAN FD frames, the CRC delimiter may consist 
of one or two recessive bits. FlexCAN sends only one recessive bit as the CRC delimiter. It accepts two recessive 
bits before the edge from recessive to dominant that starts the acknowledge slot. As a receiver, FlexCAN sends 
its acknowledge bit after the first CRC delimiter bit. In CAN FD frames, FlexCAN accepts a two-bit dominant ACK 
slot as a valid ACK to compensate for phase shifts between the receivers.

  NOTE  

The maximum configurable bit rate in the CAN FD data phase depends on the clock frequency of the CAN_PE subblock. For 
example, for a CAN_PE clock frequency of 40 MHz and the shortest configurable bit time of 5 time quanta, the bit rate in the data 
phase is 8 Mbit/s.

 
The frequency used in this example may not be supported on this chip. It is shown only to demonstrate how the 
maximum configurable bit rate is calculated.

  NOTE  

The value of the ESI bit is determined:
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• By the error state of the transmitter at the start of the transmission, if the frame is originated in the FlexCAN node,

• Or by the original transmitting node when FlexCAN is acting as a gateway for the message.

If the transmitter is error-passive, ESI is transmitted recessive; otherwise, it is transmitted dominant. The permutations of the 
relationship between the written value and the transmitted value of the ESI are shown in Table 193.

Table 193. Written versus transmitted values of ESI field

FlexCAN fault confinement status at 
start of frame

ESI bit of TX MB Transmitted ESI

Error active 0 0 (Error Active)

Error passive 0 1 (Error Passive)

Error active 1 1 (Error Passive)

Error passive 1 1 (Error Passive)

Different CAN frame formats have different CRC polynomials. The first polynomial, CRC_15, is used for all frames in Classical 
CAN format. The second, CRC_17, is used for frames in CAN FD format with a data field up to sixteen bytes long. The third, 
CRC_21, is used for frames in CAN FD format with a data field longer than sixteen bytes. Each polynomial results in a Hamming 
distance of 6. At the start of the frame, all three CRC polynomials are calculated concurrently. The values of the EDL bit and the 
DLC field select the CRC sequence to be transmitted. When receiving a message, FlexCAN decodes EDL and DLC to select the 
adequate CRC polynomial to check for a CRC error.

In CAN FD format frames, stuff bits are included in the bit stream for CRC calculation. In Classical CAN format frames, stuff bits are 
not included. After the transmission of the last bit relevant to the CRC calculation, CAN FD CRC (FDCRC) stores the calculated 
CRC for the transmitted message. This storage is performed with adequate length for the type of message, for CAN FD and 
non-FD messages. Cyclic Redundancy Check (CRCR) reports a valid CRC for Classical CAN messages only.

In CAN FD format frames, the CAN bit stuffing method changes for the CRC sequence, so the stuff bits are inserted at fixed 
positions. When FlexCAN is transmitting a CAN FD frame, a fixed stuff bit is inserted just before the first bit of the CRC sequence. 
This insertion occurs even if the last bits of the preceding field do not fulfill the CAN stuff condition. Additional stuff bits are inserted 
after each fourth bit of the CRC sequence. The value of any fixed stuff bit is the inverse value of its preceding bit. When FlexCAN 
receives a CAN FD frame, it discards the fixed stuff bits from the bit stream for the CRC check. A stuff error is detected if the fixed 
stuff bit has the same value as its preceding bit.

FlexCAN detects errors in CAN FD frames the same way as in Classical CAN frames. The error counters ECR[RXERRCNT] and 
ECR[TXERRCNT] accumulate the counts of RX and TX errors, respectively, for both FD and non-FD frames indiscriminately. Two 
extra error counters, ECR[RXERRCNT_FAST] and ECR[TXERRCNT_FAST], accumulate RX and TX errors occurring in the data 
phase of CAN FD frames with BRS = 1 only. The rules for updating the error counters are the same for both CAN FD and non-FD 
frames (see Error Counter (ECR)).

These error flags report errors in both CAN FD and non-FD frames:

• ESR1[BIT1ERR]

• ESR1[BIT0ERR]

• ESR1[ACKERR]

• ESR1[CRCERR]

• ESR1[FRMERR]

• ESR1[STFERR]

If CTRL1[ERRMSK] = 1, they also generate the ERRINT interrupt.

These additional error flags indicate the occurrence of errors in the data phase of CAN FD frames with BRS = 1:

• ESR1[BIT1ERR_FAST]

• ESR1[BIT0ERR_FAST]

NXP Semiconductors
Flexible Controller Area Network (FlexCAN)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1479 / 5781



• ESR1[CRCERR_FAST]

• ESR1[FRMERR_FAST]

• ESR1[STFERR_FAST]

No ACKERR is detected in the data phase of a CAN FD frame. Fault confinement status reported in ESR1[FLTCONF] is the 
same for both CAN FD and Classical CAN frames, and is based on ECR[RXERRCNT] and ECR[TXERRCNT] only. Information 
in ECR[RXERRCNT_FAST] and ECR[TXERRCNT_FAST] may be considered as status to help detect the error nature related to 
the bit rate value.

When FlexCAN detects an error while transmitting or receiving a CAN FD message in the data phase, it immediately switches:

• Back to the arbitration phase, and

• Back to the nominal rate to start an error flag.

Resynchronization and hard synchronization occur in CAN FD frames in the same way as in Classical CAN ones. A hard 
synchronization is also performed at the recessive-to-dominant edge from EDL to R0 in CAN FD format frames. FlexCAN does 
not resynchronize while transmitting in the CAN FD data phase.

30.3.11.3 Transceiver delay compensation

The CAN FD protocol allows the transmission and reception of data at a higher bit rate than the nominal rate used in the arbitration 
phase, when BRS = 1 in the message. This feature enables the use of rates up to 8 Mbit/s.

During the data phase of a CAN FD frame, if the transmitter cannot receive its own latest transmitted bit at the sample point of that 
bit, it detects a bit error. When bit rate switching is enabled (BRS = 1), the CAN bit time in the data phase can become shorter than 
the loop delay of the transceiver. This condition impedes the correct comparison between the transmitted bit and the received bit 
within the current CAN bit time interval.

The transceiver delay compensation (TDC) process defines a secondary sample point where the transmitted bit is correctly 
compared to the received bit to check for bit errors.

You can enable the TDC mechanism via FDCTRL[TDCEN] or ETDC[ETDCEN]. It is effective only during the data phase of FD 
frames with BRS = 1. It has no effect either on non-FD frames, or on FD frames transmitted at the normal bit rate. When the 
transmitted message has BRS = 1, TDC is active from the sample point of the BRS bit until the sample point of the CRC Delimiter 
bit. When TDC is active, the real received bit is compared to the delayed transmitted bit, where the delay is calculated based on 
the measured transceiver loop delay.

 
The transmitters using TDC disregard value of the CRC Delimiter bit. A global error at the end of the CRC field 
causes the receivers to send error frames that the transmitter detects during Acknowledge or End of Frame.

  NOTE  

For every transmitted FD frame with BRS = 1, the transition from the recessive EDL bit to the dominant R0 bit triggers the delay 
measurement (as shown in Figure 187). The loop delay is measured in Protocol Engine (PE) clock periods (CANCLK, see Protocol 
timing), from the transmitted EDL-R0 edge to the received EDL-R0 edge. The measured loop delay time added to an offset value 
specified in FDCTRL[TDCOFF] or ETDC[ETDCOFF] determines the position of the secondary sample point. FDCTRL[TDCVAL] 
or ETDC[ETDCVAL] stores the result of this calculation. The TDCVAL and ETDCVAL value saturates at its maximum value of 63 
CANCLK and 255 CANCLK when the delay measurement is too long.
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Figure 187. Transceiver loop delay measurement

The measured loop delay is not enough to define the secondary sample point, because it relates to the CAN bit edges. The 
transceiver delay compensation offset FDCTRL[TDCOFF] or ETDC[ETDCOFF] is used to shift the secondary sample point to an 
intermediate point inside the bit time, far away from its edges. The value of FDCTRL[TDCOFF] or ETDC[ETDCOFF] cannot be 
larger than the CAN bit duration in the data phase.

If the secondary sample point is set very near the CAN bit edge (SYNC field), problems may occur during the bit sampling in the 
data phase. For the TDC to work reliably, the offset must use optimal settings. To ensure that bit sampling is performed in the best 
region, configure the TDC offset as shown in this equation:

Offset = (FPSEG1 + FPROPSEG + 2) × (FPRESDIV + 1)
or
Offset = (DTSEG1 + 2) × (EDPRESDIV + 1), if ETDCEN

Figure 188 shows the SSP position when these settings are used.

TDC measurement

TX output

RX input

SSP position

TDC offset

SSP

Figure 188. SSP position with optimal values

Alternatively, if CTRL2[BTE] and ETDC[ETDCEN] are 1, you can write 1 to ETDC[TDMDIS] to disable the transceiver delay 
measurement. In this case, only ETDC[ETDCOFF] defines the SSP position. Figure 189 shows the secondary sample point 
position when the transceiver delay measurement is disabled.
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Figure 189. SSP position with TDC measurement disabled by ETDCEN and TDMDIS

During the data phase of CAN FD frames with bit rate switching enabled, at the onset of every TX CAN bit:

• The transmitted TX bit value is temporarily stored in a buffer.

• A time countdown based on FDCTRL[TDCVAL] or ETDC[ETDCVAL] is started. This countdown ends with the comparison 
of the received RX bit (delayed by the external loop delay plus the specified offset) to the stored TX bit.

If a bit error is detected at the secondary sample point, FlexCAN issues an error flag to the CAN bus at the next sample point.

During the arbitration phase, delay compensation is always disabled. During the data phase, the TDC mechanism of FlexCAN can 
compensate a maximum delay of 3 CAN bit times — 2 Tq. Beyond this limit, the FDCTRL[TDCFAIL] or ETDC[ETDCFAIL] flag is 
set. The flag indicates when the TDC mechanism is out of range and is unable to compensate the transceiver loop delay.

30.3.11.4 Remote frames

A remote frame is a special type of frame. You can program a message buffer to be a remote request frame by configuring the 
message buffer as Transmit with the RTR = 1. After the remote request frame is transmitted successfully, the message buffer 
becomes a receive message buffer, with the same ID as before.

When FlexCAN receives a remote request frame, the frame can be treated in different ways, depending on remote request storing 
(CTRL2[RRS]) and RX FIFO Enable (MCR[RFEN]):

• If RRS = 0 the ID of the frame is compared to the IDs of the transmit message buffers with the CODE field 1010b. If a matching 
ID exists, this message buffer frame is transmitted. If the matching message buffer has the RTR = 1, FlexCAN transmits a 
remote frame as a response. The received remote request frame is not stored in a receive buffer. It is only used to trigger a 
transmission of a frame in response.

The mask registers are not used in remote frame matching, and all ID bits (except RTR) of the incoming received frame should 
match. If a remote request frame is received and matches a message buffer, this message buffer immediately enters the 
internal arbitration process. However, it is considered a normal TX message buffer, with no higher priority. The data length 
of this frame is independent of the DLC field in the remote frame that initiated its transmission.

• If CTRL2[RRS] = 1, the ID of the frame is compared to the IDs of the receive message buffers with the CODE field 0100b, 
0010b, or 0110b. If a matching ID exists, this message buffer stores the remote frame in the same fashion as a data frame. 
No automatic remote response frame is generated. The mask registers are used in the matching process.

• If MCR[RFEN] = 1, FlexCAN does not generate an automatic response for remote request frames that match the Legacy FIFO 
filtering criteria. If the remote frame matches one of the target IDs, it is stored in the Legacy FIFO and presented to the CPU.

For filtering formats A and B, it is possible to select whether remote frames are accepted or not. For format C, remote frames 
are always accepted if they match the ID. Remote request frames are considered as normal frames. They generate a Legacy 
FIFO overflow when a successful reception occurs and the Legacy FIFO is already full.

• If ERFCR[ERFEN] = 1, FlexCAN does not generate an automatic response for remote request frames that match the 
Enhanced RX FIFO filtering criteria. Remote Request Frames are considered normal frames. They generate an Enhanced 
RX FIFO overflow when a successful reception occurs and the enhanced RX FIFO is already full.
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There is no remote frame in the CAN FD format. A fixed dominant RRS bit replaces the RTR bit. FlexCAN receives 
and transmits remote frames in the Classical CAN format.

  NOTE  

30.3.11.5 Overload frames

When a dominant bit is detected on the CAN bus in these locations, FlexCAN transmits overload frames:

• The first or second bit of Intermission.

• The seventh bit (last) of End of Frame field (RX frames).

• The eighth bit (last) of Error Frame Delimiter or Overload Frame Delimiter.

30.3.11.6 Message buffer timestamp

The value of the free-running timer is sampled at the beginning of the Identifier field on the CAN bus. This value is stored at the 
end of move-in in the TIME STAMP field of a message buffer, providing network behavior regarding time.

When CTRL2[TIMER_SRC] = 1, an external time tick continuously clocks the free-running timer.

When CTRL2[TIMER_SRC] = 0, the FlexCAN bit clock clocks the free-running timer, which defines the baud rate on the CAN bus. 
During a message transmission or reception, it increments by one for each bit that is received or transmitted. When there is no 
message on the bus, it counts using the previously programmed baud rate.

The free-running timer is not incremented during Disable, Doze, Stop, and Freeze modes. It can be reset upon a specific frame 
reception, enabling network time synchronization. See CTRL1[TSYN].

Alternatively, by configuring CTRL2[MBTSBASE], the timestamp of the message buffer can capture the lower or higher 16 bits of 
the high-resolution dedicated counter.

30.3.11.7 High-resolution timestamp

The high-resolution timestamp, HR_TIME_STAMP, uses a dedicated timer with a 32-bit counter operating in free-running mode. 
CTRL2[TSTAMPCAP] enables the high-resolution timestamp. When this field is not zero, the dedicated 32-bit counter value is 
captured during a valid CAN frame and stored in an HR_TIME_STAMPn register.

Each HR_TIME_STAMPn corresponds to a specific message buffer. For example, HR_TIME_STAMP0 stores the 32-bit 
timestamp associated with message buffer 0. HR_TIME_STAMP1 stores the 32-bit timestamp associated with message buffer 1, 
and so on.

The counter value is captured according to CTRL2[TSTAMPCAP]. For classical CAN frames, the capture points can be the start 
of frame bit or the point in time a CAN frame is considered valid. This valid point is the seventh bit of end of frame for transmission 
and the sixth bit of end of frame for reception.

For CAN FD frames, the capture points can be:

• The start of frame

• The point in time a CAN FD frame is considered valid

• The res bit of a CAN FD frame

The 16-bit timestamp of the message buffer can be configured to capture the lower or higher 16 bits of the high-resolution timer. 
This configuration is made by CTRL2[MBTSBASE].

30.3.11.8 Protocol timing

Figure 190 shows the structure of the clock generation circuitry that feeds the CAN Protocol Engine (PE) submodule .

 
To identify the proper clock source, see the clock distribution chapter (module clocks table).

  NOTE  
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Figure 190. CAN engine clocking scheme

FlexCAN supports various means to configure bit timing parameters required by the CAN protocol. Control 1 (CTRL1) has various 
fields to control bit timing parameters:

• CTRL1[PRESDIV]

• CTRL1[PROPSEG]

• CTRL1[PSEG1]

• CTRL1[PSEG2]

• CTRL1[RJW]

CAN Bit Timing (CBT) extends the range of the CAN bit timing variables in CTRL1. Enhanced Data Phase CAN Bit Timing 
(EDCBT) provides a second set of CAN bit timing variables to be applied at the data phase of CAN FD frames with the Bit Rate 
Switch (BRS) = 1.

Enhanced Nominal CAN Bit Timing (ENCBT) extends the range of CAN bit timing variables in CBT. Enhanced Nominal CAN Bit 
Timing (ENCBT) extends the range of CAN bit timing variables in FDCBT. When using ENCBT and EDCBT, you must program 
the nominal bit timing and data phase serial clock (Sclock) dividers in Enhanced CAN Bit Timing Prescalers (EPRS).

 
When the CAN FD feature is enabled, always write 1 to CBT[BTF] or CTRL2[BTE] and specify the CAN bit timing 
variables in CBT or ENCBT. See CAN Bit Timing (CBT) or Enhanced Nominal CAN Bit Timing (ENCBT).

  NOTE  

CTRL1[PRESDIV] (and its extended range CBT[EPRESDIV] (or EPRS[ENPRESDIV]) and FDCBT[FPRESDIV] (or 
EPRS[EDPRESDIV]) for the data phase bits of CAN FD messages) defines the prescaler value that generates the serial 
clock (Sclock). (See the equation below.) The period of Sclock defines the time quantum used to compose the CAN waveform. A 
time quantum (Tq) is the atomic unit of time managed by the CAN engine. It is the smallest time unit for all configuration values.

Tq =
fCANCLK

(PRESDIV + 1)

Equation 1. Time quantum

The bit rate, which defines the rate the CAN message is received or transmitted, is calculated with the formula:

CAN bit time = (Number of time quanta in 1 bit time) × Tq

Bit rate =
1

CAN bit time

Equation 2. CAN bit time and baud rate

A bit time is subdivided into three segments as shown in Figure 191. See also Figure 192, Figure 193, and Table 194.

 
For further explanation of the underlying concepts, see ISO 11898-1:2015. See also the CAN 2.0A/B protocol 
specification for bit timing.

  NOTE  
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Figure 191. Segments within the bit timing (example using ENCBT and EDCBT bit timing variables)

The three segments are:

• SYNC_SEG. This segment has a fixed length of one time quantum. Signal edges are expected to occur within this section.

• Time Segment 1. This segment includes the propagation segment and the phase segment 1 of the CAN standard.

It can be programmed by configuring CTRL1[PROPSEG] and CTRL1[PSEG1] so that the sum (plus 2) is 2 to 16 time quanta. 
When CBT[BTF] = 1, FlexCAN uses CBT[EPROPSEG] and CBT[EPSEG1] so that the sum (plus 2) is 2 to 96 time quanta. 
For messages in CAN FD format with the BRS = 1, FlexCAN uses FDCBT[FPROPSEG] and FDCBT[FPSEG1] so that the 
sum (plus 1) is 2 to 39 time quanta.

If CTRL2[BTE] = 1, FlexCAN uses ENCBT[NTSEG1] to configure time segment 1 to 2 to 256 time quanta. For the data phase 
in CAN FD messages with BRS = 1, EDCBT[DTSEG1] must be used for configuring time segment 1 to 2 to 32 time quanta.

• Time Segment 2. This segment represents the phase segment 2 of the CAN standard.

It can be programmed by configuring CTRL1[PSEG2] (plus 1) to be 2 to 8 time quanta. When CBT[BTF] = 1, FlexCAN uses 
CBT[EPSEG2] so that its value (plus 1) is 2 to 32 time quanta. For messages in CAN FD format with the BRS = 1, FlexCAN 
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uses FDCBT[FPSEG2] instead, so that its value (plus 1) is 2 to 8 time quanta. Time segment 2 cannot be smaller than the 
Information Processing Time (IPT), which is 2 time quanta in FlexCAN.

If CTRL2[BTE] = 1, FlexCAN uses ENCBT[NTSEG2] to configure time segment 2 to 2 to 128 time quanta. For the data phase 
in CAN FD messages with BRS = 1, EDCBT[DTSEG2] must configure time segment 2 to 2 to 16 time quanta.

 
The bit time defined by the above time segments must not be smaller than five time quanta. For bit time calculations, 
use an Information Processing Time (IPT) of two, which is the value implemented in the FlexCAN module.

  NOTE  

SYNC_SEG Time segment 1
(PROPSEG + PSEG1 + 2)

Time segment 2
(PSEG2 + 1)

1 2 ... 16

Transmit point Sample point
(single or triple sampling)

Tq Tq

8 ... 25 time quanta
= 1 bit time

2 ... 8

NRZ signal

Figure 192. Segments within the bit time (example using CTRL1 bit timing variables for Classical CAN format)
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SYNC_SEG Time segment 1
(EPROPSEG + EPSEG1 + 2)

Time segment 2
(EPSEG2 + 1)

1 2 ... 96

Transmit point Sample point
(single or triple sampling)

Tq Tq

8 ... 129 time quanta
= 1 bit time

2 ... 32

NRZ signal

SYNC_SEG Time segment 1
(FPROPSEG + FPSEG1 + 1)

Time segment 2
(FPSEG2 + 1)

1 2 ... 39

Transmit point Sample point
(single sampling)

5 ... 48 time quanta
= 1 bit time

2 ... 8

NRZ signal

Figure 193. Segments within the bit time (example using CBT and FDCBT bit timing variables for CAN FD format)

Table 194. Time segment syntax

Syntax Description

SYNC_SEG Period during which the system expects transitions to occur on the bus

TSEG1 Period corresponding to the sum of PROPSEG and PSEG1.

TSEG2 Period corresponding to the PSEG2 value.

Transmit point Point at which a node in Transmit mode transfers a new value to the CAN bus

Sample point Point at which a node samples the bus. If the option of three samples per bit is selected, this point 
marks the position of the third sample.

Table 195 gives some examples of the CAN compliant segment settings for Classical CAN format (Bosch CAN 2.0B) 
(non-FD) messages.
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Table 195. Bosch CAN 2.0B standard compliant bit time segment settings

Time segment 1 Time segment 2 Resynchronization jump width

5 to 10 2 1 to 2

4 to 11 3 1 to 3

5 to 12 4 1 to 4

6 to 13 5 1 to 4

7 to 14 6 1 to 4

8 to 15 7 1 to 4

9 to 16 8 1 to 4

 
You must ensure the bit time settings comply with the CAN Protocol standard (ISO 11898-1:2015).

  NOTE  

A CAN bit can be used as a measure of duration (for example, estimating the occurrence of a CAN bit event in a message). When 
a CAN bit is used in this way, the number of peripheral clocks in one CAN bit (NumClkBit) can be calculated as:

NumClkBit = × (PRESDIV + 1) × (PROPSEG + PSEG1 + PSEG2 + 4)
fCANCLK

fSYS

Equation 3. Number of peripheral clocks per CAN bit when CTRL2[BTE] = 0

Or, if CTRL2[BTE] = 1:

NumClkBit = × (ENPRESDIV + 1) × (NTSEG1 + NTSEG2 + 3)
fCANCLK

fSYS

Equation 4. Number of peripheral clocks per CAN bit when CTRL2[BTE] = 1

Where:

• NumClkBit is the number of peripheral clocks in one CAN bit.

• fCANCLK is the Protocol Engine (PE) Clock (see Figure 190), in Hz.

• fSYS is the frequency of operation of the system (CHI) clock, in Hz.

• PSEG1 is the value of CTRL1[PSEG1].

• PSEG2 is the value of CTRL1[PSEG2].

• PROPSEG is the value of CTRL1[PROPSEG].

• PRESDIV is the value in CTRL1[PRESDIV].

• ENPRESDIV is the value of EPRS[ENPRESDIV].

• NTSEG1 is the value of ENCBT[NTSEG1].

• NTSEG2 is the value of ENCBT[NTSEG2].

The formula above is also applicable to the alternative CAN bit timing variables described in:

• CAN Bit Timing (CBT)

• Enhanced Nominal CAN Bit Timing (ENCBT)

• CAN FD Bit Timing (FDCBT)
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• Enhanced Nominal CAN Bit Timing (ENCBT)

For example, 180 CAN bits = (180 × NumClkBit) peripheral clock periods.

30.3.11.9 Arbitration and matching timing

During normal reception and transmission, the matching, arbitration, move-in, and move-out processes are executed during 
certain time windows inside the CAN frame. These windows are shown in the following figures.

DATA, CRC, or bothDLC EOF Intermission

Matching window (26 to 90 CAN bits)
Move-in
window

Start move
(bit 2)

Figure 194. Matching and move-in time windows

CRC EOF Intermission

Arbitration window (25 CAN bits)

Move-out
window

Start move
(bit 1)

Arbitration
processStart arbitration

(delayed by TASD)

Figure 195. Arbitration and move-out time windows

BusOff

Internal counter
counting 128 occurrences of 11 recessive CAN bits

128126125

Arbitration
process

TASD
count

Move-out
window

124123... ...3210

Figure 196. Arbitration at the end of bus off and move-out time windows

 
In these figures, the matching and arbitration timing do not consider delays caused by concurrent memory access 
due to the CPU or other internal FlexCAN subblocks.

  NOTE  

30.3.11.10 TX arbitration start delay

CTRL2[TASD] (TX Arbitration Start Delay) indicates the number of CAN bits that FlexCAN uses to delay the TX arbitration process 
starting point from the first bit of the CRC field of the current frame. This variable can be written only in Freeze mode; FlexCAN 
blocks it in other modes.

The ability of the CPU to reconfigure message buffers for transmission after the end of the internal arbitration process impacts 
transmission performance. In the arbitration process, FlexCAN finds the winner MB for transmission (see Arbitration process). If 
the arbitration ends too early before the first bit of Intermission field, the CPU may reconfigure some TX message buffers. It is 
possible that the winning message buffer is no longer the best candidate to be transmitted.
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TASD can optimize the transmission performance by defining the arbitration start point, as shown in Figure 197, based on factors 
such as:

• Peripheral-to-oscillator clock ratio

• CAN bit timing variables that determine the CAN bit rate

• Number of message buffers in use by the matching and arbitration processes

CRC EOF Intermission

Arbitration
start point

A
C
K

S
O
F

Arbitration
Process

TASD countdown

Arbitration window (25 to 31 CAN bits)

9 last CAN bits

Nominal bit rateData bit rate when CAN FD is enabled

Figure 197. Optimal TX arbitration start point

The duration of an arbitration process, in terms of CAN bits, is:

• Directly proportional to the number of available message buffers

• Directly proportional to the CAN bit rate

• Inversely proportional to the peripheral clock frequency.

The optimal arbitration timing occurs when the last message buffer is scanned immediately before the first bit of the Intermission 
field of a CAN frame. For instance, if:

• There are few message buffers,

• The peripheral-to-oscillator clock ratio is high,

• And the CAN baud rate is low,

Then the arbitration can be placed closer to the end of the frame, adding more delay to its starting point, and vice versa.

If CTRL2[TASD] = 0, the arbitration start is not delayed, and more time is reserved for arbitration. Alternatively, if CTRL2[TASD] is 
close to 24, the CPU can configure a TX message buffer later, and less time is reserved for arbitration. If too little time is reserved 
for arbitration, FlexCAN may not be able to find a winner MB in time. The transmitted arbitration winner may not have the best 
chance to win the bus arbitration against external nodes on the CAN bus.

The optimal TASD value can be calculated as follows:
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TASD = 31 -

For CAN FD frames and (MAXMB + 1) ≤ NMBEND

CPCBN

2 * (MAXMB + 1 ) + 4

TASD = 22 -

For CAN FD frames and (MAXMB + 1) > NMBEND

CPCBF

2 * (MAXMB + 1 ) - NMBEND

TASD = 25 -

For non-FD frames

CPCB
2 * (MAXMB + 1 ) + 4

Equation 5. Optimal value for TASD

Where:

NMBEND = 
(9 × CPCBN) - 4

2

CPCBN = 
fSYS

BITRATEN

BITRATEN = 
fCANCLK

 [1 + (EPSEG1 + 1) + (EPSEG2 + 1) + (EPROPSEG + 1) ] × (EPRESDIV + 1)

BITRATEF = 
fCANCLK

 [1 + (FPSEG1 + 1) + (FPSEG2 + 1) + FPROPSEG] × (FPRESDIV + 1)

CPCBF = 
fSYS

BITRATEF

CPCB = CPCBN 

Equation 6. Variables used in TASD calculation

• MAXMB is the value in MCR[MAXMB].

• NMBEND is the number of message buffers that the arbitration process can scan during the last nine CAN bits at the end of 
a frame. (See the figure above.)

• BITRATEN is the CAN bit rate in bits per second calculated by the nominal CAN bit time variables.

• BITRATEF is the CAN bit rate in bits per second calculated by the data CAN bit time variables.

• CPCBN is the number of peripheral clocks per CAN bit in nominal bit rate for CAN FD frames.

• CPCBF is the number of peripheral clocks per CAN bit in data bit rate for CAN FD frames.

• CPCB is the number of peripheral clocks per CAN bit for non-FD frames.

• fCANCLK is the oscillator clock, in Hz.

• fSYS is the peripheral clock, in Hz.

• EPSEG1 is the value in CBT[EPSEG1] (CTRL1[PSEG1] can also be used).

• EPSEG2 is the value in CBT[EPSEG2] (CTRL1[PSEG2] can also be used).

• EPROPSEG is the value in CBT[EPROPSEG] (CTRL1[PROPSEG] can also be used).

• EPRESDIV is the value in CBT[EPRESDIV] (CTRL1[PRESDIV] can also be used).

• FPSEG1 is the value in FDCBT[FPSEG1].
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• FPSEG2 is the value in FDCBT[FPSEG2].

• FPROPSEG is the value in FDCBT[FPROPSEG].

• FPRESDIV is the value in FDCBT[FPRESDIV].

• NTSEG1 is the value in ENCBT[NTSEG1].

• NTSEG2 is the value in ENCBT[NTSEG2].

• ENPRESDIV is the value in EPRS[ENPRESDIV].

• DTSEG1 is the value in EDCBT[DTSEG1].

• DTSEG2 is the value in EDCBT[DTSEG2].

• EDPRESDIV is the value in EPRS[EDPRESDIV].

If CTRL2[BTE] = 1, then:

BITRATEN =
fCANCLK

[1 + (NTSEG1 + 1) + (NTSEG2 + 1)] × (ENPRESDIV + 1)

Equation 7. Nominal baud rate when CTRL2[BTE] = 1

BITRATEF =
fCANCLK

[1 + (DTSEG1 + 1) + (DTSEG2 + 1)] × (EDPRESDIV + 1)

Equation 8. Fast baud rate when CTRL2[BTE] = 1

See also Protocol timing for more details.

The following tables show the TASD value calculated for some configuration cases.

Case 1:

• Clock ratio = 2:1 (for example, peripheral clock 80 MHz and oscillator clock 40 MHz)

• Bit rate in arbitration phase = 1 Mbaud

Table 196. TASD values in Case 1

Number of message buffers TASD value Maximum bit rate in data phase (MBd)

16 24 Invalid

32 24 8.0

64 23 8.0

Case 2:

• Clock ratio = 1:1 (for example, peripheral clock 40 MHz and oscillator clock 40 MHz)

• Bit rate in arbitration phase = 1 Mbaud

Table 197. TASD values in Case 2

Number of message buffers TASD value Maximum bit rate in data phase (MBd)

16 24 Invalid

32 23 6.67

54 22 5.0

64 21 3.33
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Case 3:

• Clock ratio = 2:1 (for example, peripheral clock 40 MHz and oscillator clock 20 MHz)

• Bit rate in arbitration phase = 1 Mbaud

Table 198. TASD values in Case 3

Number of message buffers TASD value Maximum bit rate in data phase (MBd)

16 24 Invalid

32 23 4.0

54 22 4.0

64 21 3.33

30.3.12 Clocks
The following table describes the clock sources for FlexCAN. See the chip clocking chapter for clock setting, configuration, and 
gating information.

Table 199. FlexCAN clocks

Clock name Description

MODULE_CLK (system_clk) Peripheral clock

MODULE_CLK_CHI (host_clock) Control Host Interface (CHI) clock

MODULE_CLK_PE 
(protocol_engine_clock)

Protocol Engine (PE) clock

MODULE_CLK_PE_NOGATE 
(protocol_engine_clock_nogate)

Protocol Engine clock (no gating)

MODULE_CLK_S 
(system_clock_nogate)

Peripheral access clock

30.3.12.1 Clock domains and restrictions

FlexCAN has two clock domains asynchronous to each other:

• The bus domain feeds the Control Host Interface (CHI) submodule.

• The oscillator domain feeds the CAN Protocol Engine (PE) submodule.

When the two domains are connected to clocks with different frequencies or phases, the frequency relationship between the two 
clock domains is restricted. In asynchronous operation, the bus domain clock frequency must always be greater than the oscillator 
domain clock frequency.

 
Asynchronous operation with a 1:1 ratio between peripheral and oscillator clocks is not allowed.

  NOTE  

When performing matching and arbitration, FlexCAN must scan the whole message buffer memory during the time slot of one CAN 
frame, comprised of a number of CAN bits. To provide sufficient time for the scan, observe the following requirements:

• The peripheral clock frequency cannot be less than the oscillator clock frequency.

• There must be a minimum number of peripheral clocks per CAN bit, as specified in Table 200.
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Table 200. Minimum number of peripheral clocks per CAN bit for Classical CAN format

Number of message buffers Value of MCR[RFEN] Value of ERFCR[ERFEN] Minimum number of 
peripheral clocks per CAN bit

16 0 0 16

32 0 0 16

64 0 0 25

16 1 0 16

32 1 0 17

64 1 0 30

16 0 1 16

32 0 1 19

64 0 1 31

For classical frame format, the minimum number of peripheral clocks per CAN bit specified in Table 200 determines the minimum 
peripheral clock frequency for a given number of message buffers and for an expected CAN bit rate. The CAN bit rate depends on 
the number of time quanta in a CAN bit. This number can be defined by adjusting one or more of the bit timing values contained 
in Control 1 (CTRL1) or CAN Bit Timing (CBT) or Enhanced Nominal CAN Bit Timing (ENCBT). The time quantum (Tq) is defined 
in Protocol timing. The minimum number of time quanta per CAN bit must be eight, so the oscillator clock frequency should be at 
least eight times the CAN bit rate.

For CAN FD frame format, some constraints must be satisfied. The equation below calculates the number of peripheral clocks per 
CAN bit in nominal bit rate (NumClkNomBit).

NumClkNomBit = × (PRESDIV + 1) × (PROPSEG + PSEG1 + PSEG2 + 4)
fSYS

fCANCLK

= 
fSYS

NomBitRate

Equation 9. Number of peripheral clocks per nominal CAN bit

Where PRESDIV, PSEG1, and PSEG2 are CAN bit time values in Control 1 (CTRL1). Alternatively, EPRESDIV, EPSEG1, and 
EPSEG2 values in CAN Bit Timing (CBT) or the values of EPRS[ENPRESDIV], ENCBT[NTSEG1], and ENCBT[NTSEG2] can be 
used instead. NumClkNomBit can also be calculated as a function of the expected nominal bit rate used in the arbitration phase 
(NomBitRate), as shown in the equation above.

The number of CAN bits in the data phase of an FD frame with BRS = 1 (fast CAN bits) depends on the number of data bytes in the 
payload. The number of fast CAN bits (NumOfFastBits) can be determined in Table 201. Having fewer data bytes means having 
fewer fast CAN bits. It also means that less time is available for FlexCAN to scan the whole message buffer memory during the 
internal matching and arbitration processes.

Table 201. Number of fast CAN bits in a CAN FD frame

Minimum number of data bytes DLC field NumOfFastBits

0 0h 21

1 1h 29

2 2h 37

3 3h 45

Table continues on the next page...
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Table 201. Number of fast CAN bits in a CAN FD frame (continued)

Minimum number of data bytes DLC field NumOfFastBits

4 4h 53

5 5h 61

6 6h 69

7 7h 77

8 8h 85

12 9h 117

16 Ah 149

20 Bh 186

24 Ch 218

32 Dh 282

48 Eh 410

64 Fh 538

The critical part of a CAN FD frame is during the data phase, where the CAN bit rate is faster than in the arbitration phase. The 
minimum number of peripheral clocks per fast CAN bit (MinNumClkFastBit) can be calculated to guarantee that enough time is 
available for FlexCAN to scan the message buffer memory during reception and transmission. The equation below calculates 
this constraint.

MinNumClkFastBitA =
(8.5 × MaxNumOfMb) + [ERFEN × (2 × NFE + 4)] + 64 - (9 × NumClkNomBit)

NumOfFastBits

Equation 10. Minimum number of peripheral clocks per fast CAN bit for FlexCAN scan process

Where MaxNumOfMb is the maximum number of available message buffers defined in MCR[MAXMB]. NFE and ERFEN are the 
fields defined in Enhanced RX FIFO Control (ERFCR).

The clock-domain-crossing circuit between the CHI and PE subblocks also imposes a minimum number of peripheral clocks per 
fast CAN bit. This minimum is required for the handshake mechanism to work properly without losing status information through 
the interface, as shown in the equation below.

MinNumClkFastBitB = 3 × 1 +
fSYS

fCANCLK

Equation 11. Minimum number of peripheral clocks per fast CAN bit for FlexCAN clock domain interface

Therefore, the larger of the two values calculated above determines the minimum number of peripheral clocks per fast CAN 
bit (MinNumClkFastBit).

MinNumClkFastBit = Maximum ( MinNumClkFastBitA, MinNumClkFastBitB)

Equation 12. Minimum number of peripheral clocks per fast CAN bit

Then, the maximum CAN bit rate in the data phase of CAN FD frames (DataBitRateMAX) can be calculated as below.
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DataBitrateMAX =
fCANCLK

ROUNDUP
MinNumClkFastBit × fCANCLK

fSYS

Equation 13. Maximum achievable baud rate for data phase

These factors affect the maximum data bit rate attainable by FlexCAN in CAN FD mode:

• The peripheral and oscillator clock frequencies

• The maximum number of message buffers

• The expected nominal bit rate

Also, the data bit rate depends on the minimum payload size of FD frames used in a given application.

To illustrate how the configuration of FlexCAN variables affects the CAN FD bit rate, consider this application example:

• The peripheral clock frequency is set to 50 MHz

• The oscillator clock frequency set to 40 MHz

1. Considering the nominal bit rate as 1 Mbit/s, the number of peripheral clocks per CAN bit in nominal bit rate is calculated 
as below.

NumClkNomBit = = 50
50 × 106

1 × 106

Equation 14. Calculation example for number of peripheral clocks per nominal CAN bit

2. The number of fast CAN bits (NumOfFastBits) is determined in the table presented above. For example, if the minimum 
payload in FD frames is 8 bytes, there are 85 CAN bits in the data phase.

3. Assuming the maximum number of message buffers is 96, and Enhanced RX FIFO is disabled, the minimum number of 
peripheral clocks per fast CAN bit (MinNumClkFastBit) can be calculated.

MinNumClkFastBitA = = 5.06
(8.5 × 96) + 64 - (9 × 50)

85

Equation 15. Calculation example for number of peripheral clocks per fast CAN bit for FlexCAN scan process

MinNumClkFastBitB = 3 × = 6.751 +
40
50

Equation 16. Calculation example for number of peripheral clocks per fast CAN bit for FlexCAN clock domain 
interface

MinNumClkFastBit = Maximum ( 5.06, 6.75 ) = 6.75

Equation 17. Calculation example for number of peripheral clocks per fast CAN bit

4. The maximum CAN bit rate in the data phase can finally be found.

DataBitRateMAX  =
40 × 106

ROUNDUP
6.75 × 40 × 106

50 × 106

= 6.667 Mbps

Equation 18. Calculation example for maximum achievable baud rate
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Even though the oscillator clock frequency (40 MHz) is adequate to generate a data rate of 8 Mbit/s in CAN FD mode, the specific 
FlexCAN configuration limits this rate to 6.667 Mbit/s. This limitation is mainly due to the low peripheral clock frequency that 
imposes the MinNumClkFastBitB bound.

Table 202 shows the maximum data rate for CAN FD with Enhanced RX FIFO disabled according to clock frequencies, payload 
size, and number of available message buffers. For some cases, if the number of available message buffers is reduced, FlexCAN 
can then achieve a data rate up to 8 Mbit/s.

Table 202. Maximum CAN bit rate in data phase on CAN FD frames with Enhanced RX FIFO disabled

Peripheral clock frequency 
(MHz)

Payload size Number of available message 
buffers

Maximum data rate (Mbit/s)

40 8 94 6.667

40 8 114 >5.0

40 12 >117 6.667

40 12 128 5.714

50 12 to 64 128 6.667

60 8 126 8.0

60 12 128 8.0

67 6 128 8.0

80 3 128 8.0

100 0 128 8.0

30.3.13 Reset
You can reset FlexCAN in two ways:

• Chip-level hard reset, which resets all memory-mapped registers asynchronously.

• Soft reset

— MCR[SOFTRST], which resets some of the memory-mapped registers synchronously. See To see which registers 
soft reset affects, see Table 205.

— Chip-level soft reset, which has the same effect as MCR[SOFTRST].

Soft reset is synchronous and must follow an internal request-and-acknowledge procedure across clock domains. Therefore, it 
may take some time to propagate its effects fully. MCR[SOFTRST] remains 1 while soft reset is pending, so software can poll this 
field to identify when the reset has completed. Soft reset cannot be applied while clocks are shut down in a low-power mode. The 
low-power mode should be exited and the clocks resumed before applying soft reset.

When the module is enabled (MCR[MDIS] becomes 0), FlexCAN automatically enters Freeze mode. In Freeze mode:

1. FlexCAN is unsynchronized to the CAN bus.

2. MCR[HALT] and MCR[FRZ] become 1.

3. The internal state machines are disabled.

4. MCR[FRZACK] and MCR[NOTRDY] become 1.

The TX pin is in the recessive state and FlexCAN does not initiate any transmission or reception of CAN frames. Reset does not 
affect the message buffers and the RX Individual Mask registers, so they are not automatically initialized.

30.3.14 Interrupts
FlexCAN has many interrupt sources:
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• Interrupts due to message buffers

• Interrupts due to interrupts combined via an OR operator from:

— Message buffers

— Bus Off

— Bus Off Done

— Error

— Error Fast (errors detected in the data phase of CAN FD format messages with BRS = 1)

— Wake Up

— Wake Up Match

— Wake Up Timeout

— TX Warning

— RX Warning

If its corresponding IMASK bit is 1, each message buffer can be an interrupt source. There is no distinction between TX and RX 
interrupts for a particular buffer, under the assumption that the buffer is initialized for either transmission or reception. Each buffer 
has an assigned flag bit in the IFLAG registers. When the corresponding buffer completes a successful transfer, the flag is set. 
When the CPU writes 1 to it, the flag is cleared (unless another interrupt is generated at the same time).

 
The CPU must clear only the bit causing the current interrupt. For this reason, do not use bit manipulation 
instructions (BSET) to clear interrupt flags. These instructions may cause accidental clearing of interrupt flags 
which are set after entering the current interrupt handler.

  NOTE  

If the Legacy RX FIFO is enabled (MCR[RFEN] = 1) and DMA is disabled (MCR[DMA] = 0), the interrupts corresponding to 
message buffers 0 to 7 have different meanings.

• Bit 7 of Interrupt Flags 1 (IFLAG1) becomes the Legacy FIFO Overflow flag

• Bit 6 becomes the Legacy FIFO Warning flag

• Bit 5 becomes the Frames Available in Legacy FIFO flag

• Bits 4–0 are unused.

See Interrupt Flags 1 (IFLAG1) for more information.

If both Legacy RX FIFO and DMA are enabled (MCR[RFEN] = 1 and MCR[DMA] = 1), FlexCAN does not generate any Legacy 
FIFO interrupt. Bit 5 of IFLAG1 still indicates Frames Available in Legacy FIFO and generates a DMA request. Bits 7, 6, 4–0 
are unused.

 
Legacy FIFO cannot be enabled when CAN FD is enabled.

  CAUTION  

When multiple message buffer interrupt sources are combined via an OR operator into a single interrupt, the interrupt is generated 
when any associated message buffer (or FIFO, if applicable) generates an interrupt. In this case, the CPU must read the IFLAG 
registers to determine which message buffer or FIFO source caused the interrupt.

These interrupt sources generate interrupts like the message buffer interrupt sources, and can be read from Error and Status 
1 (ESR1):

• Bus Off

• Bus Off Done

• Error

• Error Fast
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• Wake Up

• TX Warning

• RX Warning

The Bus Off, Error, TX Warning, and RX Warning interrupt masks are located in Control 1 (CTRL1); the Wake-Up interrupt mask 
is located in Module Configuration (MCR).

The interrupt sources for Pretended Networking (Wake up by Match Flag and Wake up by Timeout Flag) can be read in 
Pretended Networking Wake-Up Match (WU_MTC). The respective interrupt mask bits are located in Pretended Networking 
Control 1 (CTRL1_PN).

30.3.15 Bus interface
CPU access to FlexCAN registers is subject to the following rules:

• Unrestricted read and write access to supervisor registers results in an access error. In Table 205, supervisor registers are 
registers identified with an S, and registers that are identified with S/U that are in Supervisor Mode

• Read and write access to implemented reserved address space results in an access error.

• Write access to positions whose bits are all currently read-only results in an access error. If at least one of the bits is not 
read-only, no access error is issued. Write permission to positions or some of their bits can change depending on the 
mode of operation or transitory state. See register and field descriptions for details.

• Read and write access to unimplemented address space results in an access error.

• Read and write access to RAM-located positions during Low-Power mode results in an access error.

• The RXIMR memory region can be considered as general-purpose memory and available for access via these methods:

1. If you write 0 to MCR[IRMQ], the individual masks (RXIMR) are disabled. In this case, the RXIMR memory region is 
considered general-purpose memory.

2. If MCR[MAXMB] is programmed with a value smaller than the available number of message buffers, the unused 
memory space can be used as general-purpose RAM space. Reserved words within RAM cannot be used. 
For example, suppose the RAM in FlexCAN can support up to 16 message buffers, CTRL2[RFFN] = 0h, and 
MCR[MAXMB] = 0.

— In this case, the maximum number of message buffers becomes one.

— The RAM starts at 0080h, and the space 0080h–008Fh is used by the one message buffer.

— The memory space 0090h–017Fh is available.

— The space 0180h–087Fh is reserved.

— The space 0880h–0883h is used by the one individual mask and the available memory in the mask register 
space is 0884h–08BFh.

— In the space from 08C0h–09DFh, there are reserved words for internal use which cannot be used as general-
purpose RAM.

As a rule, free memory space for general purpose depends only on MCR[MAXMB].

3. If MCR[FDEN] = 1, general-purpose memory can be used only outside Freeze mode.
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Table 203. Access permissions

Supervisor access 0 1

Supervisor mode -
 MCR[SUPV] = 1 0 1 any

Modes of operation Normal Freeze Low-power * Normal Freeze Low-power

MCR bus error bus error bus error bus error read and 
write

read and 
write

read and 
write

CTRL1 read and 
write

read write read and 
write

bus error read and 
write

read and 
write

read and 
write

TIMER read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

TCR bus error bus error bus error bus error bus error bus error bus error

RXMGMASK1 bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

RX14MASK1 bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

RX15MASK1 bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

ECR bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

ESR1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

IMASK2 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

IMASK1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

IFLAG2 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

IFLAG1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

CTRL2 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

ESR2 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

CRCR bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

Table continues on the next page...
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Table 203. Access permissions (continued)

Supervisor access 0 1

Supervisor mode -
 MCR[SUPV] = 1 0 1 any

Modes of operation Normal Freeze Low-power * Normal Freeze Low-power

RXFGMASK1 bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

RXFIR1 bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

CBT bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

DBG1 bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

DBG2 bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

MB1 2 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

Legacy FIFO header1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

Legacy FIFO reserved space1 bus error bus error bus error bus error bus error bus error bus error

Legacy FIFO filters1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

RXIMR1 bus error read and 
write

bus error bus error bus error read and 
write

bus error

CTRL1_PN read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

CTRL2_PN read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

WU_MTC read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

FLT_ID1 read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

FLT_DLC read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

PL1_LO read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

Table continues on the next page...
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Table 203. Access permissions (continued)

Supervisor access 0 1

Supervisor mode -
 MCR[SUPV] = 1 0 1 any

Modes of operation Normal Freeze Low-power * Normal Freeze Low-power

PL1_HI read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

FLT_ID2_IDMASK read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

PL2_PLMASK_LO read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

PL2_PLMASK_HI read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

WMB0 read and 
write 3

read and 
write 3

read and 
write 3

bus error read and 
write 3

read and 
write 3

read and 
write 3

WMB1 read and 
write 3

read and 
write 3

read and 
write 3

bus error read and 
write 3

read and 
write 3

read and 
write 3

WMB2 read and 
write 3

read and 
write 3

read and 
write 3

bus error read and 
write 3

read and 
write 3

read and 
write 3

WMB3 read and 
write 3

read and 
write 3

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

EPRS bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

ENCBT bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

EDCBT bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

ETDC bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

FDCTRL read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

FDCBT read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

FDCRC bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

ERFCR read and 
write 3

read and 
write

read and 
write 3

bus error read and 
write 3

read and 
write

read and 
write 3

Table continues on the next page...
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Table 203. Access permissions (continued)

Supervisor access 0 1

Supervisor mode -
 MCR[SUPV] = 1 0 1 any

Modes of operation Normal Freeze Low-power * Normal Freeze Low-power

ERFIER read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

ERFSR read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

HR_TIME_STAMP read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

Enhanced Rx FIFO header4 bus error for 
write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

bus error bus error 
for write 

operation

bus error 
for write 

operation

bus error 
for write 

operation

Enhanced Rx FIFO reserved 
space4

bus error bus error bus error bus error bus error bus error bus error

ERFFEL bus error for 
write 

operation

read and 
write

bus error 
for write 

operation

bus error bus error 
for write 

operation

read and 
write

bus error 
for write 

operation

General purpose RAM1 read and 
write

read and 
write

read and 
write

bus error read and 
write

read and 
write

read and 
write

Reserved space (used)1 bus error bus error bus error bus error bus error bus error bus error

Reserved space (empty)1 bus error bus error bus error bus error bus error bus error bus error

1. Access in low power is only possible if RAM_clk and MODULE_CLK are enabled.
2. If MCR[RFEN] = 1, see Legacy FIFO access rules below.
3. Write operation has no effect.
4. If MCR[RFEN] = 1, do not access Enhanced RX FIFO.

30.4 External signal descriptions
FlexCAN has two I/O signals connected to the external chip pins. These signals are summarized in Table 204 and described in 
the next subsections.

Table 204. FlexCAN signal descriptions

Signal Description I/O

CAN RX CAN receive pin Input

CAN TX CAN transmit pin Output

30.4.1 CAN RX
This pin is the receive pin from the CAN bus transceiver. Logic level 0 represents its dominant state. Logic level 1 represents its 
recessive state.
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30.4.2 CAN TX
This pin is the transmit pin to the CAN bus transceiver. Logic level 0 represents its dominant state. Logic level 1 represents its 
recessive state.

30.5 Initialization and application information
This section provides instructions for initializing FlexCAN.

30.5.1 FlexCAN initialization sequence
For any configuration change or initialization, FlexCAN must be put into Freeze mode (see Freeze mode). The module must be 
initialized after every reset. FlexCAN memory must be initialized before switching to functional mode.

The following is a generic initialization sequence applicable to FlexCAN:

1. Initialize Module Configuration (MCR).

a. Enable the individual filtering per message buffer and reception queue features by writing 1 to MCR[IRMQ].

b. Enable the warning interrupts by writing 1 to MCR[WRNEN].

c. If required, disable frame self-reception by writing 1 to MCR[SRXDIS].

d. Enable the Legacy RX FIFO by writing 1 to MCR[RFEN] or the Enhanced RX FIFO by writing 1 to 
ERFCR[ERFEN].

e. If Legacy RX FIFO or Enhanced RX FIFO is enabled and DMA is required, write 1 to MCR[DMA].

f. If Pretended Networking mode is required, write 1 to MCR[PNET_EN].

g. Enable the abort mechanism by writing 1 to MCR[AEN].

h. Enable the local priority feature by writing 1 to MCR[LPRIOEN].

2. Initialize Control 1 (CTRL1) and optionally CAN Bit Timing (CBT). Also initialize CAN FD Bit Timing (FDCBT).

a. Determine the bit timing parameters: CTRL1[PROPSEG], CTRL1[PSEG1], CTRL1[PSEG2], and CTRL1[RJW].

b. Optionally determine the bit timing parameters: CBT[EPROPSEG], CBT[EPSEG1], CBT[EPSEG2], and 
CBT[ERJW].

c. Determine the CAN FD bit timing parameters: FDCBT[FPROPSEG], FDCBT[FPSEG1], FDCBT[FPSEG2], and 
FDCBT[FRJW].

d. Determine the bit rate by programming CTRL1[PRESDIV] and optionally CBT[EPRESDIV].

e. Determine the CAN FD bit rate by programming FDCBT[FPRESDIV].

f. Determine the internal arbitration mode by programming CTRL1[LBUF].

3. Initialize the message buffers.

a. The control and status word of all message buffers must be initialized.

b. If RX FIFO is enabled, the ID filter table must be initialized.

c. Other entries in each message buffer should be initialized as required.

4. Initialize Receive Individual Mask (RXIMR0 - RXIMR63).

5. Write 1 to required interrupt mask bits in:

• IMASK registers (for all message buffer interrupts)

• Module Configuration (MCR) (for Wake-Up interrupt)

• Control 1 (CTRL1) and Control 2 (CTRL2) (for Bus Off and Error interrupts)

6. If Pretended Networking mode is enabled, configure the necessary registers for selective wake-up.
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7. Write 0 to MCR[HALT].

After the last step listed above, FlexCAN attempts to synchronize to the CAN bus.

30.6 Memory map and register definition
This section describes the registers and data structures in FlexCAN. The base address of the module depends on the particular 
memory map of the chip.

30.6.1 FlexCAN memory mapping
The address space occupied by FlexCAN has 128 bytes for registers starting at the module base address, followed by embedded 
RAM starting at address offset 0080h.

Each individual register is identified by its complete name and corresponding mnemonic . The access type can be Supervisor 
(S) or Unrestricted (U). Most registers can be configured to have either Supervisor or Unrestricted access by programming 
MCR[SUPV]. These registers are identified as S/U in the Access column of Table 205.

 
An invalid register access results in a bus error. Invalid accesses include reading a write-only register, writing a 
read-only register, and accessing an invalid address.

  NOTE  

 
To update the parity bits in memory properly, all FlexCAN memory must be initialized before reading registers 
which are implemented in memory. You must also initialize RX Message Buffers Global Mask (RXMGMASK), 
Receive 14 Mask (RX14MASK), Receive 15 Mask (RX15MASK) and Legacy RX FIFO Global Mask (RXFGMASK). 
MCR[RFEN] and ERFCR[ERFEN] must not be 1 during memory initialization.

  NOTE  

Table 205. Register access and reset information

Register Access type Affected by 
hard reset

Affected by 
soft reset

Module Configuration (MCR) S Yes Yes

Control 1 (CTRL1) S/U Yes No

Free-Running Timer (TIMER) S/U Yes Yes

RX Message buffers Global Mask (RXMGMASK) S/U No No

RX Buffer 14 Mask (RX14MASK) S/U No No

RX Buffer 15 Mask (RX15MASK) S/U No No

Error Counter (ECR) S/U Yes Yes

Error and Status 1 (ESR1) S/U Yes Yes

Interrupt Masks 2 (IMASK2) S/U Yes Yes

Interrupt Masks 1 (IMASK1) S/U Yes Yes

Interrupt Flags 2 (IFLAG2) S/U Yes Yes

Table continues on the next page...
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Table 205. Register access and reset information (continued)

Register Access type Affected by 
hard reset

Affected by 
soft reset

Interrupt Flags 1 (IFLAG1) S/U Yes Yes

Control 2 (CTRL2) S/U Yes No

Error and Status 2 (ESR2) S/U Yes Yes

Cyclic Redundancy Check (CRCR) S/U Yes Yes

RX FIFO Global Mask (RXFGMASK) S/U No No

RX FIFO Information (RXFIR) S/U No No

CAN Bit Timing (CBT) S/U Yes No

Message buffers S/U No No

RX Individual Masks S/U No No

Pretended Networking Control 1 (CTRL1_PN) S/U Yes Yes

Pretended Networking Control 2 (CTRL2_PN) S/U Yes Yes

Pretended Networking Wake Up Match (WU_MTC) S/U Yes Yes

Pretended Networking ID Filter 1 (FLT_ID1) S/U Yes Yes

Pretended Networking DLC Filter (FLT_DLC) S/U Yes Yes

Pretended Networking Payload Low Filter 1 (PL1_LO) S/U Yes Yes

Pretended Networking Payload High Filter 1 (PL1_HI) S/U Yes Yes

Pretended Networking ID Filter 2 or ID Mask (FLT_ID2_IDMASK) S/U Yes Yes

Pretended Networking Payload Low Filter 2 or Payload Low 
Mask (PL2_PLMASK_LO)

S/U Yes Yes

Pretended Networking Payload High Filter 2 or Payload High 
Mask (PL2_PLMASK_HI)

S/U Yes Yes

Pretended Networking Wake Up Message Buffer 0 (WMB0) S/U Yes No

Pretended Networking Wake Up Message Buffer 1 (WMB1) S/U Yes No

Pretended Networking Wake Up Message Buffer 2 (WMB2) S/U Yes No

Pretended Networking Wake Up Message Buffer 3 (WMB3) S/U Yes No

Enhanced CAN Bit Timing Prescalers (EPRS) S/U Yes No

Table continues on the next page...
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Table 205. Register access and reset information (continued)

Register Access type Affected by 
hard reset

Affected by 
soft reset

Enhanced Nominal CAN Bit Timing (ENCBT) S/U Yes No

Enhanced Data Phase CAN bit Timing (EDCBT) S/U Yes No

Enhanced Transceiver Delay Compensation (ETDC) S/U Yes No

CAN FD Control (FDCTRL) S/U Yes No

CAN FD Bit Timing (FDCBT) S/U Yes No

CAN FD CRC (FDCRC) S/U Yes Yes

Enhanced RX FIFO Control (ERFCR) S/U Yes Yes

Enhanced RX FIFO Interrupt Enable (ERFIER) S/U Yes Yes

Enhanced RX FIFO Status (ERFSR) S/U Yes Yes

High-Resolution Timestamp (HR_TIME_STAMP) S/U No No

Enhanced RX FIFO S/U No No

Enhanced RX FIFO Filter Element (ERFFEL) S/U No No

FlexCAN can store CAN messages for transmission and reception using message buffers and RX FIFO structures.

30.6.2 CAN register descriptions
The table below shows the FlexCAN memory map.

The address range from offset 80h–47Fh allocates the sixty-four 128-bit message buffers.

The memory maps for the message buffers are in FlexCAN message buffer memory map.

The address range from offset 2000h–204Ch allocates the Enhanced RX FIFO output, and the address range from offset 
2050h–21DCh allocates the rest of Enhanced RX FIFO 5 elements.

The memory map for the Enhanced RX FIFO is in Enhanced RX FIFO structure.

30.6.2.1 CAN memory map

CAN0 base address: 280A_8000h

Offset Register Width

(In bits)

Access Reset value

0h Module Configuration (MCR) 32 RW 5980_000Fh

4h Control 1 (CTRL1) 32 RW 0000_0000h

8h Free-Running Timer (TIMER) 32 RW 0000_0000h

10h RX Message Buffers Global Mask (RXMGMASK) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

14h Receive 14 Mask (RX14MASK) 32 RW See section

18h Receive 15 Mask (RX15MASK) 32 RW See section

1Ch Error Counter (ECR) 32 RW 0000_0000h

20h Error and Status 1 (ESR1) 32 RW 0000_0000h

24h Interrupt Masks 2 (IMASK2) 32 RW 0000_0000h

28h Interrupt Masks 1 (IMASK1) 32 RW 0000_0000h

2Ch Interrupt Flags 2 (IFLAG2) 32 RW 0000_0000h

30h Interrupt Flags 1 (IFLAG1) 32 RW 0000_0000h

34h Control 2 (CTRL2) 32 RW 0080_0000h

38h Error and Status 2 (ESR2) 32 R 0000_0000h

44h Cyclic Redundancy Check (CRCR) 32 R 0000_0000h

48h Legacy RX FIFO Global Mask (RXFGMASK) 32 RW See section

4Ch Legacy RX FIFO Information (RXFIR) 32 R See section

50h CAN Bit Timing (CBT) 32 RW 0000_0000h

880h - 97Ch Receive Individual Mask (RXIMR0 - RXIMR63) 32 RW See section

B00h Pretended Networking Control 1 (CTRL1_PN) 32 RW 0000_0100h

B04h Pretended Networking Control 2 (CTRL2_PN) 32 RW 0000_0000h

B08h Pretended Networking Wake-Up Match (WU_MTC) 32 RW 0000_0000h

B0Ch Pretended Networking ID Filter 1 (FLT_ID1) 32 RW 0000_0000h

B10h Pretended Networking Data Length Code (DLC) Filter (FLT_DLC) 32 RW 0000_0008h

B14h Pretended Networking Payload Low Filter 1 (PL1_LO) 32 RW 0000_0000h

B18h Pretended Networking Payload High Filter 1 (PL1_HI) 32 RW 0000_0000h

B1Ch Pretended Networking ID Filter 2 or ID Mask (FLT_ID2_IDMASK) 32 RW 0000_0000h

B20h Pretended Networking Payload Low Filter 2 and Payload Low Mask 
(PL2_PLMASK_LO)

32 RW 0000_0000h

B24h Pretended Networking Payload High Filter 2 and Payload High Mask 
(PL2_PLMASK_HI)

32 RW 0000_0000h

B40h Wake-Up Message Buffer (WMB0_CS) 32 R 0000_0000h

B44h Wake-Up Message Buffer for ID (WMB0_ID) 32 R 0000_0000h

B48h Wake-Up Message Buffer for Data 0–3 (WMB0_D03) 32 R 0000_0000h

B4Ch Wake-Up Message Buffer Register Data 4–7 (WMB0_D47) 32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

B50h Wake-Up Message Buffer (WMB1_CS) 32 R 0000_0000h

B54h Wake-Up Message Buffer for ID (WMB1_ID) 32 R 0000_0000h

B58h Wake-Up Message Buffer for Data 0–3 (WMB1_D03) 32 R 0000_0000h

B5Ch Wake-Up Message Buffer Register Data 4–7 (WMB1_D47) 32 R 0000_0000h

B60h Wake-Up Message Buffer (WMB2_CS) 32 R 0000_0000h

B64h Wake-Up Message Buffer for ID (WMB2_ID) 32 R 0000_0000h

B68h Wake-Up Message Buffer for Data 0–3 (WMB2_D03) 32 R 0000_0000h

B6Ch Wake-Up Message Buffer Register Data 4–7 (WMB2_D47) 32 R 0000_0000h

B70h Wake-Up Message Buffer (WMB3_CS) 32 R 0000_0000h

B74h Wake-Up Message Buffer for ID (WMB3_ID) 32 R 0000_0000h

B78h Wake-Up Message Buffer for Data 0–3 (WMB3_D03) 32 R 0000_0000h

B7Ch Wake-Up Message Buffer Register Data 4–7 (WMB3_D47) 32 R 0000_0000h

BF0h Enhanced CAN Bit Timing Prescalers (EPRS) 32 RW 0000_0000h

BF4h Enhanced Nominal CAN Bit Timing (ENCBT) 32 RW 0000_0000h

BF8h Enhanced Data Phase CAN Bit Timing (EDCBT) 32 RW 0000_0000h

BFCh Enhanced Transceiver Delay Compensation (ETDC) 32 RW 0000_0000h

C00h CAN FD Control (FDCTRL) 32 RW 8000_0100h

C04h CAN FD Bit Timing (FDCBT) 32 RW 0000_0000h

C08h CAN FD CRC (FDCRC) 32 R 0000_0000h

C0Ch Enhanced RX FIFO Control (ERFCR) 32 RW 0000_0000h

C10h Enhanced RX FIFO Interrupt Enable (ERFIER) 32 RW 0000_0000h

C14h Enhanced RX FIFO Status (ERFSR) 32 RW 0000_0000h

C30h - D2Ch High-Resolution Timestamp (HR_TIME_STAMP0 - 
HR_TIME_STAMP63)

32 RW See section

3000h - 
307Ch

Enhanced RX FIFO Filter Element (ERFFEL0 - ERFFEL31) 32 RW See section

30.6.2.2 Module Configuration (MCR)

Offset

Register Offset

MCR 0h

NXP Semiconductors
Flexible Controller Area Network (FlexCAN)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1509 / 5781



Function
Defines global system configurations, including the module operation modes and the maximum message buffer configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MDIS FRZ RFEN HALT 

NOTR
DY WAKM

SK 
SOFT
RST 

FRZA
CK SUPV 

SLFW
AK 

WRNE
N 

LPMA
CK WAKS

RC 
DOZE 

SRXDI
S 

IRMQ 
W

Reset 0 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DMA 

PNET_
EN 

LPRIO
EN 

AEN FDEN 
0

IDAM 
0

MAXMB 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31

MDIS

Module Disable

Disables FlexCAN. When disabled, FlexCAN disables the clocks to the CAN Protocol Engine and Controller 
Host Interface submodules. Soft reset does not affect this field.

0b - Enable

1b - Disable

30

FRZ

Freeze Enable

Specifies FlexCAN behavior when MCR[HALT] = 1 or when Debug mode is requested at chip level. 
When this field becomes 1, FlexCAN can enter Freeze mode. Writing 0 to this field causes FlexCAN to 
exit from Freeze mode.

0b - Disable

1b - Enable

29

RFEN

Legacy RX FIFO Enable

Enables the Legacy RX FIFO feature. When this field is 1, message buffers 0–5 cannot be used for normal 
reception and transmission. The corresponding memory region (80h–DCh) is used by the FIFO engine and 
additional message buffers (up to 32, depending on CTRL2[RFFN]). These message buffers are used as 
Legacy RX FIFO ID filter table elements. This field also impacts the definition of the minimum number of 
peripheral clocks per CAN bit as described in Table 200. This field can be written in Freeze mode only; the 
module blocks it in other modes.

 
When CAN FD operation is enabled (see MCR[FDEN]), you cannot write 1 to this field.

  NOTE  

 
This field must not be 1 if ERFCR[ERFEN] = 1.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

28

HALT

Halt FlexCAN

Puts FlexCAN into Freeze mode. The CPU should write 0 to this field after initializing the message 
buffers and Control 1 (CTRL1) and Control 2 (CTRL2). FlexCAN performs no reception or transmission 
before this field becomes 0. Freeze mode cannot be entered when FlexCAN is in a low-power mode.

0b - No request

1b - Enter Freeze mode, if MCR[FRZ] = 1.

27

NOTRDY

FlexCAN Not Ready

Indicates whether FlexCAN is in Disable mode, Doze mode, Stop mode or Freeze mode. When FlexCAN 
has exited these modes, this field becomes 0. Soft reset does not affect this field.

0b - FlexCAN is in Normal mode, Listen-Only mode, or Loopback mode.

1b - FlexCAN is in Disable mode, Doze mode, Stop mode, or Freeze mode.

26

WAKMSK

Wake-Up Interrupt Mask

Enables the Wake-Up interrupt generation under the Self Wake-Up mechanism.

0b - Disabled

1b - Enabled

25

SOFTRST

Soft Reset

Resets internal state machines of FlexCAN and some memory-mapped registers.

The CPU can write 1 to this field directly. This field also becomes 1 when global soft reset is requested 
at chip level . Because soft reset is synchronous and must follow a request-and-acknowledge procedure 
across clock domains, it may take some time to propagate its effect fully. While reset is pending, this field 
remains 1; it automatically becomes 0 when reset completes. You can poll this field to know when the soft 
reset has completed.

Soft reset cannot be applied when clocks are shut down in a low-power mode. Transfer the module out of 
the low-power mode before applying soft reset. Soft reset does not affect this field.

0b - No reset

1b - Soft reset affects reset registers

24

FRZACK

Freeze Mode Acknowledge

Indicates whether FlexCAN is in Freeze mode and its prescaler is stopped. The Freeze mode request 
cannot be granted until current transmission or reception processes have finished. Therefore the software 
can poll the FRZACK bit to know when FlexCAN has entered Freeze mode. If the Freeze mode request is 
negated, this field becomes 0 after the FlexCAN prescaler is running again. If Freeze mode is requested 
when FlexCAN is in a low-power mode, this field becomes 1 only when the low-power mode is exited. See 
Freeze mode. Soft reset does not affect this field.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
FRZACK becomes 1 within 178 CAN bits following the Freeze mode request by the CPU. 
This field becomes 0 within 2 CAN bits after the Freeze mode request removal (see 
Protocol timing).

  NOTE  

0b - Not in Freeze mode, prescaler running.

1b - In Freeze mode, prescaler stopped.

23

SUPV

Supervisor Mode

Configures FlexCAN to be either in Supervisor or User mode. The registers that this field affects are 
marked as S/U in the Access type column of Table 205. The affected registers start with Supervisor access 
allowance only. In User mode, affected registers allow both Supervisor and Unrestricted accesses.

In Supervisor mode, affected registers allow only Supervisor access. Unrestricted access behaves as 
though the access was done to an unimplemented register location.

This field can be written only in Freeze mode; the module blocks it in other modes.

0b - User mode

1b - Supervisor mode

22

SLFWAK

Self Wake-Up

Enables the Self Wake-Up feature when FlexCAN is in a low-power mode other than Disable mode. 
When this feature is enabled, the FlexCAN module monitors the bus for a wake-up event (that is, a 
recessive-to-dominant transition).

If a wake-up event is detected during Doze mode, FlexCAN requests to resume its clocks. If enabled to do 
so, it also generates a wake-up interrupt to the CPU.

If a wake-up event is detected during Stop mode, FlexCAN generates, if enabled to do so, a wake-up 
interrupt to the CPU. The CPU can exit Stop mode globally and FlexCAN can request to resume the clocks.

When FlexCAN is in a low-power mode other than Disable mode, this field cannot be written, as the module 
blocks it.

When MCR[PNET_EN] = 1, this feature must be disabled.

0b - Disable

1b - Enable

21

WRNEN

Warning Interrupt Enable

Enables the generation of the flags ESR1[TWRNINT] and ESR1[RWRNINT]. When this field is 1, 
TWRNINT and RWRNINT flags are set when the respective error counter transitions from less than 
96 to greater than or equal to 96. When this field is 0, the TWRNINT and RWRNINT flags are always 
zero, independent of the values of the error counters. No warning interrupt is generated. This field can be 
written in Freeze mode only; the module blocks it in other modes.

0b - Disable

1b - Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

20

LPMACK

Low-Power Mode Acknowledge

Indicates whether FlexCAN is in a low-power mode (Disable mode, Doze mode, Stop mode). A low-power 
mode cannot be entered until all current transmission and reception processes have finished. The CPU can 
poll this field to know when FlexCAN has entered low-power mode. Soft reset does not affect this field.

 
This field becomes 1 within 180 CAN bits after the low-power mode request by the CPU. 
This field becomes 0 within 2 CAN bits after the low-power mode request removal (see 
Protocol timing). When FlexCAN is in Pretended Networking mode, this field becomes 0 
within 180 CAN bits after the low-power mode request removal.

  NOTE  

0b - Not in a low-power mode

1b - In a low-power mode

19

WAKSRC

Wake-Up Source

Determines whether the integrated low-pass filter is applied to the RX input that FlexCAN uses to detect 
recessive-to-dominant edges on the CAN bus. This filter can protect the RX CAN input from spurious 
wake-up. This field can be written only in Freeze mode. The module blocks it in other modes.

0b - No filter applied

1b - Filter applied

18

DOZE

Doze Mode Enable

Determines whether FlexCAN can enter low-power mode when Doze mode is requested at chip level. 
This field is automatically reset when FlexCAN wakes from Doze mode upon detecting activity on the 
CAN bus (self wake-up enabled).

0b - Disable

1b - Enable

17

SRXDIS

Self-Reception Disable

Determines whether FlexCAN can receive frames transmitted by itself. If 1, frames transmitted by the 
module are not stored in any MB, regardless of whether the MB is programmed with an ID that matches 
the transmitted frame. No interrupt flag or interrupt signal is generated due to the frame reception. This 
field can be written only in Freeze mode; the module blocks it in other modes.

0b - Enable

1b - Disable

16

IRMQ

Individual RX Masking and Queue Enable

Indicates whether RX matching process is based on individual masking and queue, or based on a masking 
scheme with RX Message Buffers Global Mask (RXMGMASK), Receive 14 Mask (RX14MASK), Receive 
15 Mask (RX15MASK), and Legacy RX FIFO Global Mask (RXFGMASK).

When this field is disabled, for backward compatibility with legacy applications, the reading of Control and 
Status word locks the MB even if it is empty.

This field can be written in Freeze mode only. The module blocks it in other modes.

Table continues on the next page...
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Field Function

0b - Disable

1b - Enable

15

DMA

DMA Enable

Enables DMA. The DMA feature can only be used in Legacy RX FIFO or Enhanced RX FIFO, so 
MCR[RFEN] or ERFCR[ERFEN] must be 1. When DMA and RFEN are 1, IFLAG1[BUF5I] generates the 
DMA request, and no RX FIFO interrupt is generated. This field can be written in Freeze mode only; the 
module blocks it in other modes.

0b - Disable

1b - Enable

14

PNET_EN

Pretended Networking Enable

Enables Pretended Networking functionality. When in Doze mode or Stop mode, the PE subblock is kept 
operational. It can process RX message filtering as defined by the Pretended Networking configuration 
registers. See Receive process under Pretended Networking mode. This field can be written in Freeze 
mode only.

0b - Disable

1b - Enable

13

LPRIOEN

Local Priority Enable

Enables the local priority feature. It is used to expand the ID used during the arbitration process. With this 
expanded ID concept, the arbitration process is done based on the full 32-bit word. However, the actual 
transmitted ID is 11 bits for standard frames and 29 bits for extended frames.

This field can be written only in Freeze mode; the module blocks it in other modes.

This bit is provided for backward compatibility with legacy applications.

0b - Disable

1b - Enable

12

AEN

Abort Enable

Enables the TX abort mechanism. This mechanism guarantees a safe procedure for aborting a pending 
transmission, so that no frame is sent in the CAN bus without notification. This field can be written only in 
Freeze mode; the module blocks it in other modes.

 
When this field is 1, only use the abort mechanism (see Transmission abort mechanism) to 
update message buffers configured for transmission.

  NOTE  

 
Writing the abort code into RX message buffers can cause unpredictable results when this 
field is 1.

  CAUTION  

0b - Disabled

1b - Enabled

Table continues on the next page...
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Field Function

11

FDEN

CAN FD Operation Enable

Enables the CAN with flexible data rate (CAN FD) operation. This field can be written in Freeze mode only. 
FlexCAN can receive and transmit messages in CAN 2.0 format. If this field is enabled, FlexCAN can also 
receive and transmit messages in CAN FD format.

FlexCAN can transmit FD frame format according to ISO 11898-1:2015.

 
If the value of this field is 1, the Legacy RX FIFO Enable (MCR[RFEN]) field cannot be 1.

  NOTE  

0b - Disable

1b - Enable

10

—

Reserved

9-8

IDAM

ID Acceptance Mode

Identifies the format of the Legacy RX FIFO ID filter table elements. This field configures all elements of the 
table at the same time; they are all the same format. See Legacy RX FIFO structure. This field can be written 
only in Freeze mode; the module blocks it in other modes.

00b - Format A: One full ID (standard and extended) per ID filter table element.

01b - Format B: Two full standard IDs or two partial 14-bit (standard and extended) IDs per ID 
filter table element.

10b - Format C: Four partial 8-bit standard IDs per ID filter table element.

11b - Format D: All frames rejected.

7

—

Reserved

6-0

MAXMB

Number of the Last Message Buffer

Defines the number of the last message buffer that takes part in the matching and arbitration processes. The 
reset value (0Fh) is equivalent to a 16-MB configuration. This field can be written only in Freeze mode; the 
module blocks it in other modes.

 
You must write a value smaller than or equal to the number of available message buffers to 
this field, as described in FlexCAN memory partition for CAN FD.

  NOTE  

Additionally, the MAXMB value must consider the region of message buffers occupied by Legacy RX FIFO 
and its ID filters table space defined by CTRL2[RFFN]. MAXMB also impacts the definition of the minimum 
number of peripheral clocks per CAN bit, as described in Table 200.
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30.6.2.3 Control 1 (CTRL1)

Offset

Register Offset

CTRL1 4h

Function

Contains specific FlexCAN control features related to the CAN bus. These features include bit rate, programmable sampling point 
within an RX bit, Loopback mode, Listen-Only mode, Bus Off recovery behavior, and interrupt enabling (Bus-Off, Error, Warning). 
It also determines the division factor for the clock prescaler.

The CAN bit timing variables (CTRL1[PRESDIV], CTRL1[PROPSEG], CTRL1[PSEG1], CTRL1[PSEG2], and CTRL1[RJW]) 
can also be configured in CAN Bit Timing (CBT), which extends the range of all these variables. If CBT[BTF] = 1, PRESDIV, 
PROPSEG, PSEG1, PSEG2, and RJW become read-only.

If CBT[BTE] = 1, CTRL1[PRESDIV], CTRL1[PROPSEG], CTRL1[PSEG1], CTRL1[PSEG2], and CTRL1[RJW] are not used by 
the module. Instead, these fields are read as zero, and a write operation to them has no effect.

 
When the CAN FD feature is enabled, do not use CTRL1[PRESDIV], CTRL1[PROPSEG], CTRL1[PSEG1], 
CTRL1[PSEG2], and CTRL1[RJW] for CAN bit timing. Instead use CBT[EPRESDIV], CBT[ERJW], CBT[EPSEG1], 
CBT[EPSEG2], and CBT[EPROPSEG].

  NOTE  

The CAN bit variables in CTRL1 and in CBT are stored in the same register.

Soft reset does not affect the contents of this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PRESDIV RJW PSEG1 PSEG2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BOFF
MSK 

ERRM
SK 

Reserv
ed 

LPB 
TWRN
MSK 

RWRN
MSK 

0 0
SMP 

BOFF
REC 

TSYN LBUF LOM PROPSEG 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PRESDIV

Prescaler Division Factor

Determines the ratio between the PE clock frequency and the serial clock (Sclock) frequency. The Sclock 
period defines the time quantum of the CAN protocol. For the reset value, the Sclock frequency is equal to 
the PE clock frequency. The maximum value of this field is FFh, which gives a minimum Sclock frequency 

Table continues on the next page...
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Field Function

equal to the PE clock frequency divided by 256. See Protocol timing for more information. This field can be 
written only in Freeze mode; the module blocks it in other modes.

Sclock frequency = PE clock frequency ÷ (PRESDIV + 1).

23-22

RJW

Resync Jump Width

Defines the maximum number of time quanta that one resynchronization can change a bit time. One time 
quantum is equal to one Sclock period. The valid programmable values are 0–3. See Protocol timing for 
more information. This field can be written only in Freeze mode; the module blocks it in other modes.

Resync Jump Width = RJW + 1.

21-19

PSEG1

Phase Segment 1

Defines the length of phase segment 1 in the bit time. The valid programmable values are 0–7. See 
Protocol timing for more information. This field can be written only in Freeze mode; the module blocks it in 
other modes.

PhaseBuffer Segment 1 = (PSEG1 + 1) × Time Quanta.

18-16

PSEG2

Phase Segment 2

Defines the length of phase segment 2 in the bit time. The valid programmable values are 1–7. See 
Protocol timing for more information. This field can be written only in Freeze mode; the module blocks it in 
other modes.

Phase Buffer Segment 2 = (PSEG2 + 1) × Time Quanta.

15

BOFFMSK

Bus Off Interrupt Mask

Provides a mask for the Bus Off interrupt ESR1[BOFFINT].

0b - Interrupt disabled

1b - Interrupt enabled

14

ERRMSK

Error Interrupt Mask

Provides a mask for the Error interrupt ESR1[ERRINT].

0b - Interrupt disabled

1b - Interrupt enabled

13

—

Reserved

 
Writeable only if the module is disabled. Otherwise the access type is read-only.

  NOTE  

12

LPB

Loopback Mode

Configures FlexCAN to operate in Loopback mode. In this mode, FlexCAN performs an internal loopback 
that can be used for self-test operation. The bit stream output of the transmitter is fed back internally to the 
receiver input. The RX CAN input pin is ignored and the TX CAN output goes to the recessive state (logic 
1). FlexCAN behaves as it normally does when transmitting, and treats its own transmitted message as a 
message received from a remote node.

Table continues on the next page...
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Field Function

In this mode, FlexCAN ignores the bit sent during the ACK slot in the CAN frame acknowledge field. It 
generates an internal acknowledge bit to ensure proper reception of its own message. Both transmit and 
receive interrupts are generated. This field can be written only in Freeze mode; the module blocks it in 
other modes.

 
In this mode, MCR[SRXDIS] cannot become 1. This setting would impede the self-reception 
of a transmitted message.

  NOTE  

 
FDCTRL[TDCEN] and MCR[ETDCEN] must be 0 when this field is 1.

  NOTE  

0b - Disabled

1b - Enabled

11

TWRNMSK

TX Warning Interrupt Mask

Provides a mask for the TX Warning interrupt associated with the ESR1[TWRNINT] flag. When 
MCR[WRNEN] = 0, this field is read as 0. This field can be written only if MCR[WRNEN] = 1.

0b - Disabled

1b - Enabled

10

RWRNMSK

RX Warning Interrupt Mask

Provides a mask for the RX Warning interrupt associated with the ESR1[RWRNINT] flag. When 
MCR[WRNEN] = 0, this field is read as 0. This field can be written only if MCR[WRNEN] = 1.

0b - Disabled

1b - Enabled

9

—

Reserved

8

—

Reserved

7

SMP

CAN Bit Sampling

Determines the sampling mode of CAN bits at the RX input. This field can be written in Freeze mode only; 
the module blocks it in other modes.

 
For proper operation, to write 1 to this field, you must guarantee a minimum value of two time 
quanta in CTRL1[PSEG1] (or CBT[EPSEG1]).This bit cannot become 1 when CAN FD is 
enabled (MCR[FDEN] = 1).

  NOTE  

0b - One sample is used to determine the bit value.

Table continues on the next page...
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Field Function

1b - Three samples are used to determine the value of the received bit: the regular one (sample 
point) and two preceding samples. A majority rule is used.

6

BOFFREC

Bus Off Recovery

Determines how FlexCAN recovers from Bus Off state. If 0, automatic recovering from Bus Off state occurs 
according to the CAN Specification 2.0B. If 1, automatic recovering from Bus Off is disabled. The module 
remains in Bus Off state until you write 1 to this field.

If this field becomes 0 before 128 sequences of 11 recessive bits are detected on the CAN bus, Bus Off 
recovery happens as if this field had never become 1. If this field becomes 0 after 128 sequences of 11 
recessive bits occurred, FlexCAN resynchronizes to the bus. It waits for 11 recessive bits before joining 
the bus.

After this field becomes 0, it can become 1 again during Bus Off, but it will be effective only the next time 
the module enters Bus Off. If this field becomes 0 when the module is in Bus Off, writing 1 to this field is not 
effective for the current Bus Off recovery.

 
See Bus Off in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  

0b - Enabled

1b - Disabled

5

TSYN

Timer Sync

Enables a mechanism that resets the free-running timer each time a message is received in message 
buffer 0. This feature provides the means to synchronize multiple FlexCAN stations with a special "SYNC" 
message (that is, global network time). If MCR[RFEN] = 1 (Legacy RX FIFO enabled), the first available 
message buffer, according to CTRL2[RFFN] is used for timer synchronization instead of MB0. This field can 
be written in Freeze mode only; the module blocks it in other modes.

0b - Disable

1b - Enable

4

LBUF

Lowest Buffer Transmitted First

Determines the ordering mechanism for message buffer transmission. When 1, MCR[LPRIOEN] does 
not affect the priority arbitration. This field can be written in Freeze mode only; the module blocks it in 
other modes.

0b - Buffer with highest priority is transmitted first.

1b - Lowest number buffer is transmitted first.

3

LOM

Listen-Only Mode

Configures FlexCAN to operate in Listen-Only mode. In this mode, transmission is disabled, all 
error counters described in Error Counter (ECR) are frozen, and the module operates in CAN Error 
Passive mode. Only messages acknowledged by another CAN station are received. If FlexCAN 
detects an unacknowledged message, it flags a BIT0 error without changing the receive error counter 
(ECR[RXERRCNT]), as if it was trying to acknowledge the message.

Table continues on the next page...
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Field Function

The state of ESR1[FLTCONF] indicating Passive Error acknowledges Listen-Only mode. There can be 
some delay between the Listen-Only mode request and its acknowledgment.

This field can be written in Freeze mode only; the module blocks it in other modes.

0b - Listen-Only mode is deactivated.

1b - FlexCAN module operates in Listen-Only mode.

2-0

PROPSEG

Propagation Segment

Defines the length of the propagation segment in the bit time. The valid programmable values are 0–;7. This 
field can be written only in Freeze mode; the module blocks it in other modes.

Propagation segment time = (PROPSEG + 1) × Time Quanta.

One Time Quantum = one Sclock period.

30.6.2.4 Free-Running Timer (TIMER)

Offset

Register Offset

TIMER 8h

Function

Represents a 16-bit free-running counter that the CPU can read and write. The timer starts from 0h after reset, counts linearly to 
FFFFh, and wraps around.

When CTRL2[TIMER_SRC] = 1, an external time tick continuously increments the timer. The time tick must be synchronous to 
the peripheral clock, with a minimum pulse width of one clock cycle.

When CTRL2[TIMER_SRC] = 0, the CAN bit clock increments the timer, which defines the baud rate on the CAN bus. During a 
message transmission or reception, it increments by one for each bit that is received or transmitted. When there is no message 
on the bus, it counts using the previously programmed baud rate. The timer is not incremented during Disable, Doze , Stop , 
Pretended Networking, and Freeze modes.

The timer value is captured when the second bit of the identifier field of any frame is on the CAN bus. This captured value is written 
into the timestamp entry in a message buffer after a successful reception or transmission of a message.

If CTRL1[TSYN] = 1, the timer is reset whenever a message is received in the first available message buffer, according 
to CTRL2[RFFN].

The CPU can write to this register anytime. However, if the write occurs simultaneously with the timer being reset by a reception 
in the first message buffer, the write value is discarded.

Reading this register affects the message buffer unlocking procedure (see Message buffer lock mechanism).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TIMER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TIMER

Timer Value

Contains the free-running counter value.

30.6.2.5 RX Message Buffers Global Mask (RXMGMASK)

Offset

Register Offset

RXMGMASK 10h

Function

Mask the filter bits of all RX message buffers, excluding MBs 14-15, which have individual mask registers.

This register is located in RAM.

RXMGMASK is provided for legacy application support.

• When MCR[IRMQ] is 0, RXMGMASK is always in effect. The bits in RXMGMASK[MG] mask the MB filter bits).

• When MCR[IRMQ] is 1, RXMGMASK has no effect. The bits in RXMGMASK[MG] do not mask the MB filter bits.

This register can only be written in Freeze mode; the module blocks it in other modes.

NXP Semiconductors
Flexible Controller Area Network (FlexCAN)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1521 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MG 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MG 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

MG

Global Mask for RX Message Buffers

Masks the message buffer filter bits. The alignment with the ID word of the message buffer is imperfect. The 
two most significant MG bits affect the fields RTR and IDE, which are located in the Control and Status word 
of the MB. The following table shows which MG bits mask each MB filter field.

SMB[RTR] 1 CTRL2[RRS] CTRL2[EACE
N]

Message buffer filter fields

MB[RTR] MB[IDE] MB[ID] Reserved

0 - 0 note 2 note 3 MG[28:0] MG[31:29]

0 - 1 MG[31] MG[30] MG[28:0] MG[29]

1 0 - - - - MG[31:0]

1 1 0 - - MG[28:0] MG[31:29]

1 1 1 MG[31] MG[30] MG[28:0] MG[29]

1. RTR bit of the incoming frame. It is saved into an auxiliary MB called RX serial message buffer 
(RX SMB).

2. If CTRL2[EACEN] is 0, the RTR bit of MB is never compared with the RTR bit of the incoming frame.
3. If CTRL2[EACEN] is 0, the IDE bit of MB is always compared with the IDE bit of the incoming frame.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

30.6.2.6 Receive 14 Mask (RX14MASK)

Offset

Register Offset

RX14MASK 14h
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Function

Masks the filter fields of message buffer 14.

This register is located in RAM.

RX14MASK is provided for legacy application support. When MCR[IRMQ] = 1, RX14MASK has no effect.

This register can only be programmed when the module is in Freeze mode; the module blocks it in other modes.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RX14M 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RX14M 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

RX14M

RX Buffer 14 Mask Bits

Masks the corresponding message buffer 14 filter field in the same way that RX Message Buffers Global 
Mask (RXMGMASK) masks the filters of the other message buffers.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

30.6.2.7 Receive 15 Mask (RX15MASK)

Offset

Register Offset

RX15MASK 18h

Function

Masks the filter fields of message buffer 15.

This register is located in RAM.

RX15MASK is provided for legacy application support. When MCR[IRMQ] = 1, RX15MASK has no effect.

This register can be programmed only when the module is in Freeze mode; the module blocks it in other modes.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RX15M 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RX15M 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

RX15M

RX Buffer 15 Mask Bits

Masks the corresponding message buffer 15 filter field in the same way that RX Message Buffers Global 
Mask (RXMGMASK) masks the filters of other message buffers.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

30.6.2.8 Error Counter (ECR)

Offset

Register Offset

ECR 1Ch

Function

Contains error counters for received and transmitted messages.

TXERRCNT and RXERRCNT consider all errors in both CAN FD and non-FD message formats. TXERRCNT_FAST and 
RXERRCNT_FAST count only the errors that occur in the data phase of CAN FD frames that have BRS = 1.

The Fault Confinement state (ESR1[FLTCONF]) is updated based on TXERRCNT and RXERRCNT counters only. The rules for 
increasing and decreasing these counters are described in the CAN protocol and are entirely implemented in FlexCAN.

The basic rules for FlexCAN bus state transitions are:

• If the value of TXERRCNT or RXERRCNT becomes greater than or equal to 128, ESR1[FLTCONF] is updated to reflect 
Error Passive state.

• If the state of FlexCAN is Error Passive, and TXERRCNT or RXERRCNT decrements to a value less than 128 when the 
other already satisfies this condition, ESR1[FLTCONF] is updated to reflect Error Active state.

• If the value of TXERRCNT becomes greater than 255, ESR1[FLTCONF] is updated to reflect Bus Off state, and an 
interrupt may be issued. The value of TXERRCNT is then reset to zero.

• If FlexCAN is in Bus Off, TXERRCNT is cascaded with another internal counter to count the 128th occurrences of 11 
consecutive recessive bits on the bus. TXERRCNT is reset to zero. It counts in a manner where the internal counter 
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counts 11 such bits and then wraps around when incrementing the TXERRCNT. When TXERRCNT reaches the value 
of 128, ESR1[FLTCONF] is updated to Error Active, and both error counters are reset to zero. Upon any instance of a 
dominant bit following a stream of less than 11 consecutive recessive bits, the internal counter resets itself to zero without 
affecting the TXERRCNT value. The TXERRCNT_FAST counter is frozen during Bus Off.

• If only one node is operating during system startup, its TXERRCNT increases upon each attempted message 
transmission, as a result of acknowledge errors (indicated by ESR1[ACKERR]). After the transition to Error Passive state, 
TXERRCNT no longer increments upon acknowledge errors. The device never goes into the Bus Off state.

• If RXERRCNT increases to a value greater than 127, it is not incremented further, even if more errors are detected while 
being a receiver. At the next successful message reception, the counter is set to a value between 119 and 127 to return to 
the Error Active state.

• TXERRCNT_FAST and RXERRCNT_FAST error counter values increment and decrement based on errors detected only 
in the data phase of CAN FD frames that have BRS = 1. These counters follow the same increment and decrement rules 
as TXERRCNT and RXERRCNT. These counters do not wrap around and get stuck at their maximum value (255). They 
stop counting and keep their values frozen when FlexCAN is in Bus Off state. They are reset when FlexCAN leaves Bus 
Off state and resume counting after FlexCAN returns to the Error Active state.

• When FlexCAN is in Pretended Networking mode, RXERRCNT and RXERRCNT_FAST keep counting errors, and error 
flags are stored. TXERRCNT and TXERRCNT_FAST preserve their values and do not change, because no transmission 
occurs in Pretended Networking mode. Error counters and error flags that changed values in Pretended Networking mode 
are updated in this register and in Error and Status 1 (ESR1) when FlexCAN returns to Normal mode. If FlexCAN is in 
Pretended Networking mode, the FAST error flags in ESR1 are not set.

 
See Fault confinement in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RXERRCNT_FAST TXERRCNT_FAST 

W 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RXERRCNT TXERRCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RXERRCNT_F
AST

Receive Error Counter for Fast Bits

Counts errors detected in the data phase of received CAN FD messages that have BRS = 1. This field is 
read-only except in Freeze mode, where the CPU can write an 8-bit zero value only.

23-16

TXERRCNT_FA
ST

Transmit Error Counter for Fast Bits

Counts errors detected in the data phase of transmitted CAN FD messages that have BRS = 1. This field 
is read-only except in Freeze mode, where the CPU can write an 8-bit zero value only.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-8

RXERRCNT

Receive Error Counter

Counts all errors detected in received messages. This field is read-only except in Freeze mode, where 
the CPU can write to it.

7-0

TXERRCNT

Transmit Error Counter

Counts all errors detected in transmitted messages. This field is read-only except in Freeze mode, where 
the CPU can write to it.

30.6.2.9 Error and Status 1 (ESR1)

Offset

Register Offset

ESR1 20h

Function

Reports various error conditions detected in the reception and transmission of a CAN frame. This register provides some general 
status of the device, and is the source of some interrupts to the CPU. The reported error conditions are:

 
Reading host can clear these fields.

  NOTE  

• Errors detected in CAN frames of any format:

— BIT1ERR

— BIT0ERR

— ACKKERR

— CRCERR

— FRMERR

— STFERR

• Errors detected in the data phase of CAN FD frames with the BRS bit set only:

— BIT1ERR_FAST

— BIT0ERR_FAST

— CRCERR_FAST

— FRMERR_FAST

— STFERR_FAST

One or more error flags may report an error detected in a single CAN frame. To account for more error events occurring in 
subsequent frames when the CPU does not attempt to read this register, error reporting is cumulative.

Status flags:

• TXWRN

• RXWRN
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• IDLE

• TX

• FLTCONF

• RX

• SYNCH

Interrupt flags:

• BOFFINT

• BOFFDONEINT

• ERRINT

• ERRINT_FAST

• WAKINT

• TWRNINT

• RWRNINT

The CPU should follow this procedure when servicing interrupt requests generated by these flags:

1. Read this register to capture all error condition and status flags. This action clears the respective flags that were set 
since the last read access.

2. Write 1 to clear the interrupt flag that triggered the interrupt request.

3. Write 1 to clear the ERROVR flag, if it is set.

Starting from all error flags cleared, a first error event sets either ERRINT or ERRINT_FAST (provided the corresponding mask 
bit is 1). If other error events in subsequent frames occur before the CPU serves the interrupt request, the ERROVR flag is set to 
indicate that errors from different frames have accumulated.

Table 206. CAN bus status

SYNCH IDLE TX RX FlexCAN state

0 0 0 0 Not synchronized to 
CAN bus

1 1 X X Idle

1 0 1 0 Transmitting

1 0 0 1 Receiving

 
See Fault confinement in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BIT1E
RR...

BIT0E
RR...

0
CRCE
RR_...

FRME
RR_...

STFE
RR_...

0
ERRO

VR 
ERRIN

T_...
BOFF
DON...

SYNC
H 

TWRN
INT 

RWRN
INT 

W W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BIT1E

RR 
BIT0E

RR 
ACKE

RR 
CRCE

RR 
FRME

RR 
STFE

RR 
TXWR

N 
RXWR

N 
IDLE TX FLTCONF RX 

BOFFI
NT 

ERRIN
T 

WAKI
NT 

W W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BIT1ERR_FAS
T

Fast Bit1 Error Flag

Indicates when an inconsistency occurs between the transmitted and the received bit in the data phase 
of CAN FD frames that have BRS = 1.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - At least one bit sent as recessive is received as dominant.

30

BIT0ERR_FAS
T

Fast Bit0 Error Flag

Indicates when an inconsistency occurs between the transmitted and the received bit in the data phase 
of CAN FD frames that have BRS = 1.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - At least one bit sent as dominant is received as recessive.

29

—

Reserved

28

CRCERR_FAS
T

Fast Cyclic Redundancy Check Error Flag

Indicates that the receiver node has detected a CRC error in the CRC field of CAN FD frames that have 
BRS = 1. This error means that the calculated CRC is different from the received CRC.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - A CRC error occurred since last read of this register.

27 Fast Form Error Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

FRMERR_FAS
T

Indicates whether the receiver node has detected a form error in the data phase of CAN FD frames that 
have BRS = 1. This error means that a fixed-form bit field contains at least one illegal bit.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - A form error occurred since last read of this register.

26

STFERR_FAST

Fast Stuffing Error Flag

Indicates that a stuffing error has been detected in the data phase of CAN FD frames that have BRS = 1.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - A stuffing error occurred since last read of this register.

25-22

—

Reserved

21

ERROVR

Error Overrun Flag

Indicates that an error condition occurred when any error flag is already set.

0b - No overrun

1b - Overrun

20

ERRINT_FAST

Fast Error Interrupt Flag

Indicates that at least one error flag detected in the data phase of CAN FD frames that have BRS = 1 
(BIT1ERR_FAST, BIT0ERR_FAST, CRCERR_FAST, FRMERR_FAST, or STFERR_FAST) is set. If 
CTRL2[ERRMSK_FAST] = 1, an interrupt is generated to the CPU.

0b - No such occurrence.

1b - Error flag set in the data phase of CAN FD frames that have BRS = 1.

19

BOFFDONEINT

Bus Off Done Interrupt Flag

Indicates whether ECR[TXERRCNT] has finished counting 128 occurrences of 11 consecutive recessive 
bits on the CAN bus and is ready to leave Bus Off. If CTRL2[BOFFDONEMSK] = 1, an interrupt is 
generated to the CPU.

0b - No such occurrence

1b - FlexCAN module has completed Bus Off process.

18

SYNCH

CAN Synchronization Status Flag

Indicates whether the FlexCAN is synchronized to the CAN bus and able to participate in the communication 
process. FlexCAN sets and clears this flag. See the table in Error and Status 1 (ESR1).

0b - Not synchronized

1b - Synchronized

Table continues on the next page...
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Table continued from the previous page...

Field Function

17

TWRNINT

TX Warning Interrupt Flag

Indicates whether TX error counter changed from less than 96 to greater than or equal to 96.

If MCR[WRNEN] = 1, this flag is set when the TXWRN flag transitions from 0 to 1, meaning that the TX error 
counters reached 96. If CTRL1[TWRNMSK] = 1, an interrupt is sent to the CPU. When MCR[WRNEN] = 0, 
this flag is masked. The CPU must clear this flag before writing 0 to MCR[WRNEN]. Otherwise, this flag be 
set when MCR[WRNEN] = 1 again. Writing 0 has no effect.

This flag is not generated while in the Bus Off state. This flag is not updated during Freeze mode.

When FlexCAN returns to Normal mode from Pretended Network mode (see Receive process under 
Pretended Networking mode), this bit is not updated.

0b - No such occurrence

1b - TX error counter changed from less than 96 to greater than or equal to 96.

16

RWRNINT

RX Warning Interrupt Flag

Indicates whether the RX error counter changed from less than 96 to greater than or equal to 96.

If MCR[WRNEN] = 1, this flag is set when the RXWRN flag transitions from 0 to 1, meaning that the RX error 
counters reached 96. If CTRL1[RWRNMSK] = 1, an interrupt is sent to the CPU. When MCR[WRNEN] = 0, 
this flag is masked. The CPU must clear this flag before writing 0 to MCR[WRNEN]. Otherwise, this flag be 
set when MCR[WRNEN] = 1 again. Writing 0 has no effect.

This flag is not updated during Freeze mode.

When FlexCAN returns to Normal mode from Pretended Network mode (see Receive process under 
Pretended Networking mode), this bit is updated to reflect the RX error counter state.

0b - No such occurrence

1b - RX error counter changed from less than 96 to greater than or equal to 96.

15

BIT1ERR

Bit1 Error Flag

Indicates when an inconsistency occurs between the transmitted and the received bit in a non-CAN FD 
message or in the arbitration or data phase of a CAN FD message.

This flag is updated when FlexCAN returns to Normal mode from Pretended Network mode.

 
A transmitter does not set this flag for an arbitration field or ACK slot. It is not set for a node 
sending a passive error flag that detects dominant bits.

  NOTE  

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - At least one bit sent as recessive is received as dominant.

14

BIT0ERR

Bit0 Error Flag

Indicates when an inconsistency occurs between the transmitted and the received bit in a non-CAN FD 
message or in the arbitration or data phase of a CAN FD message.

This field is updated when FlexCAN returns to Normal mode from Pretended Network mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - At least one bit sent as dominant is received as recessive.

13

ACKERR

Acknowledge Error Flag

Indicates whether the transmitter node has detected an Acknowledge Error. This error means that a 
dominant bit has not been detected during the ACK SLOT.

This flag is updated when FlexCAN returns to Normal mode from Pretended Network mode.

After a read operation, the field's value clears to 0.

0b - No error

1b - An ACK error occurred since last read of this register.

12

CRCERR

Cyclic Redundancy Check Error Flag

Indicates whether the receiver node has detected a Cyclic Redundancy Check (CRC) error either in a 
non-FD message or in the arbitration or data phase of a frame in CAN FD format. This error means that the 
calculated CRC is different from the received.

This flag is updated when FlexCAN returns to Normal mode from Pretended Network mode.

After a read operation, the field's value clears to 0.

0b - No error

1b - A CRC error occurred since last read of this register.

11

FRMERR

Form Error Flag

Indicates whether a form error has been detected in a non-FD message or in the arbitration or data phase of 
an FD message by the receiver node. This error means that a fixed-form field contains at least one illegal bit.

This flag is updated when FlexCAN returns to Normal mode from Pretended Network mode.

After a read operation, the field's value clears to 0.

0b - No error

1b - A Form Error occurred since last read of this register.

10

STFERR

Stuffing Error Flag

Indicates that a stuffing error has been detected in a non-FD message or in the arbitration or data phase of 
an FD message by the receiver node.

This flag is updated when FlexCAN returns to Normal mode from Pretended Network mode.

After a read operation, the field's value clears to 0.

0b - No error

1b - Error occurred since last read of this register.

9 TX Error Warning Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

TXWRN Indicates when repetitive errors occur during message transmission. Only the value of ECR[TXERRCNT] 
affects this flag. This flag is not updated during Freeze mode.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - TXERRCNT is 96 or greater.

8

RXWRN

RX Error Warning Flag

Indicates when repetitive errors occur during message reception. Only the value of ECR[RXERRCNT] 
affects this flag. This flag is not updated during Freeze mode.

Additionally, this flag is updated when FlexCAN returns to Normal mode from Pretended Networking mode.

After a read operation, the field's value clears to 0.

0b - No such occurrence.

1b - RXERRCNT is greater than or equal to 96.

7

IDLE

Idle

Indicates whether CAN bus is in IDLE state. See Table 206.

0b - Not IDLE

1b - IDLE

6

TX

FlexCAN In Transmission

Indicates whether FlexCAN is transmitting a message. See Table 206.

0b - Not transmitting

1b - Transmitting

5-4

FLTCONF

Fault Confinement State

Indicates the confinement state of the FlexCAN module.

If CTRL1[LOM] = 1, after a delay that depends on the CAN bit timing, this field indicates Error Passive. The 
same delay affects the way that this field reflects an update to ECR register by the CPU. It may be necessary 
to wait up to one CAN bit time for coherence to be restored.

Soft reset affects this field, but if CTRL1[LOM] = 1, its reset value lasts for only one CAN bit. After that time, 
this field reports Error Passive.

00b - Error Active

01b - Error Passive

1xb - Bus Off

3

RX

FlexCAN in Reception Flag

Indicates whether FlexCAN is receiving a message. See the table in Error and Status 1 (ESR1).

0b - Not receiving

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Receiving

2

BOFFINT

Bus Off Interrupt Flag

Indicates whether FlexCAN has entered Bus Off state. If CTRL1[BOFFMSK]) = 1, an interrupt is 
generated to the CPU. Writing 0 to this field has no effect.

0b - No such occurrence.

1b - FlexCAN module entered Bus Off state.

1

ERRINT

Error Interrupt Flag

Indicates that at least one of the error flags (ESR1[BIT1ERR], ESR1[BIT0ERR], ESR1[ACKERR], 
ESR1[CRCERR], ESR1[FRMERR], or ESR1[STFERR]) is set. If the corresponding mask 
CTRL1[ERRMSK] = 1, an interrupt is generated to the CPU. Writing 0 to this field has no effect.

0b - No such occurrence.

1b - Indicates setting of any error flag in the Error and Status register.

0

WAKINT

Wake-Up Interrupt Flag

Generates an interrupt to the CPU when a recessive-to-dominant transition is detected on the CAN bus and 
MCR[WAKMSK] = 1.

This field applies when FlexCAN is in low-power mode during Self Wake-Up:

• Doze mode

• Stop mode

When MCR[SLFWAK] = 0, this flag is masked. The CPU must clear this flag before disabling the field. 
Otherwise, it is set when MCR[SLFWAK] becomes 1 again. Writing 0 has no effect.

0b - No such occurrence.

1b - Indicates that a recessive-to-dominant transition was received on the CAN bus.

30.6.2.10 Interrupt Masks 2 (IMASK2)

Offset

Register Offset

IMASK2 24h

Function

Allows any of the 32 message buffer interrupts to be enabled or disabled for MB63 to MB32. It contains one interrupt mask bit 
per buffer. This configuration allows the CPU to determine which buffer generates an interrupt after a successful transmission or 
reception when the corresponding Interrupt Flags 2 (IFLAG2) flag is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF63TO32M 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF63TO32M 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF63TO32M

Buffer MBi Mask

Masks the corresponding FlexCAN message buffer interrupt for MB63–MB32.

 
If the corresponding Interrupt Flags 2 (IFLAG2) flag is set, writing 1 or 0 to a field in IMASK2 
can set or clear an interrupt request.

  NOTE  

0b - The corresponding buffer interrupt is disabled.

1b - The corresponding buffer interrupt is enabled.

30.6.2.11 Interrupt Masks 1 (IMASK1)

Offset

Register Offset

IMASK1 28h

Function

Masks interrupt flags. This register allows any of the 32 message buffer interrupts to be enabled or disabled for MB31 to MB0. 
It contains one interrupt mask bit per buffer. This configuration allows the CPU to determine which buffer generates an interrupt 
after a successful transmission or reception when the corresponding Interrupt Flags 1 (IFLAG1) flag is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF31TO0M 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF31TO0M 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF31TO0M

Buffer MBi Mask

Enables or disables the corresponding FlexCAN message buffer interrupt for MB31 to MB0.

 
If the corresponding Interrupt Flags 1 (IFLAG1) flag is set, writing 1 or 0 to a field in IMASK1 
can set or clear an interrupt request.

  NOTE  

0b - The corresponding buffer interrupt is disabled.

1b - The corresponding buffer interrupt is enabled.

30.6.2.12 Interrupt Flags 2 (IFLAG2)

Offset

Register Offset

IFLAG2 2Ch

Function

Contains the flags for the 32 message buffer interrupts for MB63 to MB32. It contains one interrupt flag bit per buffer. Each 
successful transmission or reception sets the respective flag in this register. If the corresponding Interrupt Masks 2 (IMASK2) bit 
is set, an interrupt is generated.

Before updating MCR[MAXMB], the CPU must service the IFLAG2 flags whose MB value is greater than the MAXMB to be 
updated. Otherwise, those flags remain set and are inconsistent with the number of message buffers available.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BUF63TO32I 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BUF63TO32I 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF63TO32I

Buffer MBi Interrupt

Flags the corresponding FlexCAN message buffer interrupt for MB63 to MB32.

0b - The corresponding buffer has no occurrence of successfully completed transmission or 
reception.

1b - The corresponding buffer has successfully completed transmission or reception.

30.6.2.13 Interrupt Flags 1 (IFLAG1)

Offset

Register Offset

IFLAG1 30h

Function

Contains the flags for the 32 message buffer interrupts for MB31 to MB0. It contains one interrupt flag bit per buffer. Each 
successful transmission or reception sets the corresponding IFLAG1 bit. If the corresponding Interrupt Masks 1 (IMASK1) bit is 
set, an interrupt is generated. There is an exception when DMA for Legacy RX FIFO is enabled, as described below.

The BUF7I to BUF5I flags also represent Legacy FIFO interrupts when the Legacy RX FIFO is enabled. When MCR[RFEN] is 1 
and MCR[DMA] is 0, the function of the eight least significant interrupt flags changes:

• BUF7I, BUF6I, and BUF5I indicate operating conditions of the Legacy FIFO.

• BUF4I to BUF1I fields are reserved.

• BUF0I empties the Legacy FIFO.

Before writing 1 to MCR[RFEN], the CPU must service the IFLAG flags set in the Legacy RX FIFO region; see Legacy RX FIFO. 
Otherwise, these IFLAG flags mistakenly show the related message buffers now belonging to Legacy FIFO as having contents to 
be serviced. When MCR[RFEN] is 0, the Legacy FIFO flags must be cleared. The same care must be taken when a CTRL2[RFFN] 
value is selected, extending Legacy RX FIFO filters beyond MB7. For example, when RFFN is 8h, Legacy RX FIFO filters occupy 
the MB0–23 range, and related IFLAG flags must be cleared.
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When MCR[RFEN] and MCR[DMA] are 1 (DMA feature for Legacy RX FIFO enabled), the function of the eight least significant 
interrupt flags (BUF7I–BUF0I) changes to support DMA operation. BUF7I, BUF6I, and BUF4I–BUF1I are not used. BUF5I 
indicates operating condition of Legacy FIFO, and BUF0I empties the Legacy FIFO. Moreover, BUF5I does not generate a 
CPU interrupt, but it does generate a DMA request. IMASK1 bits in the Legacy RX FIFO region are not considered when bit 
MCR[DMA] = 1. In addition, the CPU must not clear the BUF5I flag when DMA is enabled. Before writing 1 to MCR[DMA], the CPU 
must service the IFLAG flags set in the Legacy RX FIFO region. When MCR[DMA] is 0, the Legacy FIFO must be empty. Legacy 
FIFO must be disabled when MCR[FDEN] = 1.

Before updating MCR[MAXMB], the CPU must service the IFLAG1 flags whose MB value is greater than the MCR[MAXMB] to be 
updated. Otherwise, those flags remain set and are inconsistent with the number of message buffers available.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BUF31TO8I 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BUF31TO8I BUF7I BUF6I BUF5I BUF4TO1I BUF0I 

W W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

BUF31TO8I

Buffer MBi Interrupt

Flags the corresponding FlexCAN message buffer interrupt for MB31 to MB8.

0b - The corresponding buffer has no occurrence of successfully completed transmission or 
reception.

1b - The corresponding buffer has successfully completed transmission or reception.

7

BUF7I

Buffer MB7 Interrupt or Legacy RX FIFO Overflow

Flags the interrupt for MB7 when MCR[RFEN] = 0 (Legacy RX FIFO disabled).

 
When a CPU write changes the value of MCR[RFEN], FlexCAN clears this flag.

  NOTE  

When MCR[RFEN] = 1, this flag represents a Legacy RX FIFO overflow. In this case, the flag indicates that 
a message was lost because the Legacy RX FIFO is full. When the Legacy RX FIFO is full and a message 
buffer captures the message, this flag is not set.

0b - No occurrence of MB7 completing transmission or reception, or no FIFO overflow.

1b - MB7 completed transmission or reception, or FIFO overflow.

6

BUF6I

Buffer MB6 Interrupt or Legacy RX FIFO Warning

Flags the interrupt for MB6 when MCR[RFEN] = 0 (Legacy RX FIFO disabled).

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When a CPU write changes the value of MCR[RFEN], FlexCAN clears this flag.

  NOTE  

When MCR[RFEN] = 1, this flag represents a Legacy RX FIFO warning. In this case, the flag indicates 
when the number of unread messages within the Legacy RX FIFO is increased to five from four due to the 
reception of a new message. In other words, the Legacy RX FIFO is almost full.

If this flag is cleared when there are more than four unread messages, it does not set again until the number 
of unread messages in the Legacy RX FIFO decreases to four or fewer.

0b - No occurrence of MB6 completing transmission or reception, or FIFO not almost full.

1b - MB6 completed transmission or reception, or FIFO almost full.

5

BUF5I

Buffer MB5 Interrupt or Frames available in Legacy RX FIFO

Flags the interrupt for MB5 when MCR[RFEN] = 0 (Legacy RX FIFO disabled).

 
When a CPU write changes the value of MCR[RFEN], FlexCAN clears this flag.

  NOTE  

When MCR[RFEN] = 1, the BUF5I flag represents frames available in Legacy RX FIFO. In this case, the flag 
indicates that at least one frame is available to be read from the Legacy RX FIFO.

When MCR[DMA] = 1, this flag generates a DMA request. The CPU must not clear this field by writing 1 
to BUF5I.

0b - No occurrence of completed transmission or reception, or no frames available

1b - MB5 completed transmission or reception, or frames available

4-1

BUF4TO1I

Buffer MBi Interrupt or Reserved

Flags the interrupts for MB4 to MB1 when MCR[RFEN] = 0 (Legacy RX FIFO disabled).

 
When a CPU write changes the value of MCR[RFEN], FlexCAN clears these flags.

  NOTE  

When MCR[RFEN] = 1, the BUF4TO1I flags are reserved.

0b - The corresponding buffer has no occurrence of successfully completed transmission or 
reception.

1b - The corresponding buffer has successfully completed transmission or reception.

0

BUF0I

Buffer MB0 Interrupt or Clear Legacy FIFO bit

Flags the interrupt for MB0 when MCR[RFEN] = 0 (Legacy RX FIFO disabled). If MCR[RFEN] = 1, this 
field is used to trigger the clear Legacy FIFO operation. This operation empties the Legacy FIFO contents. 
Before performing this operation, the CPU must service all Legacy FIFO-related IFLAG flags. When 
MCR[DMA] = 1, this operation also clears the BUF5I flag, aborting the DMA request. The clear Legacy 
FIFO operation occurs when the CPU writes 1 to BUF0I. This operation is only allowed in Freeze mode; the 
module blocks it in other conditions.

0b - MB0 has no occurrence of successfully completed transmission or reception.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - MB0 has successfully completed transmission or reception.

30.6.2.14 Control 2 (CTRL2)

Offset

Register Offset

CTRL2 34h

Function

Complements Control 1 (CTRL1), providing control bits for memory write-access in Freeze mode. This register extends Legacy 
FIFO filter quantity, and adjusts the operation of internal FlexCAN processes such as matching and arbitration.

Soft reset does not affect the contents of this register.

Table 207 shows how the value of CTRL2[RFFN] determines the Legacy RX FIFO filter structure.

Table 207. Possible Legacy RX FIFO filter structures

RFFN[3:0] Number of 
Legacy RX 
FIFO filter 
elements

Message buffers 
occupied by Legacy 
RX FIFO and ID filter 
table

Remaining available 
message buffers

Legacy RX FIFO ID filter 
table elements affected 
by RX individual masks

Legacy RX FIFO ID filter 
table elements affected 
by Legacy RX FIFO 
global mask

0h 8 MB 0–7 MB 8–63 Elements 0–7 none

1h 16 MB 0–9 MB 10–63 Elements 0–9 Elements 10–15

2h 24 MB 0–11 MB 12–63 Elements 0–11 Elements 12–23

3h 32 MB 0–13 MB 14–63 Elements 0–13 Elements 14–31

4h 40 MB 0–15 MB 16–63 Elements 0–15 Elements 16–39

5h 48 MB 0–17 MB 18–63 Elements 0–17 Elements 18–47

6h 56 MB 0–19 MB 20–63 Elements 0–19 Elements 20–55

7h 64 MB 0–21 MB 22–63 Elements 0–21 Elements 22–63

8h 72 MB 0–23 MB 24–63 Elements 0–23 Elements 24–71

9h 80 MB 0–25 MB 26–63 Elements 0–25 Elements 26–79

Ah 88 MB 0–27 MB 28–63 Elements 0–27 Elements 28–87

Bh 96 MB 0–29 MB 30–63 Elements 0–29 Elements 30–95

Ch 104 MB 0–31 MB 32–63 Elements 0–31 Elements 32–103

Dh 112 MB 0–33 MB 34–63 Elements 0–31 Elements 32–111

Eh 120 MB 0–35 MB 36–63 Elements 0–31 Elements 32–119

Fh 128 MB 0–37 MB 38–63 Elements 0–31 Elements 32–127
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERRM
SK_...

BOFF
DON...

0 0
RFFN TASD MRP RRS 

EACE
N W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TIMER
_S...

PREX
CEN 

BTE 
ISOCA
NF...

EDFLT
DIS 

0
MBTSBASE TSTAMPCAP 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ERRMSK_FAS
T

Error Interrupt Mask for Errors Detected in the Data Phase of Fast CAN FD Frames

Enables the ESR1[ERRINT_FAST] interrupt.

0b - Disable

1b - Enable

30

BOFFDONEMS
K

Bus Off Done Interrupt Mask

Enables the Bus Off Done interrupt, ESR1[BOFFDONEINT].

0b - Disable

1b - Enable

29

—

Reserved

28

—

Reserved

27-24

RFFN

Number of Legacy Receive FIFO Filters

Defines the number of Receive Legacy FIFO filters, as shown in Table 207. The chip determines the 
maximum selectable number of filters. Do not program this field with values that cause the number of 
message buffers occupied by Legacy RX FIFO and Legacy RX FIFO ID Filter to exceed MCR[MAXMB]. 
MCR[MAXMB] defines the number of message buffers present.

This field can only be written in Freeze mode; the module blocks it in other modes.

Each group of eight filters occupies a memory space equivalent to two message buffers. The more filters 
are implemented, the fewer message buffers are available.

The Legacy RX FIFO occupies the memory space originally reserved for MB0–5. This field should be 
programmed with a value corresponding to a number of filters less than the number of available memory 
words. The number of available words can be calculated as follows:

(SETUP_MB - 6) × 4

Table continues on the next page...
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Table continued from the previous page...

Field Function

Where SETUP_MB is the smaller of the parameter NUMBER_OF_MB and MCR[MAXMB].

The number of remaining message buffers available is:

(SETUP_MB - 8) - (RFFN × 2)

If the number of Legacy RX FIFO filters programmed through RFFN exceeds the SETUP_MB value 
(memory space available), the exceeding ones are not functional.

 
• The number of the last remaining available message buffers is the smaller of 

(NUMBER_OF_MB - 1) and MCR[MAXMB].

• If RX Individual Mask registers are not enabled, the Legacy RX FIFO Global Mask 
affects all Legacy RX FIFO filters.

  NOTE  

23-19

TASD

Transmission Arbitration Start Delay

Indicates by how many CAN bits the transmission arbitration process start point can be delayed from the 
first bit of CRC field on CAN bus. See TX arbitration start delay for details. This field can be written only in 
Freeze mode; the module blocks it in other modes.

18

MRP

Message Buffers Reception Priority

Sets the priority for the matching process.

This field can be written only in Freeze mode; the module blocks it in other modes.

0b - Matching starts from Legacy RX FIFO or Enhanced RX FIFO and continues on message 
buffers.

1b - Matching starts from message buffers and continues on Legacy RX FIFO or Enhanced RX 
FIFO.

17

RRS

Remote Request Storing

Determines what the module does with a remote request. The remote request frame is submitted to a 
matching process.

If this field is 1, the frame is stored in the corresponding message buffer in the same fashion as a data frame. 
No automatic remote response frame is generated.

If this field is 0, an automatic remote response frame is generated if a message buffer with CODE = 1010b 
is found with the same ID.

This bit can be written only in Freeze mode. The module blocks it in other modes.

0b - Generated

1b - Stored

16

EACEN

Entire Frame Arbitration Field Comparison Enable for RX Message Buffers

Controls the comparison of IDE and RTR fields within RX message buffer filters with their corresponding bits 
in the incoming frame by the matching process. If enabled, the IDE and RTR fields of the RX message buffer 
are compared to their corresponding bits within the incoming frame (mask bits apply). If disabled, the IDE 
field of the RX message buffer filter is always compared and RTR is never compared despite mask bits.

Table continues on the next page...
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Field Function

This field does not affect matching for Legacy RX FIFO or Enhanced RX FIFO.

This field can be written only in Freeze mode; the module blocks it in other modes.

0b - Disable

1b - Enable

15

TIMER_SRC

Timer Source

Selects the time tick source used for incrementing the free-running timer counter.

If CAN bit clock is selected, it defines the baud rate on the CAN bus.

If External time tick is selected, the period can be adjusted to match the baud rate on the CAN bus. It 
could also be adjusted to a different value as required. See the device-specific section for details about the 
external time tick.

This field can be written in Freeze mode only.

0b - CAN bit clock

1b - External time tick

14

PREXCEN

Protocol Exception Enable

Enables the protocol exception feature.

This field is writable only in Freeze mode.

 
See Protocol exception event in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  

0b - Disabled

1b - Enabled

13

BTE

Bit Timing Expansion Enable

Enables the use of Enhanced CAN Bit Timing Prescalers (EPRS), Enhanced Data Phase CAN Bit Timing 
(EDCBT), and Enhanced Nominal CAN Bit Timing (ENCBT) to configure the CAN bit timing segments, 
instead of using the bit timing fields of CAN Bit Timing (CBT), CAN FD Bit Timing (FDCBT), and Control 
1 (CTRL1).

If this field is 1:

• CTRL1[PRESDIV], CTRL1[PROPSEG], CTRL1[PSEG1], CTRL1[PSEG2], and CTRL1[RJW] are 
read as zero. A write operation to these fields has no effect.

• CBT[EPRESDIV], CBT[ERJW], CBT[EPROPSEG], CBT[EPSEG1], and CBT[EPSEG2], and the 
corresponding fields in CAN FD Bit Timing (FDCBT), are read as zero. A write operation to these 
fields has no effect.

• ETDC[ETDCOFF], ETDC[ETDCEN], ETDC[ETDCFAIL], and ETDC[ETDCVAL] are used 
by FlexCAN instead of FDCTRL[TDCOFF], FDCTRL[TDCEN], FDCTRL[TDCFAIL], and 
FDCTRL[TDCVAL]. These fields are read as zero, and a write operation to them has no effect.

• ETDC[TDMDIS] can be used to disable transceiver delay measurement.

Table continues on the next page...
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Field Function

0b - Disable

1b - Enable

12

ISOCANFDEN

ISO CAN FD Enable

Enables the CAN FD protocol according to ISO specification (ISO 11898-1:2015) (see CAN FD 
ISO compliance).

This field is writable only in Freeze mode.

 
FlexCAN is able to transmit FD frame format according to CAN Protocol standard 
(ISO 11898-1:2015).

  NOTE  

0b - Disable. FlexCAN operates using the non-ISO CAN FD protocol.

1b - Enable. FlexCAN operates using the ISO CAN FD protocol (ISO 11898-1:2015).

11

EDFLTDIS

Edge Filter Disable

Disables the edge filter used during the Bus Integration state.

When the Edge Filter is enabled, two consecutive nominal time quanta with dominant bus states are 
required to detect an edge that causes synchronization. When synchronization occurs, the counting of the 
sequence of eleven consecutive recessive bits is restarted. The edge filter prevents dominant pulses that 
are shorter than a nominal bit time (present during the data phase of an FD frame) from being mistaken for 
an idle condition.

This field is writable only in Freeze mode.

 
See Bus Integration state in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  

0b - Enabled

1b - Disabled

10

—

Reserved

9-8

MBTSBASE

Message Buffer Timestamp Base

Selects the timebase used for capturing the 16-bit TIME_STAMP field of the message buffer register.

This field can be written in Freeze Mode only.

00b - TIMER

01b - Lower 16 bits of high-resolution timer

10b - Upper 16 bits of high-resolution timer

11b - Reserved

7-6 Timestamp Capture Point

Table continues on the next page...
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Field Function

TSTAMPCAP Configures the point in time when a 32-bit timebase is captured during a CAN frame. This base is stored in 
the high-resolution timestamp register (HR_TIME_STAMP).

For classical CAN frames, capture points can be the start-of-frame bit or the point when CAN frame is 
considered valid. This point is the seventh bit of the end-of-frame for transmission and the sixth bit of the 
end-of-frame for reception. For CAN FD frames, the high-resolution timestamp can be captured at the start 
of frame, when a CAN FD frame is considered valid, or the res bit.

This field can be written in Freeze mode only.

00b - Disabled

01b - End of the CAN frame

10b - Start of the CAN frame

11b - Start of frame for classical CAN frames; res bit for CAN FD frames

5

—

Reserved

4-2

—

Reserved

1-0

—

Reserved

30.6.2.15 Error and Status 2 (ESR2)

Offset

Register Offset

ESR2 38h

Function
Reports general status information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 LPTM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 VPS IMB 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

LPTM

Lowest Priority TX Message Buffer

Indicates the lowest number inactive message buffer when ESR2[VPS] = 1 (see ESR2[IMB]). If no message 
buffer is inactive, the message buffer indicated depends on the value of CTRL1[LBUF]. If CTRL1[LBUF] = 0, 
the message buffer indicated is the one with the greatest arbitration value (see Highest-priority message 
buffer first). If CTRL1[LBUF] = 1, the message buffer indicated is the active TX message buffer with the 
highest number.

If a TX message buffer is being transmitted, it is not considered in the LPTM calculation. If ESR2[IMB] is not 
0 and a frame is transmitted successfully, the value of LPTM is updated with its message buffer number.

15

—

Reserved

14

VPS

Valid Priority Status

Indicates whether the contents of ESR2[IMB] and ESR2[LPTM] are valid. It becomes 1 upon every complete 
TX arbitration process, unless the CPU writes to the Control and Status word of a message buffer already 
scanned. In other words, it is behind the TX Arbitration Pointer, during the TX arbitration process. If there is 
no inactive message buffer and only one TX message buffer that is being transmitted, this field remains 0. 
This field becomes 0 upon the start of every TX arbitration process or upon a write to the Control and Status 
word of any message buffer.

 
No CPU write to the Control and Status of a message buffer that the abort mechanism 
blocks affects this field. When MCR[AEN] = 1, the abort code write to the Control and Status 
of an MB being transmitted (pending abort) is blocked. Any write attempt to a TX MB with 
its IFLAG flag set is also blocked.

  NOTE  

0b - Invalid

1b - Valid

Table continues on the next page...
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Field Function

13

IMB

Inactive Message Buffer

Indicates whether any message buffer is inactive (CODE field is either 1000b or 0b) when ESR2[VPS] = 1. 
This field becomes 1 when:

• A lowest-priority TX message buffer (ESR2[LPTM]) is found and it is inactive during arbitration.

• This field is not 1, and a frame is transmitted successfully.

This field always becomes 0 at the start of arbitration (see Arbitration process).

If a message buffer is successfully transmitted and this field is 0 (no inactive message buffer), ESR2[VPS] 
and this field both become 1. The index related to the MB transmitted is loaded into ESR2[LPTM]. In this 
case, the value of ESR2[LPTM] is the number of the first inactive message buffer.

0b - Message buffer indicated by ESR2[LPTM] is not inactive.

1b - At least one message buffer is inactive.

12

—

Reserved

11-0

—

Reserved

30.6.2.16 Cyclic Redundancy Check (CRCR)

Offset

Register Offset

CRCR 44h

Function

Provides information about the CRC of transmitted messages for non-FD messages. This register only reports the 15 low-order 
bits of CRC calculations for messages in CAN FD format that require either 17 or 21 bits. For CAN FD format frames, you must 
use the CAN FD CRC (FDCRC). This register is updated at the same time that the TX interrupt flag is set.

 
See CRC sequence calculation in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 MBCRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TXCRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

MBCRC

CRC Message Buffer

Indicates the number of the message buffer corresponding to the value in CRCR[TXCRC].

15

—

Reserved

14-0

TXCRC

Transmitted CRC value

Indicates the CRC value of the last transmitted message for non-FD frames. For FD frames, CRC value is 
reported in CAN FD CRC (FDCRC).

30.6.2.17 Legacy RX FIFO Global Mask (RXFGMASK)

Offset

Register Offset

RXFGMASK 48h

Function

This register is located in RAM.

Masks the Legacy RX FIFO ID filter table elements that do not have a corresponding RXIMR according to CTRL2[RFFN], when 
Legacy RX FIFO is enabled.

This register can only be written in Freeze mode; the module blocks it in other modes.

The following table shows how the FGM bits correspond to each IDAF field.
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Table 208. Correspondence of Legacy RX FIFO global mask bits to IDF fields

Legacy RX FIFO 
ID filter table 
elements format 
(MCR[IDAM])

Identifier acceptance filter fields

RTR IDE RXIDA RXIDB 1 RXIDC 2 Reserved

A FGM[31] FGM[30] FGM[29:1] — — FGM[0]

B FGM[31], 
FGM[15]

FGM[30], 
FGM[14]

- FGM[29:16], 
FGM[13:0]

-

C — — — FGM[31:24], 
FGM[23:16], 
FGM[15:8], 
FGM[7:0]

1. If MCR[IDAM] is equivalent to format B, only the fourteen most significant bits of the identifier of the incoming frame are 
compared with the Legacy RX FIFO filter.

2. If MCR[IDAM] is equivalent to format C, only the eight most significant bits of the identifier of the incoming frame are 
compared with the Legacy RX FIFO filter.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FGM 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FGM 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

FGM

Legacy RX FIFO Global Mask Bits

Masks the ID filter table elements bits in a perfect alignment.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

30.6.2.18 Legacy RX FIFO Information (RXFIR)

Offset

Register Offset

RXFIR 4Ch
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Function

Provides information about Legacy RX FIFO.

This register is the port through which the CPU accesses the output of the Legacy RXFIR FIFO located in RAM. FlexCAN writes 
to the Legacy RXFIR FIFO when a new message is moved into the Legacy RX FIFO. Also, its output is updated whenever the 
output of the Legacy RX FIFO is updated with the next message. See Legacy RX FIFO for instructions on reading this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 IDHIT 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-9

—

Reserved

8-0

IDHIT

Identifier Acceptance Filter Hit Indicator

Indicates which Identifier Acceptance filter that the received message hit in the output of the Legacy RX 
FIFO. If multiple filters match the incoming message ID, the first matching IDAF found (lowest number) by 
the matching process is indicated. This field is valid only when IFLAG1[BUF5I] is set.

30.6.2.19 CAN Bit Timing (CBT)

Offset

Register Offset

CBT 50h

Function

Provides an alternative way to store the CAN bit timing variables described in Control 1 (CTRL1). EPRESDIV, 
EPROPSEG, EPSEG1, EPSEG2, and ERJW are extended versions of CTRL1[PRESDIV], CTRL1[PROPSEG], CTRL1[PSEG1], 
CTRL1[PSEG2], and CTRL1[RJW] respectively.

 
The CAN bit variables in CTRL1 and in CBT are stored in the same register.

  NOTE  

CBT[BTF] selects the use of the timing variables defined in this register.
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When the CAN FD feature is enabled (MCR[FDEN] = 1), always write 1 to CBT[BTF].

Soft reset does not affect the contents of this register.

 
Ensure that bit time settings and protocol engine tolerance are in compliance with the CAN Protocol standard 
(ISO 11898-1:2015).

  NOTE  

 
If CTRL2[BTE] = 1, EPRESDIV, ERJW, EPROPSEG, EPSEG1, and EPSEG2 are read as zero. A write operation 
to them has no effect.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BTF EPRESDIV ERJW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EPROPSEG EPSEG1 EPSEG2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BTF

Bit Timing Format Enable

Enables the use of extended CAN bit timing fields EPRESDIV, EPROPSEG, EPSEG1, EPSEG2, and 
ERJW. These fields replace the CAN bit timing variables defined in Control 1 (CTRL1). This field can be 
written in Freeze mode only.

0b - Disable

1b - Enable

30-21

EPRESDIV

Extended Prescaler Division Factor

Defines the ratio between the PE clock frequency and the serial clock (Sclock) frequency when 
CBT[BTF] = 1, otherwise it has no effect. It extends the CTRL1[PRESDIV] value range.

The Sclock period defines the time quantum of the CAN protocol. For the reset value, the Sclock frequency 
is equal to the PE clock frequency (see Protocol timing). This field can be written only in Freeze mode; the 
module blocks it in other modes.

Sclock frequency = PE clock frequency ÷ (EPRESDIV + 1)

20-16

ERJW

Extended Resync Jump Width

Defines the maximum number of time quanta that one resynchronization can change a bit time when 
CBT[BTF] = 1. Otherwise, it has no effect. It extends the CTRL1[RJW] value range.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This field can be written only in Freeze mode; the module blocks it in other modes.

Resync Jump Width = ERJW + 1.

One Time Quantum = one Sclock period.

15-10

EPROPSEG

Extended Propagation Segment

Defines the length of the propagation segment in the bit time when CBT[BTF] = 1, otherwise it has no effect. 
It extends the CTRL1[PROPSEG] value range. This field can be written only in Freeze mode; the module 
blocks it in other modes.

Propagation Segment Time = (EPROPSEG + 1) × Time Quanta.

One Time Quantum = one Sclock period.

9-5

EPSEG1

Extended Phase Segment 1

Defines the length of phase segment 1 in the bit time when CBT[BTF] = 1, otherwise it has no effect. It 
extends the CTRL1[PSEG1] value range. This field can be written only in Freeze mode; the module blocks 
it in other modes.

Phase Buffer Segment 1 = (EPSEG1 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

4-0

EPSEG2

Extended Phase Segment 2

Defines the length of phase segment 2 in the bit time when CBT[BTF] = 1, otherwise it has no effect. It 
extends the CTRL1[PSEG2] value range. This field can be written only in Freeze mode; the module blocks 
it in other modes.

Phase Buffer Segment 1 = (EPSEG2 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

30.6.2.20 Receive Individual Mask (RXIMR0 - RXIMR63)

Offset

For n = 0 to 63:

Register Offset

RXIMRn 880h + (n × 4h)

Function

Stores the acceptance masks for ID filtering in RX message buffers and the Legacy RX FIFO.

When the Legacy RX FIFO is disabled (MCR[RFEN] = 0), an individual mask is provided for each available RX message buffer 
on a one-to-one correspondence. When the Legacy RX FIFO is enabled (MCR[RFEN] = 1), an individual mask is provided for 
each Legacy RX FIFO ID filter table element on a one-to-one correspondence. This correspondence depends on the setting of 
CTRL2[RFFN] (see Legacy RX FIFO).

RXIMR0 stores the individual mask associated with either MB0 or ID filter table element 0. RXIMR1 stores the individual mask 
associated with either MB1 or ID filter table element 1, and so on.
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The CPU can only access the RXIMR registers when the module is in Freeze mode; otherwise, the module blocks them. Reset 
does not affect these registers. They are located in RAM and must be explicitly initialized prior to any reception.

It is possible for the RXIMR memory region to be accessed as general-purpose memory. See Bus interface for more information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MI 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MI 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

MI

Individual Mask Bits

Masks the corresponding bit in both the message buffer filter and Legacy RX FIFO ID filter table element in 
distinct ways.

For message buffer filters, see RX Message Buffers Global Mask (RXMGMASK).

For Legacy RX FIFO ID filter table elements, see Legacy RX FIFO Global Mask (RXFGMASK).

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

30.6.2.21 Pretended Networking Control 1 (CTRL1_PN)

Offset

Register Offset

CTRL1_PN B00h

Function
Contains control bits for Pretended Networking mode filtering selection. Configure this register with the filter criteria to be used 
to receive wake-up messages. Fields in this register can be written in Freeze mode only, except for CTRL1_PN[WTOF_MSK] 
and CTRL1_PN[WUMF_MSK].
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WTOF
_MSK 

WUMF
_MSK W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NMATCH 

0
PLFS IDFS FCS 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17

WTOF_MSK

Wake-Up by Timeout Flag Mask

Enables the generation of a wake-up event originated by a timeout.

0b - Disable

1b - Enable

16

WUMF_MSK

Wake-Up by Matching Flag Mask

Enables the generation of a wake-up event originated by a successful filtered RX message.

0b - Disable

1b - Enable

15-8

NMATCH

Number of Messages Matching the Same Filtering Criteria

Defines the number of times a given message must match the predefined filtering criteria for ID or 
payload before generating a wake-up event. You can configure this quantity from 1 to 255 range by 
using values from 01h to FFh, respectively.

0000_0001b - Once

0000_0010b - Twice

1111_1111b - 255 times

7-6

—

Reserved

5-4

PLFS

Payload Filtering Selection

Selects the level of payload filtering to be applied when FlexCAN is in Pretended Networking mode. 
When payload filtering is active, filtering does not accept remote messages (RTR = 1).

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Match payload contents to an exact target value

01b - Match a payload value greater than or equal to a specified target value

10b - Match a payload value smaller than or equal to a specified target value

11b - Match upon a payload value within a range of values, inclusive

3-2

IDFS

ID Filtering Selection

Selects the level of ID filtering to be applied when FlexCAN is in Pretended Networking mode. In ID 
filtering, if FLT_ID2_IDMASK[IDE_MSK] = 1 and FLT_ID2_IDMASK[RTR_MSK] = 1, the IDE and RTR 
bits are considered part of the reception filter.

00b - Match ID contents to an exact target value

01b - Match an ID value greater than or equal to a specified target value

10b - Match an ID value smaller than or equal to a specified target value

11b - Match an ID value within a range of values, inclusive

1-0

FCS

Filtering Combination Selection

Selects the filtering criteria to be applied when FlexCAN is in Pretended Networking mode. See Receive 
process under Pretended Networking mode for more details.

00b - Message ID filtering only

01b - Message ID filtering and payload filtering

10b - Message ID filtering occurring a specified number of times

11b - Message ID filtering and payload filtering a specified number of times

30.6.2.22 Pretended Networking Control 2 (CTRL2_PN)

Offset

Register Offset

CTRL2_PN B04h

Function
Contains the configuration for the timeout value in Pretended Networking mode. It can be written in Freeze mode only.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MATCHTO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

MATCHTO

Timeout for No Message Matching the Filtering Criteria

Defines a timeout value that generates a wake-up event if MCR[PNET_EN] = 1. If the timeout counter 
reaches the target value when FlexCAN is in Pretended Networking mode, a wake-up event is 
generated. The timeout limit can be configured from 1 to 65535 to control an internal 16-bit incrementing 
timer to produce a trigger upon reaching this configured value. The internal timer is incremented based 
on periodic time ticks, where the period is 64 times the CAN Bit Time unit. Writing 0000h to this field 
disables the timeout.

30.6.2.23 Pretended Networking Wake-Up Match (WU_MTC)

Offset

Register Offset

WU_MTC B08h

Function
Contains wake-up information related to the matching processes performed while FlexCAN receives frames in Pretended 
Networking mode.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WTOF WUMF 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MCOUNTER 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17

WTOF

Wake Up by Timeout Flag Bit

Identifies whether FlexCAN has detected a timeout event during a time interval defined by 
CTRL2_PN[MATCHTO]. If CTRL1_PN[WTOF_MSK] = 1, this flag generates a wake-up event.

0b - No event detected

1b - Event detected

16

WUMF

Wake-Up by Match Flag

Identifies whether FlexCAN has detected a matching RX incoming message that meets the filtering 
criteria specified in Pretended Networking Control 1 (CTRL1_PN). If CTRL1_PN[WUMF_MSK] = 1, this 
flag generates a wake-up event.

0b - No event detected

1b - Event detected

15-8

MCOUNTER

Number of Matches in Pretended Networking

Contains the number of times a given message has matched the predefined filtering criteria for ID or 
payload before a wake-up event. When FlexCAN enters Pretended Networking mode, this register is 
reset; soft reset does not affect it.

7-0

—

Reserved
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30.6.2.24 Pretended Networking ID Filter 1 (FLT_ID1)

Offset

Register Offset

FLT_ID1 B0Ch

Function
Contains FLT_ID1 target value, as well as IDE and RTR target values used to filter an incoming message ID. The FLT_ID1 is 
used for comparisons or as the lower limit value in an ID range detection. It can be written in Freeze mode only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 FLT_
IDE 

FLT_
RTR 

FLT_ID1 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FLT_ID1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

FLT_IDE

ID Extended Filter

Identifies whether the frame format is standard or extended. It is used as part of the ID reception filter.

0b - Standard

1b - Extended

29

FLT_RTR

Remote Transmission Request Filter

Identifies whether the frame is remote. It is used as part of the ID reception filter.

0b - Reject remote frame (accept data frame)

1b - Accept remote frame

28-0

FLT_ID1

ID Filter 1 for Pretended Networking filtering

Defines either the 29 bits of an extended frame format, considering all bits, or the 11 bits of a standard 
frame format, considering only the leftmost 11 bits.
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30.6.2.25 Pretended Networking Data Length Code (DLC) Filter (FLT_DLC)

Offset

Register Offset

FLT_DLC B10h

Function

Contains the DLC inside a range of target values (FLT_DLC_LO and FLT_DLC_HI) used to filter an incoming message. The DLC 
range is used only for payload filtering. It can be written in Freeze mode only.

When a fixed quantity of data bytes is required, write the same value to FLT_DLC[FLT_DLC_LO] and FLT_DLC[FLT_DLC_HI]. 
See Receive process under Pretended Networking mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FLT_DLC_LO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FLT_DLC_HI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-20

—

Reserved

19-16

FLT_DLC_LO

Lower Limit for Length of Data Bytes Filter

Specifies the lower limit for the number of data bytes considered valid for payload comparison. It is used 
as part of payload reception filter.

15-4

—

Reserved

3-0

FLT_DLC_HI

Upper Limit for Length of Data Bytes Filter

Specifies the upper limit for the number of data bytes considered valid for payload comparison. It is used 
as part of payload reception filter.
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30.6.2.26 Pretended Networking Payload Low Filter 1 (PL1_LO)

Offset

Register Offset

PL1_LO B14h

Function
Contains the low-order bits of the target value used to filter incoming message payload for payload filter 1. It is used for 
comparisons or as the lower limit value in a payload range detection. It can be written in Freeze mode only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Data_byte_0 Data_byte_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Data_byte_2 Data_byte_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_0

Data byte 0

Contains payload filter 1 low-order bits for PN payload filtering corresponding to data byte 0.

23-16

Data_byte_1

Data byte 1

Contains payload filter 1 low-order bits for PN payload filtering corresponding to data byte 1.

15-8

Data_byte_2

Data byte 2

Contains payload filter 1 low-order bits for PN payload filtering corresponding to data byte 2.

7-0

Data_byte_3

Data byte 3

Contains payload filter 1 low-order bits for PN payload filtering corresponding to data byte 3.

30.6.2.27 Pretended Networking Payload High Filter 1 (PL1_HI)

Offset

Register Offset

PL1_HI B18h
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Function
Contains the high-order bits of the target value used to filter incoming message payload for payload filter 1. It is used either for 
comparisons or as the lower limit value in a payload range detection. It can be written in Freeze mode only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Data_byte_4 Data_byte_5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Data_byte_6 Data_byte_7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_4

Data byte 4

Contains payload filter 1 high-order bits for PN payload filtering corresponding to data byte 4.

23-16

Data_byte_5

Data byte 5

Contains payload filter 1 high-order bits for PN payload filtering corresponding to data byte 5.

15-8

Data_byte_6

Data byte 6

Contains payload filter 1 high-order bits for PN payload filtering corresponding to data byte 6.

7-0

Data_byte_7

Data byte 7

Contains payload filter 1 high-order bits for PN payload filtering corresponding to data byte 7.

30.6.2.28 Pretended Networking ID Filter 2 or ID Mask (FLT_ID2_IDMASK)

Offset

Register Offset

FLT_ID2_IDMASK B1Ch

Function
Contains FLT_ID2 target value used only as the upper limit value in ID range detection. When an exact ID filtering criterion is 
selected, this register stores the ID mask. IDE_MSK and RTR_MSK are used in both types of ID filtering (exact and range). 
These fields enable FLT_ID1[FLT_IDE] and FLT_ID1[FLT_RTR] to be used as part of the ID reception filter. This register can 
be written in Freeze mode only.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 IDE_
MSK 

RTR_
MSK 

FLT_ID2_IDMASK 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FLT_ID2_IDMASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

IDE_MSK

ID Extended Mask

Indicates whether the frame format (standard or extended) is used as part of the ID reception filter.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

29

RTR_MSK

Remote Transmission Request Mask

Indicates whether the frame type (data or remote) is part of the ID reception filter.

0b - The corresponding bit in the filter is "don't care."

1b - The corresponding bit in the filter is checked.

28-0

FLT_ID2_IDMA
SK

ID Filter 2 for Pretended Networking Filtering or ID Mask Bits for Pretended Networking ID Filtering

Defines filter values in range ID filtering:

• Value in extended frame format (29 bits), considering FLT_ID2[28:0]

• Value in standard frame format (11 bits), considering the FLT_ID2[28:18]. In this case, bits [17:0] are 
meaningless.

Or, defines the mask values in exact ID filtering:

• Values for extended frame format (29 bits), considering IDMASK[28:0]

• Values for standard frame format (11 bits), considering IDMASK[28:18]. In this case, bits [17:0] are 
meaningless.
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30.6.2.29 Pretended Networking Payload Low Filter 2 and Payload Low Mask (PL2_PLMASK_LO)

Offset

Register Offset

PL2_PLMASK_LO B20h

Function
Contains the low-order bits for Payload Filter 2, used only as the upper limit value in a payload range detection. Also, when an 
exact payload filtering criterion is selected, this register is used as payload mask for the low-order bits. Otherwise, this register 
is unused. It can be written in Freeze mode only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Data_byte_0 Data_byte_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Data_byte_2 Data_byte_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_0

Data Byte 0

Contains payload filter 2 low-order bits, or Payload Mask low-order bits for PN payload filtering, 
corresponding to data byte 0

23-16

Data_byte_1

Data Byte 1

Contains payload filter 2 low-order bits, or Payload Mask low-order bits for PN payload filtering, 
corresponding to data byte 1

15-8

Data_byte_2

Data Byte 2

Contains payload filter 2 low-order bits, or Payload Mask low-order bits for PN payload filtering, 
corresponding to data byte 2

7-0

Data_byte_3

Data Byte 3

Contains payload filter 2 low-order bits, or Payload Mask low-order bits for PN payload filtering, 
corresponding to data byte 3
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30.6.2.30 Pretended Networking Payload High Filter 2 and Payload High Mask (PL2_PLMASK_HI)

Offset

Register Offset

PL2_PLMASK_HI B24h

Function
Contains the high-order bits for the Payload Filter 2, used only as the upper limit value in a payload range detection. Also, 
when an exact payload filtering criterion is selected, this register is used as payload mask for the high-order bits. Otherwise, 
this register is unused. It can be written in Freeze mode only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Data_byte_4 Data_byte_5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Data_byte_6 Data_byte_7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_4

Data Byte 4

Contains payload filter 2 high-order bits, or Payload Mask high-order bits for PN payload filtering, 
corresponding to data byte 4.

23-16

Data_byte_5

Data Byte 5

Contains payload filter 2 high-order bits, or Payload Mask high-order bits for PN payload filtering, 
corresponding to data byte 5.

15-8

Data_byte_6

Data Byte 6

Contains payload filter 2 high-order bits, or Payload Mask high-order bits for PN payload filtering, 
corresponding to data byte 6.

7-0

Data_byte_7

Data Byte 7

Contains payload filter 2 high-order bits, or Payload Mask high-order bits for PN payload filtering, 
corresponding to data byte 7.
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30.6.2.31 Wake-Up Message Buffer (WMB0_CS - WMB3_CS)

Offset

Register Offset

WMB0_CS B40h

WMB1_CS B50h

WMB2_CS B60h

WMB3_CS B70h

Function

Stores the Control and Status information (IDE, RTR, and DLC fields) of an incoming RX message.

 
The Control and Status registers are at B40h for WMB0, B50h for WMB1, B60h for WMB2, and B70h for WMB3.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SRR IDE RTR DLC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22

SRR

Substitute Remote Request

Identifies whether the request is dominant or recessive. This field is used only in extended format. You must 
write 1 to this field for transmission buffers. The value of this field is stored with the value received on the 
CAN bus for receiving buffers.

If FlexCAN receives this field as dominant, it is interpreted as an arbitration loss.

0b - Dominant

1b - Recessive

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

IDE

ID Extended Bit

Identifies whether the frame format is standard or extended.

0b - Standard

1b - Extended

20

RTR

Remote Transmission Request

Identifies whether the frame is remote or data

0b - Data

1b - Remote

19-16

DLC

Length of Data in Bytes

Contains the length (in bytes) of the RX data received when FlexCAN is in Pretended Networking mode. 
FlexCAN writes this field, copied from the DLC (Data Length Code) field of the received frame. The DLC 
field indicates which data bytes are valid.

15-0

—

Reserved

30.6.2.32 Wake-Up Message Buffer for ID (WMB0_ID - WMB3_ID)

Offset

Register Offset

WMB0_ID B44h

WMB1_ID B54h

WMB2_ID B64h

WMB3_ID B74h

Function

Stores the ID information of an incoming RX message.

 
The ID registers are at B44h for WMB0, B54h for WMB1, B64h for WMB2, and B74h for WMB3.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-0

ID

Received ID in Pretended Networking Mode

Stores the received ID, which is:

• The 29 bits of the extended frame format (considering ID[28:0] )

• The 11 bits of the standard frame format (considering ID[28:18] only; the remaining bits in the 
ID[17:0] range are meaningless).

30.6.2.33 Wake-Up Message Buffer for Data 0–3 (WMB0_D03 - WMB3_D03)

Offset

Register Offset

WMB0_D03 B48h

WMB1_D03 B58h

WMB2_D03 B68h

WMB3_D03 B78h

Function

Stores data bytes 0–3 of the payload information of an incoming RX message. The content of each register is cleared when the 
incoming matched message is either a remote frame (RTR = 1) or a data frame with DLC = 0.

 
The Data 0–3 registers are at B48h for WMB0, B58h for WMB1, B68h for WMB2, and B78h for WMB3.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Data_byte_0 Data_byte_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Data_byte_2 Data_byte_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_0

Data Byte 0

Contains received payload corresponding to data byte 0 in Pretended Networking mode

23-16

Data_byte_1

Data Byte 1

Contains received payload corresponding to data byte 1 in Pretended Networking mode

15-8

Data_byte_2

Data Byte 2

Contains received payload corresponding to data byte 2 in Pretended Networking mode

7-0

Data_byte_3

Data Byte 3

Contains received payload corresponding to data byte 3 in Pretended Networking mode

30.6.2.34 Wake-Up Message Buffer Register Data 4–7 (WMB0_D47 - WMB3_D47)

Offset

Register Offset

WMB0_D47 B4Ch

WMB1_D47 B5Ch

WMB2_D47 B6Ch

WMB3_D47 B7Ch

Function

Stores the data bytes 4–7 of the payload information of an incoming RX message. The content of each register is cleared when 
the incoming matched message is either a remote frame (RTR = 1) or a data frame with DLC = 0.

 
The Data 4–7 registers are at B4Ch for WMB0, B5Ch for WMB1, B6Ch for WMB2, and B7Ch for WMB3.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Data_byte_4 Data_byte_5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Data_byte_6 Data_byte_7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

Data_byte_4

Data Byte 4

Contains received payload corresponding to data byte 4 in Pretended Networking mode

23-16

Data_byte_5

Data Byte 5

Contains received payload corresponding to data byte 5 in Pretended Networking mode

15-8

Data_byte_6

Data Byte 6

Contains received payload corresponding to data byte 6 in Pretended Networking mode

7-0

Data_byte_7

Data Byte 7

Contains received payload corresponding to data byte 7 in Pretended Networking mode

30.6.2.35 Enhanced CAN Bit Timing Prescalers (EPRS)

Offset

Register Offset

EPRS BF0h

Function

Defines the CAN bit timing prescalers for the nominal phase and data phase when CTRL2[BTE] = 1.

Used by the module only if CTRL2[BTE] = 1; otherwise a write operation has no effect and all fields are read as 0.

This register can be written only in Freeze mode; the module blocks it in other modes.

Soft reset does not affect the contents of this register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
EDPRESDIV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ENPRESDIV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

EDPRESDIV

Extended Data Phase Prescaler Division Factor

Defines the ratio between the PE clock frequency and the Sclock frequency in the data phase of a CAN FD 
message when CTRL2[BTE] = 1.

The Sclock period defines the time quantum of the CAN FD protocol for the data bit rate.

Sclock frequency = PE clock frequency ÷ (EDPRESDIV + 1).

 
To minimize errors when processing FD frames, use the same value for this field and for 
EPRS[ENPRESDIV]. See the first note in CAN FD frames for details.

  NOTE  

15-10

—

Reserved

9-0

ENPRESDIV

Extended Nominal Prescaler Division Factor

Defines the ratio between the PE clock frequency and the Sclock frequency when CTRL2[BTE] = 1. 
Otherwise, it reads as 0 and a write operation has no effect.

The Sclock period defines the time quantum of the CAN protocol in the nominal phase. For the reset value, 
the Sclock frequency is equal to the PE clock frequency (see Protocol timing).

Sclock frequency = PE clock frequency ÷ (ENPRESDIV + 1)

30.6.2.36 Enhanced Nominal CAN Bit Timing (ENCBT)

Offset

Register Offset

ENCBT BF4h
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Function

Provides an alternative way to store the CAN bit timing variables described in Control 1 (CTRL1) and CAN Bit Timing (CBT), to 
get higher CAN bit timing resolution.

This register is used by the module only if CTRL2[BTE] = 1. Otherwise, a write operation has no effect and all fields are read 
as zero.

Soft reset does not affect the contents of this register.

This register can be written only in Freeze mode; the module blocks it in other modes.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
NRJW 

0
NTSEG2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NTSEG2 

0
NTSEG1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-22

NRJW

Nominal Resynchronization Jump Width

Defines the maximum number of time quanta that one resynchronization can change a nominal bit time 
when CTRL2[BTE] = 1. Otherwise, it has no effect.

One time quantum = one Sclock period.

Nominal Resync Jump Width = NRJW + 1.

21-19

—

Reserved

18-12

NTSEG2

Nominal Time Segment 2

Defines the length of Time Segment 2 in the nominal bit time when CTRL2[BTE] = 1. Otherwise, it has 
no effect.

Nominal Time Segment 2 = (NTSEG2 + 1) × Time Quanta.

One time quantum = one Sclock period.

11-8

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

NTSEG1

Nominal Time Segment 1

Defines the length of Time Segment 1 in the bit time when CTRL2[BTE] = 1. Otherwise, it has no effect.

Nominal Time Segment 1 = (NTSEG1 + 1) × Time Quanta.

One time quantum = one Sclock period.

30.6.2.37 Enhanced Data Phase CAN Bit Timing (EDCBT)

Offset

Register Offset

EDCBT BF8h

Function

Provides an alternative way to store the data phase CAN bit timing variables described in CAN FD Bit Timing (FDCBT) to achieve 
higher CAN bit timing resolution.

This register is used by the module only if CTRL2[BTE] = 1; otherwise a write operation has no effect and all fields are read as zero.

Soft reset does not affect the contents of this register.

This register can be written only in Freeze mode; the module blocks it in other modes.

 
Ensure that bit time settings and protocol engine tolerance are in compliance with the CAN Protocol standard 
(ISO 11898-1:2015).

  NOTE  

 
DTSEG1 must be at least two time quanta.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
DRJW 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DTSEG2 

0
DTSEG1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25-22

DRJW

Data Phase Resynchronization Jump Width

Defines the maximum number of time quanta that one resynchronization can change a data phase bit time 
when CTRL2[BTE] = 1. Otherwise, it has no effect.

Data Phase Resync Jump Width = DRJW + 1.

21-16

—

Reserved

15-12

DTSEG2

Data Phase Time Segment 2

Defines the length of time segment 2 in the data phase bit time when CTRL2[BTE] = 1. Otherwise, it has 
no effect.

Data Phase Time Segment 2 = (DTSEG2 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

11-5

—

Reserved

4-0

DTSEG1

Data Phase Segment 1

Defines the length of time segment 1 in the data phase bit time when CTRL2[BTE] = 1. Otherwise, it has 
no effect.

Data Phase Time Segment 1 = (NTSEG1 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

30.6.2.38 Enhanced Transceiver Delay Compensation (ETDC)

Offset

Register Offset

ETDC BFCh

Function

Contains extended versions of FDCTRL[TDCOFF] and FDCTRL[TDCVAL]. This register is used by the module only if 
CTRL2[BTE] = 1. Otherwise, a write operation has no effect and all fields are read as zero.

 
See Transmitter delay compensation in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ETDC
EN 

TDMDI
S 

0
ETDCOFF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ETDC
FAIL 

0 ETDCVAL 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ETDCEN

Transceiver Delay Compensation Enable

Enables the TDC feature. It can be written in Freeze mode only.

 
See Transmitter delay compensation in the CAN Protocol standard (ISO 11898-1:2015) 
for details.

  NOTE  

 
TDC must be disabled when the Loop Back Mode is enabled. See CTRL1[LPB].

  NOTE  

0b - Disable

1b - Enable

30

TDMDIS

Transceiver Delay Measurement Disable

Disables the transceiver delay measurement. When the TDC measurement is disabled, only 
ETDC[ETDCOFF] determines the secondary sample point position. If TCD measurement is enabled, 
the sum of the transceiver delay measurement plus the enhanced TDC offset determines the secondary 
sample point position.

Soft reset does not affect this field.

 
This bit can be enabled only if CTRL2[BTE] = 1.

  NOTE  

0b - Enable

1b - Disable

29-23

—

Reserved

22-16 Enhanced Transceiver Delay Compensation Offset

Table continues on the next page...
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Table continued from the previous page...

Field Function

ETDCOFF Contains the offset value to be added to the loop delay of the measured transceiver. This value defines 
the position of the delayed comparison point when bit rate switching is active. See Transceiver delay 
compensation for details on how the loop delay measurement is performed.

This field can be written in Freeze mode only. Its value can be defined in protocol engine (PE) clock periods 
(CANCLK, see Protocol timing for more details). It must be smaller than the CAN bit duration in the data bit 
rate for proper operation.

Do not write 0 to this field.

 
If CTRL2[BTE] becomes 1 after a chip-level hard reset, this field is read as 1h.

  NOTE  

15

ETDCFAIL

Transceiver Delay Compensation Fail

Indicates whether the transceiver delay compensation (TDC) mechanism is out of range. In this case, it is 
unable to compensate the loop delay of the transceiver and successfully compare the delayed received bits 
to the transmitted ones. (See Transceiver delay compensation.) This field becomes 0 the first time FlexCAN 
detects the out of range condition.

0b - In range

1b - Out of range

14-8

—

Reserved

7-0

ETDCVAL

Enhanced Transceiver Delay Compensation Value

Contains ETDC[ETDCOFF] added to the measured value of the transceiver loop delay in the latest 
transmitted CAN FD frame, with BRS = 1.

The module only updates this field when ETDC[ETDCEN] = 1.

Soft reset affects this field.

 
If ETDC[TDMDIS] = 1, this field stores ETDC[ETDCOFF] only.

  NOTE  

30.6.2.39 CAN FD Control (FDCTRL)

Offset

Register Offset

FDCTRL C00h

Function

Contains control bits for CAN FD operation. It also defines the data size of message buffers allocated in different partitions of RAM 
(memory blocks) as described in Table 209.

When an 8-byte payload is selected:
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• Block R0 allocates MB0 to MB31.

• Block R1 allocates MB32 to MB63.

When a payload larger than eight bytes is selected, the maximum number of message buffers in a block is limited as 
described below.

Table 209. Number of message buffers

Payload size Maximum number of message buffers per RAM block

8 bytes 32

16 bytes 21

32 bytes 12

64 bytes 7

One memory block fits exactly 32 message buffers with an 8-byte payload. For other possible payload sizes, empty memory may 
exist between the last message buffer in a block and the beginning of the next block. This empty memory corresponds to less than 
one message buffer, and must not be used.

Soft reset does not affect the contents of this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FDRA
TE 

0 0 0 0 0
MBDSR1 

0
MBDSR0 

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TDCE
N 

TDCF
AIL 

0
TDCOFF 

0 TDCVAL 

W W1C

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31

FDRATE

Bit Rate Switch Enable

Enables the effect of the Bit Rate Switch (BRS bit) during the data phase of TX messages. When 1, if 
BRS = 1 in the TX message buffer, frames are transmitted with bit rate switching. When 0, frames are 
transmitted at a nominal rate, and the BRS bit in the TX MB has no effect.

The CPU can write to this field at any time. However, its effect becomes active only under one of 
these conditions:

• The CAN bus is in the Wait for Bus Idle state.

• The CAN bus is in the Bus Idle state.

• The CAN bus is in the Bus Off state.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• The current frame under reception or transmission reaches the interframe space.

By writing 0 to FDCTRL[FDRATE], the CPU can force all bits in CAN FD messages to be transmitted at 
nominal bit rate. This transmission occurs regardless of the value in the BRS bit of the TX message buffers.

0b - Disable

1b - Enable

30-27

—

Reserved

26-25

—

Reserved

24

—

Reserved

23-22

—

Reserved

21

—

Reserved

20-19

MBDSR1

Message Buffer Data Size for Region 1

Selects the data size per message buffer for region R1 of message buffers allocated in RAM.

This field can be written in Freeze mode only.

00b - 8 bytes

01b - 16 bytes

10b - 32 bytes

11b - 64 bytes

18

—

Reserved

17-16

MBDSR0

Message Buffer Data Size for Region 0

Selects the data size per message buffer for region R0 of message buffers allocated in RAM.

This field can be written in Freeze mode only.

00b - 8 bytes

01b - 16 bytes

10b - 32 bytes

11b - 64 bytes

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

TDCEN

Transceiver Delay Compensation Enable

Enables the TDC feature. It can be written in Freeze mode only.

See Transmitter delay compensation in the CAN Protocol standard (ISO 11898-1:2015) for details.

TDC must be disabled when Loopback mode is enabled (see CTRL1[LPB]).

 
CTRL2[BTE] = 1, this field is read as 0 and a write operation has no effect.

  NOTE  

0b - Disable

1b - Enable

14

TDCFAIL

Transceiver Delay Compensation Fail

Indicates whether the Transceiver Delay Compensation (TDC) mechanism is out of range. In this case, 
the mechanism cannot compensate for the loop delay of the transceiver and successfully compare the 
delayed received bits to the transmitted ones (see Transceiver delay compensation). The first time that 
FlexCAN detects the out-of-range condition, this field becomes 1.

 
If CTRL2[BTE] = 1, this field is read as 0 and a write operation has no effect.

  NOTE  

0b - In range

1b - Out of range

13

—

Reserved

12-8

TDCOFF

Transceiver Delay Compensation Offset

Contains the offset value to be added to the loop delay of the measured transceiver. This value defines 
the position of the delayed comparison point when bit rate switching is active. See Transceiver delay 
compensation for details about loop delay measurement.

This field can be written in Freeze mode only. Its value can be defined in Protocol Engine Clock periods 
(CANCLK, see Protocol timing for more details). The value must be smaller than the CAN bit duration in the 
data bit rate for proper operation.

 
If CTRL2[BTE] = 1, TDCOFF is read as 0 and a write operation has no effect.

  NOTE  

 
It is not recommended to set the value of this field to zero.

  NOTE  

7-6

—

Reserved

5-0 Transceiver Delay Compensation Value

Table continues on the next page...
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Table continued from the previous page...

Field Function

TDCVAL Contains the value of the transceiver loop delay measured from the transmitted EDL-to-R0 transition edge 
to the respective received one added to FDCTRL[TDCOFF]. This value is an integer multiple of the Protocol 
Engine Clock period (CANCLK).

If CTRL2[BTE] = 1, this field is read as 0.

See Protocol timing for details on the loop delay measurement.

30.6.2.40 CAN FD Bit Timing (FDCBT)

Offset

Register Offset

FDCBT C04h

Function

Stores the CAN bit timing variables used in the data phase of CAN FD messages when the FDCTRL[FDRATE] = 1, compatible 
with the CAN FD specification. Fields in this register define:

• The time quantum duration

• The number of time quanta per CAN bit

• The sample point position for the data bit rate portion of a CAN FD message with BRS = 1

Soft reset does not affect the contents of this register.

The sum of the Fast Propagation Segment (FPROPSEG) and Fast Phase Segment 1 (FPSEG1) must be at least two time quanta.

Ensure bit time settings and protocol engine tolerance are in compliance with the CAN Protocol standard (ISO 11898-1:2015).

 
If CTRL2[BTE] = 1, this register is read as zero and a write operation has no effect.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FPRESDIV 

0
FRJW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FPROPSEG 

0
FPSEG1 

0
FPSEG2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

—

Reserved

29-20

FPRESDIV

Fast Prescaler Division Factor

Defines the ratio between the PE clock frequency and the serial clock (Sclock) frequency in the data bit rate 
portion of a CAN FD message with BRS = 1.

The Sclock period defines the time quantum of the CAN FD protocol for the data bit rate. This field can be 
written only in Freeze mode; the module blocks it in other modes.

Sclock frequency = PE clock frequency ÷ (FPRESDIV + 1).

 
To minimize errors when processing FD frames, use the same value for this field and for 
CTRL1[PRESDIV] or CBT[EPRESDIV]. See the first note in CAN FD frames for details.

  NOTE  

19

—

Reserved

18-16

FRJW

Fast Resync Jump Width

Defines the maximum number of time quanta that one resynchronization can change a bit time in the data 
bit rate portion of a CAN FD message with BRS = 1.

This field can be written only in Freeze mode; the module blocks it in other modes.

Resync Jump Width = FSJW + 1.

One Time Quantum = one Sclock period.

15

—

Reserved

14-10

FPROPSEG

Fast Propagation Segment

Defines the length of the propagation segment in the bit time in the data bit rate portion of a CAN FD 
message with BRS = 1. This field can be written only in Freeze mode; the module blocks it in other modes.

Propagation Segment Time = FPROPSEG × Time Quanta.

One Time Quantum = one Sclock period.

9-8

—

Reserved

7-5

FPSEG1

Fast Phase Segment 1

Defines the length of phase segment 1 in the bit time in the data bit rate portion of a CAN FD message with 
BRS = 1. This field can be written only in Freeze mode; the module blocks it in other modes.

Phase Segment 1 = (FPSEG1 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

Table continues on the next page...
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Table continued from the previous page...

Field Function

4-3

—

Reserved

2-0

FPSEG2

Fast Phase Segment 2

Defines the length of phase segment 2 in the data bit rate portion of a CAN FD message with BRS = 1. This 
field can be written only in Freeze mode; the module blocks it in other modes.

Phase Segment 2 = (FPSEG2 + 1) × Time Quanta.

One Time Quantum = one Sclock period.

30.6.2.41 CAN FD CRC (FDCRC)

Offset

Register Offset

FDCRC C08h

Function

Provides information about the cyclic redundancy check (CRC) of transmitted messages.

FlexCAN uses different CRC polynomials for different frame formats.

• The CRC_15 polynomial is used for all frames in CAN format.

• The CRC_17 polynomial is used for frames in CAN FD format with a DATA FIELD up to sixteen bytes.

• The CRC_21 polynomial is used for frames in CAN FD format with a DATA FIELD longer than sixteen bytes.

Each polynomial shown below results in a Hamming distance of 6. This register is updated at the same time that the TX Interrupt 
flag is set.

CRC_15 = C599h:  (x 15 + x14 + x10 + x8 + x7 + x4 + x3 + 1)

CRC_17 = 3685Bh:  (x 17 + x16 + x14 + x13 + x11 + x6 + x4 + x3 + x1 + 1)

CRC_21 = 302899h:  (x 21 + x20 + x13 + x11 + x7 + x4 + x3 + 1)

Equation 19. CRC polynomial used on CAN frame

 
See CRC sequence calculation in the CAN Protocol standard (ISO 11898-1:2015) for details.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 FD_MBCRC 0 FD_TXCRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FD_TXCRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

FD_MBCRC

CRC Message Buffer Number for FD_TXCRC

Indicates the number of the message buffer corresponding to the value in FDCRC[FD_TXCRC], for both FD 
and non-FD frames.

It reports the same information as in CRCR[MBCRC].

23-21

—

Reserved

20-0

FD_TXCRC

Extended Transmitted CRC value

Contains the CRC value calculated over the most recent transmitted message. Different CRC polynomials 
are used for different frame formats.

For CRC_15 and CRC_17, the six most significant bits and the four most significant bits are reported as 
zeroes, respectively.

For CRC_15, this field has the same content as Cyclic Redundancy Check (CRCR).

30.6.2.42 Enhanced RX FIFO Control (ERFCR)

Offset

Register Offset

ERFCR C0Ch

Function

Defines the Enhanced RX FIFO configuration.

This register can be written only in Freeze mode.
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Soft reset does not affect any of the contents of this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERFE
N 

DMALW 
0

NEXIF 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
NFE 

0
ERFWM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ERFEN

Enhanced RX FIFO enable

Enables the Enhanced RX FIFO.

 
If MCR[RFEN] = 1, do not write 1 to this field.

  NOTE  

0b - Disable

1b - Enable

30-26

DMALW

DMA Last Word

Defines the last DMA address for each Enhanced RX FIFO element.

This table shows the number of elements and the last address for each Enhanced RX FIFO element 
according to the value of DMALW.

DMALW Number of 32-bit 
words transferred

Last FIFO address

0 1 2000h

1 2 2004h

2 3 2008h

3 4 200Ch

4 5 2010h

5 6 2014h

6 7 2018h

7 8 201Ch

8 9 2020h

NXP Semiconductors
Flexible Controller Area Network (FlexCAN)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1582 / 5781



Field Function

DMALW Number of 32-bit 
words transferred

Last FIFO address

9 10 2024h

10 11 2028h

11 12 202Ch

12 13 2030h

13 14 2034h

14 15 2038h

15 16 203Ch

16 17 2040h

17 18 2044h

18 19 2048h

19 20 204Ch

 
Undefined DMALW values in the table are reserved and must not be used.

  NOTE  

25-23

—

Reserved

22-16

NEXIF

Number of Extended ID Filter Elements

Defines the number of extended ID filter elements used during the Enhanced RX FIFO matching process.

The value of this field must be less than or equal to NFE + 1.

The number of standard ID filter elements is 2 × (NFE - NEXIF + 1).

This table shows the number of extended ID filters and standard ID filters available for Enhanced RX FIFO 
if all filter elements are used.

NEXIF NFE Number of Extended ID 
filter elements

Number of Standard ID 
filter elements

0 15 0 32

1 15 1 30

2 15 2 28

3 15 3 26

4 15 4 24

5 15 5 22
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Table continued from the previous page...

Field Function

NEXIF NFE Number of Extended ID 
filter elements

Number of Standard ID 
filter elements

6 15 6 20

7 15 7 18

8 15 8 16

9 15 9 14

10 15 10 12

11 15 11 10

12 15 12 8

13 15 13 6

14 15 14 4

15 15 15 2

16 15 16 0

15-14

—

Reserved

13-8

NFE

Number of Enhanced RX FIFO Filter Elements

Defines the total number of filter elements used during the enhanced RX FIFO matching process according 
to the table.

NFE Maximum number of extended ID 
filter elements (NEXIF = NFE + 1)

Maximum number of standard ID 
filter elements (NEXIF = 0)

0 1 2

1 2 4

2 3 6

3 4 8

4 5 10

5 6 12

6 7 14

7 8 16

8 9 18

9 10 20

Table continues on the next page...
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Table continued from the previous page...

Field Function

NFE Maximum number of extended ID 
filter elements (NEXIF = NFE + 1)

Maximum number of standard ID 
filter elements (NEXIF = 0)

10 11 22

11 12 24

12 13 26

13 14 28

14 15 30

15 16 32

7-5

—

Reserved

4-0

ERFWM

Enhanced RX FIFO Watermark

Defines the minimum number of CAN messages stored in the Enhanced RX FIFO. When that number is 
reached, ERFSR[ERFWMI] becomes 1.

Minimum number of CAN messages = ERFWM + 1.

 
If MCR[DMA] = 1, write 0h to this field.

  NOTE  

30.6.2.43 Enhanced RX FIFO Interrupt Enable (ERFIER)

Offset

Register Offset

ERFIER C10h

Function

Contains the interrupt enables for the Enhanced RX FIFO.

Soft reset does not affect this register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERFU
FWIE 

ERFO
VFIE 

ERFW
MIIE 

ERFD
AIE 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ERFUFWIE

Enhanced RX FIFO Underflow Interrupt Enable

Enables interrupt for ERFSR[ERFUFW].

0b - Disable

1b - Enable

30

ERFOVFIE

Enhanced RX FIFO Overflow Interrupt Enable

Enables interrupt for ERFSR[ERFOVF].

0b - Disable

1b - Enable

29

ERFWMIIE

Enhanced RX FIFO Watermark Indication Interrupt Enable

Enables interrupt for ERFSR[ERFWMI].

0b - Disable

1b - Enable

28

ERFDAIE

Enhanced RX FIFO Data Available Interrupt Enable

Enables interrupt for ERFSR[ERFDA].

0b - Disable

1b - Enable

27-16

—

Reserved

15

—

Reserved

14-0

—

Reserved
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30.6.2.44 Enhanced RX FIFO Status (ERFSR)

Offset

Register Offset

ERFSR C14h

Function

Contains the status fields of the Enhanced RX FIFO including error indications and a clear FIFO field.

Soft reset does not affect this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ERFU

FW 
ERFO

VF 
ERFW

MI 
ERFD

A 
0 0 ERFE ERFF 

W W1C W1C W1C W1C
ERFC

LR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed 
0 ERFEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ERFUFW

Enhanced RX FIFO Underflow Flag

Indicates whether an underflow condition occurred in the enhanced RX FIFO.

If ERFIER[ERFUFWIE] = 1, this field generates an interrupt.

0b - No such occurrence

1b - Underflow

30

ERFOVF

Enhanced RX FIFO Overflow Flag

Indicates whether an overflow condition occurred in the Enhanced RX FIFO.

If ERFIER[ERFOVFIE] = 1, this field generates an interrupt.

0b - No such occurrence

1b - Overflow

29 Enhanced RX FIFO Watermark Indication Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

ERFWMI Indicates whether the number of messages available in the Enhanced RX FIFO is greater than the 
watermark defined in ERFCR[ERFWM].

If ERFIER[ERFWMIIE] = 1, this field generates an interrupt.

0b - No such occurrence

1b - Number of messages in FIFO is greater than the watermark

28

ERFDA

Enhanced RX FIFO Data Available Flag

Indicates whether there is at least one message stored in the ERX FIFO.

If ERFIER[ERFDAIE] = 1, this field generates an interrupt.

0b - No such occurrence

1b - At least one message stored in Enhanced RX FIFO

27

ERFCLR

Enhanced RX FIFO Clear

Writing one to this field during Freeze mode clears Enhanced RX FIFO content.

Writing to this field outside Freeze mode, or writing 0 to this field, has no effect.

0b - No effect

1b - Clear enhanced RX FIFO content

26-18

—

Reserved

17

ERFE

Enhanced RX FIFO Empty Flag

Indicates whether Enhanced RX FIFO is empty.

0b - Not empty

1b - Empty

16

ERFF

Enhanced RX FIFO Full Flag

Indicates whether enhanced RX FIFO is full.

0b - Not full

1b - Full

15

—

Reserved

14-6

—

Reserved

5-0

ERFEL

Enhanced RX FIFO Elements

Indicates the number of CAN messages stored in the Enhanced RX FIFO.
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30.6.2.45 High-Resolution Timestamp (HR_TIME_STAMP0 - HR_TIME_STAMP63)

Offset

For n = 0 to 63:

Register Offset

HR_TIME_STAMPn C30h + (n × 4h)

Function

Stores a copy of a 32-bit timer at the start or end of a CAN frame.

HR_TIME_STAMP0 stores the 32-bit timestamp associated with MB0, HR_TIME_STAMP1 stores the 32-bit timestamp 
associated with MB1, and so on.

Reset does not affect these registers.

 
Do not write to these registers outside Freeze mode.

  NOTE  

Table 210. High-Resolution Timestamp register operation

TSTAMPCAP Captured timebase Capture point

b00 None None

b01 32 bits of high-resolution on-chip timer Seventh bit of the end-of-frame field for 
transmission and sixth bit of the end-of-
frame field for reception.

b10 32 bits of high-resolution on-chip timer Start of frame

b11 32 bits of high-resolution on-chip timer Start of frame for classical CAN frame 
format and res bit for CAN FD frame 
format

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TS 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TS 

W

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31-0

TS

High-Resolution Timestamp

Captures the copy of the timestamp of corresponding message buffer. This field always captures a 32-bit 
timer value.

30.6.2.46 Enhanced RX FIFO Filter Element (ERFFEL0 - ERFFEL31)

Offset

For n = 0 to 31:

Register Offset

ERFFELn 3000h + (n × 4h)

Function

Stores the filter elements of the Enhanced RX FIFO.

For standard ID filtering, each ERFFEL register stores one filter element. For extended ID filtering, each pair of ERFFEL registers 
stores one filter element.

ERFFEL registers can be written only in Freeze mode; otherwise, the module blocks them. Reset does not affect these registers. 
They are located in RAM and must be explicitly initialized prior to any reception.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FEL 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FEL 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

FEL

Filter Element Bits

Stores filter elements. Each filter element is used during the match process. If the matching criteria are met, 
a message is stored in the Enhanced RX FIFO.
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30.6.3 Message buffer structure
The message buffer structure used by FlexCAN is represented in the following figure. Both extended (29-bit identifier) and 
standard (11-bit identifier) frames used in the CAN specification (Version 2.0 Part B) are represented. Each individual message 
buffer is 16, 24, 40, or 72 bytes, depending on the quantity of data bytes allocated for the message payload: 8, 16, 32, or 64 data 
bytes, respectively.

The memory area 80h–47Fh is used by the message buffers. When CAN FD is enabled, the exact address for each message 
buffer depends on the size of its payload. See FlexCAN memory partition for CAN FD.

Table 211. Message buffer structure example with 64-byte payload

31 30 29 28 27 24 23 22 21 20 19 18 17 16 15 8 7 0

0h EDL BRS ESI CODE SRR IDE RTR DLC TIMESTAMP

4h PRIO ID (standard/extended) ID (extended)

8h Data byte 0 Data byte 1 Data byte 2 Data byte 3

Ch Data byte 4 Data byte 5 Data byte 6 Data byte 7

10h Data byte 8 Data byte 9 Data byte 10 Data byte 11

14h Data byte 12 Data byte 13 Data byte 14 Data byte 15

18h Data byte 16 Data byte 17 Data byte 18 Data byte 19

1Ch Data byte 20 Data byte 21 Data byte 22 Data byte 23

20h Data byte 24 Data byte 25 Data byte 26 Data byte 27

24h Data byte 28 Data byte 29 Data byte 30 Data byte 31

28h Data byte 32 Data byte 33 Data byte 34 Data byte 35

2Ch Data byte 36 Data byte 37 Data byte 38 Data byte 39

30h Data byte 40 Data byte 41 Data byte 42 Data byte 43

34h Data byte 44 Data byte 45 Data byte 46 Data byte 47

38h Data byte 48 Data byte 49 Data byte 50 Data byte 51

3Ch Data byte 52 Data byte 53 Data byte 54 Data byte 55

40h Data byte 56 Data byte 57 Data byte 58 Data byte 59

44h Data byte 60 Data byte 61 Data byte 62 Data byte 63

= Unimplemented or reserved

Table 212. Field descriptions

Mnemonic Field Description

EDL Extended Data Length Distinguishes between CAN format and CAN FD format frames. EDL must 
not be 1 for message buffers configured to RANSWER with code field 1010b 
(see table below).

BRS Bit Rate Switch Defines whether the bit rate is switched inside a CAN FD format frame.

ESI Error State Indicator Indicates whether the transmitting node is error-active or error-passive.

Table continues on the next page...
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Table 212. Field descriptions (continued)

Mnemonic Field Description

CODE Message Buffer Code Can be accessed (read or write) by the CPU and by the FlexCAN module 
itself, as part of the message buffer matching and arbitration process. The 
encoding is shown in Table 213 and Table 214. See Functional description.

Table 213. Message buffer code for RX buffers

CODE description RX code BEFORE RX 
new frame

SRV1 RX code AFTER 
successful reception2

RRS3 Comment

0000b: INACTIVE. 
Message buffer is not 

active.

INACTIVE — — — Message buffer does 
not participate in the 
matching process.

0100b: EMPTY. 
Message buffer is active 

and empty.

EMPTY — FULL — When a frame is 
received successfully 

(after Move-in), CODE is 
automatically updated to 

FULL.

0010b: FULL. Message 
buffer is full.

FULL Yes FULL — The act of reading the 
Control and Status word 
followed by unlocking the 

message buffer (SRV) 
does not make CODE 

return to EMPTY. It 
remains FULL. If a 

new frame is moved 
to the message buffer 

after the message buffer 
is serviced, the code 
remains FULL. See 

Matching process for 
matching details related 

to FULL code.

No OVERRUN — If the message buffer 
is FULL and a new 

frame is moved to this 
message buffer before 

the CPU services it, 
CODE is automatically 
updated to OVERRUN. 
See Matching process 

for details about overrun 
behavior.

0110b: OVERRUN. 
Message buffer is being 

overwritten into a full 
buffer.

OVERRUN Yes FULL — If CODE indicates 
OVERRUN and the 

CPU has serviced the 
message buffer, when 
a new frame is moved 

Table continues on the next page...
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Table 213. Message buffer code for RX buffers (continued)

CODE description RX code BEFORE RX 
new frame

SRV1 RX code AFTER 
successful reception2

RRS3 Comment

to the message buffer, 
CODE returns to FULL.

No OVERRUN — If CODE already 
indicates OVERRUN, 

and another new 
frame must be 

moved, the message 
buffer is overwritten 
again, and CODE 

remains OVERRUN. See 
Matching process for 
details about overrun 

behavior.

1010b: RANSWER4. A 
frame was configured 
to recognize a Remote 

Request frame and 
transmit a Response 

frame in return.5

RANSWER — TANSWER (1110b) 0 A Remote Answer was 
configured to recognize 

a Remote Request 
frame received. After 

that, a message buffer 
is set to transmit 

a response frame. 
CODE is automatically 
changed to TANSWER 
(1110b). See Matching 

process for details. 
If CTRL2[RRS] = 0, 
transmit a response 

frame when a remote 
request frame with the 
same ID is received.

— — 1 This code is ignored 
during matching and 

arbitration process. See 
Matching process for 

details.

CODE[0] = 1: BUSY. 
FlexCAN is updating the 
contents of the message 

buffer. The CPU must 
not access the message 

buffer.

BUSY6 — FULL — Indicates that the 
message buffer is being 
updated. It automatically 
becomes 0 and does not 

interfere with the next 
CODE.

— OVERRUN —

1. SRV: Serviced message buffer. Message buffer was read and unlocked by reading TIMER or other message buffer.
2. A frame is considered a successful reception after the frame to be moved to message buffer (move-in process). See 

Move-in.
3. Remote Request Stored field. See Control 2 (CTRL2).
4. Code 1010b is not considered TX and a message buffer with this code should not be aborted.
5. Code 1010b must be used in message buffers configured in CAN FD format, with EDL = 1.
6. For TX message buffers, the BUSY bit should be ignored upon read, except when MCR[AEN] = 1. If this field is 1, the 

corresponding message buffer does not participate in the matching process.
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Table 214. Message buffer code for TX buffers

CODE Description TX Code BEFORE TX 
frame

MB 
RTR

TX Code AFTER 
successful transmission

Comment

1000b: INACTIVE. 
Message buffer is not 

active.

INACTIVE — — Message buffer does not 
participate in arbitration 

process.

1001b: ABORT. Message 
buffer is aborted.

ABORT — — Message buffer does not 
participate in arbitration 

process.

1100b: DATA. Message 
buffer is a TX data frame 

(MB RTR must be 0).

DATA 0 INACTIVE Transmit data frame 
unconditionally once. After 
transmission, the message 
buffer automatically returns 

to the INACTIVE state.

1100b: REMOTE. 
Message buffer is a 

Transmit Remote Request 
frame (MB RTR must be 

1).

REMOTE 1 EMPTY Transmit remote request 
frame unconditionally 

once. After transmission, 
the message buffer 

automatically becomes an 
RX Empty message buffer 

with the same ID.

1110b: TANSWER. 
Message buffer is a 

Transmit Response frame 
from an incoming Remote 

Request frame.

TANSWER — RANSWER This intermediate code is 
automatically written to 
the message buffer by 
the CHI as a result of 
a match to a Remote 
Request frame. The 

Remote Response frame is 
transmitted unconditionally 

once, then the code 
automatically returns to 

RANSWER (1010b). The 
CPU can also write this 

code with the same effect. 
The Remote Response 

frame can be a data 
frame or another remote 

request frame, depending 
on the value of RTR. 

See Matching process 
and Arbitration process for 

details.

Table 215. RX and TX message buffer field descriptions

Mnemonic Field Description

SRR Substitute Remote Request Fixed recessive bit, used only in extended format. Write 1 to SRR for 
transmission (TX Buffers). SRR is stored with the value received on the CAN 

Table continues on the next page...
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Table 215. RX and TX message buffer field descriptions (continued)

Mnemonic Field Description

bus for RX receiving buffers. It can be received as either recessive or dominant. 
If FlexCAN receives this bit as dominant, it is interpreted as an arbitration loss.

1: Recessive value is compulsory for transmission in extended format frames.

0: Dominant is not a valid value for transmission in extended format frames.

IDE ID Extended Bit Identifies whether the frame format is standard or extended.

1: Frame format is extended

0: Frame format is standard

RTR Remote Transmission 
Request

Affects the behavior of remote frames and is part of the reception filter. See 
Table 213, Table 214, and CTRL2[RRS].

If FlexCAN transmits this field as 1 (recessive) and receives it as 0 (dominant), 
it is interpreted as an arbitration loss. If this field is transmitted as 0 (dominant) 
and it is received as 1 (recessive), FlexCAN treats it as a bit error. If the 
value received matches the value transmitted, it is considered a successful 
bit transmission.

1: If message buffer is TX, indicates that the current message buffer may have a 
Remote Request frame to be transmitted. If the message buffer is RX, incoming 
remote request frames may be stored.

0: Indicates that the current message buffer has a Data frame to be transmitted. 
In an RX message buffer, it may be considered in matching processes.

 
When configuring CAN FD frames, this field must be 0.

  NOTE  

DLC Length of Data in Bytes Indicates the length (in bytes) of the RX or TX data, which is located in offset 
8h–Fh of the message buffer space (see Table 211).

In reception, this field is written by FlexCAN, copied from the DLC (Data Length 
Code) field of the received frame.

In transmission, this field is written by the CPU and corresponds to the DLC field 
value of the frame to be transmitted.

When RTR = 1, the frame to be transmitted is a remote frame and does not 
include the data field, regardless of the DLC field (see Table 217).

TIMESTAMP Free-Running Counter 
Timestamp

Provides a copy of the Free-Running Timer, captured for TX and RX frames 
when the beginning of the Identifier field appears on the CAN bus.

See Table 216 for Timestamp operation.

PRIO Local priority Used only when MCR[LPRIOEN] = 1, and only makes sense for transmit 
message buffers. These bits are not transmitted. They are appended to the 
regular ID to define the transmission priority. See Arbitration process.

ID Frame Identifier In standard frame format, only the 11 most significant bits (28 to 18) are 
used for frame identification in both receive and transmit cases. The 18 least 

Table continues on the next page...
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Table 215. RX and TX message buffer field descriptions (continued)

Mnemonic Field Description

significant bits are ignored. In extended frame format, all bits are used for frame 
identification in both receive and transmit cases.

DATA BYTE 
0 to 63

Data Field Up to sixty-four bytes can be used for a data frame, depending on the size of 
payload selected for the message buffers.

For RX frames, the data is stored as it is received from the CAN bus. DATA 
BYTE (n) is valid only if n is less than DLC, as shown in Table 217.

Table 216. Timestamp operation

TSTAMPCAP MBTSBASE TIMER_SOURCE Captured timebase Capture point

b00 bxx 0 CAN_TIMER incremented by 
CAN bit clock

Second bit of identifier field

b00 bxx 1 CAN_TIMER incremented by 
on-chip timer clock

Second bit of identifier field

bxx b00 0 CAN_TIMER incremented by 
CAN bit clock

Second bit of identifier field

bxx b00 1 CAN_TIMER incremented by 
on-chip timer clock

Second bit of identifier field

b01 b01 x Lower 16 bits of high-
resolution on-chip timer

Seventh bit of the end of 
frame field for transmission 
and sixth bit of the end of 
frame field for reception

b01 b10 x Upper 16 bits of high-
resolution on-chip timer

Seventh bit of the end of 
frame field for transmission 
and sixth bit of the end of 
frame field for reception

b10 b01 x Lower 16 bits of high-
resolution on-chip timer

Start of frame

b10 b10 x Upper 16 bits of high-
resolution on-chip timer

Start of frame

b11 b01 x Lower 16 bits of high-
resolution on-chip timer

Start of frame for classical 
CAN frame format and res bit 
for CAN FD frame format

b11 b10 x Upper 16 bits of high-
resolution on-chip timer

Start of frame for classical 
CAN frame format and res bit 
for CAN FD frame format

Table 217. DATA BYTE validity

DLC Valid data bytes

0 none

Table continues on the next page...
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Table 217. DATA BYTE validity (continued)

DLC Valid data bytes

1 DATA BYTE 0

2 DATA BYTE 0 to 1

3 DATA BYTE 0 to 2

4 DATA BYTE 0 to 3

5 DATA BYTE 0 to 4

6 DATA BYTE 0 to 5

7 DATA BYTE 0 to 6

8 DATA BYTE 0 to 7

9 DATA BYTE 0 to 11

10 DATA BYTE 0 to 15

11 DATA BYTE 0 to 19

12 DATA BYTE 0 to 23

13 DATA BYTE 0 to 31

14 DATA BYTE 0 to 47

15 DATA BYTE 0 to 63

30.6.4 FlexCAN memory partition for CAN FD
When CAN FD is enabled, FlexCAN RAM can be partitioned into blocks of 512 bytes each. Each block can accommodate a 
number of message buffers depending on the configuration provided by FDCTRL[MBDSRn] as shown in Table 218.

Table 218. RAM partition

RAM block Number of MBs with 8 bytes 
(default range)

Size control field in FDCTRL Number of MBs of different sizes, per block

0 0 to 31 MBDSR0 MBDSR0 = 00, 32 MBs with 8-byte payload

MBDSR0 = 01, 21 MBs with 16-byte payload

MBDSR0 = 10, 12 MBs with 32-byte payload

MBDSR0 = 11, 7 MBs with 64-byte payload

1 32 to 63 MBDSR1 MBDSR1 = 00, 32 MBs with 8-byte payload

MBDSR1 = 01, 21 MBs with 16-byte payload

MBDSR1 = 10, 12 MBs with 32-byte payload

MBDSR1 = 11, 7 MBs with 64-byte payload

Payload sizes of 16, 32, or 64 bytes may be configured in some or all of RAM blocks. In those cases, the total number of MBs and 
their respective number order may differ from the default configuration of 8 bytes. Consider an example where Block0 is configured 
to an 8-byte payload, Block1 to a 16-byte payload. In this case, Table 219 indicates how the message buffers are arranged in RAM.
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Table 219. RAM partition example

RAM block Payload size Number of MBs in the RAM 
block

Message buffer range

0 FDCTRL[MBDSR0] = 00, 8-
byte payload

32 0 to 31

1 FDCTRL[MBDSR1] = 01, 16-
byte payload

21 32 to 52

30.6.5 FlexCAN message buffer memory map
The FlexCAN memory buffers are allocated in memory according to the tables below.

Table 220. 8-byte message buffers

Address offset (hex) MBDSR = b00

8-byte payload

0080 MB0

0090 MB1

00A0 MB2

00B0 MB3

00C0 MB4

00D0 MB5

00E0 MB6

00F0 MB7

0100 MB8

0110 MB9

0120 MB10

0130 MB11

0140 MB12

0150 MB13

0160 MB14

0170 MB15

0180 MB16

0190 MB17

01A0 MB18

01B0 MB19

01C0 MB20

01D0 MB21

Table continues on the next page...
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Table 220. 8-byte message buffers (continued)

Address offset (hex) MBDSR = b00

8-byte payload

01E0 MB22

01F0 MB23

0200 MB24

0210 MB25

0220 MB26

0230 MB27

0240 MB28

0250 MB29

0260 MB30

0270 MB31

0280 MB32

0290 MB33

02A0 MB34

02B0 MB35

02C0 MB36

02D0 MB37

02E0 MB38

02F0 MB39

0300 MB40

0310 MB41

0320 MB42

0330 MB43

0340 MB44

0350 MB45

0360 MB46

0370 MB47

0380 MB48

0390 MB49

03A0 MB50

03B0 MB51

03C0 MB52

Table continues on the next page...
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Table 220. 8-byte message buffers (continued)

Address offset (hex) MBDSR = b00

8-byte payload

03D0 MB53

03E0 MB54

03F0 MB55

0400 MB56

0410 MB57

0420 MB58

0430 MB59

0440 MB60

0450 MB61

0460 MB62

0470 MB63

Table 221. 16-byte message buffers

Address offset (hex) MBDSR = b01

16-byte payload

0080 MB0

0098 MB1

00B0 MB2

00C8 MB3

00E0 MB4

00F8 MB5

0110 MB6

0128 MB7

0140 MB8

0158 MB9

0170 MB10

0188 MB11

01A0 MB12

01B8 MB13

01D0 MB14

01E8 MB15

Table continues on the next page...
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Table 221. 16-byte message buffers (continued)

Address offset (hex) MBDSR = b01

16-byte payload

0200 MB16

0218 MB17

0230 MB18

0248 MB19

0260 MB20

0280 MB21

0298 MB22

02B0 MB23

02C8 MB24

02E0 MB25

02F8 MB26

0310 MB27

0328 MB28

0340 MB29

0358 MB30

0370 MB31

0388 MB32

03A0 MB33

03B8 MB34

03D0 MB35

03E8 MB36

0400 MB37

0418 MB38

0430 MB39

0448 MB40

0460 MB41

Table 222. 32-byte message buffers

Address offset (hex) MBDSR = b10

32-byte payload

0080 MB0

Table continues on the next page...
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Table 222. 32-byte message buffers (continued)

Address offset (hex) MBDSR = b10

32-byte payload

00A8 MB1

00D0 MB2

00F8 MB3

0120 MB4

0148 MB5

0170 MB6

0198 MB7

01C0 MB8

01E8 MB9

0210 MB10

0238 MB11

0280 MB12

02A8 MB13

02D0 MB14

02F8 MB15

0320 MB16

0348 MB17

0370 MB18

0398 MB19

03C0 MB20

03E8 MB21

0410 MB22

0438 MB23

Table 223. 64-byte message buffers

Address offset (hex) MBDSR = b11

64-byte payload

0080 MB0

00C8 MB1

0110 MB2

0158 MB3

Table continues on the next page...
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Table 223. 64-byte message buffers (continued)

Address offset (hex) MBDSR = b11

64-byte payload

01A0 MB4

01E8 MB5

0230 MB6

0280 MB7

02C8 MB8

0310 MB9

0358 MB10

03A0 MB11

03E8 MB12

0430 MB13

30.6.6 Legacy RX FIFO structure
When MCR[RFEN] = 1, the memory area 80h–DCh (which is normally occupied by MBs 0–5) is used by the reception Legacy 
FIFO engine.

The region 80h–8Ch contains the output of the Legacy RX FIFO, which the CPU must read as a message buffer. This output 
contains the oldest message that has been received but not yet read. The region 90h–DCh is reserved for internal use of the 
Legacy RX FIFO engine.

An additional memory area, which starts at E0h and may extend up to 2DCh (normally occupied by MBs 6–37) depending on the 
CTRL2[RFFN] field setting, contains the ID filter table (configurable from 8 to 128 table elements) that specifies filtering criteria 
for accepting frames into the Legacy RX FIFO.

Out of reset, the ID filter table flexible memory area defaults to E0h and extends only to FCh, which corresponds to MBs 6 to 7 
for RFFN = 0, for backward compatibility with previous versions of FlexCAN.

The following shows the Legacy RX FIFO data structure.

Table 224. Legacy RX FIFO structure

31 28 24 23 22 21 20 19 18 17 16 15 8 7 0

80h IDHIT SRR IDE RTR DLC TIMESTAMP

84h ID standard ID extended

88h Data byte 0 Data byte 1 Data byte 2 Data byte 3

8Ch Data byte 4 Data byte 5 Data byte 6 Data byte 7

90h–DCh Reserved

E0h ID filter table element 0

E4h ID filter table element 1

E8h–
2D4h

ID filter table elements 2 to 125

Table continues on the next page...
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Table 224. Legacy RX FIFO structure (continued)

2D8h ID filter table element 126

2DCh ID filter table element 127

= Unimplemented or reserved

Each ID filter table element occupies an entire 32-bit word. One, two, or four Identifier Acceptance Filters (IDAF) can compound 
each element, depending on MCR[IDAM]. The following figures show the IDAF indexation.

Table 225 shows the three different formats of the ID table elements. All elements of the table must have the same format. See 
Legacy RX FIFO for more information.

Table 225. ID table structure

Format 31 30 29 24 23 16 15 14 13 8 7 1 0

A RTR IDE RXIDA

(standard = 29–19, extended = 29–1)

B RTR IDE RXIDB_0

(standard = 29–19, extended = 296–)

RTR IDE RXIDB_1

(standard = 13–3, extended = 13–0)

C RXIDC_0

(std and ext = 31–24)

RXIDC_1

(std and ext 
= 23–;16)

RXIDC_2

(std and ext = 15–8)

RXIDC_3

(std and ext = 7–0)

= Unimplemented or Reserved

Table 226. Field descriptions

Mnemonic Field Description

RTR Remote Frame Specifies whether remote frames are accepted into the Legacy FIFO if they 
match the target ID.

1: Remote frames can be accepted and data frames are rejected.

0: Remote frames are rejected and data frames can be accepted.

IDE Extended Frame Specifies whether extended or standard frames are accepted into the Legacy 
FIFO if they match the target ID.

1: Extended frames can be accepted and standard frames are rejected.

0: Extended frames are rejected and standard frames can be accepted.

RXIDA RX Frame Identifier (Format 
A)

Specifies an ID to be used as acceptance criteria for the Legacy FIFO. In the 
standard frame format, only the 11 most significant bits (29 to 19) are used 
for frame identification. In the extended frame format, all bits are used.

RXIDB_0, 
RXIDB_1

RX Frame Identifier (Format 
B)

Specifies an ID to be used as acceptance criteria for the Legacy FIFO. In the 
standard frame format, the 11 most significant bits (a full standard ID) (29 
to 19 and 13 to 3) are used for frame identification. In the extended frame 

Table continues on the next page...
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Table 226. Field descriptions (continued)

Mnemonic Field Description

format, all 14 bits of the field are compared to the 14 most significant bits of 
the received ID.

RXIDC_0, 
RXIDC_1, 
RXIDC_2, 
RXIDC_3

RX Frame Identifier (Format 
C)

Specifies an ID to be used as acceptance criteria for the Legacy FIFO. 
In both standard and extended frame formats, all 8 bits of the field are 
compared to the 8 most significant bits of the received ID.

IDHIT Identifier Acceptance Filter 
Hit Indicator

Indicates which identifier acceptance filter the received message in the 
output of the Legacy RX FIFO hit. See Legacy RX FIFO for more information.

30.6.7 Enhanced RX FIFO structure

When ERFCR[ERFEN] = 1, the Enhanced RX FIFO is enabled. The region 2000h–204Ch contains the output of the Enhanced 
RX FIFO, which the CPU must read as a message buffer. This output contains the oldest message that has been received but 
not yet read.

Table 227. Enhanced RX FIFO structure

31 30 29 28 24 23 22 21 20 19 18 17 16 15 8 7 6 0

2000h EDL BRS ESI RESERVED SRR IDE RTR DLC TIMESTAMP LEGACY

2004h RESERVED ID (STANDARD/EXTENDED) ID (EXTENDED)

2008h Data byte 0 Data byte 1 Data byte 2 Data byte 3

200Ch Data byte 4 Data byte 5 Data byte 6 Data byte 7

2010h Data byte 8 Data byte 9 Data byte 10 Data byte 11

2014h Data byte 12 Data byte 13 Data byte 14 Data byte 15

2018h Data byte 16 Data byte 17 Data byte 18 Data byte 19

201Ch Data byte 20 Data byte 21 Data byte 22 Data byte 23

2020h Data byte 24 Data byte 25 Data byte 26 Data byte 27

2024h Data byte 28 Data byte 29 Data byte 30 Data byte 31

2028h Data byte 32 Data byte 33 Data byte 34 Data byte 35

202Ch Data byte 36 Data byte 37 Data byte 38 Data byte 39

2030h Data byte 40 Data byte 41 Data byte 42 Data byte 43

2034h Data byte 44 Data byte 45 Data byte 46 Data byte 47

2038h Data byte 48 Data byte 49 Data byte 50 Data byte 51

203Ch Data byte 52 Data byte 53 Data byte 54 Data byte 55

2040h Data byte 56 Data byte 57 Data byte 58 Data byte 59

2044h Data byte 60 Data byte 61 Data byte 62 Data byte 63

IH_OFF RESERVED ID HIT

TS_OFF HR TIMESTAMP

Table continues on the next page...
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Table 227. Enhanced RX FIFO structure (continued)

2050h

5 Enhanced FIFO Elements (RESERVED)...

21DCh

 
ID HIT offset and high-resolution timestamp offset change dynamically according to data length code (DLC) as 
shown in Table 228.

  NOTE  

Table 228. ID HIT offset and high-resolution timestamp offset

Data Length Code (DLC) ID HIT offset (IH_OFF) High-resolution timestamp offset 
(TS_OFF)

0 2008h 200Ch

1–4 200Ch 2010h

5–8 2010h 2014h

9 2014h 2018h

10 2018h 201Ch

11 201Ch 2020h

12 2020h 2024h

13 2028h 202Ch

14 2038h 203Ch

15 2048h 204Ch

Table 229. Field descriptions

Mnemonic Field Description

EDL Extended Data Length Distinguishes between classical CAN format and CAN FD format frames.

0: Classical CAN frame format

1: CAN FD frame format

BRS Bit Rate Switch Defines whether the bit rate is switched inside a CAN FD format frame.

0: Bit rate is not switched in a CAN FD frame.

1: Bit rate is switched in a CAN FD frame.

ESI Error State Indicator Indicates whether the transmitting node is error-active or error-passive. This 
field is meaningful only if EDL = 1.

0: Error-active

1: Error-passive

SRR Substitute Remote Request Fixed recessive bit, used only in extended format. Transmitting nodes always 
send it as recessive and receiving nodes can receive it as either recessive 

Table continues on the next page...
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Table 229. Field descriptions (continued)

Mnemonic Field Description

or dominant. If FlexCAN receives this bit as dominant, it is interpreted as an 
arbitration loss.

IDE ID Extended Bit Identifies whether the frame format is standard or extended.

0: Standard

1: Extended

RTR Remote Frame Identifies whether the current frame is a data frame or a remote request.

0: Data frame

1: Remote request

DLC Data Length Code Defines the number of bytes in the data field of a CAN frame (Data byte 0 
to Data byte 63 ). When RTR = 1, the frame is a remote request and does 
not include the data field, regardless of the DLC field. See Table 217 for 
more details.

LEGACY 
TIMESTAMP

16-bit Timestamp Provides a copy of the Free-Running Timer, captured during the CAN frame. 
See Table 216 for details about legacy timestamp operation.

ID Frame Identifier In base frame format, only the 11 most significant bits are used for frame 
identification. The 18 least significant bits are ignored. In extended frame 
format, all bits are used for frame identification.

DATA BYTE 
0 to 63

Data Field Up to sixty-four bytes can be stored in the data field.

IDHIT Identifier Acceptance Filter 
Hit Indicator

Indicates which Enhanced RX FIFO Filter Element (ERFFEL0 - ERFFEL31) 
the received message in the output of the Enhanced RX FIFO hit. For each 
filter region, standard-ID filter space, and extended-ID filter space, there is an 
independent index starting from zero. Table 230 shows how FlexCAN writes 
IDHIT according to each filter element.

HR 
TIMESTAMP

High-resolution Timestamp 32-bit timebase captured during the CAN frame. When CTRL2[TSTAMPCAP] 
is not zero, a 32-bit timebase is captured from a dedicated on-
chip timer which operates in free-running mode. See #unique_1265/
unique_1265_Connect_42_CTRL2.TSTAMPCAP for details about capture 
point configuration of the high-resolution timestamp.

Table 230. IDHIT for Enhanced RX FIFO

Enhanced RX FIFO filter element - 
ERFFEL

IDHIT value Filter element type

ERFFEL0 0 Extended-ID

ERFFEL1 1 Extended-ID

.

.

.

.

Extended-ID

Table continues on the next page...
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Table 230. IDHIT for Enhanced RX FIFO (continued)

Enhanced RX FIFO filter element - 
ERFFEL

IDHIT value Filter element type

. .

ERFFEL(m-1) m-1 Extended-ID

ERFFEL(m) 0 Standard-ID

ERFFEL(m+1) 1 Standard-ID

.

.

.

.

.

.

Standard-ID

ERFFEL(2n-m+1) 2x(n-m)+1 Standard-ID

 
Where m = NEXIF and n = NFE. If NEXIF = 0, only standard-ID filter elements exist. If NEXIF > NFE, only 
extended-ID filter elements exist.

  NOTE  
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Chapter 31
Flexible Input/Output (FlexIO)
31.1 Chip-specific FlexIO information
Table 231. Reference links to related information

Topic Related module Reference

Full description FlexIO FlexIO

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

31.1.1 Module instances
This device has two instances of the FlexIO module, one in RTD and one in AD.

FLEXIO0-1: 8 shift registers, 8 timers, 32 pins per instance

31.1.2 FlexIO trigger sources
FlexIO trigger sources get routed through TRIGMUX. For FlexSPI0-1 trigger sources, see TRIGMUX input and output triggers.

31.2 Overview
FLEXIO is a highly configurable module providing a wide range of functionality, including:

• Emulation of various serial or parallel communication protocols

• Flexible 16-bit timers with support for various trigger, reset, enable, and disable conditions

• Programmable logic blocks which allow the implementation of digital logic functions on-chip and configurable interaction of 
internal and external modules

• Programmable state machine for offloading basic system control functions from the CPU

31.2.1 Block diagram
The following diagram provides a high-level overview of the FLEXIO timers and shifters configuration.

FLEXIO uses shifters, timers, and external triggers to shift data into or out of the FLEXIO. As shown in the block diagram, timers 
control the timing of this data shift. You can configure the timers to use generic timer functions, external triggers, or various other 
conditions to determine the control.
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Figure 198. FLEXIO block diagram

31.2.2 Features
FLEXIO includes the following features:

• Array of 32-bit shift registers with transmit, receive, data match, logic, and state modes

— Double-buffered shifter operation for continuous data transfer

— Shifter concatenation to support large transfer sizes

— Automatic start and stop bit generation

— 1, 2, 4, 8, 16, or 32 multi-bit shift widths for parallel interface support

— Interrupt, DMA, or polled transmit and receive operation

• Highly flexible 16-bit timers with support for various internal or external trigger, reset, enable, and disable conditions

— Programmable baud rates independent of bus clock frequency, with support for asynchronous operation during Stop 
mode

— Programmable logic mode for integrating external digital logic functions on-chip, or combining pin, shifter, or timer 
functions to generate complex outputs

— Programmable state machine for offloading basic system control functions from CPU, with support for up to eight 
states, eight outputs, and three selectable inputs per state

• Integrated general-purpose input/output registers and pin rising or falling edge interrupts to simplify software support

• Support for a wide range of protocols, including but not limited to:
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— UART

— I2C

— SPI

— I2S

— Camera IF

— Motorola 68K or Intel 8080 bus

— PWM or waveform generation

— Input-capture (pulse edge interval measurement), such as SENT

31.3 Memory map and registers

31.3.1 FLEXIO register descriptions

 
An invalid register access results in a bus error. Invalid register accesses include reading a write-only register, 
writing a read-only register, or accessing an invalid address.

  NOTE  

31.3.1.1 FLEXIO memory map

FLEXIO0 base address: 2803_C000h

FLEXIO1 base address: 2935_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0201_0003h

4h Parameter (PARAM) 32 R 0420_0808h

8h FLEXIO Control (CTRL) 32 RW 0000_0000h

Ch Pin State (PIN) 32 R 0000_0000h

10h Shifter Status (SHIFTSTAT) 32 RW 0000_0000h

14h Shifter Error (SHIFTERR) 32 RW 0000_0000h

18h Timer Status (TIMSTAT) 32 RW 0000_0000h

20h Shifter Status Interrupt Enable (SHIFTSIEN) 32 RW 0000_0000h

24h Shifter Error Interrupt Enable (SHIFTEIEN) 32 RW 0000_0000h

28h Timer Interrupt Enable (TIMIEN) 32 RW 0000_0000h

30h Shifter Status DMA Enable (SHIFTSDEN) 32 RW 0000_0000h

38h Timer Status DMA Enable (TIMERSDEN) 32 RW 0000_0000h

40h Shifter State (SHIFTSTATE) 32 RW 0000_0000h

48h Trigger Status (TRGSTAT) 32 RW 0000_0000h

4Ch External Trigger Interrupt Enable (TRIGIEN) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

50h Pin Status (PINSTAT) 32 RW 0000_0000h

54h Pin Interrupt Enable (PINIEN) 32 RW 0000_0000h

58h Pin Rising Edge Enable (PINREN) 32 RW 0000_0000h

5Ch Pin Falling Edge Enable (PINFEN) 32 RW 0000_0000h

60h Pin Output Data (PINOUTD) 32 RW 0000_0000h

64h Pin Output Enable (PINOUTE) 32 RW 0000_0000h

68h Pin Output Disable (PINOUTDIS) 32 W 0000_0000h

6Ch Pin Output Clear (PINOUTCLR) 32 W 0000_0000h

70h Pin Output Set (PINOUTSET) 32 W 0000_0000h

74h Pin Output Toggle (PINOUTTOG) 32 W 0000_0000h

80h - 9Ch Shifter Control N (SHIFTCTL0 - SHIFTCTL7) 32 RW 0000_0000h

100h - 11Ch Shifter Configuration N (SHIFTCFG0 - SHIFTCFG7) 32 RW 0000_0000h

200h - 21Ch Shifter Buffer N (SHIFTBUF0 - SHIFTBUF7) 32 RW 0000_0000h

280h - 29Ch Shifter Buffer N Bit Swapped (SHIFTBUFBIS0 - SHIFTBUFBIS7) 32 RW 0000_0000h

300h - 31Ch Shifter Buffer N Byte Swapped (SHIFTBUFBYS0 - SHIFTBUFBYS7) 32 RW 0000_0000h

380h - 39Ch Shifter Buffer N Bit Byte Swapped (SHIFTBUFBBS0 - 
SHIFTBUFBBS7)

32 RW 0000_0000h

400h - 41Ch Timer Control N (TIMCTL0 - TIMCTL7) 32 RW 0000_0000h

480h - 49Ch Timer Configuration N (TIMCFG0 - TIMCFG7) 32 RW 0000_0000h

500h - 51Ch Timer Compare N (TIMCMP0 - TIMCMP7) 32 RW 0000_0000h

680h - 69Ch Shifter Buffer N Nibble Byte Swapped (SHIFTBUFNBS0 - 
SHIFTBUFNBS7)

32 RW 0000_0000h

700h - 71Ch Shifter Buffer N Halfword Swapped (SHIFTBUFHWS0 - 
SHIFTBUFHWS7)

32 RW 0000_0000h

780h - 79Ch Shifter Buffer N Nibble Swapped (SHIFTBUFNIS0 - SHIFTBUFNIS7) 32 RW 0000_0000h

800h - 81Ch Shifter Buffer N Odd Even Swapped (SHIFTBUFOES0 - 
SHIFTBUFOES7)

32 RW 0000_0000h

880h - 89Ch Shifter Buffer N Even Odd Swapped (SHIFTBUFEOS0 - 
SHIFTBUFEOS7)

32 RW 0000_0000h

900h - 91Ch Shifter Buffer N Halfword Byte Swapped (SHIFTBUFHBS0 - 
SHIFTBUFHBS7)

32 RW 0000_0000h
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31.3.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains the version of the FLEXIO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-24

MAJOR

Major Version Number

This read-only field returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

This read-only field returns the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

This read-only field returns the feature set number.

0000_0000_0000_0000b - Standard features implemented.

0000_0000_0000_0001b - Supports state, logic, and parallel modes.

0000_0000_0000_0010b - Supports pin control registers.

0000_0000_0000_0011b - Supports state, logic, and parallel modes, plus pin control registers.
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31.3.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains the number of shifters, timers, pins, and triggers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TRIGGER PIN 

W

Reset 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TIMER SHIFTER 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-24

TRIGGER

Trigger Number

Number of external triggers implemented.

23-16

PIN

Pin Number

Number of pins implemented.

15-8

TIMER

Timer Number

Number of timers implemented.

7-0

SHIFTER

Shifter Number

Number of shifters implemented.

31.3.1.4 FLEXIO Control (CTRL)

Offset

Register Offset

CTRL 8h
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Function
Controls various aspects of FLEXIO operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DOZE
N 

DBGE 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FASTA
CC 

SWRS
T 

FLEXE
N W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

DOZEN

Doze Enable

Disables FLEXIO operation in Doze modes.

0b - FLEXIO enabled in Doze modes.

1b - FLEXIO disabled in Doze modes.

30

DBGE

Debug Enable

Enables FLEXIO operation in Debug mode.

0b - FLEXIO is disabled in Debug modes.

1b - FLEXIO is enabled in Debug modes.

29-3

—

Reserved

2

FASTACC

Fast Access

Enables fast register accesses to FLEXIO registers, but requires the FLEXIO functional clock to be at 
least equal to the frequency of the bus clock.

0b - Configures for normal register accesses to FLEXIO

1b - Configures for fast register accesses to FLEXIO

1

SWRST

Software Reset

The FLEXIO Control Register is not affected by the software reset. All other logic in the FLEXIO is 
affected by the software reset and all other register accesses are ignored until this field is cleared. This 
field remains set until cleared by software, and the reset has cleared in the FLEXIO clock domain.

0b - Software reset is disabled

1b - Software reset is enabled. All FLEXIO registers except the Control Register are reset.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

FLEXEN

FLEXIO Enable

Enables or disables the FLEXIO.

0b - FLEXIO module is disabled.

1b - FLEXIO module is enabled.

31.3.1.5 Pin State (PIN)

Offset

Register Offset

PIN Ch

Function
Reports status of the Pin Data Input.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PDI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PDI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PDI

Pin Data Input

Returns the input data on each of the FLEXIO pins.
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31.3.1.6 Shifter Status (SHIFTSTAT)

Offset

Register Offset

SHIFTSTAT 10h

Function
Contains Shifter Status Flags.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SSF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

SSF

Shifter Status Flag

The shifter status flag is updated when one of the following events occurs:

• For SMOD=Receive, the status flag is set when SHIFTBUF has been loaded with data from the shifter 
(SHIFTBUF is full). The status flag is cleared when SHIFTBUF register is read.

• For SMOD=Transmit, the status flag is set when SHIFTBUF data has been transferred to the shifter 
(SHIFTBUF is empty) or when initially configured for SMOD=Transmit. The status flag is cleared when 
the SHIFTBUF register is written.

• For SMOD=Match Store, the status flag is set when a match has occurred between SHIFTBUF and the 
shifter. The status flag is cleared when the SHIFTBUF register is read.

• For SMOD=Match Continuous, returns the current match result between the SHIFTBUF and shifter. 
The status flag cannot be cleared by reading SHIFTBUF.

• For SMOD=State, the status flag for a shifter sets when it is selected by the current state pointer.

• For SMOD=Logic, returns the current value of the programmable logic block output.

Table continues on the next page...
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Table continued from the previous page...

Field Function

The status flag can also be cleared by writing a logic one to the flag for all modes except Match Continuous/
State /Logic.

0b - Status flag is clear.

1b - Status flag is set.

31.3.1.7 Shifter Error (SHIFTERR)

Offset

Register Offset

SHIFTERR 14h

Function
Reports Shifter Error Flags.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SEF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

SEF

Shifter Error Flags

The shifter error flag is set when one of the following events occurs:

• For SMOD=Receive, this indicates that either the shifter was ready to store new data into SHIFTBUF 
before the previous data was read from SHIFTBUF (SHIFTBUF overrun), or it indicates that the 
received start or stop bit does not match the expected value.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• For SMOD=Transmit, indicates that the shifter was ready to load new data from SHIFTBUF before new 
data had been written into SHIFTBUF (SHIFTBUF underrun).

• For SMOD=Match Store, indicates that a match event occurred before the previous match data was 
read from SHIFTBUF (SHIFTBUF overrun).

• For SMOD=Match Continuous, the error flag is set when a match has occurred between SHIFTBUF and 
the shifter.

• For SMOD=Logic, the error flag is set when the output of the programmable logic block has asserted.

Clear this field by writing logic one to the flag. For SMOD=Match Continuous, it can also be cleared when 
the SHIFTBUF register is read.

0b - Shifter Error Flag is clear.

1b - Shifter Error Flag is set.

31.3.1.8 Timer Status (TIMSTAT)

Offset

Register Offset

TIMSTAT 18h

Function
Reports Timer Status Flags.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TSF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7-0

TSF

Timer Status Flags

The timer status flag sets depending on the timer mode, and can be cleared by writing logic one to the flag.

In 8-bit baud counter mode, the timer status flag is set when the upper 8-bit counter equals zero 
and decrements.

In 8-bit high PWM mode, the timer status flag is set when the upper 8-bit counter equals zero 
and decrements.

In 16-bit counter mode, the timer status flag is set when the 16-bit counter equals zero and decrements.

In 16-bit counter disable mode, the timer status flag is set when a timer disable event is detected.

In 8-bit word counter mode, the timer status flag is set when the upper 8-bit counter equals zero 
and decrements.

In 8-bit low PWM mode, the timer status flag is set when the upper 8-bit counter equals zero 
and decrements.

In 16-bit input capture mode, the timer status flag is set when a timer disable event is detected and the timer 
status flag is clear. In this mode, the timer compare register should only be read when the timer status flag 
is set.

0b - Timer Status Flag is clear.

1b - Timer Status Flag is set.

31.3.1.9 Shifter Status Interrupt Enable (SHIFTSIEN)

Offset

Register Offset

SHIFTSIEN 20h

Function
Contains enables for Shifter Status Interrupts.

NXP Semiconductors
Flexible Input/Output (FlexIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1620 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SSIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

SSIE

Shifter Status Interrupt Enable

Enables interrupt generation when corresponding SSF is set.

0b - Shifter Status Flag interrupt disabled.

1b - Shifter Status Flag interrupt enabled.

31.3.1.10 Shifter Error Interrupt Enable (SHIFTEIEN)

Offset

Register Offset

SHIFTEIEN 24h

Function
Contains enables for Shifter Error Interrupts.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

SEIE

Shifter Error Interrupt Enable

Enables interrupt generation when corresponding SEF is set.

0b - Shifter Error Flag interrupt disabled.

1b - Shifter Error Flag interrupt enabled.

31.3.1.11 Timer Interrupt Enable (TIMIEN)

Offset

Register Offset

TIMIEN 28h

Function
Contains enables for Timer Status Interrupts.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TEIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

TEIE

Timer Status Interrupt Enable

Enables interrupt generation when corresponding TSF is set.

0b - Timer Status Flag interrupt is disabled.

1b - Timer Status Flag interrupt is enabled.

31.3.1.12 Shifter Status DMA Enable (SHIFTSDEN)

Offset

Register Offset

SHIFTSDEN 30h

Function
Contains enables for Shifter DMA requests.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SSDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

SSDE

Shifter Status DMA Enable

Enables DMA request generation when corresponding SSF is set.

0b - Shifter Status Flag DMA request is disabled.

1b - Shifter Status Flag DMA request is enabled.

31.3.1.13 Timer Status DMA Enable (TIMERSDEN)

Offset

Register Offset

TIMERSDEN 38h

Function
Contains enables for DMA requests when Timer Status Flag is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TSDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

TSDE

Timer Status DMA Enable

Enables DMA request generation when corresponding TSF is set.

When the Timer Status DMA request is enabled, reading or writing a Timer Compare Register clears the 
corresponding Timer Status Register. The DMA must therefore read or write the Timer Compare Register 
as part of the DMA transfer, otherwise the DMA request remains asserted.

0b - Timer Status Flag DMA request is disabled.

1b - Timer Status Flag DMA request is enabled.

31.3.1.14 Shifter State (SHIFTSTATE)

Offset

Register Offset

SHIFTSTATE 40h

Function
Contains the pointer to track the current shifter.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
STATE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

STATE

Current State Pointer

The current state field maintains a pointer to track the current shifter (configured for State mode) enabled to 
drive outputs and compute the next state. Reading this register when the state pointer is updating can result 
in the incorrect state returned.

This field is writable and the value written overrides the current state.

31.3.1.15 Trigger Status (TRGSTAT)

Offset

Register Offset

TRGSTAT 48h

Function
Contains External Trigger Status Flags.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ETSF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

ETSF

External Trigger Status Flags

The external trigger status flag is set when a rising edge is detected on the corresponding external 
trigger input.

0b - External Trigger Status Flag is clear

1b - External Trigger Status Flag is set

31.3.1.16 External Trigger Interrupt Enable (TRIGIEN)

Offset

Register Offset

TRIGIEN 4Ch

Function
Contains enables for External Trigger Interrupts.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TRIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

TRIE

External Trigger Interrupt Enable

Enables interrupt generation when corresponding ETSF is set.

0b - External Trigger Status Flag interrupt is disabled.

1b - External Trigger Status Flag interrupt is enabled.

31.3.1.17 Pin Status (PINSTAT)

Offset

Register Offset

PINSTAT 50h

Function
Contains Pin Status Flags.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PSF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PSF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PSF

Pin Status Flags

The pin status flag is set when a rising edge or falling edge (if configured) is detected on the corresponding 
pin, as configured by pin.

0b - Pin Status Flag is clear

1b - Pin Status Flag is set

31.3.1.18 Pin Interrupt Enable (PINIEN)

Offset

Register Offset

PINIEN 54h

Function
Contains enables for Pin Status Interrupts.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PSIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PSIE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PSIE

Pin Status Interrupt Enable

Enables interrupt generation when corresponding PSF is set.

0b - Pin Status Flag interrupt is disabled.

1b - Pin Status Flag interrupt is enabled.

31.3.1.19 Pin Rising Edge Enable (PINREN)

Offset

Register Offset

PINREN 58h

Function
Contains enables for Pin Status Flag on rising edge.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PRE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PRE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PRE

Pin Rising Edge

When set, the pin status flag is set whenever a rising edge is detected on the pin.

0b - Pin Status Flag does not set when a pin rising edge is detected.

1b - Pin Status Flag does set when a pin rising edge is detected.
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31.3.1.20 Pin Falling Edge Enable (PINFEN)

Offset

Register Offset

PINFEN 5Ch

Function
Contains enables for Pin Status Flag on falling edge.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PFE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PFE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PFE

Pin Falling Edge

When set, the pin status flag is set whenever a falling edge is detected on the pin.

0b - Pin Status Flag does not set when a pin falling edge is detected.

1b - Pin Status Flag does set when a pin falling edge is detected.

31.3.1.21 Pin Output Data (PINOUTD)

Offset

Register Offset

PINOUTD 60h

Function
Contains Data Output when Direct Pin Output enabled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUTD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUTD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUTD

Output Data

Configures the value driven on the corresponding pin when direct pin output is enabled.

0b - Logic zero is driven on the pin when direct pin output is enabled.

1b - Logic one is driven on the pin when direct pin output is enabled.

31.3.1.22 Pin Output Enable (PINOUTE)

Offset

Register Offset

PINOUTE 64h

Function
Contains enables for pin output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUTE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUTE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

OUTE

Output Enable

Enables direct output on the corresponding pin.

0b - Pin is controlled by timer/shifter configuration.

1b - Pin is an output and driven with value of PINOUTD register.

31.3.1.23 Pin Output Disable (PINOUTDIS)

Offset

Register Offset

PINOUTDIS 68h

Function
Contains disables for pin output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W OUTDIS 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W OUTDIS 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUTDIS

Output Disable

Configures corresponding pins to disable direct output.

0b - No effect.

1b - Corresponding PINOUTD and PINOUTE bits are cleared.
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31.3.1.24 Pin Output Clear (PINOUTCLR)

Offset

Register Offset

PINOUTCLR 6Ch

Function
Clears pin output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W OUTCLR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W OUTCLR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUTCLR

Output Clear

Configures corresponding pins to output zero.

0b - No effect.

1b - Corresponding PINOUTD is cleared and PINOUTE is set.

31.3.1.25 Pin Output Set (PINOUTSET)

Offset

Register Offset

PINOUTSET 70h

Function
Sets pin output.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W OUTSET 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W OUTSET 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUTSET

Output Set

Configures corresponding pins to output logic one.

0b - No effect.

1b - Corresponding PINOUTD is set and PINOUTE is set.

31.3.1.26 Pin Output Toggle (PINOUTTOG)

Offset

Register Offset

PINOUTTOG 74h

Function
Toggles pin output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W OUTTOG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W OUTTOG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Flexible Input/Output (FlexIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1635 / 5781



Fields

Field Function

31-0

OUTTOG

Output Toggle

Configures corresponding pins to toggle.

0b - No effect.

1b - Corresponding PINOUTD is inverted and PINOUTE is set.

31.3.1.27 Shifter Control N (SHIFTCTL0 - SHIFTCTL7)

Offset

For n = 0 to 7:

Register Offset

SHIFTCTLn 80h + (n × 4h)

Function
Controls Shift Register N.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TIMSEL 

TIMPO
L 

0
PINCFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PINSEL 

PINPO
L 

0
SMOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

TIMSEL

Timer Select

Selects which timer is used for controlling the logic or shift register and generating the shift clock. 
TIMSEL=i selects TIMERi.

23 Timer Polarity

Table continues on the next page...
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Table continued from the previous page...

Field Function

TIMPOL Determines the shift occurs on the positive edge or negative edge of the shift clock.

0b - Shift on posedge of shift clock

1b - Shift on negedge of shift clock

22-18

—

Reserved

17-16

PINCFG

Shifter Pin Configuration

For pins configured as an output (PINCFG=11b), this field takes effect when the register is written.

 
When initially configuring PINCFG=11b, FLEXIO may briefly drive the pin low. To avoid this, 
you can configure PINCFG=10b along with the rest of the control register and then perform 
a subsequent write to set PINCFG=11b.

Likewise, when changing PINCFG=11b to PINCFG=00b software should perform an initial 
write to set PINCFG=10b and then perform a subsequent write to update the rest of the 
control register with PINCFG=00b.

  NOTE  

00b - Shifter pin output disabled

01b - Shifter pin open-drain or bidirectional output enable

10b - Shifter pin bidirectional output data

11b - Shifter pin output

15-13

—

Reserved

12-8

PINSEL

Shifter Pin Select

Selects which pin is used by the Shifter input or output. PINSEL=i selects the FXIO_Di pin. For pins 
configured as an output (PINCFG=11b), this field takes effect when the register is written.

7

PINPOL

Shifter Pin Polarity

For pins configured as an output (PINCFG=11b), this field takes effect when the register is written.

0b - Pin is active high

1b - Pin is active low

6-3

—

Reserved

2-0

SMOD

Shifter Mode

Configures the mode of the shifter.

000b - Disabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

001b - Receive mode. Captures the current shifter content into the SHIFTBUF on expiration of the 
timer.

010b - Transmit mode. Load SHIFTBUF contents into the shifter on expiration of the timer.

011b - Reserved.

100b - Match Store mode. Shifter data is compared to SHIFTBUF content on expiration of the 
timer.

101b - Match Continuous mode. Shifter data is continuously compared to SHIFTBUF contents.

110b - State mode. SHIFTBUF contents are used for storing programmable state attributes.

111b - Logic mode. SHIFTBUF contents are used for implementing programmable logic lookup 
table.

31.3.1.28 Shifter Configuration N (SHIFTCFG0 - SHIFTCFG7)

Offset

For n = 0 to 7:

Register Offset

SHIFTCFGn 100h + (n × 4h)

Function
Contains configuration bit fields for Shifter Register N.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
PWIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SSIZE 

0
LATST INSRC 

0 0
SSTOP 

0
SSTART 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

20-16

PWIDTH

Parallel Width

For all shifters, this field configures the number of bits to be shifted on each shift clock as follows:

• 1-bit shift for PWIDTH=0

• 2-bit shift for PWIDTH=1

• 4-bit shift for PWIDTH=2...3

• 8-bit shift for PWIDTH=4...7

• 16-bit shift for PWIDTH=8...15

• 32-bit shift for PWIDTH=16...31

For shifters which support parallel transmit (SHIFTER0, SHIFTER4, ...) or parallel receive (SHIFTER3, 
SHIFTER7, ...), this field, together with SHIFTCTL[PINSEL], also selects the pins to be driven or sampled 
on each shift clock:

• FXIO_D[PINSEL+PWIDTH]:FXIO_D[PINSEL]

Shifters which do not support parallel transmit or parallel receive only support parallel shift when INSRC=1.

For SMOD=State, use this field to disable state outputs. See State mode for more details.

15-13

—

Reserved

12

SSIZE

Shifter Size

Configures the size of the Shift Registers.

A 24-bit shift register shifts data only into bits [23:0] and does not update bits [31:24] during shift operations.

When shift register is configured for a 24-bit shift, configuring PWIDTH=8..15 performs a 12-bit shift, and 
PWIDTH=16..31 performs a 24-bit shift.

0b - Shift register is 32-bit.

1b - Shift register is 24-bit.

11-10

—

Reserved

9

LATST

Late Store

Configures what happens when a receive or match shift register is configured to both shift and store on 
the same cycle.

0b - Shift register stores the pre-shift register state.

1b - Shift register stores the post-shift register state.

8

INSRC

Input Source

Selects the input source for the shifter. Configuring INSRC=1 is not supported for the last shifter.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Pin

1b - Shifter N+1 Output

7

—

Reserved

6

—

Reserved

5-4

SSTOP

Shifter Stop bit

For SMOD=Transmit, this field allows automatic stop bit insertion if the selected timer has also enabled a 
stop bit.

For SMOD=Receive or Match Store, this field allows automatic stop bit checking if the selected timer has 
also enabled a stop bit.

For SMOD=State, this field is used to disable state outputs. See 'State Mode' section for more detail.

For SMOD=Logic, this field is used to mask logic pin inputs. See 'Logic Mode' section for more detail.

00b - Stop bit disabled for transmitter/receiver/match store

01b - Stop bit disabled for transmitter/receiver/match store. When timer is in stop condition, 
receiver/match store stores receive data on the configured shift edge.

10b - Transmitter outputs stop bit value 0 on store. If stop bit is not 0, receiver/match store sets 
error flag. When timer is in stop condition, receiver/match stores also store receive data on the 
configured shift edge.

11b - Transmitter outputs stop bit value 1 on store. If stop bit is not 1, receiver/match store sets 
error flag. When timer is in stop condition, receiver/match store also stores receive data on the 
configured shift edge.

3-2

—

Reserved

1-0

SSTART

Shifter Start Bit

For SMOD=Transmit, this field allows automatic start bit insertion if the selected timer has also enabled a 
start bit.

For SMOD=Receive or Match Store, this field allows automatic start bit checking if the selected timer has 
also enabled a start bit.

For SMOD=State, this field is used to disable state outputs. See State mode for more detail.

For SMOD=Logic, this field is used to mask logic pin inputs. See Logic mode for more detail.

00b - Start bit disabled for transmitter/receiver/match store. Transmitter loads data on enable.

01b - Start bit disabled for transmitter/receiver/match store. Transmitter loads data on first shift.

10b - Transmitter outputs start bit value 0 before loading data on first shift. If start bit is not 0, 
receiver/match store sets error flag.

Table continues on the next page...
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Table continued from the previous page...

Field Function

11b - Transmitter outputs start bit value 1 before loading data on first shift. If start bit is not 1, 
receiver/match store sets error flag.

31.3.1.29 Shifter Buffer N (SHIFTBUF0 - SHIFTBUF7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFn 200h + (n × 4h)

Function
Contains Shift Buffer data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUF

Shift Buffer

Shift buffer data is used for various functions depending on the SHIFTCTL0[SMOD] setting:

For SMOD=Receive, shifter data is transferred into SHIFTBUF at the expiration of timer. Only read the 
SHIFTBUF register when the corresponding shifter status flag is set, indicating new shifter data is available.

For SMOD=Transmit, SHIFTBUF data is transferred into the shifter before the timer begins.

For SMOD=Match Store, SHIFTBUF[31:16] contains the data to be matched with the shifter contents and 
SHIFTBUF[15:0] can be used to mask the match result (1=mask, 0=no mask). The match is checked when 
the timer expires. Shifter data [31:16] is written to SHIFTBUF[31:16] whenever a match event occurs. Only 
read the SHIFTBUF register when the corresponding shifter status flag is set, indicating new shifter data 
is available.

Table continues on the next page...
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Field Function

For SMOD=Match Continuous, SHIFTBUF[31:16] contains the data to be matched with the shifter contents 
and SHIFTBUF[15:0] can be used to mask the match result (1=mask, 0=no mask).

For SMOD=Logic, SHIFTBUF[31:0] is used to implement a 5-input, 32-bit programmable logic look-up table. 
See Logic mode for more details.

For SMOD=State, use SHIFTBUF[31:24] to drive the output value when this shifter is selected by the current 
state pointer and use SHIFTBUF[23:0] to configure the value of the next state transition. See State mode 
for more detail.

31.3.1.30 Shifter Buffer N Bit Swapped (SHIFTBUFBIS0 - SHIFTBUFBIS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFBISn 280h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are bit-swapped.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFBIS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFBIS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFBIS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are bit-swapped. Reads return 
SHIFTBUF[0:31].
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31.3.1.31 Shifter Buffer N Byte Swapped (SHIFTBUFBYS0 - SHIFTBUFBYS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFBYSn 300h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are byte-swapped.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFBYS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFBYS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFBYS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are byte-swapped. Reads return 
{SHIFTBUF[7:0], SHIFTBUF[15:8], SHIFTBUF[23:16], SHIFTBUF[31:24]}.

31.3.1.32 Shifter Buffer N Bit Byte Swapped (SHIFTBUFBBS0 - SHIFTBUFBBS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFBBSn 380h + (n × 4h)

Function
Contains SHIFTBUF register data, but is bit-swapped within each byte.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFBBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFBBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFBBS

Shift Buffer

Alias to SHIFTBUF register, except reads or writes to this register are bit-swapped within each byte. 
Reads return {SHIFTBUF[24:31], SHIFTBUF[16:23], SHIFTBUF[8:15], SHIFTBUF[0:7]}.

31.3.1.33 Timer Control N (TIMCTL0 - TIMCTL7)

Offset

For n = 0 to 7:

Register Offset

TIMCTLn 400h + (n × 4h)

Function
Controls various settings for Timer N.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TRGSEL 

TRGP
OL 

TRGS
RC 

0
PINCFG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PINSEL 

PINPO
L 

PININ
S 

ONETI
M 

0
TIMOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

—

Reserved

29-24

TRGSEL

Trigger Select

The valid values for TRGSEL depend on the FLEXIO_PARAM register:

• When TRGSRC = 1, the valid values for N depend on the PIN, TIMER, and SHIFTER fields in the 
FLEXIO_PARAM register.

• When TRGSRC = 0, the valid values for N depend on the TRIGGER field in FLEXIO_PARAM register.

See the chip-specific FLEXIO information for external trigger selection.

 
For a pin, N=0 to 31. For a shifter, N=0 to 7. For a timer, N=0 to 7.

  NOTE  

When TRGSRC = 0 the trigger selection is configured as follows:

• N - External trigger N input

When TRGSRC = 1, the internal trigger can be configured to select an input pin as follows:

• 2*N - Pin N input

When TRGSRC = 1, the internal trigger can be configured to select a shifter or timer signal as follows:

• 4*N+1 - Shifter N status flag

• 4*N+3 - Timer N trigger output

The expanded internal trigger selection (TRGSRC = 1) is as follows:

• 0000 = Pin 0

• 0001 = Shifter 0 Flag

• 0010 = Pin 1

• 0011 = Timer 0 Trigger

• 0100 = Pin 2

• 0101 = Shifter 1 Flag

• 0110 = Pin 3

• 0111 = Timer 1 Trigger

• ...

• This continues up to the Pin 31, Shifter 7, and Timer 7.

23

TRGPOL

Trigger Polarity

Determines if the trigger is active high or active low.

0b - Trigger active high

1b - Trigger active low

22 Trigger Source

Table continues on the next page...
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Table continued from the previous page...

Field Function

TRGSRC Determines if the trigger source is external or internal.

0b - External trigger selected

1b - Internal trigger selected

21-18

—

Reserved

17-16

PINCFG

Timer Pin Configuration

Configures the direction of the timer pin. For pins configured as an output (PINCFG=11b), this field takes 
effect when the register is written.

 
When initially configuring PINCFG=11b, FLEXIO may briefly drive the pin low. To avoid 
this, configure PINCFG=10b along with the rest of the control register and then perform a 
subsequent write to set PINCFG=11b.

Likewise, when changing PINCFG=11b to PINCFG=00b software should perform an initial 
write to set PINCFG=10b and then perform a subsequent write to update the rest of the 
control register with PINCFG=00b.

  NOTE  

00b - Timer pin output disabled

01b - Timer pin open-drain or bidirectional output enable

10b - Timer pin bidirectional output data

11b - Timer pin output

15-13

—

Reserved

12-8

PINSEL

Timer Pin Select

Selects which pin is used by the timer input or output. PINSEL=i selects the FXIO_Di pin. For pins 
configured as an output (PINCFG=11b), this field takes effect when the register is written.

7

PINPOL

Timer Pin Polarity

For pins configured as an output (PINCFG=11b), this field takes effect when the register is written.

0b - Pin is active high

1b - Pin is active low

6

PININS

Timer Pin Input Select

When set, the timer input pin is a different pin from the timer output pin. PINSEL must select an 
even-numbered pin when this field is set, meaning the output pin is even-numbered and input pin is 
odd-numbered.

0b - Timer pin input and output are selected by PINSEL.

1b - Timer pin input is selected by PINSEL+1. Timer pin output remains selected by PINSEL.

Table continues on the next page...
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Table continued from the previous page...

Field Function

5

ONETIM

Timer One Time Operation

Use this field to configure the timer to perform a single enable/disable iteration. Clear the timer status 
flag for the timer to be enabled again.

0b - The timer enable event is generated as normal.

1b - The timer enable event is blocked unless timer status flag is clear.

4-3

—

Reserved

2-0

TIMOD

Timer Mode

In 8-bit baud counter mode, the lower 8 bits of the counter and compare register are used to configure the 
baud rate of the timer shift clock. The upper 8 bits are used to configure the shifter bit count.

In 8-bit PWM high mode, the lower 8 bits of the counter and compare register are used to configure the high 
period of the timer shift clock. The upper 8 bits are used to configure the low period of the timer shift clock. 
The shifter bit count is configured using another timer or external signal.

In 16-bit counter mode, the full 16 bits of the counter and compare register are used to configure either the 
baud rate of the shift clock or the shifter bit count.

In 16-bit counter disable mode, the full 16 bits of the counter and compare register are used to configure 
either the baud rate of the shift clock or the shifter bit count.

In 8-bit word counter mode, the lower 8 bits of the counter and compare register are used to configure the 
shifter bit count. The upper 8 bits are used to configure the shifter word count.

In 8-bit PWM low mode, the lower 8 bits of the counter and compare register are used to configure the low 
period of the timer shift clock. The upper 8 bits are used to configure the high period of the timer shift clock. 
Use another timer or external signal to configure the shifter bit count.

In 16-bit input capture mode, the inverted value of the 16-bit counter is latched into the compare register 
when a timer counter disable condition is detected (as configured by TIMDIS). This also sets the timer status 
flag. The timer counter is immediately restarted from FFFFh

000b - Timer disabled.

001b - Dual 8-bit counters baud mode.

010b - Dual 8-bit counters PWM high mode.

011b - Single 16-bit counter mode.

100b - Single 16-bit counter disable mode.

101b - Dual 8-bit counters word mode.

110b - Dual 8-bit counters PWM low mode.

111b - Single 16-bit input capture mode.

31.3.1.34 Timer Configuration N (TIMCFG0 - TIMCFG7)

Offset

For n = 0 to 7:
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Register Offset

TIMCFGn 480h + (n × 4h)

Function

Controls various aspects of Timer Configuration.

The options to enable or disable the timer using the Timer N-1 enable or disable are reserved when N is evenly divisible by 4 (Timer 
0, for example).

 
The pin and trigger level/edges specified below refer to the signal state after being modified by the PINPOL or 
TRGPOL setting in the TIMCTL register. For example, "Trigger low" means that a trigger is actually at logic level 
1 if the TRGPOL is set to 1 (active low).

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TIMOUT 

0
TIMDEC 

0
TIMRST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TIMDIS 

0
TIMENA 

0
TSTOP 

0 TSTA
RT 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-24

TIMOUT

Timer Output

Configures the initial state of the timer output and whether it is affected by the timer reset.

00b - Timer output is logic one when enabled and is not affected by timer reset

01b - Timer output is logic zero when enabled and is not affected by timer reset

10b - Timer output is logic one when enabled and on timer reset

11b - Timer output is logic zero when enabled and on timer reset

23

—

Reserved

22-20 Timer Decrement

Table continues on the next page...
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Table continued from the previous page...

Field Function

TIMDEC Configures the source of the timer decrement and the source of the shift clock.

000b - Decrement counter on FLEXIO clock. Shift clock equals timer output.

001b - Decrement counter on trigger input (both edges). Shift clock equals timer output.

010b - Decrement counter on pin input (both edges). Shift clock equals pin input.

011b - Decrement counter on trigger input (both edges). Shift clock equals trigger input.

100b - Decrement counter on FLEXIO clock divided by 16. Shift clock equals timer output.

101b - Decrement counter on FLEXIO clock divided by 256. Shift clock equals timer output.

110b - Decrement counter on pin input (rising edge). Shift clock equals pin input.

111b - Decrement counter on trigger input (rising edge). Shift clock equals trigger input.

19

—

Reserved

18-16

TIMRST

Timer Reset

Configures the condition that causes the timer counter (and optionally the timer output) to be reset. In 
8-bit counter mode, the timer reset only resets the lower 8-bits that configure the baud rate. In all other 
modes, the timer reset resets the full 16-bits of the counter.

000b - Timer never reset

001b - Timer reset on timer output high.

010b - Timer reset on timer pin equal to timer output

011b - Timer reset on timer trigger equal to timer output

100b - Timer reset on timer pin rising edge

101b - Reserved

110b - Timer reset on trigger rising edge

111b - Timer reset on trigger rising or falling edge

15

—

Reserved

14-12

TIMDIS

Timer Disable

Configures the condition that causes the timer to be disabled and stop decrementing.

000b - Timer never disabled

001b - Timer disabled on Timer N-1 disable

010b - Timer disabled on timer compare (upper 8-bits match and decrement)

011b - Timer disabled on timer compare (upper 8-bits match and decrement) and trigger low

100b - Timer disabled on pin rising or falling edge

Table continues on the next page...
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Table continued from the previous page...

Field Function

101b - Timer disabled on pin rising or falling edge provided trigger is high

110b - Timer disabled on trigger falling edge

111b - Reserved

11

—

Reserved

10-8

TIMENA

Timer Enable

Configures the condition that causes the timer to be enabled and start decrementing.

000b - Timer always enabled

001b - Timer enabled on Timer N-1 enable

010b - Timer enabled on Trigger high

011b - Timer enabled on Trigger high and Pin high

100b - Timer enabled on Pin rising edge

101b - Timer enabled on Pin rising edge and Trigger high

110b - Timer enabled on Trigger rising edge

111b - Timer enabled on Trigger rising or falling edge

7-6

—

Reserved

5-4

TSTOP

Timer Stop Bit

The stop bit can be added on a timer compare (between each word) or on a timer disable. When stop bit 
is enabled, configured shifters output the contents of the stop bit when the timer is disabled. When stop 
bit is enabled on timer disable, the timer remains disabled until the next rising edge of the shift clock. If 
configured for both timer compare and timer disable, only one stop bit is inserted on timer disable.

00b - Stop bit disabled

01b - Stop bit is enabled on timer compare

10b - Stop bit is enabled on timer disable

11b - Stop bit is enabled on timer compare and timer disable

3-2

—

Reserved

1

TSTART

Timer Start Bit

When start bit is enabled, configured shifters output the contents of the start bit when the timer is 
enabled. The timer counter reloads from the compare register on the first rising edge of the shift clock.

0b - Start bit disabled

1b - Start bit enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

—

Reserved

31.3.1.35 Timer Compare N (TIMCMP0 - TIMCMP7)

Offset

For n = 0 to 7:

Register Offset

TIMCMPn 500h + (n × 4h)

Function
Contains the Timer Compare Value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CMP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

CMP

Timer Compare Value

The timer compare value is loaded into the timer counter when the timer is first enabled, when the timer is 
reset, and when the timer decrements down to zero.

In 8-bit baud counter mode, the lower 8 bits configure the baud rate divider equal to (CMP[7:0] + 1) * 2. The 
upper 8 bits configure the number of bits in each word equal to (CMP[15:8] + 1) / 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

In 8-bit PWM high mode, the lower 8 bits configure the high period of the output to (CMP[7:0] + 1) and the 
upper 8 bits configure the low period of the output to (CMP[15:8] + 1).

In 16-bit counter mode, the compare value can be used to generate the baud rate divider (if shift clock source 
is timer output) to equal (CMP[15:0] + 1) * 2. When the shift clock source is a pin or trigger input, the compare 
register is used to set the number of bits in each word equal to (CMP[15:0] + 1) / 2.

In 16-bit counter disable mode, the compare value can be used to generate the baud rate divider (if shift 
clock source is timer output) to equal (CMP[15:0] + 1) * 2. When the shift clock source is a pin or trigger input, 
the compare register is used to set the number of bits in each word equal to (CMP[15:0] + 1) / 2.

In 8-bit word counter mode, the lower 8 bits configure the number of bits in each word equal to (CMP[7:0] 
+ 1) / 2. The upper 8 bits configure the number of words to transfer equal to (CMP[15:8] + 1) / 2.

In 8-bit PWM low mode, the lower 8 bits configure the low period of the output to (CMP[7:0] + 1) and the 
upper 8 bits configure the high period of the output to (CMP[15:8] + 1).

In 16-bit input capture mode, the compare register is updated with the inverse of the timer counter value 
whenever the timer status flag is set. Only read the timer compare register when the timer status flag is set.

31.3.1.36 Shifter Buffer N Nibble Byte Swapped (SHIFTBUFNBS0 - SHIFTBUFNBS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFNBSn 680h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are nibble-swapped within each byte.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFNBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFNBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

SHIFTBUFNBS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are nibble-swapped within 
each byte. Reads return {SHIFTBUF[27:24], SHIFTBUF[31:28], SHIFTBUF[19:16], SHIFTBUF[23:20], 
SHIFTBUF[11:8], SHIFTBUF[15:12], SHIFTBUF[3:0], SHIFTBUF[7:4]}.

31.3.1.37 Shifter Buffer N Halfword Swapped (SHIFTBUFHWS0 - SHIFTBUFHWS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFHWSn 700h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are halfword-swapped.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFHWS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFHWS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFHWS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are halfword-swapped. Reads return 
{SHIFTBUF[15:0], SHIFTBUF[31:16]}.

31.3.1.38 Shifter Buffer N Nibble Swapped (SHIFTBUFNIS0 - SHIFTBUFNIS7)

Offset

For n = 0 to 7:
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Register Offset

SHIFTBUFNISn 780h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are nibble-swapped.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFNIS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFNIS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFNIS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are nibble-swapped. Reads 
return {SHIFTBUF[3:0], SHIFTBUF[7:4], SHIFTBUF[11:8], SHIFTBUF[15:12], SHIFTBUF[19:16], 
SHIFTBUF[23:20], SHIFTBUF[27:24], SHIFTBUF[31:28]}.

31.3.1.39 Shifter Buffer N Odd Even Swapped (SHIFTBUFOES0 - SHIFTBUFOES7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFOESn 800h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents have odd and even bits partitioned separately.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFOES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFOES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFOES

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register have the odd and even bits partitioned 
separately. Only 32-bit accesses are supported to this register. Reads return {SHIFTBUF[31], 
SHIFTBUF[29], 
SHIFTBUF[27],SHIFTBUF[25],SHIFTBUF[23],SHIFTBUF[21],SHIFTBUF[19],SHIFTBUF[17],SHIFTBUF[
15],SHIFTBUF[13],SHIFTBUF[11],SHIFTBUF[9], SHIFTBUF[7], SHIFTBUF[5], SHIFTBUF[3], 
SHIFTBUF[1], SHIFTBUF[30], SHIFTBUF[28], SHIFTBUF[26], SHIFTBUF[24], SHIFTBUF[22], 
SHIFTBUF[20], SHIFTBUF[18], SHIFTBUF[16], SHIFTBUF[14], SHIFTBUF[12], SHIFTBUF[10], 
SHIFTBUF[8], SHIFTBUF[6], SHIFTBUF[4], SHIFTBUF[2], SHIFTBUF[0]}.

31.3.1.40 Shifter Buffer N Even Odd Swapped (SHIFTBUFEOS0 - SHIFTBUFEOS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFEOSn 880h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents have even and odd bits partitioned separately.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFEOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFEOS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFEOS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register have the even and odd bits partitioned 
separately. Only 32-bit accesses are supported to this register. Reads return {SHIFTBUF[30], 
SHIFTBUF[28], SHIFTBUF[26], SHIFTBUF[24], SHIFTBUF[22], SHIFTBUF[20], SHIFTBUF[18], 
SHIFTBUF[16], SHIFTBUF[14], SHIFTBUF[12], SHIFTBUF[10], SHIFTBUF[8], SHIFTBUF[6], 
SHIFTBUF[4], SHIFTBUF[2], SHIFTBUF[0], SHIFTBUF[31], SHIFTBUF[29], 
SHIFTBUF[27],SHIFTBUF[25],SHIFTBUF[23],SHIFTBUF[21],SHIFTBUF[19],SHIFTBUF[17],SHIFTBUF[
15],SHIFTBUF[13],SHIFTBUF[11],SHIFTBUF[9], SHIFTBUF[7], SHIFTBUF[5], SHIFTBUF[3], 
SHIFTBUF[1]}.

31.3.1.41 Shifter Buffer N Halfword Byte Swapped (SHIFTBUFHBS0 - SHIFTBUFHBS7)

Offset

For n = 0 to 7:

Register Offset

SHIFTBUFHBSn 900h + (n × 4h)

Function
Contains SHIFTBUF register content, but contents are halfword byte-swapped.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SHIFTBUFHBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SHIFTBUFHBS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SHIFTBUFHBS

Shift Buffer

Alias to SHIFTBUF register, but reads or writes to this register are halfword byte-swapped. Reads return 
{SHIFTBUF[23:16], SHIFTBUF[31:24], SHIFTBUF[7:0], SHIFTBUF[15:8]}.

31.4 Functional description

31.4.1 Shifter operation
Shifters are responsible for buffering and shifting data into or out of the FLEXIO. The timing of shift, load, and store events is 
controlled by the timer assigned to the shifter via the SHIFTCTL[TIMSEL] register. Shifters are designed to support either DMA, 
interrupt, or polled operation. The following diagram provides a detailed view of the shifter microarchitecture.

31 SHIFTBUFi 0

SHIFTERi

INSRCSHIFTERi+1

PINPOL

SFXIO_Dn

SSTOP
SSTART

FXIO_D0

FXIO_Dn

PINSEL,
PINWIDTH

PINSEL,
PINWIDTH,

PINCFG

PINPOL

S = Synchronizer

SFXIO_D0

timer_load_data/start/stop

timer_store_data

SHIFTER 
out

timer_shift_negtimer_shift_pos

TIMPOL

out

i

Figure 199. Shifter microarchitecture
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31.4.1.1 Transmit mode

In Transmit mode (SHIFTCTL[SMOD]=Transmit), the shifter loads data from the SHIFTBUF register and shifts data out when a 
load event is signaled by the assigned timer. An optional start and stop bit can be automatically loaded before or after SHIFTBUF 
data by configuring either the SHIFTCFG[SSTART] and TIMCFG[TSTART], or SHIFTCFG[SSTOP] and TIMCFG[TSTOP] 
registers in the shifter and timer.

 
If a stop bit is enabled, the shifter immediately loads a stop bit when it is initially configured for Transmit mode.

  NOTE  

The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set when data has either been loaded 
from the SHIFTBUF register into the shifter or when the shifter is initially configured for Transmit mode. To clear the flag, write 
a logic 1 or write new data to the SHIFTBUF register. In Transmit mode, write any value to the SHIFTBUF register to clear the 
corresponding Shifter Status Flag. The flag is cleared regardless of what is writing or the state of the DMA or interrupt enables. 
See the SSF register description for information on how the flag is set and cleared for each mode.

The Shifter Error Flag (SHIFTERR[SEF]) and any enabled interrupts are set when an attempt to load data from an empty 
SHIFTBUF register occurs (buffer underrun). Clear the flag by writing logic 1.

31.4.1.2 Receive mode

When a store event is signaled by the assigned timer in Receive mode (SHIFTCTL[SMOD]=Receive), the shifter shifts data in 
and stores data in the SHIFTBUF register. You can check for a start and stop bit before or after the shifter data is sampled by 
configuring either SHIFTCFG[SSTART] and TIMCFG[TSTART] or SHIFTCFG[SSTOP] and TIMCFG[TSTOP] registers in the 
shifter and timer.

The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set when data has been stored in the 
SHIFTBUF register from the shifter. To clear the flag, write a logic 1 or read the data from the SHIFTBUF register. Any read of the 
SHIFTBUF register clears the corresponding shifter status flag when the shifter is in Receive mode. The flag is cleared regardless 
of what is reading or the state of the DMA or interrupt enables. See the SSF register description for information on how the flag 
is set or cleared for each mode.

The Shifter Error Flag (SHIFTERR[SEF]) and any enabled interrupts are set either when an attempt to store data into a full 
SHIFTBUF register occurs (buffer overrun) or when a mismatch occurs on a start or stop bit check. Write logic 1 to clear the flag.

31.4.1.3 Match Store mode

In Match Store mode (SHIFTCTL[SMOD]=Match Store), the shifter shifts data in, checks for a match result, and stores 
matched data into the SHIFTBUF register when a store event is signaled by the assigned timer. By configuring either the 
SHIFTCFG[SSTART], TIMCFG[TSTART], and SHIFTCFG[SSTOP], or TIMCFG[TSTOP] registers in the shifter and timer, you 
can check for a start and stop bit before or after the shifter data is sampled. You can compare up to 16 bits of data using 
SHIFTBUF[31:16] to configure the data to be matched and SHIFTBUF[15:0] to mask the match result.

The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set when a match occurs and the 
matched data is stored in the SHIFTBUF register from the shifter. To clear the flag, read the matched data from the SHIFTBUF 
register or write a logic 1 to the flag. Any read of the SHIFTBUF register clears the corresponding shifter status flag when the shifter 
is configured in Match Store mode. The flag is cleared regardless of what is reading or the state of the DMA or interrupt enables. 
See the SSF register description for information on how the flag is set or cleared for each mode.

The Shifter Error Flag (SHIFTERR[SEF]) and any enabled interrupts are set when an attempt to store matched data into a full 
SHIFTBUF register occurs (buffer overrun) or when a mismatch occurs on a start or stop bit check. Write logic 1 to clear the flag.

31.4.1.4 Match Continuous mode

In Match Continuous mode (SHIFTCTL[SMOD]=Match Continuous), the shifter shifts data in and continuously checks for a match 
result whenever a shift event is signaled by the assigned timer. You can compare up to 16 bits of data using SHIFTBUF[31:16] 
to configure the data to be matched and SHIFTBUF[15:0] to mask the match result.
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The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set when a match occurs. The flag 
clears automatically as soon as there is no longer a match between the shifter data and the SHIFTBUF register. The flag cannot 
be cleared by reading the SHIFTBUF register.

The Shifter Error Flag (SHIFTERR[SEF]) and any enabled interrupts are set when a match occurs. To clear the flag, write logic 
1 or perform a read from the SHIFTBUF register.

31.4.1.5 State mode

State mode enables you to implement any state machine with up to eight states, eight outputs, and three selectable inputs per 
state. This feature allows basic control functions to be offloaded from the CPU, which can remain in a low-power mode.

In State mode (SHIFTCTL[SMOD]=State) when the shifter has been selected by the current state pointer (SHIFTSTATE[STATE]), 
use the SHIFTBUF register to drive the output and compute the next state values. The following diagram provides a detailed view 
of shifter microarchitecture when configured for State mode.

31 SHIFTBUFi

SHIFTSTATE

0

TIMSEL,
TIMPOL

INSRCSHIFTERi+1

PINPOL

SFXIO_Dn

timer_shift_negtimer_shift_pos

nstate[2:0]

nstate attributes
from other shifters

nstate_trigger

PINCFG,
{PINWIDTH, SSTART, SSTOP}

FXIO_D7..0

PINSEL

S = Synchronizer

SFXIO_D0 STATE== i

out

Figure 200. State microarchitecture

When a specific shifter (Shifter n) is selected by the current state pointer, output pins FXIO_D[7:0] are driven by 
SHIFTBUFn[31:24] the configuration set by SHIFTCTLi[PINCFG]. Set SHIFTCFGi{PWIDTH[3:0],SSTOP[1:0],SSTART[1:0]} 
to disable the output drive on pins FXIO_D[7:0] for state machine applications which require less than eight output pins.

Use the three input pins selected by SHIFTCTLi[PINSEL] and SHIFTBUFn[23:0] to compute the next state value.

 
Each state can use a different set of three input pins.

  NOTE  

The following table shows how the next state value is computed when the current state pointer is pointing to Shifter n.

Table 232. Next State computation for SHIFTSTATE[STATE]=n

FXIO_D[PINSEL+2] FXIO_D[PINSEL+1] FXIO_D[PINSEL] Next State value

0 0 0 SHIFTBUFn[2:0]

0 0 1 SHIFTBUFn[5:3]

0 1 0 SHIFTBUFn[8:6]

Table continues on the next page...
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Table 232. Next State computation for SHIFTSTATE[STATE]=n (continued)

0 1 1 SHIFTBUFn[11:9]

... ... ... ...

1 1 1 SHIFTBUFn[23:21]

 
Other shifters and timers can be configured to drive the input pins of a given state, allowing you to create complex 
combinations of shifters and timers as needed. For example, the output of a shifter configured for Logic mode can 
be used to drive a state machine input.

  NOTE  

The next state transition is triggered using the timer output selected by SHIFTCTLi[TIMSEL], with polarity controlled 
by SHIFTCTLi[TIMPOL].

 
Each state can use a different timer to trigger each next state transition, allowing various internal or external trigger 
sources and clocking configurations to be used. See Timer section for more details.

  NOTE  

The current state pointer defaults to Shifter 0 at reset; however, you can write to select a different shifter for the initial state. If the 
current state pointer selects a shifter which is not configured for State mode, then outputs are not driven and a next state transition 
is never triggered.

The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set when the shifter is selected by 
the current state pointer. The flag is cleared when the current state pointer is updated to a different shifter.

31.4.1.6 Logic mode

Logic mode enables you to implement a small amount of programmable digital logic within a FLEXIO shifter.

In Logic mode (SHIFTCTL[SMOD]=Logic), use the SHIFTBUF register to implement a 5-input, 32-bit programmable logic lookup 
table. The following diagram provides a detailed view of shifter microarchitecture when configured for Logic mode.

Use SHIFTBUFn to configure the lookup table for the four pin inputs. You can also use SHIFTERn to configure a feedback or 
delayed pin source as the fifth input to the lookup table.

M
AS

K

FXIO_Dx

SSTART,
SSTOP

31 SHIFTBUFi 0

FXIO_Dx+1

FXIO_Dx+2

FXIO_Dx+3

SHIFTERi

TIMPOL
INSRCSHIFTERi+1

PINPOL

SFXIO_Dn timer_shift_negtimer_shift_pos

PINCFG

Logic output FXIO_Dx+4

PINSEL,
PINWIDTH S = Synchronizer

SFXIO_D0

out

Figure 201. Logic microarchitecture
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The lookup table is driven using four pin inputs (maskable using SHIFTCFG[SSTOP] and SHIFTCFG[SSTART]), plus one input 
from the internal shifter. It can be configured to drive an output pin using the SHIFTCTL[PINCFG] field. Pin inputs and outputs are 
fixed for each logic lookup table and are not selectable. The following table lists the logic output value selected by the lookup table 
for shifter n.

Table 233. Logic lookup table for Shifter n

SHIFTERn[0] FXIO_D[x+3]1 FXIO_D[x+2] FXIO_D[x+1] FXIO_D[x] Logic Output 
to FXIO_D[x+4]

0 0 0 0 0 SHIFTBUFn[0]

0 0 0 0 1 SHIFTBUFn[1]

0 0 0 1 0 SHIFTBUFn[2]

0 0 0 1 1 SHIFTBUFn[3]

... ... ... ... ... ...

1 1 1 1 1 SHIFTBUFn[31]

1. for Shifter n=0...3, x=n
for Shifter n=4...7, x=n+4

To minimize output glitches, use SHIFTCFG[SSTOP] and SHIFTCFG[SSTART] to mask unused input pins. When set, 
{SSTOP[1:0] and SSTART[1:0]} mask FXIO_D[x+3]...FXIO_D[x] inputs respectively so that any transitions on these pins do not 
cause the logic output to glitch.

 
Other shifters and timers can be configured to drive the input pins of a given lookup table, allowing you to 
concatenate lookup tables or create complex combinations of shifters and timers as needed.

  NOTE  

SHIFTCFG[PWIDTH] controls the number of delay stages introduced by the internal shifter input (SHIFTERi[0]). For example, 
when configured for a 1-bit shift (PWIDTH=0), the internal shifter introduces a 32-shift clock delay before passing its input (selected 
by SHIFTCTL[PINSEL]) to the lookup table. When configured for a 32-bit shift (PWIDTH=16...31), the internal shifter introduces 
a 1-shift clock delay to its input.

The Shifter Status Flag (SHIFTSTAT[SSF]) and any enabled interrupts or DMA requests are set whenever the output pin allocated 
to the logic lookup table has a value of 1 after being synchronized to the FLEXIO clock. The flag clears when the output pin has 
a value of 0. This also allows the SSF flag to be used as a trigger to a timer if needed.

The Shifter Error Flag (SHIFTERR[SEF]) and any enabled interrupts are set when the output pin allocated to the logic lookup table 
is asserted. Clear the flag by writing it with logic 1.

The Logic mode input pins, including pins driven by other shifters and timers, are synchronized to the FLEXIO functional clock 
before they are input to the programmable logic lookup table.

31.4.2 Timer operation
The FLEXIO 16-bit timers control the loading, shifting, and storing of the shift registers. The counters load the contents of the 
compare register and decrement down to zero on the FLEXIO clock. The counters can perform generic timer functions such as 
generating a clock or select output or a PWM waveform. Timers can be configured to:

• Enable in response to a trigger, pin, or shifter condition,

• Decrement always or only on a trigger or pin edge,

• Reset in response to a trigger or pin condition, or

• Disable on a trigger or pin condition or on a timer compare.

Timers can optionally include a start condition and a stop condition.
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Although each timer operates independently, a timer can be configured to enable or disable at the same time as the previous timer 
(for example, Timer 1 can enable or disable at the same time as Timer 0) and a timer output can be used to trigger any other 
timer. The trigger used by each timer is configured independently and can be configured to be a timer output, shifter status flag, 
pin input, or an external trigger input. The trigger configuration is separate from the pin configuration which can be configured for 
input, output data, or output enable. See the chip-specific FLEXIO information for details on the external trigger connections.

The Timer Configuration Register (TIMCFGn) should be configured before setting the Timer Mode (TIMOD).

31.4.2.1 Timer 8-bit Baud Counter mode

In 8-bit Baud Counter mode, the 16-bit counter is divided into two 8-bit counters. The lower 8 bits are used to configure the baud 
rate of the shift clock and the upper 8 bits are used to configure the number of shift clock edges in the transfer. When the lower 8 bits 
decrement to zero, the timer output is toggled and the lower 8 bits reload from the compare register. The upper 8 bits decrement 
when the lower 8 bits equal zero and decrement.

 
A timer reset event in 8-bit Baud Counter mode only resets the lower 8-bit counter. The upper 8-bit counter is not 
affected and can decrement if the timer reset is configured to update the state of the timer output. The timer output 
toggles as a result of the timer reset event.

  NOTE  

A timer compare event occurs when the upper 8 bits equal zero and decrement. The timer status flag is set on a timer 
compare event.

31.4.2.2 Timer 8-bit High PWM mode

In 8-bit High PWM mode, the 16-bit counter is divided into two 8-bit counters. The lower 8 bits are used to configure the timer output 
high period and the upper 8 bits are used to configure the timer output low period. The lower 8 bits decrement when the output 
is high. When the lower 8 bits equal zero and decrement, the timer output is cleared and the lower 8 bits are reloaded from the 
compare register. The upper 8 bits decrement when the output is low. When the upper 8 bits equal zero and decrement, the timer 
output is set and the upper 8 bits are reloaded from the compare register.

A timer compare event occurs when the upper 8 bits equal zero and decrements. The timer status flag is set on a timer 
compare event.

31.4.2.3 Timer 16-bit Counter mode

In 16-bit Counter mode, the 16-bit counter can be used to configure either the baud rate of the shift clock (for example, 
TIMDEC[1:0] != 10 or 11) or the number of shift clock edges in the transfer (for example, TIMDEC[1:0] = 10 or 11). When the 16-bit 
counter equals zero and decrements, the timer output toggles and the counter reloads from the compare register.

A timer compare event occurs when the 16-bit counter equals zero and decrements. The timer status flag is set on a timer 
compare event.

31.4.2.4 Timer 16-bit Counter Disable mode

In 16-bit Counter Disable mode, the 16-bit counter can be used to configure either the baud rate of the shift clock (for example, 
TIMDEC[1:0] != 10 or 11) or the number of shift clock edges in the transfer (for example, TIMDEC[1:0] = 10 or 11). When the 16-bit 
counter equals zero and decrements, the timer output toggles and the counter reloads from the compare register.

A timer compare event occurs when the 16-bit counter equals zero and decrements. The timer status flag is set on a timer 
disable event.

31.4.2.5 Timer 8-bit Word Counter mode

In 8-bit Word Counter mode, the 16-bit counter is divided into two 8-bit counters. The lower 8 bits are used to configure the number 
of shift clock edges in each word and the upper 8 bits are used to configure the number of words in the transfer. When the lower 
8 bits decrement to zero, the timer output is toggled and the lower 8 bits reload from the compare register. The upper 8 bits only 
decrement when the lower 8 bits equal zero and decrement.
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A timer compare event occurs when the lower 8 bits equal zero and decrement. The timer status flag is set when the upper 8 bits 
equal zero and decrement.

31.4.2.6 Timer 8-bit Low PWM mode

In 8-bit Low PWM mode, the 16-bit counter is divided into two 8-bit counters. The lower 8 bits are used to configure the timer output 
low period and the upper 8 bits are used to configure the timer output high period. The lower 8 bits decrement when the output is 
low. When the lower 8 bits equal zero and decrement, the timer output is set and the lower 8 bits are reloaded from the compare 
register. The upper 8 bits decrement when the output is high. When the upper 8 bits equal zero and decrement, the timer output 
is cleared and the upper 8 bits are reloaded from the compare register.

A timer compare event occurs when the upper 8 bits equal zero and decrements. The timer status flag is set on a timer 
compare event.

31.4.2.7 Timer Enable and Start bit

The following events occur when TIMOD is configured for the desired mode and the condition configured by the timer enable 
(TIMENA) is detected. When ONETIM is set, the timer status flag must be clear to generate a timer enable event, otherwise the 
timer enable event is blocked. You can use this to enforce software intervention after each timer iteration.

• Timer counter loads the current value of the compare register and starts decrementing as configured by TIMDEC.

• Timer output may update to its initial state depending on the TIMOUT configuration. Shifters that are controlled by this 
timer do not see this as a rising edge on the timer shift clock.

• Transmit shifters controlled by this timer either output their start bit value or load the shift register from the shift buffer and 
output the first bit, as configured by SSTART.

If the timer start bit is enabled, the timer counter reloads with the compare register on the first rising edge of the shift clock after the 
timer starts decrementing. If there is no falling edge on the shift clock before the first rising edge (for example, when TIMOUT=1), 
a shifter that is configured to shift on falling edge and load on the first shift will not load correctly.

31.4.2.8 Timer decrement and reset

The timer generates the timer output and timer shift clock depending on the TIMOD and TIMDEC fields. The shifter clock is either 
equal to the timer output (when TIMDEC != 10 or 11) or equal to the decrement clock (when TIMDEC = 10 or 11). When TIMDEC 
is configured to decrement from a pin or trigger, the timer decrements on both rising and falling edges.

If a timer is configured to decrement on the FLEXIO functional clock divided by 16 or 256 (when TIMDEC = 100 or 101), then a 
common prescaler that is shared by all timers is used to generate the two divide ratios. This prescaler is reset when all timers are 
either idle or configured not to use the prescaler (TIMDEC != 100 or 101).

When the timer is configured to reset as determined by the TIMRST field, then the timer counter loads the current value of the 
compare register again. The timer output and timer shift clock can be configured to update on timer reset, as configured by 
TIMOUT. If the time output toggles as a result of the timer reset, this can result in a timer shift clock edge. In 8-bit Baud Counter 
mode this will also decrement the upper 8-bits of the counter.

In general, when the timer counter decrements to zero, a timer compare event is triggered. The timer compare event causes the 
timer counter to load the contents of the timer compare register, the timer output to toggle, any configured transmit shift registers 
to load, and any configured receive shift registers to store. Depending on the timer mode, the timer status flag may also be set.

31.4.2.9 Timer Disable and Stop bit

When the timer is configured to add a stop bit on each compare, the following additional events occur:

• Transmit shifters controlled by this timer output their stop bit value (if configured by SSTOP).

• Receive shifters controlled by this timer store the contents of the shift register in their shift buffer, as configured by 
SSTOP.

• The timer counter reloads the current value of the Compare Register on the first rising edge of the shifter clock after the 
compare.
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When the timer is configured to insert a stop bit on each compare, transmit shifters must be configured to load on the first shift.

When the condition configured by timer disable (TIMDIS) is detected, the following events occur:

• Timer counter reloads the current value of the Compare Register and starts decrementing as configured by TIMDEC.

• Timer output clears. Shifters that are controlled by this timer do not see this as a falling edge on the timer shift clock, but 
can generate a shift event if the timer shift clock would otherwise generate one.

• Transmit shifters controlled by this timer output their stop bit value (if configured by SSTOP).

• Receive shifters controlled by this timer store the contents of the shift register in their shift buffer, as configured by 
SSTOP.

If the timer stop bit is enabled, the timer counter continues decrementing until the next rising edge of the shift clock is detected, at 
which point it finishes. Although the timer output is forced low during the stop bit, the timer shift clock can toggle during the stop 
bit. The timer output does not generate shift events during the stop bit.

A timer enable condition can be detected in the same cycle as a timer disable condition (if timer stop bit is disabled), or on the first 
rising edge of the shift clock after the disable condition (if stop bit is enabled). When ONETIM is set, the timer status flag must be 
clear before the next timer enable condition is detected. When the timer is in the stop state condition, receive shift registers with 
stop bit enabled will store the contents of the shift register into the shift buffer and verify the state of the input data on the configured 
shift edge. If there is no configured edge between the timer disable and the next rising edge of the shift clock, then the final store 
and verify do not occur.

31.4.3 Pin operation
The pin configuration for each timer and shifter can be configured to use any FLEXIO pin with either polarity. Each timer and 
shifter can be configured as an input, output data, output enable, or bidirectional output. A pin configured for output enable can 
be used as an open drain (with inverted polarity, since the output enable assertion causes logic zero to be output on the pin) or to 
control the enable on the bidirectional output. Any timer or shifter can be configured to control the output enable for a pin where 
the bidirectional output data is driven by another timer or shifter.

31.4.3.1 Parallel interface

You can configure shifters to use multiple FLEXIO pins in parallel using the SHIFTCFG[PWIDTH] field. PWIDTH is used to 
configure the following settings of a shifter:

1. Number of bits shifted per shift clock.

2. Number of pins driven by the shifter per shift clock. (Only on shifters supporting parallel transmit. That is, SHIFTER0 
and SHIFTER4.)

3. Number of pins sampled by the shifter per shift clock. (Only on shifters supporting parallel receive. That is, SHIFTER3 
and SHIFTER7.)

When configured for parallel shift, either 4, 8, 16 or 32 bits can be shifted on every shift clock. If an adjacent shifter is selected 
as the input source (SHIFTCFG[INSRC]=1), the least significant 4, 8, 16 or 32 bits from the adjacent shifter are sampled on each 
shift clock.

For shifters supporting parallel receive (SHIFTER3, SHIFTER7), you can configure the shifter to sample multiple pins 
(SHIFTCFG[INSRC]=0), with PWIDTH and PINSEL selecting the pins as follows: FXIO_D[PINSEL+PWIDTH]:FXIO_D[PINSEL].

 
If PWIDTH is less than the number of bits being shifted on each shift clock, then the most significant bits are masked 
with 0. For example, if PINSEL=7 and PWIDTH=6, then SHIFTER[31:24] samples {0,0,FXIO_D[12:7]} on each 
shift clock.

  NOTE  

For shifters supporting parallel transmit (SHIFTER0, SHIFTER4), you can configure the shifter to drive multiple pins using 
SHIFTCTL[PINCFG], with PWIDTH and PINSEL selecting the pins as follows: FXIO_D[PINSEL+PWIDTH]:FXIO_D[PINSEL].
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If PWIDTH is less than the number of bits being shifted on each shift clock, then the most significant pins are 
not driven. For example, if PINSEL=7 and PWIDTH=6, then SHIFTER[5:0] drives only FXIO_D[12:7] on each 
shift clock.

  NOTE  

31.4.3.2 Pin synchronization

When you configure a pin as an input (this includes a timer trigger configured as a pin input), the input signal is first synchronized 
to the FLEXIO clock before the signal is used by a timer or shifter. This introduces a small latency of between 0.5 to 1.5 FLEXIO 
clock cycles when using an external pin input to generate an output or control a shifter. This sets the maximum setup time at 1.5 
FLEXIO clock cycles.

If an input is used by more than one timer or shifter then the synchronization occurs once to ensure any edge is seen on the same 
cycle by all timers and shifters using that input.

 
FLEXIO pins are also connected internally. Configuring a FLEXIO shifter or timer to output data on an unused pin 
makes an internal connection that allows other shifters and timers to use this pin as an input. This allows a shifter 
output to be used to trigger a timer or a timer output to be shifted into a shifter. This path is also synchronized to 
the FLEXIO clock and therefore incurs a 1 cycle latency.

  NOTE  

When using a pin input as a timer trigger, timer clock, or shifter data input, the following synchronization delays occur:

1. 0.5 to 1.5 FLEXIO clock cycles for external pin

2. 1 FLEXIO clock cycle for an internally driven pin

See Application information for timing considerations such as output valid time and input setup time for specific applications (SPI 
Controller, SPI Target, I2C Controller, I2S Controller, and I2S Target).

31.4.3.3 Pin override

You can change the state of any FLEXIO pin at any time with software. The pin output enable register configures any pin as an 
output and drives that pin with the value in the Pin Output Data register.

Alias registers for the Pin Output Enable and Data registers also exist. Writing a logic one to an alias register updates the 
corresponding register bits in both the Pin Output Enable Register and the Pin Output Data Register as follows.

• Pin Output Disable Register clears Output Enable Register and clear Output Data Register.

• Pin Output Clear Register sets Output Enable Register and clear Output Data Register.

• Pin Output Set Register sets Output Enable Register and set Output Data Register.

• Pin Output Toggle Register sets Output Enable Register and toggle Output Data Register.

31.4.3.4 Pin interrupt

You can read the state of any FLEXIO pin at any time with software. Software can also configure any pin to set a status flag when 
either a rising or falling edge is detected on that pin. The pin status flag can also be configured to generate an interrupt.

31.4.4 Low power modes
The FLEXIO remains functional during low power modes, provided the Doze Enable field (CTRL[DOZEN]) is clear and the FLEXIO 
functional clock remains enabled.

The exception to this is in Deep Sleep mode. In this case, the Doze Enable (CTRL[DOZEN]) field is ignored and the FLEXIO waits 
for all timers to complete any pending operation before acknowledging Deep Sleep mode entry.
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31.4.5 Debug mode
FLEXIO remains functional in Debug mode, provided the Debug Enable field (CTRL[DBGE]) is set.

31.4.6 Clocking

Table 234. FLEXIO clocks

Clock Description

Functional clock The FLEXIO functional clock is asynchronous to the bus clock and can remain enabled in low power 
modes. The FLEXIO functional clock must be enabled before accessing any FLEXIO registers. 
Provided the FLEXIO functional clock is at least equal to the bus clock, the CTRL[FASTACC] field can 
be set to support fast register accesses.

Bus clock The bus clock is only used for bus accesses to the control and configuration registers.

31.4.7 Reset

Table 235. FLEXIO resets

Reset Description

Chip reset The logic and registers for FLEXIO are reset to their default state on chip reset.

Software reset The FLEXIO implements a software reset field in its Control Register. CTRL[SWRST] resets all logic and 
registers to their default state, except for the CTRL itself.

31.4.8 Interrupts and DMA requests
The following table shows the status flags that generate the FLEXIO interrupt and DMA requests.

Table 236. FLEXIO interrupts and DMA requests

Flag Description Interrupt DMA request Low power wakeup

SSF Shifter Status Flag Y Y Y

SEF Shifter Error Flag Y N Y

TSF Timer Status Flag Y Y Y

PSF Pin Status Flag Y N Y

ETSF External Trigger Status 
Flag

Y N Y

31.4.9 Peripheral triggers
The connection between the FLEXIO peripheral triggers and other peripherals is device-specific.

Output triggers

Each FLEXIO timer generates an output trigger equal to the timer output. The output trigger is not affected by the timer pin 
polarity configuration.
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Input trigger

FLEXIO supports multiple external trigger inputs that can be used to trigger one or more FLEXIO timers. If a rising edge is detected 
on an external trigger when FLEXIO is enabled, then the external trigger status flag is set. The external triggers are synchronized 
to the FLEXIO functional clock and must assert for at least two cycles of the FLEXIO functional clock to be sampled correctly.

31.5 External signals
Table 237. External signals

Signal Description Direction

FXIO_Dn (n=0...31) Bidirectional FLEXIO shifter and timer 
pin

Input or output

31.6 Initialization
To initialize FLEXIO registers:

1. Enable FLEXIO by writing CTRL[FLEXEN]=1

2. Configure shift registers for the given application; it is recommended to write Shifter Configuration N (SHIFTCFG0 - 
SHIFTCFG7) before the corresponding Shifter Control N (SHIFTCTL0 - SHIFTCTL7)

3. Configure timer registers for the given application; it is recommended to write Timer Compare N (TIMCMP0 - TIMCMP7) 
and Timer Configuration N (TIMCFG0 - TIMCFG7) before the corresponding Timer Control N (TIMCTL0 - TIMCTL7)

4. Enable interrupts and/or DMA requests as appropriate for the given application

5. Write transmit data to initiate a transfer (depending on the given application)

31.7 Application information
This section provides examples for a variety of FLEXIO module applications. See FLEXIO register descriptions for further details.

31.7.1 UART transmit
UART transmit can be supported using one timer, one shifter, and one pin (two pins, if supporting CTS). The start and stop bit 
insertion is handled automatically, and multiple transfers are supported using DMA controller. The timer status flag is used to 
indicate when the stop bit of each word is transmitted.

Break and idle characters require software intervention. Before transmitting a break or idle character, the SSTART and SSTOP 
fields must be altered to transmit the required state, and the data to transmit must equal FFh or 00h. Supporting a second stop 
bit requires the stop bit to be inserted into the data stream using software (and increasing the number of bits to transmit). When 
performing byte writes to SHIFTBUFn (or SHIFTBUFBIS for transmitting MSB first), the rest of the register remains unaltered. This 
allows an address mark bit or additional stop bit to remain undisturbed.

 
FLEXIO does not support automatic insertion of parity bits.

  NOTE  

Table 238. UART transmit configuration

Register Value Comments

SHIFTCFGn 0000_0032h Configure start bit of 0 and stop bit of 1.

SHIFTCTLn 0003_0002h Configure transmit using Timer 0 on 
posedge of clock with output data on 

Pin 0. Can invert output data by setting 

Table continues on the next page...

NXP Semiconductors
Flexible Input/Output (FlexIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1667 / 5781



Table 238. UART transmit configuration (continued)

Register Value Comments

PINPOL, or can support open-drain by 
setting PINPOL=1h and PINCFG=1h.

TIMCMPn 0000_0F01h Configure 8-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0000_2222h Configure start bit, stop bit, enable 
on trigger asserted and disable 

on compare. Can support CTS by 
configuring TIMEN=3h.

TIMCTLn 01C0_0001h Configure dual 8-bit counter using 
Shifter 0 status flag as inverted 

internal trigger source. Supports CTS by 
configuring PINSEL=1h (for Pin 1) and 

PINPOL=1h.

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF[7:0] to initiate an 8-bit 

transfer. Use the Shifter Status Flag to 
indicate when data can be written using 

interrupt or DMA request. Supports 
MSB first transfer by writing to the 

SHIFTBUFBBS[7:0] register instead.

The following table shows an alternative configuration that supports slower baud rates. This configuration requires two timers.

Table 239. UART transmit configuration for slow baud rate

Register Value Comments

SHIFTCFGn 0000_0032h Configure start bit of 0 and stop bit of 1.

SHIFTCTLn 0003_0002h Configure transmit using Timer 0 on 
posedge of clock with output data on 
Pin 0. Invert output data by setting 

PINPOL. Support open-drain by setting 
PINPOL=1h and PINCFG=1h.

TIMCMPn 0000_000Fh Configure for 8-bit transfer. Set 
TIMCMP[15:0] = (number of bits x 2) - 

1.

TIMCFGn 0030_2622h Configure start bit, stop bit, enable on 
trigger rising edge, decrement on trigger 

and disable on compare.

TIMCTLn 0740_0003h Configure 16-bit counter using Timer 1 
output as internal trigger source.

Table continues on the next page...
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Table 239. UART transmit configuration for slow baud rate (continued)

Register Value Comments

TIMCMP(n+1) 0000_0001h Configure baud rate of divide by 4 of 
the FLEXIO clock. Set TIMCMP[15:0] = 

(baud rate divider / 2) - 1.

TIMCFG(n+1) 0000_1200h Configure enable on trigger asserted 
and disable on Timer 0 disable. Can 

support CTS by configuring TIMEN=3h.

TIMCTL(n+1) 01C0_0003h Configure 16-bit counter using Shifter 0 
status flag as inverted internal trigger 
source. Support CTS by configuring 

PINSEL=1h (for Pin 1) and PINPOL=1h.

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF[7:0] to initiate an 8-bit 

transfer. Use the Shifter Status Flag 
to indicate when data can be written 

using interrupt or DMA request. Support 
MSB first transfer by writing to 
SHIFTBUFBBS[7:0] instead.

31.7.2 UART receive
UART receive can be supported using one timer, one shifter, and one pin (two timers and two pins, if supporting RTS). The start 
and stop bit verification is handled automatically and multiple transfers are supported using the DMA controller. The timer status 
flag is used to indicate when the stop bit of each word is received.

Triple voting of the received data is not supported by FLEXIO; data is sampled only once in the middle of each bit. You can use 
a timer to implement a glitch filter on the incoming data and a different timer to detect an idle line of programmable length. Break 
characters cause the error flag to set and the shifter buffer register will return 00h.

 
FLEXIO does not support automatic verification of parity bits.

  NOTE  

Table 240. UART receiver configuration

Register Value Comments

SHIFTCFGn 0000_0032h Configure start bit of 0 and stop bit of 1.

SHIFTCTLn 0080_0001h Configure receive using Timer 0 on 
negedge of clock with input data on 

Pin 0. Can invert input data by setting 
PINPOL.

TIMCMPn 0000_0F01h Configure 8-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0204_2422h Configure start bit, stop bit, enable on 
pin posedge and disable on compare. 

Table continues on the next page...
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Table 240. UART receiver configuration (continued)

Register Value Comments

Enable resynchronization to received 
data with TIMOUT=2h and TIMRST=4h.

TIMCTLn 0000_0081h Configure dual 8-bit counter using 
inverted Pin 0 input.

SHIFTBUFn Data to receive Received data can be read from 
SHIFTBUFBYS[7:0]. Use the Shifter 

Status Flag to indicate when data can 
be read using interrupt or DMA request. 
Supports MSB first transfer by reading 
from the SHIFTBUFBIS[7:0] register 

instead.

The UART receiver with RTS configuration uses a second timer to generate the RTS output. The RTS asserts when the start bit 
is detected and negates when the data is read from the shifter buffer register. If no start bit is detected while the RTS is asserted, 
the received data is ignored.

Table 241. UART receiver with RTS configuration

Register Value Comments

SHIFTCFGn 0000_0032h Configure start bit of 0 and stop bit of 1.

SHIFTCTLn 0080_0001h Configure receive using Timer 0 on 
negedge of clock with input data on 

Pin 0. Invert input data by setting 
PINPOL.

TIMCMPn 0000_0F01h Configure 8-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0204_2522h Configure start bit, stop bit, enable 
on pin posedge with trigger asserted 

and disable on compare. Enable 
resynchronization to received data with 

TIMOUT=2h and TIMRST=4h.

TIMCTLn 02C0_0081h Configure dual 8-bit counter using 
inverted Pin 0 input. Trigger is internal 

using inverted Pin 1 input.

TIMCMP(n+1) 0000_FFFFh Never compare.

TIMCFG(n+1) 0030_6100h Enable on Timer n enable and disable 
on trigger falling edge. Decrement on 

trigger to ensure no compare.

TIMCTL(n+1) 0143_0003h Configure 16-bit counter and output on 
Pin 1. Trigger is internal using Shifter 0 

flag.

Table continues on the next page...
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Table 241. UART receiver with RTS configuration (continued)

Register Value Comments

SHIFTBUFn Data to receive Received data can be read from 
SHIFTBUFBYS[7:0]. Use the Shifter 

Status Flag to indicate when data can 
be read using interrupt or DMA request. 
Supports MSB first transfer by reading 
from the SHIFTBUFBIS[7:0] register 

instead.

31.7.3 SPI Controller
SPI Controller mode can be supported using two timers, two shifters, and four pins. Either CPHA=0 or CPHA=1 can be supported 
and transfers can be supported using the DMA controller. For CPHA=1, the select can remain asserted for multiple transfers and 
the timer status flag can be used to indicate the end of the transfer.

The stop bit is used to guarantee a minimum of one clock cycle between the target select negating and before the next transfer. 
To initiate each transfer, write to the transmit buffer by either core or DMA.

 
Due to synchronization delays, the setup time for the serial input data is 1.5 FLEXIO clock cycles. This means the 
maximum baud rate is divide by 4 of the FLEXIO clock frequency.

  NOTE  

Table 242. SPI Controller (CPHA=0) configuration

Register Value Comments

SHIFTCFGn 0000_0000h Start and stop bit disabled.

SHIFTCTLn 0083_0002h Configure transmit using Timer 0 on 
negedge of clock with output data on 

Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0000_0101h Configure receive using Timer 0 on 
posedge of clock with input data on 

Pin 1.

TIMCMPn 0000_3F01h Configure 32-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0100_2222h Configure start bit, stop bit, enable on 
trigger high and disable on compare, 

initial clock state is logic 0.

TIMCTLn 01C3_0201h Configure dual 8-bit counter using Pin 2 
output (shift clock), with Shifter 0 flag 
as the inverted trigger. Set PINPOL to 

invert the output shift clock.

TIMCMP(n+1) 0000_FFFFh Never compare.

Table continues on the next page...
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Table 242. SPI Controller (CPHA=0) configuration (continued)

Register Value Comments

TIMCFG(n+1) 0000_1100h Enable when Timer 0 is enabled and 
disable when Timer 0 is disabled.

TIMCTL(n+1) 0003_0383h Configure 16-bit counter (never 
compare) using inverted Pin 3 output 

(as target select).

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF. Use the Shifter Status 
Flag to indicate when data can be 

written using interrupt or DMA request. 
Supports MSB first transfer by writing to 

the SHIFTBUFBIS register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUF. Use the Shifter Status Flag 
to indicate when data can be read using 

interrupt or DMA request. Supports 
MSB first transfer by reading from the 

SHIFTBUFBIS register instead.

Table 243. SPI Controller (CPHA=1) configuration

Register Value Comments

SHIFTCFGn 0000_0021h Start bit loads data on first shift.

SHIFTCTLn 0003_0002h Configure transmit using Timer 0 on 
posedge of clock with output data on 

Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0080_0101h Configure receive using Timer 0 on 
negedge of clock with input data on 

Pin 1.

TIMCMPn 0000_3F01h Configure 32-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0100_2222h Configure start bit, stop bit, enable on 
trigger high and disable on compare, 

initial clock state is logic 0.

TIMCTLn 01C3_0201h Configure dual 8-bit counter using Pin 2 
output (shift clock), with Shifter 0 flag 
as the inverted trigger. Set PINPOL 
to invert the output shift clock. Set 

TIMDIS=3 to keep target select asserted 
for as long as there is data in the 

transmit buffer.

Table continues on the next page...
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Table 243. SPI Controller (CPHA=1) configuration (continued)

Register Value Comments

TIMCMP(n+1) 0000_FFFFh Never compare.

TIMCFG(n+1) 0000_1100h Enable when Timer 0 is enabled and 
disable when Timer 0 is disabled.

TIMCTL(n+1) 0003_0383h Configure 16-bit counter (never 
compare) using inverted Pin 3 output 

(as target select).

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF. Use the Shifter Status 
Flag to indicate when data can be 

written using interrupt or DMA request. 
Supports MSB first transfer by writing to 

the SHIFTBUFBIS register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUF. Use the Shifter Status Flag 
to indicate when data can be read using 

interrupt or DMA request. Supports 
MSB first transfer by reading from 
SHIFTBUFBIS register instead.

31.7.4 SPI Target
SPI Target mode can be supported using one timer, two shifters, and four pins. Either CPHA=0 or CPHA=1 can be supported and 
transfers can be supported using the DMA controller. For CPHA=1, the select can remain asserted for multiple transfers and the 
timer status flag can be used to indicate the end of the transfer.

The transmit data must be written to the transmit buffer register before the external target select asserts, otherwise the shifter error 
flag is set.

 
Due to synchronization delays, the output valid time for the serial output data is 2.5 FLEXIO clock cycles. This 
means the maximum baud rate is divide by 6 of the FLEXIO clock frequency.

  NOTE  

Table 244. SPI Target (CPHA=0) configuration

Register Value Comments

SHIFTCFGn 0000_0000h Start and stop bit disabled.

SHIFTCTLn 0083_0002h Configure transmit using Timer 0 on 
falling edge of shift clock with output 

data on Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0000_0101h Configure receive using Timer 0 on 
rising edge of shift clock with input data 

on Pin 1.

TIMCMPn 0000_003Fh Configure 32-bit transfer. Set 
TIMCMP[15:0] = (number of bits x 2) - 

1.

Table continues on the next page...
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Table 244. SPI Target (CPHA=0) configuration (continued)

Register Value Comments

TIMCFGn 0120_0600h Configure enable on trigger rising 
edge. Initial clock state is logic 0 and 

decrements on pin input.

TIMCTLn 06C0_0203h Configure 16-bit counter using Pin 2 
input (shift clock), with Pin 3 input 

(target select) as the inverted trigger.

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF. Use the Shifter Status 
Flag to indicate when data can be 

written using interrupt or DMA request. 
Supports MSB first transfer by writing to 

SHIFTBUFBIS register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUF. Use the Shifter Status Flag 
to indicate when data can be read using 

interrupt or DMA request. Supports 
MSB first transfer by reading from the 

SHIFTBUFBIS register instead.

Table 245. SPI Target (CPHA=1) configuration

Register Value Comments

SHIFTCFGn 0000_0001h Shifter configured to load on first shift 
and stop bit disabled.

SHIFTCTLn 0003_0002h Configure transmit using Timer 0 on 
rising edge of shift clock with output 

data on Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0080_0101h Configure receive using Timer 0 on 
falling edge of shift clock with input data 

on Pin 1.

TIMCMPn 0000_003Fh Configure 32-bit transfer. Set 
TIMCMP[15:0] = (number of bits x 2) - 

1.

TIMCFGn 0120_6602h Configure start bit, enable on trigger 
rising edge, disable on trigger falling 
edge. Initial clock state is logic 0 and 

decrements on pin input.

TIMCTLn 06C0_0203h Configure 16-bit counter using Pin 2 
input (shift clock), with Pin 3 input 

(target select) as the inverted trigger.

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUF. Use the Shifter Status 
Flag to indicate when data can be 

Table continues on the next page...
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Table 245. SPI Target (CPHA=1) configuration (continued)

Register Value Comments

written using interrupt or DMA request. 
Supports MSB first transfer by writing to 

the SHIFTBUFBIS register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUF. Use the Shifter Status Flag 
to indicate when data can be read using 

interrupt or DMA request. Supports 
MSB first transfer by reading from 
SHIFTBUFBIS register instead.

31.7.5 I2C Controller
I2C Controller mode can be supported using two timers, two shifters, and two pins. One timer is used to generate the SCL output 
and one timer is used to control the shifters. The two shifters are used to transmit and receive for every word when receiving the 
transmitter must transmit FFh to 3-state the output. FLEXIO inserts a stop bit after every word to generate and verify the ACK or 
NACK. FLEXIO waits for the first write to the transmit data buffer before enabling SCL generation. Data transfers can be supported 
using the DMA controller and the shifter error flag sets on transmit underrun or receive overflow.

The first timer generates the bit clock for the entire packet (START to Repeated START or STOP), so the compare register must 
be programmed with the total number of clock edges in the packet (minus one). The timer supports clock stretching using the reset 
counter when pin is equal to output. However, this increases both the clock high and clock low periods by at least 1 FLEXIO clock 
cycle each. The second timer uses the SCL input pin to control the transmit and receive shift registers. This enforces an SDA data 
hold time by an extra 2 FLEXIO clock cycles.

Both the transmit and receive shifters must be serviced for each word in the transfer. The transmit shifter must transmit FFh when 
receiving and the receive shifter returns the data present on the SDA pin. The transmit shifter loads one additional word on the last 
falling edge of SCL pin. If generating a STOP condition or a repeated START condition, this word must be 00h or FFh, respectively. 
During the last word of a controller-receiver transfer, you must set the transmit SSTOP bit to generate a NACK.

The receive shift register asserts an error interrupt if a NACK is detected, but you are responsible for generating the STOP or 
repeated START condition. If a NACK is detected during controller-transmit, the interrupt routine must immediately write 00h (if 
generating STOP) or FFh (if generating repeated START) to the transmit shifter register. You must wait for the next rising edge 
on SCL before disabling both timers. The transmit shifter should be disabled after waiting the setup delay for a repeated START 
or STOP condition.

 
Due to synchronization delays, the data valid time for the transmit output is two FLEXIO clock cycles. This means 
the maximum baud rate is divide by 6 of the FLEXIO clock frequency.

  NOTE  

To guarantee SDA hold time, the I2C controller data valid is delayed two cycles because the clock output is passed through 
a synchronizer before clocking the transmit or receive shifter. Because the SCL output is synchronous with FLEXIO clock, the 
synchronization delay is one cycle, and then one cycle to generate the output.

Table 246. I2C Controller configuration

Register Value Comments

SHIFTCFGn 0000_0032h Start bit enabled (logic 0) and stop bit 
enabled (logic 1).

SHIFTCTLn 0101_0082h Configure transmit using Timer 1 on 
rising edge of clock with inverted output 

enable (open-drain output) on Pin 0.

Table continues on the next page...

NXP Semiconductors
Flexible Input/Output (FlexIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1675 / 5781



Table 246. I2C Controller configuration (continued)

Register Value Comments

SHIFTCFG(n+1) 0000_0020h Start bit disabled and stop bit enabled 
(logic 0) for ACK or NACK detection.

SHIFTCTL(n+1) 0180_0001h Configure receive using Timer 1 on 
falling edge of clock with input data on 

Pin 0.

TIMCMPn 0000_2501h Configure 2 word transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 
TIMCMP[15:8] = (number of words x 

18) + 1. Set TIMCMP[7:0] = (baud rate 
divider / 2) - 1.

TIMCFGn 0102_2222h Configure start bit, stop bit, enable on 
trigger high, disable on compare, reset 
if output equals pin. Initial clock state is 

logic 0 and is not affected by reset.

TIMCTLn 01C1_0101h Configure dual 8-bit counter using Pin 1 
output enable (SCL open-drain), with 
Shifter 0 flag as the inverted trigger.

TIMCMP(n+1) 0000_000Fh Configure 8-bit transfer. Set 
TIMCMP[15:0] = (number of bits x 2) - 

1.

TIMCFG(n+1) 0020_1112h Enable when Timer 0 is enabled, 
disable when Timer 0 is disabled. 

Enable start bit and stop bit at end of 
each word and decrement on pin input.

TIMCTL(n+1) 01C0_0183h Configure 16-bit counter using inverted 
Pin 1 input (SCL).

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUFBBS[7:0]. Use the Shifter 

Status Flag to indicate when data 
can be written using interrupt or DMA 

request.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUFBIS[7:0]. Use the Shifter 

Status Flag to indicate when data can 
be read using interrupt or DMA request.

31.7.6 I2S Controller
I2S Controller mode can be supported using two timers, two shifters, and four pins. One timer is used to generate the bit clock and 
control the shifters and one timer is used to generate the frame sync. FLEXIO waits for the first write to the transmit data buffer 
before enabling bit clock and frame sync generation. Data transfers are supported using the DMA controller and the shifter error 
flag sets on transmit underrun or receive overflow.

The bit clock frequency is an even integer divide of the FLEXIO clock frequency. The initial frame sync assertion occurs at the 
same time as the first bit clock edge. The timer uses the start bit to ensure that the frame sync is generated one clock cycle before 
the first output data.
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Due to synchronization delays, the setup time for the receiver input is 1.5 FLEXIO clock cycles. This means the 
maximum baud rate is divide by 4 of the FLEXIO clock frequency.

  NOTE  

Table 247. I2S controller configuration

Register Value Comments

SHIFTCFGn 0000_0001h Load transmit data on first shift and stop 
bit disabled.

SHIFTCTLn 0003_0002h Configure transmit using Timer 0 on 
rising edge of clock with output data on 

Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0080_0101h Configure receive using Timer 0 on 
falling edge of clock with input data on 

Pin 1.

TIMCMPn 0000_3F01h Configure 32-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 

TIMCMP[15:8] = (number of bits x 2) - 1. 
Set TIMCMP[7:0] = (baud rate divider / 

2) - 1.

TIMCFGn 0000_0202h Configure start bit, enable on trigger 
high and never disable. Initial clock 

state is logic 1.

TIMCTLn 01C3_0281h Configure dual 8-bit counter using 
inverted Pin 2 output (bit clock), with 
Shifter 0 flag as the inverted trigger. 

Clear PINPOL to invert the polarity of 
the output shift clock.

TIMCMP(n+1) 0000_007Fh Configure 32-bit transfer with baud rate 
of divide by 4 of the FLEXIO clock. Set 
TIMCMP[15:0] = (number of bits x baud 

rate divider) - 1.

TIMCFG(n+1) 0000_0100h Enable when Timer 0 is enabled and 
never disable.

TIMCTL(n+1) 0003_0383h Configure 16-bit counter using inverted 
Pin 3 output (as frame sync). Clear 
PINPOL to invert the polarity of the 

output frame sync

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUFBIS. Use the Shifter Status 

Flag to indicate when data can be 
written using interrupt or DMA request. 
Supports LSB first transfer by writing to 

SHIFTBUF register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUFBIS. Use the Shifter Status 

Table continues on the next page...
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Table 247. I2S controller configuration (continued)

Register Value Comments

Flag to indicate when data can be 
read using interrupt or DMA request. 
Supports LSB first transfer by reading 

from SHIFTBUF register instead.

31.7.7 I2S Target
I2S Target mode can be supported using three timers, two shifters, and four pins. For single transmit and single receive, other 
combinations of transmit and receive are possible.

The transmit data must be written to the transmit buffer register before the external frame sync asserts, otherwise the shifter error 
flag is set.

 
Due to synchronization delays, the output valid time for the serial output data is 2.5 FLEXIO clock cycles. This 
means the maximum baud rate is divide by 6 of the FLEXIO clock frequency.

  NOTE  

The output valid time of I2S Target is max 2.5 cycles because there is a maximum 1.5 cycle delay on the clock synchronization, 
plus 1 cycle to output the data.

Timer 2 detects the falling edge of frame sync (start of new frame) and asserts output until the rising edge of bit clock (when the 
frame sync is normally sampled). Timer 0 detects rising edge of bit clock with Timer 2 output asserted and asserts output for length 
of frame. Timer 1 detects falling edge of bit clock with Timer 0 output asserted and controls shift registers for 32-bit transfers.

Table 248. I2S Target configuration

Register Value Comments

SHIFTCFGn 0000_0000h Start and stop bit disabled.

SHIFTCTLn 0103_0002h Configure transmit using Timer 1 on 
rising edge of shift clock with output 

data on Pin 0.

SHIFTCFG(n+1) 0000_0000h Start and stop bit disabled.

SHIFTCTL(n+1) 0180_0101h Configure receive using Timer 1 on 
falling edge of shift clock with input data 

on Pin 1.

TIMCMPn 0000_007Fh Configure two 32-bit transfers per 
frame. Set TIMCMP[15:0] = (number of 

bits x 4) - 1.

TIMCFGn 0020_2500h Configure enable on pin rising edge 
(inverted bit clock) with trigger high 

(Timer 2) and disable on compare. Initial 
clock state is logic 1 and decrements on 

pin input (bit clock).

TIMCTLn 0B40_0203h Configure 16-bit counter using Pin 2 
input (bit clock), with Timer 2 output as 

the trigger.

Table continues on the next page...
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Table 248. I2S Target configuration (continued)

Register Value Comments

TIMCMP(n+1) 0000_003Fh Configure 32-bit transfers. Set 
TIMCMP[15:0] = (number of bits x 2) - 

1.

TIMCFG(n+1) 0020_2500h Configure enable on pin (bit clock) rising 
edge with trigger (Timer 0) high and 

disable on compare. Initial clock state is 
logic 1 and decrement on pin input (bit 

clock).

TIMCTL(n+1) 0340_0283h Configure 16-bit counter using inverted 
Pin 2 input (bit clock), with Timer 0 

output as the trigger.

TIMCMP(n+2) 0000_0000h Compare on zero (first edge).

TIMCFG(n+2) 0020_6400h Configure enable on inverted pin (frame 
sync) rising edge and disable on trigger 
falling edge (bit clock). Initial clock state 
is logic 1 and decrement on inverted pin 

input (frame sync).

TIMCTL(n+2) 04C0_0383h Configure 16-bit counter using inverted 
Pin3 input (frame sync), with Pin 2 

inverted input (bit clock) as the trigger.

SHIFTBUFn Data to transmit Transmit data can be written to 
SHIFTBUFBIS. Use the Shifter Status 

Flag to indicate when data can be 
written using interrupt or DMA request. 
Supports LSB first transfer by writing to 

SHIFTBUF register instead.

SHIFTBUF(n+1) Data to receive Received data can be read from 
SHIFTBUFBIS. Use the Shifter Status 

Flag to indicate when data can be 
read using interrupt or DMA request. 
Supports LSB first transfer by reading 

from SHIFTBUF register instead.

31.7.8 SENT receiver
SENT receiver can be supported by using one timer and one pin. The timer is configured as Input-Capture mode, and captures 
the counter value at falling edge of the pin input. After the counter value is captured, the counter is automatically restarted from 
counter value 0. Therefore, the captured value always indicates the period between previous falling edge and current falling edge. 
The CPU interrupt or DMA trigger can be configured at each capture of the counter. The entire SENT frame decoding with the 
latest tick width adjustment is performed by CPU software.

Table 249. SENT receiver configuration

Register Value Comments

TIMCMPn - Stores counter value at the falling edge 
of the pin.

Table continues on the next page...
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Table 249. SENT receiver configuration (continued)

Register Value Comments

TIMCFGn 0x0000_6000 Timer is always enabled. Timer is 
disabled on trigger falling edge, 

decrement counter on FLEXIO clock.

TIMCTLn 0xnn40_0007 Single 16-bit input capture mode. Timer 
pin input and output are selected by 
PINSEL. Timer pin output disabled, 

internal trigger selected, select pin nn as 
trigger.

31.7.9 Camera interface
Camera interface can be supported using one timer, one or more shifters, and multiple pins. Multiple transfers can be supported 
using DMA controller.

The example below describes the FLEXIO configuration for interfacing to an 8-bit CMOS sensor with PCLK, VSYNC, HREF, and 
D[7:0] outputs. The example uses a 128-bit buffer to capture 16-pixels of image data before interrupt or DMA transfer. You can 
use a bigger or smaller buffer depending on system DMA performance and FLEXIO resource usage by other applications.

 
You can use additional timers to track the number of pixels per row and number of rows per frame, or HREF or 
VSYNC can be assigned as GPIO interrupts for software tracking.

  NOTE  

Table 250. Camera interface configuration for 8-bit CMOS sensor

Register Value Comments

SHIFTCFGn...n+21 0007_0100h Configure 8-bit parallel shift in from 
adjacent shifter.

SHIFTCFGn+3 0007_0000h Configure 8-bit parallel shift in from pins 
FXIO_D[7:0] (D[7:0]).

SHIFTCTLn...n+3 0080_0001h Configure receive using Timer 0 on 
negedge of clock.

TIMCMPn 0000_001Fh Configure 16-pixel (8 bits/pixel x 
16 pixels = 128-bits) transfer. Set 

TIMCMP[15:0] = (number of pixels x 2) - 
1.

TIMCFGn 0120_6600h Configure enable on trigger (HREF) 
rising edge and disable on trigger falling 

edge. Initial Shift clock state is logic 0 
and decrement on PCLK input.

TIMCTLn 12C0_0803h Configure 16-bit counter using 
FXIO_D[8] input (PCLK), with 

FXIO_D[9] input (HREF) as the inverted 
trigger.

SHIFTBUFn...n+3 Data to receive Received data can be read from 
SHIFTBUFn...n+3. Use the Shifter 

Status Flag to indicate when data can 
be read using interrupt or DMA request.
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1. n=0 or 4

31.7.10 Motorola 68K and Intel 8080 bus interface
The Motorola 68K and Intel 8080 bus are two parallel interfaces commonly used by Smart/Asynchronous LCD controllers. With 
GPIO, FLEXIO can drive these interfaces using one Timer and one Shifter. Additional Shifters can be used to support large 
transfers via the DMA controller.

The table below provides an example of how to drive a 16-bit 68K or 8080 bus. For an 8080 bus, two GPIOs are used to drive the 
nCS and RS pins. For a 68K bus, an additional GPIO is required to drive the RDWR pin.

Table 251. Motorola 68K and Intel 8080 write configuration

Register Value Comments

SHIFTCFG0...0 000F_0100h Configure 16-bit parallel shift in from 
adjacent shifter.

SHIFTCTL0 0003_0002h Configure transmit using Timer 0 on 
posedge of clock with data output to 

FXIO_D[15:0].

SHIFTCTL1...0 0000_0002h Configure transmit using Timer 0 on 
posedge of clock.

TIMCMP0 0000_0101h (1-beat)

0000_1F01h (16-beats)

Configure 1 or 16-beat transfer with 
baud rate of divide by 4 of the FLEXIO 
clock. Set TIMCMP[15:8] = (number of 

beats x 2) - 1. Set TIMCMP[7:0] = (baud 
rate divider / 2) - 1.

TIMCFG0 0000_2200h Configure enable on trigger high and 
disable on compare. Timer output high 

on enable.

TIMCTL0 01C3_1001h (Motorola 68K, 1-beat)

1DC3_1001h (Motorola 68K, 16-beats)

01C3_1081h (Intel 8080, 1-beat)

1DC3_1081h (Intel 8080, 16-beats)

Configure dual 8-bit counter using 
FXIO_D[16] output (EN pin for 68K, 
nWR pin for 8080), with Shifter 0 (1-

beat) or Shifter 0 (16-beats) flag as the 
inverted trigger.

SHIFTBUF0...0 Data to transmit Transmit data can be written 
to SHIFTBUF0 (1-beat) or 

SHIFTBUF0...0(16-beats) to initiate a 
transfer, use the Shifter Status Flag to 

indicate when data can be written using 
interrupt or DMA request.

Table 252. Motorola 68K 8080 read configuration

Register Value Comments

SHIFTCFG0...3 000F_0100h Configure 16-bit parallel shift in from 
adjacent shifter.

SHIFTCFG0 000F_0000h Configure 16-bit parallel shift in from 
pin.

Table continues on the next page...

NXP Semiconductors
Flexible Input/Output (FlexIO)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1681 / 5781



Table 252. Motorola 68K 8080 read configuration (continued)

Register Value Comments

SHIFTCTL0...0 0080_0001h Configure receive using Timer 0 on 
negedge of clock with data input from 

FXIO_D[15:0].

TIMCMP0 0000_0101h (1-beat)

0000_1F01h (16-beats)

Configure 1 or 16-beat transfer with 
baud rate of divide by 4 of the FLEXIO 
clock. Set TIMCMP[15:8] = (number of 

beats x 2) - 1. Set TIMCMP[7:0] = (baud 
rate divider / 2) - 1.

TIMCFG0 0000_2220h Configure stop_bit. Enable on trigger 
high and disable on compare. Timer 

output high on enable.

TIMCTL0 1DC3_1001h (Motorola 68K, 1 beat)

01C3_1001h (Motorola 68K, 16 beats)

1DC3_1181h (Intel 8080, 1 beat)

01C3_1181h (Intel 8080, 16 beats)

Configure dual 8-bit counter using either 
FXIO_D[16] output (EN pin for 68K) or 
FXIO_D[17] output (nRD pin for 8080), 
with Shifter 0 flag (1-beat) or Shifter 0 
flag (16-beats) as the inverted trigger.

SHIFTBUF0...0 Data received Received data can be read from 
SHIFTBUF0 (1-beat) or SHIFTBUF0...0 
(16-beats). Use the Shifter Status Flag 

to indicate when data can be read using 
interrupt or DMA request.

In general, any operation to a 68K or 8080 bus target begins with a register write cycle followed by one or more data read or write 
cycles. To accomplish this, the following program flow must be used:

1. Configure FLEXIO with 1-beat write configuration

2. Configure GPIO to assert nCS, RS pins (and deassert RDWR pin for 68K)

3. Write register index data to SHIFTBUF0[15:0]

4. Configure GPIO to deassert RS pin (and assert RDWR pin for 68K data read)

5. Configure FLEXIO with desired read or write configuration (1 or 16-beats)

6. Use the Shifter Status Flag to trigger interrupt or DMA driven data transfers to and from SHIFTBUF registers

7. Configure GPIO to deassert nCS pin

31.7.11 Low-power state machine
The table below shows an example of a hypothetical state machine in order to illustrate the flexibility allowed in Shifter State mode.

In this example, FLEXIO waits for the FXIO_D[2] pin to assert and then drives a complementary square wave output at a frequency 
of FLEXIO_CLK/131072 on the FXIO_D[1:0] pins while the comparator output is asserted. This assumes that the comparator is 
connected to external trigger 15. See the chip-specific FLEXIO information for actual FLEXIO trigger mappings. Throughout this 
operation, the CPU can be kept in a STOP or VLPS mode by clearing the CTRL[DOZEN] field and ensuring the FLEXIO_CLK is 
enabled. The state diagram below shows the states and transitions implemented by this example.
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STATE0
FXIO_D[1:0]=00 FXIO_D[2]=0

FXIO_D[2]=1

CMP=1

FXIO_D[2]=0

STATE2
FXIO_D[1:0]=10

STATE1
FXIO_D[1:0]=01 CMP=0

Figure 202. State diagram

Table 253. State machine configuration

Register Value Comments

SHIFTCFG0...2 0000_0003h Enable FXIO_D[1:0] as outputs.

SHIFTCTL0 0080_0206h Configure for State mode using 
FXIO_D[4:2] as inputs to select next 

state and Timer 0 output low to trigger 
next state.

SHIFTBUF0 0020_8208h State0: Drive FXIO_D[1:0]=00, transition 
to State0 if FXIO_D[2]=0, State1 if 

FXIO_D[2]=1.

SHIFTCTL1 0000_0206h Configure for State mode using 
FXIO_D[4:2] as inputs to select next 

state and Timer 0 output high to trigger 
next state.

SHIFTBUF1 0140_8408h State1: Drive FXIO_D[1:0]=01, transition 
to State0 if FXIO_D[2]=0, State1 

if CMP=0, State2 if CMP=1 
(FXIO_D[3]=1)

Table continues on the next page...
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Table 253. State machine configuration (continued)

Register Value Comments

SHIFTCTL2 0080_0206h Configure for State mode using 
FXIO_D[4:2] as inputs to select next 

state and Timer 0 output low to trigger 
next state.

SHIFTBUF2 0224_9249h State2: Drive FXIO_D[1:0]=10, transition 
to State1 when Timer 0 output low

TIMCMP0 0000_FFFFh Configure baud rate of divide by 131072 
of the FLEXIO clock. Set TIMCMP[7:0] 

= (baud rate divider / 2) - 1.

TIMCFG0 0000_0000h Configure timer always enabled.

TIMCTL0 0000_0003h Configure single 16-bit counter.

TIMCFG1 0010_7600h Configure timer enabled on trigger rising 
edge, disabled on trigger falling edge, 

decrement on trigger edge.

TIMCTL1 0F03_0303h Configure timer output enabled 
on FXIO_D[3], external trigger 15 

(comparator output) selected.

31.7.12 Keypad interface
The keypad interface can support a 3 ✕ 4 keypad matrix using three timers and three shifters, although a larger matrix can be 
supported using additional shifters. The configuration is designed for four columns configured as active low open-drain pins and 
three rows configured as input pins with pull-up resistors enabled.

One shifter is configured in logic mode to assert its output when any of the row inputs are low, indicating a key is pressed. Use a 
timer to filter the shifter output to ensure that the key is pressed for a minimum amount of time before performing the column scan.

A different shifter is configured for parallel transmit. Use this shifter to scan each column when a keypress is detected. When 
not scanning, the shifter output is configured to assert all active low open-drain column outputs to detect any keypress. Use a 
dedicated timer to control the transmit shifter.

The last shifter is configured for parallel receive. Use this shifter to capture the result of the column scanning for software to decode 
which key (or keys) was pressed. This configuration captures the state of both row and column pins for each scan, although the row 
state can also be deduced by the shift order. Use a dedicated timer to control the receive shifter, which shifts at half the frequency 
of the transmit shifter.

When the result of the key scan is available in the receive shifter register, FLEXIO continues to monitor the row inputs and can 
trigger multiple scans from the one keypress. To support debouncing, you can decide how many consecutive scans should be 
considered a single keypress.

 
Because the pins used in Logic mode are fixed per shifter and the shifters that support parallel shifts are limited, this 
configuration is restricted in what pins and shifters it can use. Increasing the matrix beyond four-row inputs requires 
multiple shifters in logic mode. Increasing beyond four-column outputs requires concatenating transmit shifters to 
create a larger shift register.

  NOTE  
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Table 254. Keypad interface configuration

Register Value Comments

SHIFTCFG0 0003_0032h Start bit enabled (logic 0) and stop bit 
enabled (logic 1), configured for 4-bit 

shift.

SHIFTCTL0 0101_0402h Configure transmit using Timer 1 on 
rising edge of clock generating open-

drain output on Pins[7:4] (column 
outputs).

SHIFTBUF0 0804_0201h Static data containing the column scan 
pattern, each column is scanned one-

hot with dead time in between.

SHIFTCFG1 0000_0020h In logic mode, mask input 3.

SHIFTCTL1 0000_0007h Configure logic mode.

SHIFTBUF1 07FF_07FFh Static data configuring logic mode LUT. 
Output asserts if pins [3:1] are logic 0.

SHIFTCFG3 0007_0000h Configured for 8-bit shift.

SHIFTCTL3 0280_0001h Configure receive using Timer 2 on 
falling edge of clock with input data on 

Pins [7:0] (both rows and columns, Pin 0 
is don't care).

TIMCMP0 0000_00ffh Configures pre-scanning glitch filter to 
256 FLEXIO clock cycles. For different 
filter cycles, set TIMCMP[15:0] = (filter 

cycles) - 1.

TIMCFG0 0103_6600h Configure enable on trigger rising edge 
and disable on trigger falling edge. Initial 
clock state is logic 0 and is not affected 

by reset.

TIMCTL0 0540_0003h Configure 16-bit counter using Shifter 1 
flag (logic state) as trigger.

TIMCMP1 0000_0F3Fh Configure 8 shifts (twice for each 
column) at column scan rate of divide 

by 128. For different scan frequency, set 
TIMCMP[7:0] = (scan divider / 2) - 1.

TIMCFG1 0020_2622h Enable on trigger rising edge, disable 
on compare. Start and stop bits are 

enabled.

TIMCTL1 0340_0001h Configure dual 8-bit counter using 
Timer 0 output as the trigger.

TIMCMP2 0000_0801h Configure 4 shifts at half the frequency 
of Timer 1 trigger.

TIMCFG2 0110_2100h Enable on Timer 1 enable, disable on 
compare, decrement on trigger input 

Table continues on the next page...
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Table 254. Keypad interface configuration (continued)

Register Value Comments

with output initially negated, and not 
affected by reset

TIMCTL2 0740_0001h Configure dual 8-bit counter using 
Timer 1 output as the trigger.

SHIFTBUF3 Keypad Scan Result Keypad scan result can be read from 
SHIFTBUF3. Each byte is the result of 
one scan with both row and column pin 
state from the scan (pin 0 is not used). 
Use the Shifter Status Flag to indicate 

when data can be written using interrupt 
or DMA request.
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Chapter 32
Ethernet Controller (ENET)
32.1 Chip-specific ENET information
Table 255. Reference links to related information

Topic Related module Reference

Full description ENET ENET

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

32.1.1 Module instances
This device has one instance of the ENET module.

The following table describes the chip specific external signals of ENET:

Table 256. External Signals

Signal Mode Description Direction

1588_TMR0/1588_TMR1 RMII/MII Capture/compare block input/
output event bus signal.

• When configured for 
capture and a rising 
edge is detected, the 
current timer value is 

latched and transferred 
into the corresponding 

ENET_TCCRn register for 
inspection by software.

• When configured 
for compare, the 

corresponding signal 
1588_TMR is asserted for 
one cycle when the timer 

reaches the compare 
value programmed in the 
register ENET_TCCRn.

An interrupt or DMA 
request can be triggered 
if the corresponding bit 

in ENET_TCSRn[TIE] or 
ENET_TCSRn[TDRE] is set.

IO
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32.2 Overview
The core implements a dual-speed 10/100-Mbit/s ENET compliant with the IEEE802.3-2002 standard. The MAC layer provides 
compatibility with half- or full-duplex 10/100-Mbit/s Ethernet LANs.

The MAC operation is fully programmable and can be used in Network Interface Card (NIC), bridging, or switching applications. 
The core implements the remote network monitoring (RMON) counters according to IETF RFC 2819.

The core also implements a hardware acceleration block to optimize the performance of network controllers providing TCP/IP, 
UDP, and ICMP protocol services. The acceleration block performs critical functions in hardware, which are typically implemented 
with large software overhead.

The core implements programmable embedded FIFOs that can provide buffering on the receive path for lossless flow control.

Advanced power management features are available with magic packet detection and programmable power-down modes.

A unified DMA (uDMA), internal to the ENET module, optimizes data transfer between the ENET core and the SoC, and supports 
an enhanced buffer descriptor programming model to support IEEE 1588 functionality.

The programmable ENET with IEEE 1588 integrates a standard IEEE 802.3 Ethernet MAC with a time-stamping module. The 
IEEE 1588 standard provides accurate clock synchronization for distributed control nodes for industrial automation applications.

32.2.1 Block diagram
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Figure 203. Ethernet MAC-NET core block diagram

32.2.2 Features
The MAC-NET core includes the following features.

32.2.2.1 Ethernet MAC features

• Implements the full 802.3 specification with preamble/SFD generation, frame padding generation, CRC generation and 
checking
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• Supports zero-length preamble

• Dynamically configurable to support 10/100-Mbit/s operation

• Supports 10/100 Mbit/s full-duplex and configurable half-duplex operation

• Compliant with the AMD magic packet detection with interrupt for node remote power management

• Seamless interface to commercial Ethernet PHY devices via one of the following:

— a 4-bit Media Independent Interface (MII) operating at 2.5/25 MHz.

— a 4-bit non-standard MII-Lite (MII without the CRS and COL signals) operating at 2.5/25 MHz.

— a 2-bit Reduced MII (RMII) operating at 50 MHz.

• CRC-32 checking at full speed with optional forwarding of the frame check sequence (FCS) field to the client

• CRC-32 generation and append on transmit or forwarding of user application provided FCS selectable on a per-frame 
basis

• In full-duplex mode:

— Supports Ethernet pause frame (802.3 Annex 31A) providing fully automated flow control without any user 
application overhead

— Pause quanta used to form pause frames, dynamically programmable

— Pause frame generation additionally controllable by user application offering flexible traffic flow control

— Optional forwarding of received pause frames to the user application

— Implements standard flow-control mechanism

• In half-duplex mode: provides full collision support, including jamming, backoff, and automatic retransmission

• Supports VLAN-tagged frames according to IEEE 802.1Q

• Programmable MAC address: Insertion on transmit; discards frames with mismatching destination address on receive 
(except broadcast and pause frames)

• Programmable promiscuous mode support to omit MAC destination address checking on receive

• Multicast and unicast address filtering on receive based on 64-entry hash table, reducing higher layer processing load

• Programmable frame maximum length providing support for any standard or proprietary frame length

• Statistics indicators for frame traffic and errors (alignment, CRC, length) and pause frames providing for IEEE 802.3 basic 
and mandatory management information database (MIB) package and remote network monitoring (RFC 2819)

• Simple handshake user application FIFO interface with fully programmable depth and threshold levels

• Provides separate status word for each received frame on the user interface providing information such as frame length, 
frame type, VLAN tag, and error information

• Supports internal loopback option

• Programmable Clause 22 and Clause 45 MDIO Master interface for PHY device configuration and management

• Supports legacy FEC buffer descriptors

• Supports interrupt coalescing

32.2.2.2 IP protocol performance optimization features

• Operates on TCP/IP and UDP/IP and ICMP/IP protocol data or IP header only

• Enables wire-speed processing

• Supports IPv4 and IPv6

• Transparent passing of frames of other types and protocols
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• Supports VLAN tagged frames according to IEEE 802.1q with transparent forwarding of VLAN tag and control field

• Automatic IP-header and payload (protocol specific) checksum calculation and verification on receive

• Automatic IP-header and payload (protocol specific) checksum generation and insertion on transmit. Configurable on a 
per-frame basis

• Supports IP and TCP, UDP, ICMP data for checksum generation and checking

• Supports full header options for IPv4 and TCP protocol headers

• Provides IPv6 support to datagrams with base header only — datagrams with extension headers are passed transparently 
unmodifed/unchecked

• Provides statistics information for received IP and protocol errors

• Configurable automatic discard of erroneous frames

• Configurable automatic host-to-network (RX) and network-to-host (TX) byte order conversion for IP and TCP/UDP/ICMP 
headers within the frame

• Configurable padding remove for short IP datagrams on receive

• Configurable Ethernet payload alignment to allow for 32-bit word-aligned header and payload processing

• Programmable store-and-forward operation with clock and rate decoupling FIFOs

32.2.2.3 IEEE 1588 features

• Supports all IEEE 1588 frames.

• Allows reference clock to be chosen independently of network speed.

• Software-programmable precise time-stamping of ingress and egress frames

• Timer monitoring capabilities for system calibration and timing accuracy management

• Precise time-stamping of external events with programmable interrupt generation

• Programmable event and interrupt generation for external system control

• Supports hardware- and software-controllable timer synchronization.

• Provides a 4-channel IEEE 1588 timer. Each channel supports input capture and output compare using the 1588 counter.

32.3 Functional description
This section provides a complete functional description of the MAC-NET core.

32.3.1 Ethernet MAC frame formats
• Minimum length of 64 bytes

• Maximum length of 1518 bytes excluding the preamble and the start frame delimiter (SFD) bytes

An Ethernet frame consists of the following fields:

• Seven bytes preamble

• Start frame delimiter (SFD)

• Two address fields

• Length or type field

• Data field

• Frame check sequence (CRC value)

• Extension field is defined only for Gigabit Ethernet half-duplex implementations and is not supported by the MAC core

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1690 / 5781



Frame check sequence (FCS)

Payload Length
Frame Length 

Preamble 
1 octet 

Destination address 
Source address 

Length/type 
Payload data 

0–46 octets 
4 octets

Pad 
0–1500/9000 octets 

2 octets 

7 octets 
SFD 

 

6 octets 
6 octets 

Extension (half dup only)

Figure 204. MAC frame format overview

Optionally, MAC frames can be VLAN-tagged with an additional four-byte field inserted between the MAC source address and 
the type/length field. VLAN tagging is defined by the IEEE P802.1q specification. VLAN-tagged frames have a maximum length 
of 1522 bytes, excluding the preamble and the SFD bytes.

Frame check sequence (FCS)

Payload Length
Frame Length 

Preamble 
1 octet 

Destination address 
Source address 

Length/type 
Payload data 

4 octets

Pad 
0 –1500/9000 octets 

2 octets 

7 octets 
SFD 

 

6 octets 
6 octets 

       0–42 octets     

2 octets 
2 octets 

       VLAN tag (0x8100)     

       VLAN info     

 

Extension (half dup only)

Figure 205. VLAN-tagged MAC frame format overview

Table 257. MAC frame definition

Term Description

Frame length Defines the length, in octets, of the complete frame without preamble and SFD. A frame has a valid 
length if it contains at least 64 octets and does not exceed the programmed maximum length.

Payload length The length/type field indicates the length of the frame's payload section. The most significant byte is 
sent/received first.

• If the length/type field is set to a value less than 46, the payload is padded so that the minimum 
frame length requirement (64 bytes) is met. For VLAN-tagged frames, a value less than 42 
indicates a padded frame.

• If the length/type field is set to a value larger than the programmed frame maximum length (e.g. 
1518) it is interpreted as a type field.

Destination and 
source address

48-bit MAC addresses. The least significant byte is sent/received first and the first two least significant 
bits of the MAC address distinguish MAC frames, as detailed in MAC address check.
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Although the IEEE specification defines a maximum frame length, the MAC core provides the flexibility to program 
any value for the frame maximum length.

  NOTE  

32.3.1.1 Pause Frames
The receiving device generates a pause frame to indicate a congestion to the emitting device, which should stop sending data.

Pause frames are indicated by the length/type set to 0x8808. The two first bytes of a pause frame following the type, defines a 
16-bit opcode field set to 0x0001 always. A 16-bit pause quanta is defined in the frame payload bytes 2 (P1) and 3 (P2) as defined 
in the following table. The P1 pause quanta byte is the most significant.

Table 258. Pause Frame Format (Values in Hex)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

55 55 55 55 55 55 55 D5 01 80 C2 00 00 01

Preamble SFD Multicast Destination Address

15 16 17 18 19 20 21 22 23 24 25 26 27 –68

00 00 00 00 00 00 88 08 00 01 hi lo 00

Source Address Type Opcode P1 P2 pad (42)

69 70 71 72

26 6B AE 0A

CRC-32

There is no payload length field found within a pause frame and a pause frame is always padded with 42 bytes (0x00).

If a pause frame with a pause value greater than zero (XOFF condition) is received, the MAC stops transmitting data as soon the 
current frame transfer is completed. The MAC stops transmitting data for the value defined in pause quanta. One pause quanta 
fraction refers to 512 bit times.

If a pause frame with a pause value of zero (XON condition) is received, the transmitter is allowed to send data immediately (see 
Full-duplex flow control operation for details).

32.3.1.2 Magic packets
A magic packet is a unicast, multicast, or broadcast packet, which carries a defined sequence in the payload section. Magic 
packets are received and inspected only under specific conditions as described in Magic packet detection.

The defined sequence to decode a magic packet is formed with a synchronization stream which consists of six consecutive 0xFF 
bytes, and is followed by sequence of sixteen consecutive unicast MAC addresses of the node to be awakened.

This sequence can be located anywhere in the magic packet payload. The magic packet is formed with a standard Ethernet 
header, optional padding, and CRC.

32.3.2 IP and higher layers frame format
The following sections use the term datagram to describe the protocol specific data unit that is found within the payload section 
of its container entity.

For example, an IP datagram specifies the payload section of an Ethernet frame. A TCP datagram specifies the payload section 
within an IP datagram.
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32.3.2.1 Ethernet types
IP datagrams are carried in the payload section of an Ethernet frame. The Ethernet frame type/length field discriminates 
several datagram types. The following table lists the types of interest:

Table 259. Ethernet type value examples

Type Description

0x8100 VLAN-tagged frame. The actual type is found 4 octets later in the frame.

0x0800 IPv4

0x0806 ARP

0x86DD IPv6

32.3.2.2 IPv4 datagram format

The following figure shows the IP Version 4 (IPv4) header, which is located at the beginning of an IP datagram. It is organized in 
32-bit words. The first byte sent/received is the leftmost byte of the first word (in other words, version/IHL field).

The IP header can contain further options, which are always padded if necessary to guarantee the payload following the header 
is aligned to a 32-bit boundary.

The IP header is immediately followed by the payload, which can contain further protocol headers (for example, TCP or UDP, as 
indicated by the protocol field value). The complete IP datagram is transported in the payload section of an Ethernet frame.

Table 260. IPv4 header format

3
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2
1
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1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1 0

Version IHL TOS Length

Fragment ID Flags Fragment offset

TTL Protocol Header checksum

Source address

Destination address

Options

Table 261. IPv4 header fields

Field name Description

Version 4-bit IP version information. 0x4 for IPv4 frames.

IHL 4-bit Internet header length information. Determines number of 32-bit words found within the IP 
header. If no options are present, the default value is 0x5.

TOS Type of service/DiffServ field.

Table continues on the next page...
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Table 261. IPv4 header fields (continued)

Field name Description

Length Total length of the datagram in bytes, including all octets of header and payload.

Fragment ID, flags, 
fragment offset

Fields used for IP fragmentation.

TTL Time-to-live. In effect, is decremented at each router arrival. If zero, datagram must 
be discarded.

Protocol Identifier of protocol that follows in the datagram.

Header checksum Checksum of IP header. For computational purposes, this field's value is zero.

Source address Source IP address.

Destination address Destination IP address.

32.3.2.3 IPv6 datagram format

The following figure shows the IP version 6 (IPv6) header, which is located at the beginning of an IP datagram. It is organized in 
32-bit words and has a fixed length of ten words (40 bytes). The next header field identifies the type of the header that follows 
the IPv6 header. It is defined similar to the protocol identifier within IPv4, with new definitions for identifying extension headers. 
These headers can be inserted between the IPv6 header and the protocol header, which will shift the protocol header accordingly. 
The accelerator currently only supports IPv6 without extension headers (in other words, the next header specifies TCP, UDP, 
or IMCP).

The first byte sent/received is the leftmost byte of the first word (in other words, version/traffic class fields).

                

           31                    30                    29                    28                    27                    26                    25                    24                    23                    22                    21                    20                    19                    18                    17                    16                    15                    14                    13                    12                    11                    10                    9                    8                    7                    6                    5                    4                    3                    2                    1                    0         

         Version                Traffic class                Flow label       
         Payload length                Next header                Hop limit       

         Source address       

         Destination address       

         Start of next header/payload       

Figure 206. IPv6 header format

Table 262. IPv6 header fields

Field name Description

Version 4-bit IP version information. 0x6 for all IPv6 frames.

Traffic class 8-bit field defining the traffic class.

Flow label 20-bit flow label identifying frames of the same flow.

Table continues on the next page...
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Table 262. IPv6 header fields (continued)

Field name Description

Payload length 16-bit length of the datagram payload in bytes. It includes all octets following the IPv6 header.

Next header Identifies the header that follows the IPv6 header. This can be the protocol header or any IPv6 defined 
extension header.

Hop limit Hop counter, decremented by one by each station that forwards the frame. If hop limit is 0 the frame 
must be discarded.

Source address 128-bit IPv6 source address.

Destination address 128-bit IPv6 destination address.

32.3.2.4 Internet Control Message Protocol (ICMP) datagram format
An internet control message protocol (ICMP) is found following the IP header, if the protocol identifier is 1. The ICMP datagram 
has a four-octet header followed by additional message data.

Table 263. ICMP header format
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Type Code Checksum

ICMP message data

Table 264. IP header fields

Field name Description

Type 8-bit type information

Code 8-bit code that is related to the message type

Checksum 16-bit one's complement checksum over the complete ICMP datagram

32.3.2.5 User Datagram Protocol (UDP) datagram format
A user datagram protocol header is found after the IP header, when the protocol identifier is 17.

The payload of the datagram is after the UDP header. The header byte order follows the conventions given for the IP 
header above.

Table 265. UDP header format
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Table 266. UDP header fields

Field name Description

Source port Source application port

Destination port Destination application port

Length Length of user data which immediately follows the header, including the UDP header (that is, minimum 
value is 8)

Checksum Checksum over the complete datagram and some IP header information

32.3.2.6 TCP datagram format
A TCP header is found following the IP header, when the protocol identifier has a value of 6. The TCP payload immediately 
follows the TCP header.

Table 267. TCP header format
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Sequence number

Acknowledgement number

Offset Reserved Flags Window

Checksum Urgent pointer

Options

Table 268. TCP header fields

Field name Description

Source port Source application port

Destination port Destination application port

Sequence

number

Transmit sequence number

Ack. number Receive sequence number

Offset Data offset, which is number of 32-bit words within TCP header — if no options selected, defaults 
to value of 5

Flags URG, ACK, PSH, RST, SYN, FIN flags

Window TCP receive window size information

Table continues on the next page...
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Table 268. TCP header fields (continued)

Field name Description

Checksum Checksum over the complete datagram (TCP header and data) and IP header information

Options Additional 32-bit words for protocol options

32.3.3 IEEE 1588 message formats
The following sections describe the IEEE 1588 message formats.

32.3.3.1 Transport encapsulation
The precision time protocol (PTP) datagrams are encapsulated in Ethernet frames using the UDP/IP transport mechanism, 
or optionally, with the newer 1588v2 directly in Ethernet frames (layer 2). Typically, multicast addresses are used to allow 
efficient distribution of the synchronization messages.

32.3.3.1.1 UDP/IP
The 1588 messages (v1 and v2) can be transported using UDP/IP multicast messages. The table below shows IP multicast 
groups defined for PTP. The table also shows their respective MAC layer multicast address mapping according to RFC 1112 
(last three octets of IP follow the fixed value of 01-00-5E).

Table 269. UDP/IP multicast domains

Name IP Address MAC Address mapping

DefaultPTPdomain 224.0.1.129 01-00-5E-00-01-81

AlternatePTPdomain1 224.0.1.130 01-00-5E-00-01-82

AlternatePTPdomain2 224.0.1.131 01-00-5E-00-01-83

AlternatePTPdomain3 224.0.1.132 01-00-5E-00-01-84

Table 270. UDP port numbers

Message type UDP port Note

Event 319 Used for SYNC and DELAY_REQUEST messages

General 320 All other messages (for example, follow-up, delay-response)

32.3.3.1.2 Native Ethernet (PTPv2)
In addition to using UDP/IP frames, IEEE 1588v2 defines a native Ethernet frame format that uses ethertype = 0x88F7. The 
payload of the Ethernet frame immediately contains the PTP datagram, starting with the PTPv2 header.

Besides others, version 2 adds a peer delay mechanism to allow delay measurements between individual point-to-point links along 
a path over multiple nodes. The following multicast domains are also defined in PTPv2.
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Table 271. PTPv2 multicast domains

Name MAC address

Normal messages 01-1B-19-00-00-00

Peer delay messages 01-80-C2-00-00-0E

32.3.3.2 PTP header
All PTP frames contain a common header that determines the protocol version and the type of message, which defines 
the remaining content of the message. All multi-octet fields are transmitted in big-endian order (the most significant byte is 
transmitted/received first).

The last four bits of versionPTP are at the same position (second byte) for PTPv1 and PTPv2 headers. This allows accurate 
identification by inspecting the first two bytes of the message.

32.3.3.2.1 PTPv1 header

Table 272. Common PTPv1 message header

Offset Octets Bits

7 6 5 4 3 2 1 0

0 2 versionPTP = 0x0001

2 2 versionNetwork

4 16 subdomain

20 1 messageType

21 1 sourceCommunicationTechnology

22 6 sourceUuid

28 2 sourcePortId

30 2 sequenceId

32 1 control

33 1 0x00

34 2 flags

36 4 reserved

The type of message is encoded in the messageType and control fields as shown in Table 273:
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Table 273. PTPv1 message type identification

messageType control Message Name Message

0x01 0x0 SYNC Event message

0x01 0x1 DELAY_REQ Event message

0x02 0x2 FOLLOW_UP General message

0x02 0x3 DELAY_RESP General message

0x02 0x4 MANAGEMENT General message

other other — Reserved

The field sequenceId is used to non-ambiguously identify a message.

32.3.3.2.2 PTPv2 header

Table 274. Common PTPv2 message header

Offset Octets Bits

7 6 5 4 3 2 1 0

0 1 transportSpecific messageId

1 1 reserved versionPTP = 0x2

2 2 messageLength

4 1 domainNumber

5 1 reserved

6 2 flags

8 8 correctionField

16 4 reserved

20 10 sourcePortIdentity

30 2 sequenceId

32 1 control

33 1 logMeanMessageInterval

The type of message is encoded in the field messageId as follows:
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Table 275. PTPv2 message type identification

messageId Message name Message

0x0 SYNC Event message

0x1 DELAY_REQ Event message

0x2 PATH_DELAY_REQ Event message

0x3 PATH_DELAY_RESP Event message

0x4–0x7 — Reserved

0x8 FOLLOW_UP General message

0x9 DELAY_RESP General message

0xa PATH_DELAY_FOLLOW_UP General message

0xb ANNOUNCE General message

0xc SIGNALING General message

0xd MANAGEMENT General message

The PTPv2 flags field contains further details on the type of message, especially if one-step or two-step implementations are 
used. The one- or two-step implementation is controlled by the TWO_STEP bit in the first octet of the flags field as shown below. 
Reserved bits are cleared.

Table 276. PTPv2 message flags field definitions

Bit Name Description

0 ALTERNATE_MASTER See IEEE 1588 Clause 17.4

1 TWO_STEP 1 Two-step clock

0 One-step clock

2 UNICAST 1 Transport layer address uses a unicast destination address

0 Multicast is used

3 — Reserved

4 — Reserved

5 Profile specific

6 Profile specific

7 — Reserved

32.3.4 MAC receive
The MAC receive engine performs the following tasks:
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• Check frame framing

• Remove frame preamble and frame SFD field

• Discard frame based on frame destination address field

• Terminate pause frames

• Check frame length

• Remove payload padding if it exists

• Calculate and verify CRC-32

• Write received frames in the core receive FIFO

If the MAC is programmed to operate in half-duplex mode, it will also check if the frame is received with a collision.

Discard

Discard

Discard

Discard Detect Preamble

Collision

Compare destination address 
with local/multicast/broadcast

Discriminate length/type 
information

Receive payload 
Remove padding

Verify CRC

Verify frame length

Write data FIFO 
and frame status

Half duplex only

Figure 207. MAC receive flow

32.3.4.1 Collision detection in half-duplex mode
If the packet is received with a collision detected during reception of the first 64 bytes, the packet is discarded (if frame size 
was less than ~14 octets) or transmitted to the user application with an error and RxBD[CE] set.

32.3.4.2 Preamble processing
The IEEE 802.3 standard allows a maximum size of 56 bits (seven bytes) for the preamble, while the MAC core allows any 
preamble length, including zero length preamble. The MAC core checks for the start frame delimiter (SFD) byte. If the next 
byte of the preamble, which is different from 0x55, is not 0xD5, the frame is discarded.

Although the IEEE specification dictates that the inner-packet gap should be at least 96 bits, the MAC core is designed to accept 
frames separated by only 64 10/100-Mbit/s operation (MII) bits.

The MAC core removes the preamble and SFD bytes.
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32.3.4.3 MAC address check
The destination address bit 0 differentiates between multicast and unicast addresses.

• If bit 0 is 0, the MAC address is an individual (unicast) address.

• If bit 0 is 1, the MAC address defines a group (multicast) address.

• If all 48 bits of the MAC address are set, it indicates a broadcast address.

32.3.4.3.1 Unicast address check
If a unicast address is received, the destination MAC address is compared to the node MAC address programmed by the host 
in the PADDR1/2 registers. If the destination address matches any of the programmed MAC addresses, the frame is accepted.

If Promiscuous mode is enabled (RCR[PROM] = 1) no address checking is performed and all unicast frames are accepted.

32.3.4.3.2 Multicast and unicast address resolution

The hash table algorithm used in the group and individual hash filtering operates as follows.

• The 48-bit destination address is mapped into one of 64 bits, represented by 64 bits in ENETn_GAUR/GALR (group address 
hash match) or ENETn_IAUR/IALR (individual address hash match).

• This mapping is performed by passing the 48-bit address through the on-chip 32-bit CRC generator and selecting the six most 
significant bits of the CRC-encoded result to generate a number between 0 and 63.

• The msb of the CRC result selects ENETn_GAUR (msb = 1) or ENETn_GALR (msb = 0).

• The five least significant bits of the hash result select the bit within the selected register.

• If the CRC generator selects a bit set in the hash table, the frame is accepted; else, it is rejected.

For example, if eight group addresses are stored in the hash table and random group addresses are received, the hash table 
prevents roughly 56/64 (or 87.5%) of the group address frames from reaching memory. Those that do reach memory must be 
further filtered by the processor to determine if they truly contain one of the eight desired addresses.

The effectiveness of the hash table declines as the number of addresses increases.

The user must initialize the hash table registers. Use this CRC32 polynomial to compute the hash:

• FCS(x) = x32+ x26+ x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x1+ 1

If Promiscuous mode is enabled (ENETn_RCR[PROM] = 1) all unicast and multicast frames are accepted regardless of 
ENETn_GAUR/GALR and ENETn_IAUR/IALR settings.

32.3.4.3.3 Broadcast address reject
All broadcast frames are accepted if BC_REJ is cleared or ENETn_RCR[PROM] is set. If PROM is cleared when 
ENETn_RCR[BC_REJ] is set, all broadcast frames are rejected.

Table 277. Broadcast address reject programming

PROM BC_REJ Broadcast frames

0 0 Accepted

0 1 Rejected

1 0 Accepted

1 1 Accepted
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32.3.4.3.4 Miss-bit implementation
For higher layer filtering purposes, RxBD[M] indicates an address miss when the MAC operates in promiscuous mode and 
accepts a frame that would otherwise be rejected.

If a group/individual hash or exact match does not occur and Promiscuous mode is enabled (RCR[PROM] = 1), the frame is 
accepted and the M bit is set in the buffer descriptor; otherwise, the frame is rejected.

This means the status bit is set in any of the following conditions during Promiscuous mode:

• A broadcast frame is received when BC_REJ is set

• A unicast is received that does not match either:

— Node address (PALR[PADDR1] and PAUR[PADDR2])

— Hash table for unicast (IAUR[IADDR1] and IALR[IADDR2])

• A multicast is received that does not match the GAUR[GADDR1] and GALR[GADDR2] hash table entries

32.3.4.4 Frame length/type verification: payload length check
If the length/type is less than 0x600 and NLC is set, the MAC checks the payload length and reports any error in the frame 
status word RCR[NLC] and interrupt bit EIR[PLR].

If the length/type is greater than or equal to 0x600, the MAC interprets the field as a type and no payload length check is performed.

The length check is performed on VLAN and stacked VLAN frames. If a padded frame is received, no length check can be 
performed due to the extended frame payload because padded frames can never have a payload length error.

32.3.4.5 Frame length/type verification: frame length check
When the receive frame length exceeds MAX_FL bytes, the BABR interrupt is generated and the RxBD[LG] bit is set.

The frame is not truncated unless the frame length exceeds the value programmed in ENETn_FTRL[TRUNC_FL]. If the frame is 
truncated, RxBD[TR] is set. In addition, a truncated frame always has the CRC error indication set (RxBD[CR]).

32.3.4.6 VLAN frames processing
VLAN frames have a length/type field set to 0x8100 immediately followed by a 16-Bit VLAN control information field. VLAN-
tagged frames are received as normal frames because the VLAN tag is not interpreted by the MAC function, and are pushed 
complete with the VLAN tag to the user application. If the length/type field of the VLAN-tagged frame, which is found four 
octets later in the frame, is less than 42, the padding is removed. In addition, the frame status word (RxBD[VLAN]) indicates 
that the current frame is VLAN tagged.

32.3.4.7 Pause frame termination
The receive engine terminates pause frames and does not transfer them to the receive FIFO. The quanta is extracted and sent 
to the MAC transmit path via a small internal clock rate decoupling asynchronous FIFO.

The quanta is written only if a correct CRC and frame length are detected by the control state machine. If not, the quanta is 
discarded and the MAC transmit path is not paused.

Valid pause frames are ignored if ENETn_RCR[FCE] is cleared and are forwarded to the client interface when 
ENETn_RCR[PAUFWD] is set.

32.3.4.8 CRC check

The CRC-32 field is checked and forwarded to the core FIFO interface if ENETn_RCR[CRCFWD] is cleared and 
ENETn_RCR[PADEN] is cleared. When CRCFWD is set (regardless of PADEN), the CRC-32 field is checked and terminated (not 
transmitted to the FIFO).

The CRC polynomial, as specified in the 802.3 standard, is:
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• FCS(x) = x32+ x26+ x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x1+ 1

The 32 bits of the CRC value are placed in the frame check sequence (FCS) field with the x31 term as right-most bit of the first 
octet. The CRC bits are thus received in the following order: x31, x30,..., x1, x0.

If a CRC error is detected, the frame is marked invalid and RxBD[CR] is set.

32.3.4.9 Frame padding removal
When a frame is received with a payload length field set to less than 46 (42 for VLAN-tagged frames and 38 for frames with 
stacked VLANs), the zero padding can be removed before the frame is written into the data FIFO depending on the setting of 
ENETn_RCR[PADEN].

 
If a frame is received with excess padding (in other words, the length field is set as mentioned above, but the frame 
has more than 64 octets) and padding removal is enabled, then the padding is removed as normal and no error is 
reported if the frame is otherwise correct (for example: good CRC, less than maximum length, and no other error).

  NOTE  

32.3.5 MAC transmit
Frame transmission starts when the transmit FIFO holds enough data.After a transfer starts, the MAC transmit function 
performs the following tasks:

• Generates preamble and SFD field before frame transmission

• Generates XOFF pause frames if the receive FIFO reports a congestion or if ENETn_TCR[TFC_PAUSE] is set with 
ENETn_OPD[PAUSE_DUR] set to a non-zero value

• Generates XON pause frames if the receive FIFO congestion condition is cleared or if TFC_PAUSE is set with 
PAUSE_DUR cleared

• Suspends Ethernet frame transfer (XOFF) if a non-zero pause quanta is received from the MAC receive path

• Adds padding to the frame if required

• Calculates and appends CRC-32 to the transmitted frame

• Sends the frame with correct inter-packet gap (IPG) (deferring)

When the MAC is configured to operate in half-duplex mode, the following additional tasks are performed:

• Collision detection

• Frame retransmit after back-off timer expires
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Figure 208. Frame transmit overview

32.3.5.1 Frame payload padding
The IEEE specification defines a minimum frame length of 64 bytes. If the frame sent to the MAC from the user application has 
a size smaller than 60 bytes, the MAC automatically adds padding bytes (0x00) to comply with the Ethernet minimum frame 
length specification. Transmit padding is always performed and cannot be disabled.

If the MAC is not allowed to append a CRC (TxBD[TC] = 1), the user application is responsible for providing frames with a minimum 
length of 64 octets.

32.3.5.2 MAC address insertion

On each frame received from the core transmit FIFO interface, the source MAC address is either:

• Replaced by the address programmed in the PADDR1/2 fields (ENETn_TCR[ADDINS] = 1)

• Transparently forwarded to the Ethernet line (ENETn_TCR[ADDINS] = 0)

32.3.5.3 CRC-32 generation
The CRC-32 field is optionally generated and appended at the end of a frame. The CRC polynomial, as specified in the 802.3 
standard, is:

• FCS(x) = x32+ x26+ x23+ x22+ x16+ x12+ x11+ x10+ x8+ x7+ x5+ x4+ x2+ x1+ 1

The 32 bits of the CRC value are placed in the FCS field so that the x31 term is the right-most bit of the first octet. The CRC bits 
are thus transmitted in the following order: x31, x30,..., x1, x0.

32.3.5.4 Inter-packet gap (IPG)

In full-duplex mode, after frame transmission and before transmission of a new frame, an IPG (programmed in ENETn_TIPG) is 
maintained. The minimum IPG can be programmed between 8 and 26 byte-times (64 and 208 bit-times).

In half-duplex mode, the core constantly monitors the line. Actual transmission of the data onto the network occurs only if it has 
been idle for a 96-bit time period, and any back-off time requirements have been satisfied. In accordance with the standard, the 
core begins to measure the IPG from CRS de-assertion.

32.3.5.5 Collision detection and handling — half-duplex operation only
A collision occurs on a half-duplex network when concurrent transmissions from two or more nodes take place. During 
transmission, the core monitors the line condition and detects a collision when the PHY device asserts COL.
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When the core detects a collision while transmitting, it stops transmission of the data and transmits a 32-bit jam pattern. If the 
collision is detected during the preamble or the SFD transmission, the jam pattern is transmitted after completing the SFD, which 
results in a minimum 96-bit fragment. The jam pattern is a fixed pattern that is not compared to the actual frame CRC, and has a 
very low probability (0.532) of having a jam pattern identical to the CRC.

If a collision occurs before transmission of 64 bytes (including preamble and SFD), the MAC core waits for the backoff period and 
retransmits the packet data (stored in a 64-byte re-transmit buffer) that has already been sent on the line. The backoff period is 
generated from a pseudo-random process (truncated binary exponential backoff).

If a collision occurs after transmission of 64 bytes (including preamble and SFD), the MAC discards the remainder of the frame, 
optionally sets the LC interrupt bit, and sets TxBD[LCE].
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Figure 209. Packet re-transmit overview

The backoff time is represented by an integer multiple of slot times. One slot is equal to a 512-bit time period. The number of the 
delay slot times, before the nth re-transmission attempt, is chosen as a uniformly-distributed random integer in the range:

• 0 < r < 2k

• k = min(n, N); where n is the number of retransmissions and N = 10

For example, after the first collision, the backoff period is 0 or 1 slot time. If a collision occurs on the first retransmission, the backoff 
period is 0, 1, 2, or 3, and so on.

The maximum backoff time (in 512-bit time slots) is limited by N = 10 as specified in the IEEE 802.3 standard.

If a collision occurs after 16 consecutive retransmissions, the core reports an excessive collision condition (ENETn_EIR[RL] 
interrupt field and TxBD[EE]) and discards the current packet from the FIFO.

In networks violating the standard requirements, a collision may occur after transmission of the first 64 bytes. In this case, the core 
stops the current packet transmission and discards the rest of the packet from the transmit FIFO. The core resumes transmission 
with the next packet available in the core transmit FIFO.

 
Ethernet PHYs that support the SQE Test, or "heartbeat," feature must disable this feature. When this feature is 
enabled, the PHY asserts the collision signal after a frame is transmitted to indicate to the ENET that the PHY's 
collision logic is working. This may cause data corruption in the next frame from the ENET. This corrupted frame 
contains up to 21 zero bytes which start somewhere within the MAC destination address field. The ENET, however, 
will still generate a good FCS (CRC-32) but with corrupted data.

  warning  
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32.3.6 Full-duplex flow control operation
Three conditions are handled by the core's flow control engine:

• Remote device congestion — The remote device connected to the same Ethernet segment as the core reports congestion 
and requests that the core stop sending data.

• Core FIFO congestion — When the core's receive FIFO reaches a user-programmable threshold (RX section empty), the core 
sends a pause frame back to the remote device requesting the data transfer to stop.

• Local device congestion — Any device connected to the core can request (typically, via the host processor) the remote device 
to stop transmitting data.

32.3.6.1 Remote device congestion

When the MAC transmit control gets a valid pause quanta from the receive path and if ENETn_RCR[FCE] is set, the MAC 
transmit logic:

• Completes the transfer of the current frame.

• Stops sending data for the amount of time specified by the pause quanta in 512 bit time increments.

• Sets ENETn_TCR[RFC_PAUSE].

Frame transfer resumes when the time specified by the quanta expires and if no new quanta value is received, or if a new pause 
frame with a quanta value set to 0x0000 is received. The MAC also resets RFC_PAUSE to zero.

If ENETn_RCR[FCE] cleared, the MAC ignores received pause frames.

Optionally and independent of ENETn_RCR[FCE], pause frames are forwarded to the client interface if PAUFWD is set.

32.3.6.2 Local device/FIFO congestion
The MAC transmit engine generates pause frames when the local receive FIFO is not able to receive more than a pre-defined 
number of words (FIFO programmable threshold) or when pause frame generation is requested by the local host processor.

• To generate a pause frame, the host processor sets ENETn_TCR[TFC_PAUSE]. A single pause frame is generated when 
the current frame transfer is completed and TFC_PAUSE is automatically cleared. Optionally, an interrupt is generated.

• An XOFF pause frame is generated when the receive FIFO asserts its section empty flag (internal). An XOFF pause frame 
is generated automatically, when the current frame transfer completes.

• An XON pause frame is generated when the receive FIFO deasserts its section empty flag (internal). An XON pause frame 
is generated automatically, when the current frame transfer completes.

When an XOFF pause frame is generated, the pause quanta (payload byte P1 and P2) is filled with the value programmed 
in ENETn_OPD[PAUSE_DUR].
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Figure 210. Pause frame generation overview
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Although the flow control mechanism should prevent any FIFO overflow on the MAC core receive path, the core 
receive FIFO is protected. When an overflow is detected on the receive FIFO, the current frame is truncated with an 
error indication set in the frame status word. The frame should subsequently be discarded by the user application.

  NOTE  

32.3.7 IP accelerator functions
The following sections describe the IP accelerator functions.

32.3.7.1 Checksum calculation
The IP and ICMP, TCP, UDP checksums are calculated with one's complement arithmetic summing up 16-bit values.

• For ICMP, the checksum is calculated over the complete ICMP datagram, in other words without IP header.

• For TCP and UDP, the checksums contain the header and data sections and values from the IP header, which can be seen 
as a pseudo-header that is not actually present in the data stream.

Table 278. IPv4 pseudo-header for checksum calculation
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Table 279. IPv6 pseudo-header for checksum calculation
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The TCP/UDP length value is the length of the TCP or UDP datagram, which is equal to the payload of an IP datagram. It is derived 
by subtracting the IP header length from the complete IP datagram length that is given in the IP header (IPv4), or directly taken 
from the IP header (IPv6). The protocol field is the corresponding value from the IP header. The Zero fields are all zeroes.

For IPv6, the complete 128-bit addresses are considered. The next header value identifies the upper layer protocol as either TCP 
or UDP. It may differ from the next header value of the IPv6 header if extension headers are inserted before the protocol header.

The checksum calculation uses 16-bit words in network byte order: The first byte sent/received is the MSB, and the second byte 
sent/received is the LSB of the 16-bit value to add to the checksum. If the frame ends on an odd number of bytes, a zero byte is 
appended for checksum calculation only, and is not actually transmitted.

32.3.7.2 Additional padding processing
According to IEEE 802.3, any Ethernet frame must have a minimum length of 64 octets. The MAC usually removes padding 
on receive when a frame with length information is received. Because IP frames have a type value instead of length, the MAC 
does not remove padding for short IP frames, as it is not aware of the frame contents.
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The IP accelerator function can be configured to remove the Ethernet padding bytes that might follow the IP datagram.

On transmit, the MAC automatically adds padding as necessary to fill any frame to a 64-byte length.

32.3.7.3 32-bit Ethernet payload alignment
The data FIFOs allow inserting two additional arbitrary bytes in front of a frame. This extends the 14-byte Ethernet header to a 
16-byte header, which leads to alignment of the Ethernet payload, following the Ethernet header, on a 32-bit boundary.

This function can be enabled for transmit and receive independently with the corresponding SHIFT16 bits in the ENETn_TACC 
and ENETn_RACC registers.

When enabled, the valid frame data is arranged as shown in Table 280.

Table 280. 64-bit interface data structure with SHIFT16 enabled

63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0

Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0 Any value Any value

Byte 13 Byte 12 Byte 11 Byte 10 Byte 9 Byte 8 Byte 7 Byte 6

...

32.3.7.3.1 Receive processing
When ENETn_RACC[SHIFT16] is set, each frame is received with two additional bytes in front of the frame.The user 
application must ignore these first two bytes and find the first byte of the frame in bits 23–16 of the first word from the RX 
FIFO.

 
SHIFT16 must be set during initialization and kept set during the complete operation, because it influences the 
FIFO write behavior.

  NOTE  

32.3.7.3.2 Transmit processing
When ENETn_TACC[SHIFT16] is set, the first two bytes of the first word written (bits 15–0) are discarded immediately by the 
FIFO write logic. The SHIFT16 bit can be enabled/disabled for each frame individually if required, but can be changed only 
between frames.

32.3.7.4 Received frame discard

Because the receive FIFO must be operated in store and forward mode (ENETn_RSFL cleared), received frames can be 
discarded based on the following errors:

• The MAC function receives the frame with an error:

— The frame has an invalid payload length

— Frame length is greater than MAX_FL

— Frame received with a CRC-32 error

— Frame truncated due to receive FIFO overflow

— Frame is corrupted as PHY signaled an error (RX_ERR asserted during reception)

• An IP frame is detected and the IP header checksum is wrong

• An IP frame with a valid IP header and a valid IP header checksum is detected, the protocol is known but the protocol-specific 
checksum is wrong
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If one of the errors occurs and the IP accelerator function is configured to discard frames (ENETn_RACC), the frame is 
automatically discarded. Statistics are maintained normally and are not affected by this discard function.

32.3.7.5 IPv4 fragments
When an IPv4 IP fragment frame is received, only the IP header is inspected and its checksum verified. 32-bit alignment 
operates the same way on fragments as it does on normal IP frames, as specified above.

The IP fragment frame payload is not inspected for any protocol headers. As such, a protocol header would only exist in the very 
first fragment. To assist in protocol-specific checksum verification, the one's-complement sum is calculated on the IP payload (all 
bytes following the IP header) and provided with the frame status word.

The frame fragment status field (RxBD[FRAG]) is set to indicate a fragment reception, and the one's-complement sum of the IP 
payload is available in RxBD[Payload checksum].

 
After all fragments have been received and reassembled, the application software can take advantage of 
the payload checksum delivered with the frame's status word to calculate the protocol-specific checksum of 
the datagram.

For example, if a TCP payload is delivered by multiple IP fragments, the application software can calculate the 
pseudo-header checksum value from the first fragment, and add the payload checksums delivered with the status 
for all fragments to verify the TCP datagram checksum.

  NOTE  

32.3.7.6 IPv6 support

The following sections describe the IPv6 support.

32.3.7.6.1 Receive processing
An Ethernet frame of type 0x86DD identifies an IP Version 6 frame (IPv6) frame. If an IPv6 frame is received, the first IP 
header is inspected (first ten words), which is available in every IPv6 frame.

If the receive SHIFT16 function is enabled, the IP header is aligned on a 32-bit boundary allowing more efficient processing (see 
32-bit Ethernet payload alignment).

For TCP and UDP datagrams, the pseudo-header checksum calculation is performed and verified.

To assist in protocol-specific checksum verification, the one's-complement sum is always calculated on the IP payload (all bytes 
following the IP header) and provided with the frame status word. For example, if extension headers were present, their sums can 
be subtracted in software from the checksum to isolate the TCP/UDP datagram checksum, if required.

32.3.7.6.2 Transmit processing
For IPv6 transmission, the SHIFT16 function is supported to process 32-bit aligned datagrams.

IPv6 has no IP header checksum; therefore, the IP checksum insertion configuration is ignored.

The protocol checksum is inserted only if the next header of the IP header is a known protocol (TCP, UDP, or ICMP). If a known 
protocol is detected, the checksum over all bytes following the IP header is calculated and inserted in the correct position.

The pseudo-header checksum calculation is performed for TCP and UDP datagrams accordingly.

32.3.8 IEEE 1588 functions
To allow for IEEE 1588 or similar time synchronization protocol implementations, the MAC is combined with a time-stamping 
module to support precise time-stamping of incoming and outgoing frames. Set ENETn_ECR[EN1588] to enable 1588 support.
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Figure 211. IEEE 1588 functions overview

32.3.8.1 Adjustable timer module
The adjustable timer module (TSM) implements the free-running counter (FRC), which generates the timestamps. The FRC 
operates with the time-stamping clock, which can be set to any value depending on your system requirements.

Through dedicated correction logic, the timer can be adjusted to allow synchronization to a remote master and provide a 
synchronized timing reference to the local system. The timer can be configured to cause an interrupt after a fixed time period, to 
allow synchronization of software timers or perform other synchronized system functions.

The timer is typically used to implement a period of one second; hence, its value ranges from 0 to (1 × 109)-1. The period event 
can trigger an interrupt, and software can maintain the seconds and hours time values as necessary.

32.3.8.1.1 Adjustable timer implementation
The adjustable timer consists of a programmable counter/accumulator and a correction counter. The periods of both counters 
and their increment rates are freely configurable, allowing very fine tuning of the timer.
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Figure 212. Adjustable timer implementation detail

The counter produces the current time. During each time-stamping clock cycle, a constant value is added to the current time as 
programmed in ENETn_ATINC. The value depends on the chosen time-stamping clock frequency. For example, if it operates at 
125 MHz, setting the increment to eight represents 8 ns.
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The period, configured in ENETn_ATPER, defines the modulo when the counter wraps. In a typical implementation, the period 
is set to 1 × 109 so that the counter wraps every second, and hence all timestamps represent the absolute nanoseconds within 
the one second period. When the period is reached, the counter wraps to start again respecting the period modulo. This means 
it does not necessarily start from zero, but instead the counter is loaded with the value (Current + Inc –(1 × 109)), assuming the 
period is set to 1 × 109.

The correction counter operates fully independently, and increments by one with each time-stamping clock cycle. When it reaches 
the value configured in ENETn_ATCOR, it restarts and instructs the timer once to increment by the correction value, instead of 
the normal value.

The normal and correction increments are configured in ENETn_ATINC. To speed up the timer, set the correction increment more 
than the normal increment value. To slow down the timer, set the correction increment less than the normal increment value.

The correction counter only defines the distance of the corrective actions, not the amount. This allows very fine corrections and 
low jitter (in the range of 1 ns) independent of the chosen clock frequency.

By enabling slave mode (ENETn_ATCR[SLAVE] = 1), the timer is ignored and the current time is externally provided from one of 
the external modules. See the Chip Configuration details for which clock source is used. This is useful if multiple modules within 
the system must operate from a single timer. When slave mode is enabled, you still must set ENETn_ATINC[INC] to the value of 
the master, since it is used for internal comparisons.

32.3.8.2 Transmit timestamping
Only 1588 event frames need to be time-stamped on transmit. The client application (for example, the MAC driver) should 
detect 1588 event frames and set TxBD[TS] together with the frame.

If TxBD[TS] is set, the MAC records the timestamp for the frame in ENETn_ATSTMP. ENETn_EIR[TS_AVAIL] is set to indicate 
that a new timestamp is available.

Software implements a handshaking procedure by setting TxBD[TS] when it transmits the frame for which a timestamp is needed, 
and then waits for ENETn_EIR[TS_AVAIL] to determine when the timestamp is available. The timestamp is then read from 
ENETn_ATSTMP. This is done for all event frames. Other frames do not use TxBD[TS] and, therefore, do not interfere with the 
timestamp capture.

32.3.8.3 Receive timestamping
When a frame is received, the MAC latches the value of the timer when the frame's start of frame delimiter (SFD) field is 
detected, and provides the captured timestamp on RxBD[1588 timestamp]. This is done for all received frames.

32.3.8.4 Time synchronization
The adjustable timer module is available to synchronize the local clock of a node to a remote master. It implements a free 
running 32-bit counter, and also contains an additional correction counter.The correction counter increases or decreases the 
rate of the free running counter, enabling very fine granular changes of the timer for synchronization, yet adding only very low 
jitter when performing corrections.

The application software implements, in a slave scenario, the required control algorithm, setting the correction to compensate for 
local oscillator drifts and locking the timer to the remote master clock on the network.

The timer and all timestamp-related information should be configured to show the true nanoseconds value of a second (in other 
words, the timer is configured to have a period of one second). Hence, the values range from 0 to (1 × 109)–1. In this application, 
the seconds counter is implemented in software using an interrupt function that is executed when the nanoseconds counter wraps 
at 1 × 109.

32.3.8.5 Input Capture and Output Compare

The Input Capture Output Compare block can be used to provide precise hardware timing for input and output events.
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32.3.8.5.1 Input capture

The TCCRn capture registers latch the time value when the corresponding external event occurs. An event can be a rising-, 
falling-, or either-edge of one of the 1588_TMRn signals. An event will cause the corresponding TCSRn[TF] timer flag to be set, 
indicating that an input capture has occurred. If the corresponding interrupt is enabled with the TCSRn[TIE] field, an interrupt can 
be generated.

32.3.8.5.2 Output compare

The TCCRn compare registers are loaded with the time at which the corresponding event should occur. When the ENET 
free-running counter value matches the output compare reference value in the TCCRn register, the corresponding flag, 
TCSRn[TF], is set, indicating that an output compare has occurred. The corresponding interrupt, if enabled by TCSRn[TIE], will 
be generated.The corresponding 1588_TMRn output signal will be asserted according to TCSRn[TMODE].

 
If TCSRn[TMODE] is set to 10X1b or 1010b then the timer output pin toggle-on-overflow will occur only when 
PINPER, PEREN, and EN bits of the ATCR register are one.

  NOTE  

32.3.8.5.3 DMA requests

A DMA request can be enabled by setting TCSRn[TDRE]. The corresponding DMA request is generated when the TCSRn[TF] 
timer flag is set. When the DMA has completed, the corresponding TCSRn[TF] flag is cleared.

32.3.9 FIFO thresholds
The core FIFO thresholds are fully programmable to dynamically change the FIFO operation.

For example, store and forward transfer can be enabled by a simple change in the FIFO threshold registers.

The thresholds are defined in 64-bit words.

The receive and transmit FIFOs both have a depth of 256 words.

32.3.9.1 Receive FIFO
Four programmable thresholds are available, which can be set to any value to control the core operation as follows.

Table 281. Receive FIFO thresholds definition

Register Description

ENETn_RSFL

[RX_SECTION_
FULL]

When the FIFO level reaches the ENETn_RSFL value, the MAC status signal is asserted to indicate that 
data is available in the receive FIFO (cut-through operation). Once asserted, if the FIFO empties below the 
threshold set with ENETn_RAEM and if the end-of-frame is not yet stored in the FIFO, the status signal is 
deasserted again.

If a frame has a size smaller than the threshold (in other words, an end-of-frame is available for the frame), 
the status is also asserted.

To enable store and forward on the receive path, clear ENETn_RSFL. The MAC status signal is asserted only 
when a complete frame is stored in the receive FIFO.

When programming a non-zero value to ENETn_RSFL (cut-through operation) it should be greater 
than ENETn_RAEM.

ENETn_RAEM

[RX_ALMOST_E
MPTY]

When the FIFO level reaches the ENETn_RAEM value and the end-of-frame has not been received, the 
core receive read control stops the FIFO read (and subsequently stops transferring data to the MAC 
client application).

Table continues on the next page...
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Table 281. Receive FIFO thresholds definition (continued)

Register Description

It continues to deliver the frame, if again more data than the threshold or the end-of-frame is available in 
the FIFO.

Set ENETn_RAEM to a minimum of four.

ENETn_RAFL

[RX_ALMOST_F
ULL]

When the FIFO level approaches the maximum and there is no more space remaining for at least 
ENETn_RAFL number of words, the MAC control logic stops writing data in the FIFO and truncates the 
receive frame to avoid FIFO overflow.

The corresponding error status is set when the frame is delivered to the application.

Set ENETn_RAFL to a minimum of 4.

ENETn_RSEM

[RX_SECTION_
EMPTY]

When the FIFO level reaches the ENETn_RSEM value, an indication is sent to the MAC transmit logic, which 
generates an XOFF pause frame. This indicates FIFO congestion to the remote Ethernet client.

When the FIFO level goes below the value programmed in ENETn_RSEM, an indication is sent to the MAC 
transmit logic, which generates an XON pause frame. This indicates the FIFO congestion is cleared to the 
remote Ethernet client.

Clearing ENETn_RSEM disables any pause frame generation.

RSFL - Section full 

(Core FIFO status)

MAC receive

FIFO read control

RAFL - Almost full
(FIFO write protection)

RSEM - Section empty 

RAEM - Almost empty 
(FIFO read control) 

       (Pause frame       
generation)       

     

Figure 213. Receive FIFO overview

32.3.9.2 Transmit FIFO

Four programmable thresholds are available which control the core operation as described below.
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Table 282. Transmit FIFO thresholds definition

Register Description

ENETn_TAEM

[TX_ALMOST

_EMPTY]

When the FIFO level reaches the ENETn_TAEM value and no end-of-frame is available for the frame, the 
MAC transmit logic avoids a FIFO underflow by stopping FIFO reads and transmitting the Ethernet frame with 
an MII error indication.

Set ENETn_TAEM to a minimum of 4.

ENETn_TAFL

[TX_ALMOST

_FULL]

When the FIFO level approaches the maximum, so that there is no more space for at least ENETn_TAFL 
number of words, the MAC deasserts its control signal to the application.

If the application does not react on this signal, the FIFO write control logic avoids FIFO overflow by truncating 
the current frame and setting the error status. As a result, the frame is transmitted with an MII error indication.

Set ENETn_TAFL to a minimum of 4. Larger values allow more latency for the application to react on the MAC 
control signal deassertion, before the frame is truncated. A typical setting is 8, which offers 3–4 clock cycles 
of latency to the application to react on the MAC control signal deassertion.

ENETn_TSEM

[TX_SECTION

_EMPTY]

When the FIFO level reaches the ENETn_TSEM value, a MAC status signal is deasserted to indicate that the 
transmit FIFO is getting full. This gives the ENET module an indication to slow or stop its write transaction to 
avoid a buffer overflow. This is a pure indication function to the application. It has no effect within the MAC.

When ENETn_TSEM is 0, the signal is never deasserted.

ENETn_TFWR When the FIFO level reaches the ENETn_TFWR value and when STRFWD is cleared, the MAC 
transmit control logic starts frame transmission before the end-of-frame is available in the FIFO (cut-
through operation).

If a complete frame has a size smaller than the ENETn_TFWR threshold, the MAC also transmits the frame 
to the line.

To enable store and forward on the transmit path, set STRFWD. In this case, the MAC starts to transmit data 
only when a complete frame is stored in the transmit FIFO.

MAC transmit

FIFO write control

(FIFO write control)
TAFL - Almost full

TAEM - Almost empty 

TSEM - Section empty 

TFWR - Section full 
(MAC read control) 

(Core FIFO status)

(MAC transmit start) 

Figure 214. Transmit FIFO overview
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32.3.10 Internal Loopback option
The core implements internal loopback option. The loopback mode is controlled by the following ENETn_RCR register field:

Table 283. Loopback option

Register field Description

LOOP Internal MII loopback. The MAC transmit is returned to the MAC receive. No data is transmitted to the 
external interfaces.

In MII internal loopback, MII_TXCLK and MII_RXCLK must be provided with a clock signal (2.5 MHz for 10 
Mbit/s, and 25 MHz for 100 Mbit/s))

Li
ne

 in
te

rfa
ce

 

M
A

C
 in

te
rf

ac
e

       ENETn_RCR[LOOP]    

Rx

Tx

Figure 215. Loopback option

32.3.11 Legacy buffer descriptors
To support the Ethernet controller on previous chips, legacy FEC buffer descriptors are available. To enable legacy support, 
write 0 to ENETn_ECR[1588EN].

 
• The legacy buffer descriptor tables show the byte order for little-endian chips. ECR[DBSWP] must be set to 

1 after reset to enable little-endian mode.

  NOTE  

32.3.11.1 Legacy receive buffer descriptor

The following table shows the legacy FEC receive buffer descriptor. Table 287 contains the descriptions for each field.

Table 284. Legacy FEC receive buffer descriptor (RxBD)

Byte 1 Byte 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Offset + 0 Data length

Offset + 2 E RO1 W RO2 L — — M BC MC LG NO — CR OV TR

Offset + 4 Rx data buffer pointer — low halfword

Offset + 6 Rx data buffer pointer — high halfword
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32.3.11.2 Legacy transmit buffer descriptor

The following table shows the legacy FEC transmit buffer descriptor. Table 289 contains the descriptions for each field.

Table 285. Legacy FEC transmit buffer descriptor (TxBD)

Byte 1 Byte 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Offset + 0 Data Length

Offset + 2 R TO1 W TO2 L TC ABC
1

— — — — — — — — —

Offset + 4 Tx Data Buffer Pointer — low halfword

Offset + 6 Tx Data Buffer Pointer — high halfword

1. This field is not supported by the uDMA.

32.3.12 Enhanced buffer descriptors
This section provides a description of the enhanced operation of the driver/uDMA via the buffer descriptors. It is followed by a 
detailed description of the receive and transmit descriptor fields. To enable the enhanced features, set ENETn_ECR[1588EN].

 
The enhanced buffer descriptor tables show the byte order for little-endian chips. ECR[DBSWP] must be set to 1 
after reset to enable little-endian mode.

  NOTE  

32.3.12.1 Enhanced receive buffer descriptor

The following table shows the enhanced uDMA receive buffer descriptor. Table 287 contains the descriptions for each field.

Table 286. Enhanced uDMA receive buffer descriptor (RxBD)

Byte 1 Byte 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Offset + 0 Data length

Offset + 2 E RO1 W RO2 L — — M BC MC LG NO — CR OV TR

Offset + 4 Rx data buffer pointer – low halfword

Offset + 6 Rx data buffer pointer – high halfword

Offset + 8 VPCP — — — — — — — ICE PCR — VLA
N

IPV6 FRA
G

Offset + A ME — — — — PE CE UC INT — — — — — — —

Offset + C Payload checksum

Offset + E Header length — — — Protocol type

Table continues on the next page...
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Table 286. Enhanced uDMA receive buffer descriptor (RxBD) (continued)

Offset + 10 — — — — — — — — — — — — — — — —

Offset + 12 BDU — — — — — — — — — — — — — — —

Offset + 14 1588 timestamp – low halfword

Offset + 16 1588 timestamp – high halfword

Offset + 18 — — — — — — — — — — — — — — — —

Offset + 1A — — — — — — — — — — — — — — — —

Offset + 1C — — — — — — — — — — — — — — — —

Offset + 1E — — — — — — — — — — — — — — — —

Table 287. Receive buffer descriptor field definitions

Word Field Description

Offset + 0 15–0

Data 
Length

Data length. Written by the MAC. Data length is the number of octets written by the MAC into this 
BD's data buffer if L is cleared (the value is equal to EMRBR), or the length of the frame including 
CRC if L is set. It is written by the MAC once as the BD is closed.

Offset + 2 15

E

Empty. Written by the MAC (= 0) and user (= 1).

0 The data buffer associated with this BD is filled with received data, or data reception 
has aborted due to an error condition. The status and length fields have been updated 
as required.

1 The data buffer associated with this BD is empty, or reception is currently in progress.

Offset + 2 14

RO1

Receive software ownership. This field is reserved for use by software. This read/write field is 
not modified by hardware, nor does its value affect hardware.

Offset + 2 13

W

Wrap. Written by user.

0 The next buffer descriptor is found in the consecutive location.

1 The next buffer descriptor is found at the location defined in ENETn_RDSR.

Offset + 2 12

RO2

Receive software ownership. This field is reserved for use by software. This read/write field is 
not modified by hardware, nor does its value affect hardware.

Offset + 2 11

L

Last in frame. Written by the uDMA.

0 The buffer is not the last in a frame.

1 The buffer is the last in a frame.

Table continues on the next page...
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Table 287. Receive buffer descriptor field definitions (continued)

Word Field Description

Offset + 2 10–9 Reserved, must be cleared.

Offset + 2 8

M

Miss. Written by the MAC. This field is set by the MAC for frames accepted in promiscuous 
mode, but flagged as a miss by the internal address recognition. Therefore, while in 
promiscuous mode, you can use the this field to quickly determine whether the frame was 
destined to this station. This field is valid only if the L and PROM bits are set.

0 The frame was received because of an address recognition hit.

1 The frame was received because of promiscuous mode.

The information needed for this field comes from the promiscuous_miss(ff_rx_err_stat[26]) 
sideband signal.

Offset + 2 7

BC

Set if the DA is broadcast (FFFF_FFFF_FFFF).

Offset + 2 6

MC

Set if the DA is multicast and not BC.

Offset + 2 5

LG

Receive frame length violation. Written by the MAC. A frame length greater than RCR[MAX_FL] 
was recognized. This field is valid only if the L field is set. The receive data is not altered in any 
way unless the length exceeds TRUNC_FL bytes.

Offset + 2 4

NO

Receive non-octet aligned frame. Written by the MAC. A frame that contained a number of 
bits not divisible by 8 was received, and the CRC check that occurred at the preceding byte 
boundary generated an error or a PHY error occurred. This field is valid only if the L field is set. 
If this field is set, the CR field is not set.

Offset + 2 3 Reserved, must be cleared.

Offset + 2 2

CR

Receive CRC or frame error. Written by the MAC. This frame contains a PHY or CRC error and 
is an integral number of octets in length. This field is valid only if the L field is set.

Offset + 2 1

OV

Overrun. Written by the MAC. A receive FIFO overrun occurred during frame reception. If this 
field is set, the other status fields, M, LG, NO, and CR, lose their normal meaning and are zero. 
This field is valid only if the L field is set.

Offset + 2 0

TR

Set if the receive frame is truncated (frame length >TRUNC_FL). If the TR field is set, the frame 
must be discarded and the other error fields must be ignored because they may be incorrect.

Offset + 4 15–0

Data buffer 
pointer low

Receive data buffer pointer, low halfword

0ffset + 6 15–0 Receive data buffer pointer, high halfword1

Table continues on the next page...
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Table 287. Receive buffer descriptor field definitions (continued)

Word Field Description

Data buffer 
pointer 

high

Offset + 8 15–13

VPCP

VLAN priority code point. This field is written by the uDMA to indicate the frame priority level. 
Valid values are from 0 (best effort) to 7 (highest). This value can be used to prioritize different 
classes of traffic (e.g., voice, video, data). This field is only valid if the L field is set.

Offset + 8 12–6 Reserved, must be cleared.

Offset + 8 5

ICE

IP header checksum error. This is an accelerator option. This field is written by the uDMA. Set 
when either a non-IP frame is received or the IP header checksum was invalid. An IP frame with 
less than 3 bytes of payload is considered to be an invalid IP frame. This field is only valid if the 
L field is set.

Offset + 8 4

PCR

Protocol checksum error. This is an accelerator option. This field is written by the uDMA. 
Set when the checksum of the protocol is invalid or an unknown protocol is found and 
checksumming could not be performed. This field is only valid if the L field is set.

Offset + 8 3 Reserved, must be cleared.

Offset + 8 2

VLAN

VLAN. This is an accelerator option. This field is written by the uDMA. It means that the frame 
has a VLAN tag. This field is valid only if the L field is set.

Offset + 8 1

IPV6

IPV6 Frame. This field is written by the uDMA. This field indicates that the frame has an IPv6 
frame type. If this field is not set it means that an IPv4 or other protocol frame was received. This 
field is valid only if the L field is set.

Offset + 8 0

FRAG

IPv4 Fragment. This is an accelerator option. This field is written by the uDMA. It indicates that 
the frame is an IPv4 fragment frame. This field is only valid when the L field is set.

Offset + A 15

ME

MAC error. This field is written by the uDMA. This field means that the frame stored in the system 
memory was received with an error (typically, a receive FIFO overflow). This field is only valid 
when the L field is set.

Offset + A 14–11 Reserved, must be cleared.

Offset + A 10

PE

PHY Error. This field is written by the uDMA. Set to "1" when the frame was received with an 
Error character on the PHY interface. The frame is invalid. This field is valid only when the L field 
is set.

Offset + A 9

CE

Collision. This field is written by the uDMA. Set when the frame was received with a collision 
detected during reception. The frame is invalid and sent to the user application. This field is valid 
only when the L field is set.

Offset + A 8

UC

Unicast. This field is written by the uDMA, and means that the frame is unicast. This field is valid 
regardless of whether the L field is set.

Table continues on the next page...
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Table 287. Receive buffer descriptor field definitions (continued)

Word Field Description

Offset + A 7

INT

Generate RXB/RXF interrupt. This field is set by the user to indicate that the uDMA is to 
generate an interrupt on the dma_int_rxb / dma_int_rxfevent.

Offset + A 6–0 Reserved, must be cleared.

Offset + C 15–0

Payload 
checksum

Internet payload checksum. This is an accelerator option. It is the one's complement sum of the 
payload section of the IP frame. The sum is calculated over all data following the IP header until 
the end of the IP payload. This field is valid only when the L field is set.

Offset + E 15–11

Header 
length

Header length. This is an accelerator option. This field is written by the uDMA. This field is the 
sum of 32-bit words found within the IP and its following protocol headers. If an IP datagram with 
an unknown protocol is found, then the value is the length of the IP header. If no IP frame or 
an erroneous IP header is found, the value is 0. The following values are minimum values if no 
header options exist in the respective headers:

• ICMP/IP: 6 (5 IP header, 1 ICMP header)

• UDP/IP: 7 (5 IP header, 2 UDP header)

• TCP/IP: 10 (5 IP header, 5 TCP header)

This field is only valid if the L field is set.

Offset + E 10–8 Reserved, must be cleared.

Offset + E 7–0

Protocol 
type

Protocol type. This is an accelerator option. The 8-bit protocol field found within the IP header 
of the frame. It is valid only when ICE is cleared. This field is valid only when the L field is set.

Offset + 10 15–0 Reserved, must be cleared.

Offset + 12 15

BDU

Last buffer descriptor update done. Indicates that the last BD data has been updated by uDMA. 
This field is written by the user (=0) and uDMA (=1).

Offset + 12 14–0 Reserved, must be cleared.

Offset + 14 15–0

1588 
timestamp

This value is written by the uDMA. It is only valid if the L field is set.

Offset + 16

Offset + 18

–

Offset + 1E

15–0 Reserved, must be cleared.

1. The receive buffer pointer, containing the address of the associated data buffer, must always be evenly divisible by 16. The 
buffer must reside in memory external to the MAC. The Ethernet controller never modifies this value.
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32.3.12.2 Enhanced transmit buffer descriptor

Table 288. Enhanced transmit buffer descriptor (TxBD)

Byte 1 Byte 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Offset + 0 Data length

Offset + 2 R TO1 W TO2 L TC — — — — — — — — — —

Offset + 4 Tx Data Buffer Pointer – low halfword

Offset + 6 Tx Data Buffer Pointer – high halfword

Offset + 8 TXE — UE EE FE LCE OE TSE — — — — — — — —

Offset + A — INT TS PINS IINS — — — — — — — — — — —

Offset + C — — — — — — — — — — — — — — — —

Offset + E — — — — — — — — — — — — — — — —

Offset + 10 — — — — — — — — — — — — — — — —

Offset + 12 BDU — — — — — — — — — — — — — — —

Offset + 14 1588 timestamp – low halfword

Offset + 16 1588 timestamp – high halfword

Offset + 18 — — — — — — — — — — — — — — — —

Offset + 1A — — — — — — — — — — — — — — — —

Offset + 1C — — — — — — — — — — — — — — — —

Offset + 1E — — — — — — — — — — — — — — — —

Table 289. Enhanced transmit buffer descriptor field definitions

Word Field Description

Offset + 0 15–0

Data Length

Data length, written by user.

Data length is the number of octets the MAC should transmit from this BD's data 
buffer. It is never modified by the MAC.

Offset + 2 15

R

Ready. Written by the MAC and you.

0 The data buffer associated with this BD is not ready for transmission. You 
are free to manipulate this BD or its associated data buffer. The MAC clears 
this field after the buffer has been transmitted or after an error condition 
is encountered.

Table continues on the next page...
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Table 289. Enhanced transmit buffer descriptor field definitions (continued)

Word Field Description

1 The data buffer, prepared for transmission by you, has not been transmitted 
or currently transmits. You may write no fields of this BD after this field is set.

Offset + 2 14

TO1

Transmit software ownership. This field is reserved for software use. This read/
write field is not modified by hardware and its value does not affect hardware.

Offset + 2 13

W

Wrap. Written by user.

0 The next buffer descriptor is found in the consecutive location

1 The next buffer descriptor is found at the location defined in ETDSR.

Offset + 2 12

TO2

Transmit software ownership. This field is reserved for use by software. This 
read/write field is not modified by hardware and its value does not affect hardware.

Offset + 2 11

L

Last in frame. Written by user.

0 The buffer is not the last in the transmit frame

1 The buffer is the last in the transmit frame

Offset + 2 10

TC

Transmit CRC. Written by user, and valid only when L is set.

0 End transmission immediately after the last data byte

1 Transmit the CRC sequence after the last data byte

This field is valid only when the L field is set.

Offset + 2 9

ABC

Append bad CRC.

 
This field is not supported by the uDMA and is ignored.

  NOTE  

Offset + 2 8–0 Reserved, must be cleared.

Offset + 4 15–0

Data buffer 
pointer low

Tx data buffer pointer, low halfword

Offset + 6 15–0

Data buffer 
pointer high

Tx data buffer pointer, high halfword. The buffer must reside in memory external to 
the MAC. This value is never modified by the Ethernet controller.

Offset + 8 15

TXE

Transmit error occurred. This field is written by the uDMA. This field indicates that 
there was a transmit error of some sort reported with the frame. Effectively this field 
is an OR of the other error fields including UE, EE, FE, LCE, OE, and TSE. This 
field is valid only when the L field is set.

Table continues on the next page...
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Table 289. Enhanced transmit buffer descriptor field definitions (continued)

Word Field Description

Offset + 8 14 Reserved, must be cleared.

Offset + 8 13

UE

Underflow error. This field is written by the uDMA. This field indicates that the MAC 
reported an underflow error on transmit. This field is valid only when the L field 
is set.

Offset + 8 12

EE

Excess Collision error. This field is written by the uDMA. This field indicates that the 
MAC reported an excess collision error on transmit. This field is valid only when the 
L field is set.

Offset + 8 11

FE

Frame with error. This field is written by the uDMA. This field indicates that the MAC 
reported that the uDMA reported an error when providing the packet. This field is 
valid only when the L field is set.

Offset + 8 10

LCE

Late collision error. This field is written by the uDMA. This field indicates that the 
MAC reported that there was a Late Collision on transmit. This field is valid only 
when the L field is set.

Offset + 8 9

OE

Overflow error. This field is written by the uDMA. This field indicates that the MAC 
reported that there was a FIFO overflow condition on transmit. This field is only 
valid when the L field is set.

Offset + 8 8

TSE

Timestamp error. This field is written by the uDMA. This field indicates that the 
MAC reported a different frame type then a timestamp frame. This field is valid only 
when the L field is set.

Offset + 8 7–0 Reserved, must be cleared.

Offset + A 15 Reserved, must be cleared.

Offset + A 14

INT

Generate interrupt flags. This field is written by the user. This field is valid 
regardless of the L field and must be the same for all EBD for a given frame. The 
uDMA does not update this value.

Offset + A 13

TS

Timestamp. This field is written by the user. This indicates that the uDMA is to 
generate a timestamp frame to the MAC. This field is valid regardless of the L field 
and must be the same for all EBD for the given frame. The uDMA does not update 
this value.

Offset + A 12

PINS

Insert protocol specific checksum. This field is written by the user. If set, the MAC's 
IP accelerator calculates the protocol checksum and overwrites the corresponding 
checksum field with the calculated value. The checksum field must be cleared 
by the application generating the frame. The uDMA does not update this value. 
This field is valid regardless of the L field and must be the same for all EBD for a 
given frame.

Offset + A 11

IINS

Insert IP header checksum. This field is written by the user. If set, the MAC's IP 
accelerator calculates the IP header checksum and overwrites the corresponding 
header field with the calculated value. The checksum field must be cleared by the 

Table continues on the next page...
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Table 289. Enhanced transmit buffer descriptor field definitions (continued)

Word Field Description

application generating the frame. The uDMA does not update this value. This field 
is valid regardless of the L field and must be the same for all EBD for a given frame.

Offset + A 10–0 Reserved, must be cleared.

Offset + C 15–0 Reserved, must be cleared.

Offset + E 15–0 Reserved, must be cleared.

Offset + 10 15–0 Reserved, must be cleared.

Offset + 12 15

BDU

Last buffer descriptor update done. Indicates that the last BD data has been 
updated by uDMA. This field is written by the user (=0) and uDMA (=1).

Offset + 12 14–0 Reserved, must be cleared.

Offset + 14 15–0

1588 timestamp

This value is written by the uDMA . It is valid only when the L field is set.

Offset + 16

Offset + 18–Offset + 1E 15–0 Reserved, must be cleared.

32.3.13 Client FIFO application interface
The FIFO interface is completely asynchronous from the Ethernet line, and the transmit and receive interface can operate at a 
different clock rate.

All transfers to/from the user application are handled independently of the core operation, and the core provides a simple interface 
to user applications based on a two-signal handshake.

32.3.13.1 Data structure description

The data structure defined in the following tables for the FIFO interface must be respected to ensure proper data transmission on 
the Ethernet line. Byte 0 is sent to and received from the line first.

Table 290. FIFO interface data structure

63 56 55 48 47 40 39 32 31 24 23 16 15 8 7 0

Word 0 Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0

Word 1 Byte 15 Byte 14 Byte 13 Byte 12 Byte 11 Byte 10 Byte 9 Byte 8

... ...

The size of a frame on the FIFO interface may not be a modulo of 64-bit.

The user application may not care about the Ethernet frame formats in full detail. It needs to provide and receive an Ethernet frame 
with the following structure:

• Ethernet MAC destination address

• Ethernet MAC source address

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1725 / 5781



• Optional 802.1q VLAN tag (VLAN type and info field)

• Ethernet length/type field

• Payload

Frames on the FIFO interface do not contain preamble and SFD fields, which are inserted and discarded by the MAC on transmit 
and receive, respectively.

• On receive, CRC and frame padding can be stripped or passed through transparently.

• On transmit, padding and CRC can be provided by the user application, or appended automatically by the MAC independently 
for each frame. No size restrictions apply.

 
On transmit, if ENETn_TCR[ADDINS] is set, bytes 6–11 of each frame can be set to any value, since the MAC 
overwrites the bytes with the MAC address programmed in the ENETn_PAUR and ENETn_PALR registers.

  NOTE  

Table 291. FIFO interface frame format

Byte number Field

0–5 Destination MAC address

6–11 Source MAC address

12–13 Length/type field

14–N Payload data

VLAN-tagged frames are supported on both transmit and receive, and implement additional information (VLAN type and info).

Table 292. FIFO interface VLAN frame format

Byte number Field

0–5 Destination MAC address

6–11 Source MAC address

12–15 VLAN tag and info

16–17 Length/type field

18–N Payload data

 
The standard defines that the LSB of the MAC address is sent/received first, while for all the other header fields — 
in other words, length/type, VLAN tag, VLAN info, and pause quanta — the MSB is sent/received first.

  NOTE  
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32.3.13.2 Data structure examples

Bits 0–7 
transmitted 
first

       Word 0     

       1     

       2     

       3     

       N     

Destination address

Source address (cont.)

Payload (cont.)

Payload (cont.)

Payload 
(last-2)

       63            55            47            39            31            23            15            7     

Source address

Payload Length 
(low) 

 Length 
(high) 

Unused (0x00) Payload 
(last) 

 Payload 
(last-1) 

Figure 216. Normal Ethernet frame 64-bit mapping example

Bits 0–7 
transmitted 
first

       Word 0     

       1     

       2     

       3     

       N     

Destination address

Source address (cont.)

Payload

Payload (cont.)

Payload 
(last-2)

       63            55            47            39            31            23            15            7     

Source address

Length 
(low) 

Length 
(high) 

Unused (0x00) Payload 
(last) 

 Payload 
(last-1) 

VLAN tag 
(0x81) 

VLAN info 
(low) 

VLAN info 
(high) 

VLAN tag 
(0x00) 

Figure 217. VLAN-tagged frame 64-bit mapping example

If CRC forwarding is enabled (CRCFWD = 0), the last four valid octets of the frame contain the FCS field. The non-significant bytes 
of the last word can have any value.

32.3.13.3 Frame status
A MAC layer status word and an accelerator status word is available in the receive buffer descriptor. See Enhanced buffer 
descriptors for details. The status is available with each frame with the last data of the frame.

If the frame status contains a MAC layer error (for example, CRC or length error), RxBD[ME] is also set with the last data of 
the frame.

32.3.14 FIFO protection
The following sections describe the FIFO protection mechanisms.

32.3.14.1 Transmit FIFO underflow

During a frame transfer, when the transmit FIFO reaches the almost empty threshold with no end-of-frame indication stored in the 
FIFO, the MAC logic:

• Stops reading data from the FIFO

• Asserts the MII error signal (MII_TXER) (1 in Figure 218) to indicate that the fragment already transferred is not valid

• Deasserts the MII transmit enable signal (MII_TXEN) to terminate the frame transfer (2)
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After an underflow, when the application completes the frame transfer (3), the MAC transmit logic discards any new data available 
in the FIFO until the end of packet is reached (4) and sets the enhanced TxBD[UE] field.

The MAC starts to transfer data on the MII interface when the application sends a new frame with a start of frame indication (5).

Transmit FIFO

MII Transmit

         3       
         4       

         1                2                5       

         55                55       

       TX CLK     

       TX ready     

       Write enable     

       Start of packet     

       End of packet     

       TX data     

       TX error status     

       MII_TXCLK     

       MII_TXEN     

       MII_TXD[3:0]     

       MII_TXER     

       FIFO data       
section empty     

   
   

 
In

te
rn

al
 s

ig
na

ls  
   

   
   

 
E

xt
er

na
l s

ig
na

ls  
   

Figure 218. Transmit FIFO underflow protection

32.3.14.2 Transmit FIFO overflow
On the transmit path, when the FIFO reaches the programmable almost full threshold, the internal MAC ready signal is 
deasserted. The application should stop sending new data. However, if the application keeps sending data, the transmit FIFO 
overflows, corrupting contents that were previously stored. The core logic sets the enhanced TxBD[OE] field for the next frame 
transmitted to indicate this overflow occurence.

 
Overflow is a fatal error and must be addressed by resetting the core or clearing ENETn_ECR[ETHER_EN], to clear 
the FIFOs and prepare for normal operation again.

  NOTE  

32.3.14.3 Receive FIFO overflow
During a frame reception, if the client application is not able to receive data (1), the MAC receive control truncates 
the incoming frame when the FIFO reaches the programmable almost-full threshold to avoid an overflow. The frame is 
subsequently received on the FIFO interface with an error indication (enhanced RxBD[ME] field set together with receive 
end-of-packet) (2) with the truncation error status field set (3).
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       MII Receive     
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       MII_RXDV     

       MII_RXER     

       Receive FIFO     
       RX CLK     
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       Start of packet     

       End of packet     

       RX data     

       RX error     

       RX error status     

       2            3            1     
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Figure 219. Receive FIFO overflow protection

32.3.15 PHY management interface
The MDIO interface is a two-wire management interface. The MDIO management interface implements a standardized 
method to access the PHY device management registers. The core implements a master MDIO interface, which can be 
connected to up to 32 PHY devices.

32.3.15.1 MDIO clause 22 frame format

The core MDIO master controller communicates with the slave (PHY device) using frames that are defined in the following table.

A complete frame has a length of 64 bits made up of an optional 32-bit preamble, 14-bit command, 2-bit bus direction change, 
and 16-bit data. Each bit is transferred on the rising edge of the MDIO clock (MDC signal). The MDIO data signal is tri-stated 
between frames.

The core PHY management interface supports the standard MDIO specification (IEEE 802.3 Clause 22).

Table 293. MDIO clause 22 frame structure

ST OP PHYADR REGADR TA DATA

Table 294. MDIO frame field descriptions

Field Description

ST

(2 bits)

Start indication field, programmed with ENETn_MMFR[ST] and equal to 01 for Standard MDIO 
(Clause 22).

OP

(2 bits)

Opcode defines type of operation. Programmed with ENETn_MMFR[OP].

01 Write operation

10 Read operation

Table continues on the next page...
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Table 294. MDIO frame field descriptions (continued)

Field Description

PHYADR

(5 bits)

Five-bit PHY device address, programmed with ENETn_MMFR[PA]. Up to 32 devices can 
be addressed.

REGADR

(5 bits)

Five-bit register address, programmed with ENETn_MMFR[RA]. Each PHY can implement up to 
32 registers.

TA

(2 bits)

Turnaround time, programmed with ENETn_MMFR[TA]. Two bit-times are reserved for read 
operations to switch the data bus from write to read. The PHY device presents its register contents in 
the data phase and drives the bus from the second bit of the turnaround phase.

Data

(16 bits)

Data, set by ENETn_MMFR[DATA]. Written to or read from the PHY

32.3.15.2 MDIO clause 45 frame format

The extended MDIO frame structure defined in IEEE 802.3 Clause 45 introduces indirect addressing. First, a write transaction 
to an address register is done, followed by a write or read transaction which will put the 16-bit data in the register or retrieve the 
register contents respectively. A preamble of 32 bits of logical ones is sent prior to every transaction. The MDIO data signal is 
tri-stated between frames.

The extended MDIO defines four transactions, which are determined by the two-bit opcode field.

Table 295. MDIO clause 45 frame structure

ST OP PRTAD DEVAD TA ADDR/DATA

All bits are transmitted from left to right (Preamble bits first) and all fields have their Most-Significant bit sent first (leftmost in above 
table). The complete frame has a length of 64 bits (32-bit preamble, 14-bit command, 2-bit bus direction change, 16-bit data). Each 
bit is transferred with the rising edge of the MDIO clock (MDC).

The fields and transactions are summarized in the following tables.

Table 296. MDIO clause 45 frame field descriptions

Field Description

ST Start indication. Indicates the end of the preamble and start of the frame. This value is 00 for extended 
MDIO (Clause 45) frames.

OP Opcode defines if a read or write operation is performed and is programmed with ENETn_MMFR[OP]. 
See Table 297 for more information.

00 Address write

01 Write operation

10 Read inc. operation

11 Read operation

PRTAD The port address specifies a MDIO port. Each Port can have up to 32 devices which each can have 
a separate set of registers.

Table continues on the next page...
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Table 296. MDIO clause 45 frame field descriptions (continued)

Field Description

DEVAD Device address. Up to 32 devices can be addressed (within a port).

TA Turnaround time, programmed with ENETn_MMFR[TA]. Two bit-times are reserved for read 
operations to switch the data bus from write to read. The PHY device presents its register contents in 
the data phase and drives the bus from the second bit of the turnaround phase.

ADDR/DATA 16-bit address (for address write) or data, set by ENETn_MMFR[DATA], written to or read from 
the PHY.

Table 297. MDIO Clause 45 Transactions

Transaction Type Description

Address A write transaction to the internal address register of the device/port. The data section of the 
frame contains the value to be stored in the device's internal address "pointer" register for 
further transactions.

Write Data write to a register. The 16 bit data will be written to the register identified by the device-internal 
address.

Read Data is read from the register identified by the device-internal address.

Read inc. Read with address postincrement. The register identified by the device-internal address is read. After 
this, the device-internal address is incremented. If the address register is all '1' (0xFFFF) no increment 
is done (i.e. increment does not wrap around).

32.3.15.3 MDIO clock generation

The MDC clock is generated from the internal bus clock (i.e., IPS bus clock) divided by the value programmed 
in ENETn_MSCR[MII_SPEED].

32.3.15.4 MDIO operation
To perform an MDIO access, set the MDIO command register (ENETn_MMFR) according to the description provided in MII 
Management Frame Register (ENETn_MMFR). To check when the programmed access completes, read the ENETn_EIR[MII] 
field.
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       Start     

       Load ENETn_MMFR register     

       Read ENETn_EIR     

       MII = 1?     
       N     

       Y     

Figure 220. MDIO access overview

32.3.16 Ethernet interfaces

The following Ethernet interfaces are implemented:

• Fast Ethernet MII 10/100 (Media Independent Interface)

• RMII 10/100 using interface converters/gaskets

The following table shows how to configure ENET registers to select each interface.

Mode RCR[RMII_10T] RCR[RMII_MODE]

MII - 10 Mbit/s — 0

MII - 100 Mbit/s — 0

RMII - 10 Mbit/s 1 1

RMII - 100 Mbit/s 0 1

32.3.16.1 RMII interface
In RMII receive mode, for normal reception following assertion of CRS_DV, RXD[1:0] is 00 until the receiver determines that 
the receive event has a proper start-of-stream delimiter (SSD). The preamble appears (RXD[1:0]=01) and the MACs begin 
capturing data following detection of SFD.

       /J / /K /     P ream ble S F D D ata

RMII_REF_CLK

RMII_CRS_DV

0 0 0 0 0 0 0 0 0 0 0 0 0 1 x x x x x x 0RMII_RXD1

0 0 0 0 0 0 0 1 1 1 1 1 1 1 x x x x x x 0RMII_RXD0

Figure 221. RMII receive operation

If a false carrier is detected (bad SSD), then RXD[1:0] is 10 until the end of the receive event. This is a unique pattern since a false 
carrier can only occur at the beginning of a packet where the preamble is decoded (RXD[1:0] = 01).
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       RMII_REF_CLK     

       RMII_CRS_DV     

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0       RMII_RXD1     

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       RMII_RXD0     

       False carrier detected     

Figure 222. RMII receive operation with false carrier

In RMII transmit mode, TXD[1:0] provides valid data for each REF_CLK period while TXEN is asserted.

P ream ble S F D D ata

RMII_REF_CLK

RMII_TXEN

0 0 0 0 0 0 0 0 0 0 0 0 0 1 x x x x x x 0RMII_TXD1

0 1 1 1 1 1 1 1 1 1 1 1 1 1 x x x x x x 0RMII_TXD0

Figure 223. RMII transmit operation

32.3.16.2 MII Interface — transmit
On transmit, all data transfers are synchronous to MII_TXCLK rising edge. The MII data enable signal MII_TXEN is asserted 
to indicate the start of a new frame, and remains asserted until the last byte of the frame is present on the MII_TXD[3:0] bus. 
Between frames, MII_TXEN remains deasserted.

       CRC-32     

       SFD            Preamble     

       5     04 05 06 07 08 09 0A 0F 10 11 12 13 14 15 16 17 18 19 1A 1C 1E 1F 20 21 22 23 24 25 26 27 28 29 2B 2E 2F 30 31 32 33 34 35 36 37 38 39 3B 3F 40 99 80 28

 
MII_TXER

MII_TXCLK  
MII_TXD[3:0] 

MII_TXEN 

Figure 224. MII transmit operation

If a frame is received on the FIFO interface with an error (for example, RxBD[ME] set) the frame is subsequently transmitted with 
the MII_TXER error signal for one clock cycle at any time during the packet transfer.
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       CRC-32     

       SFD     

       MII_TXCLK     
       MII_TXD[3:0]     

       MII_TXEN     

       MII_TXER     

       Preamble     

       5     

Figure 225. MII transmit operation — errored frame

32.3.16.2.1 Transmit with collision — half-duplex
When a collision is detected during a frame transmission (MII_COL asserted), the MAC stops the current transmission, sends 
a 32-bit jam pattern, and re-transmits the current frame. (See Collision detection in half-duplex mode for details)

         Jam       

         MII_TXCLK       

         MII_TXD[3:0]       

         MII_TXEN       

         MII_TXER       

         MII_CRS       

         MII_COL       

         5       

Figure 226. MII transmit operation — transmission with collision

32.3.16.3 MII interface — receive
On receive, all signals are sampled on the MII_RXCLK rising edge. The MII data enable signal, MII_RXDV, is asserted by the 
PHY to indicate the start of a new frame and remains asserted until the last byte of the frame is present on MII_RXD[3:0] bus. 
Between frames, MII_RXDV remains deasserted.
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       CRC-32     

       SFD            Preamble     

       5     

 
MII_RXER

MII_RXCLK  
MII_RXD[3:0] 

MII_RXDV 

Figure 227. MII receive operation

If the PHY detects an error on the frame received from the line, the PHY asserts the MII error signal, MII_RXER, for at least one 
clock cycle at any time during the packet transfer.

       CRC-32     

       SFD            Preamble     

       5     

 
MII_RXER

MII_RXCLK  
MII_RXD[3:0] 

MII_RXDV 

Figure 228. MII receive operation — errored frame

A frame received on the MII interface with a PHY error indication is subsequently transferred on the FIFO interface with 
RxBD[ME] set.

32.3.17 Magic packet detection
Magic packet detection wakes a node that is put in power-down mode by the node management agent. Magic packet 
detection is supported only if the MAC is configured in sleep mode.

32.3.17.1 Sleep mode

To put the MAC in Sleep mode, set ENETn_ECR[SLEEP]. At the same time ENETn_ECR[MAGICEN] should also be set to enable 
magic packet detection.

In addition, if ENET is enabled, write 1 to ENETn_ECR[SLEEP] before entering into low power mode.

When the MAC is in Sleep mode:

• The transmit logic is disabled.

• The FIFO receive/transmit functions are disabled.

• The receive logic is kept in Normal mode, but it ignores all traffic from the line except magic packets. They are detected so 
that a remote agent can wake the node.
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32.3.17.2 Magic packet detection

The core is designed to detect magic packets (See "Magic Packets" topics) with the destination address set to:

• Any multicast address

• The broadcast address

• The unicast address programmed in PADDR1/2

When a magic packet is detected, EIR[WAKEUP] is set and none of the statistic registers are incremented.

32.3.17.3 Wakeup
When a magic packet is detected, indicated by ENETn_EIR[WAKEUP], ENETn_ECR[SLEEP] should be cleared to resume 
normal operation of the MAC. Clearing the SLEEP bit automatically masks ENETn_ECR[MAGICEN], disabling magic packet 
detection.

32.3.18 Clocks
The table found here describes the clock sources for ENET. Please see the chip-specific clocking section for clock setting, 
configuration and gating information.

Table 298. Clocks

Clock name Description

ipg_clk Module clock

ipg_clk_rmii Module clock for RMII

ipg_clk_s Peripheral access clock

ipg_clk_time (ts_clk) Peripheral clock

txc_sampling_clk Transmit sampling clock

32.3.19 Resets and stop controls
The following sections describe the resets and stop controls.

32.3.19.1 Hardware reset
To reset the Ethernet module, set ENETn_ECR[RESET].

32.3.19.2 Soft reset

When ENETn_ECR[ETHER_EN] is cleared during operation, the following occurs:

• uDMA, buffer descriptor, and FIFO control logic are reset, including the buffer descriptor and FIFO pointers.

• A currently ongoing transmit is terminated by asserting TXER to the PHY.

• A currently ongoing transmit FIFO write from the application is terminated by stopping the write to the FIFO, and all further 
data from the application is ignored. All subsequent writes are ignored until re-enabled.

• A currently ongoing receive FIFO read is terminated. The RxBD has arbitrary values in this case.

32.3.19.3 Debug mode
When the processor enters debug mode and ECR[DBGEN] is set, the MAC enters a freeze state where it stops all transmit 
and receive activities gracefully. The following happens when the MAC enters hardware freeze:

• A currently ongoing receive transaction on the receive application interface is completed as normal. No further frames are 
read from the FIFO.
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• A currently ongoing transmit transaction on the transmit application interface is completed as normal (in other words, until 
writing end-of-packet (EOP)).

• A currently ongoing frame receive is completed normally, after which no further frames are accepted from the MII.

• A currently ongoing frame transmit is completed normally, after which no further frames are transmitted.

32.3.19.4 Graceful stop
During a graceful stop, any currently ongoing transactions are completed normally and no further frames are accepted. The 
MAC can resume from a graceful stop without the need for a reset (for example, clearing ETHER_EN is not required). The 
following conditions lead to a graceful stop of the MAC transmit or receive datapaths.

32.3.19.4.1 Graceful transmit stop (GTS)
When gracefully stopped, the MAC is no longer reading frame data from the transmit FIFO and has completed any ongoing 
transmission. In any of the following conditions, the transmit datapath stops after an ongoing frame transmission has been 
completed normally.

• ENETn_TCR[GTS] is set by software.

• ENETn_TCR[TFC_PAUSE] is set by software requesting a pause frame transmission. The status (and register bit) is cleared 
after the pause frame has been sent.

• A pause frame was received stopping the transmitter. The stopped situation is terminated when the pause timer expires or 
a pause frame with zero quanta is received.

• MAC is placed in Sleep mode by software or the processor entering Stop mode (see Sleep mode).

• The MAC is in Hardware Freeze mode.

When the transmitter has reached its stopped state, the following events occur:

• The GRA interrupt is asserted, when transitioned into stopped state.

• In Hardware Freeze mode, the GRA interrupt does not wait for the application write completion and asserts when the transmit 
state machine (in other words, line side of TX FIFO) reaches its stopped state.

32.3.19.4.2 Graceful receive stop (GRS)
When gracefully stopped, the MAC is no longer writing frames into the receive FIFO. The receive datapath stops after any 
ongoing frame reception has been completed normally, if any of the following conditions occur:

• MAC is placed in Sleep mode either by the software or the processor is in Stop mode). The MAC continues to receive frames 
and search for magic packets if enabled (see Magic packet detection). However, no frames are written into the receive FIFO, 
and therefore are not forwarded to the application.

• The MAC is in Hardware Freeze mode. The MAC does not accept any frames from the MII.

When the receive datapath is stopped, the following events occur:

• If the RX is in the stopped state, RCR[GRS] is set

• The GRA interrupt is asserted when the transmitter and receiver are stopped

• Any ongoing receive transaction to the application (RX FIFO read) continues normally until the frame end of package (EOP) 
is reached. After this, the following occurs:

— When Sleep mode is active, all further frames are discarded, flushing the RX FIFO

— In Hardware Freeze mode, no further frames are delivered to the application and they stay in the receive FIFO.

 
The assertion of GRS does not wait for an ongoing FIFO read transaction on the application side of the FIFO 
(FIFO read).

  NOTE  
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32.3.19.4.3 Graceful stop interrupt (GRA)

The graceful stop interrupt (GRA) is asserted for the following conditions:

• In Sleep mode, the interrupt asserts only after both TX and RX datapaths are stopped.

• In Hardware Freeze mode, the interrupt asserts only after both TX and RX datapaths are stopped.

• The MAC transmit datapath is stopped for any other condition (GTS, TFC_PAUSE, pause received).

The GRA interrupt is triggered only once when the stopped state is entered. If the interrupt is cleared while the stop condition 
persists, no further interrupt is triggered.

32.3.20 Interrupt coalescence
The purpose of the interrupt coalescing is to reduce the number of interrupts generated by the MAC so as to reduce the 
CPU loading.

To facilitate this interrupt coalescing, these registers are available with the same control and configuration fields.

• Transmit Interrupt Coalescing Register (TXICn)

• Receive Interrupt Coalescing Register (RXICn)

When coalescing is enabled by asserting the corresponding ICEN field and such interrupt is also enabled by the corresponding 
interrupt mask of the EIMR register, the MAC generates an interrupt when the threshold number of frames is reached (defined by 
ICFT) or when the threshold timer expires (defined by ICTT).

When coalescing is disabled by de-asserting ICEN, but interrupt is enabled by the corresponding interrupt mask of the EIMR 
register, the MAC generates an interrupt as they are received without using coalescing. Interrupt coalescing is done for each 
transmit and receive queue/class independently.

32.3.20.1 Interrupt coalescence setup

Interrupt coalescence supports both legacy and enhanced BDs. The following guidelines are recommended when setting up 
interrupt coalescence.

• When the MAC is configured for enhanced (IEEE 1588) mode, that is, enhanced BDs:

— Set the INT bit in the enhanced received buffer descriptor to one.

— Set the INT bit in the enhanced transmit buffer descriptor(s) to one.

• Clear the TXB and RXB fields in the EIMR register.

32.3.20.2 Updating the frame count threshold on-the-fly

To update the ICFT field in the RXIC and TXIC registers:

1. Disable interrupt coalescence by clearing the appropriate ICEN field. This will allow the internal interrupt coalescence 
counter to reset to zero.

 
When disabling interrupt coalescence, if an interrupt event is pending, that is, the interrupt counter is not zero, then 
an interrupt will occur.

  NOTE  

2. Write the new threshold value to the ICFT field.

3. Set ICEN to one.

 
The ICFT field can be updated on-the-fly without disabling the ICEN field. The hardware interrupt will continue and 
there is a possibility that an interrupt will occur depending on the state of the hardware counter and the previous 
ICFT value.

  NOTE  
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32.3.20.3 Updating the timer threshold on-the-fly

To update the ICTT field in the RXIC and TXIC registers:

1. Disable interrupt coalescence by clearing the appropriate ICEN field. This will allow the internal interrupt coalescence 
counter to reset to zero.

 
When disabling interrupt coalescence, if an interrupt event is pending, that is, the interrupt counter is not zero, then 
an interrupt will occur.

  NOTE  

2. Write the new timer value to the ICTT field.

3. Set ICEN to one.

32.4 External Signals
The table found here describes the external signals of ENET.

Table 299. ENET External Signals

Signal Description Mode Direction

1588_EVENT_IN/

1588_EVENT_OUT
Capture/compare block input/output event bus signal.

• When configured for capture and a rising edge is detected, 
the current timer value is latched and transferred into 
the corresponding ENET_TCCRn register for inspection 
by software.

• When configured for compare, the corresponding signal 
1588_EVENT is asserted for one cycle when the timer reaches 
the compare value programmed in the register ENET_TCCRn.

An interrupt or DMA request can be triggered if the corresponding 
bit in ENET_TCSRn[TIE] or ENET_TCSRn[TDRE] is set.

MII/RMII IO

ENET_1588_CLKIN Alternate IEEE 1588 Ethernet clock input; Clock period should be 
an integer number in nanoseconds.

MII/RMII I

MII_COL Asserted upon detection of a collision and remains asserted while 
the collision persists. This signal is not defined for full-duplex 
mode.

MII I

MII_CRS Carrier sense. Asserted if receive or transmit equals 1 and negated 
if both transmit and receive equals 0.

 
In RMII mode, this signal is present on the 
RMII_CRS_DV pin.

  NOTE  

MII I

MDC Output clock provides a timing reference to the PHY for data 
transfers on the MDIO signal.

MII/RMII O

MDIO Transfers control information between the external PHY and the 
media access controller. Data is synchronous to MDC. This signal 
is an input after reset.

MII/RMII IO

Table continues on the next page...
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Table 299. ENET External Signals (continued)

Signal Description Mode Direction

MII_RXCLK In MII mode, provides a timing reference for RXDV, RXD[3:0], 
and RXER.

MII I

RXER When asserted with RXDV, indicates an error detection from the 
PHY in the current frame.

MII/RMII I

RX_EN Asserting this input indicates the PHY has valid nibbles present 
on the MII. RX_EN must remain asserted from the first recovered 
nibble of the frame through to the last nibble. Asserting RX_EN 
must start no later than the SFD and exclude any EOF.

 
In RMII mode, this pin also generates the 
CRS signal.

  NOTE  

MII/RMII I

MII_TXCLK Input clock, which provides a timing reference for TXEN, 
TXD[3:0], and TXER.

MII I

MII_TXER When asserted for one or more clock cycles while TXEN is also 
asserted, PHY sends one or more illegal symbols.

MII O

TXEN Indicates when valid nibbles are present on the MII. This signal 
is asserted with the first nibble of a preamble and is de-asserted 
before the first TXCLK following the final nibble of the frame.

MII/RMII O

RXD[3:0] Contains the Ethernet input data transferred from the PHY to the 
media-access controller when RXEN is asserted.

 
In RMII mode, bits [1:0] provide the Ethernet 
input data.

  NOTE  

MII/RMII I

TXD[3:0] Serial output Ethernet data. Only valid during TX_EN assertion.

 
In RMII mode, bits [1:0] provide the Serial 
output Ethernet data.

  NOTE  

MII/RMII O

RMII_REF_CLK In RMII mode, this signal is the reference clock for receive, 
transmit, and the control interface.

RMII IO

32.5 Memory map/register definition
ENET registers must be read or written with 32-bit accesses. Non-32 bit accesses will terminate with an error.

Reserved bits should be written with 0 and ignored on read. Unused registers read zero and a write has no effect.

This table shows Ethernet registers organization.
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Table 300. Register map summary

Offset Address Section Description

0x0000 – 0x01FF Configuration Core control and status registers

0x0200 – 0x03FF Statistics counters MIB and Remote Network Monitoring (RFC 2819) registers

0x0400 – 0x0430 1588 control 1588 adjustable timer (TSM) and 1588 frame control

0x0600 – 0x07FC Capture/Compare block Registers for the Capture/Compare block

32.5.1 ENET register descriptions

32.5.1.1 ENET memory map

ENET base address: 2995_0000h

Offset Register Width

(In bits)

Access Reset value

4h Interrupt Event Register (EIR) 32 RW 0000_0000h

8h Interrupt Mask Register (EIMR) 32 RW 0000_0000h

10h Receive Descriptor Active Register - Ring 0 (RDAR) 32 RW 0000_0000h

14h Transmit Descriptor Active Register - Ring 0 (TDAR) 32 RW 0000_0000h

24h Ethernet Control Register (ECR) 32 RW F000_0000h

40h MII Management Frame Register (MMFR) 32 RW 0000_0000h

44h MII Speed Control Register (MSCR) 32 RW 0000_0000h

64h MIB Control Register (MIBC) 32 RW C000_0000h

84h Receive Control Register (RCR) 32 RW 05EE_0001h

C4h Transmit Control Register (TCR) 32 RW 0000_0000h

E4h Physical Address Lower Register (PALR) 32 RW 0000_0000h

E8h Physical Address Upper Register (PAUR) 32 RW 0000_8808h

ECh Opcode/Pause Duration Register (OPD) 32 RW 0001_0000h

F0h Transmit Interrupt Coalescing Register (TXIC0) 32 RW 0000_0000h

100h Receive Interrupt Coalescing Register (RXIC0) 32 RW 0000_0000h

118h Descriptor Individual Upper Address Register (IAUR) 32 RW 0000_0000h

11Ch Descriptor Individual Lower Address Register (IALR) 32 RW 0000_0000h

120h Descriptor Group Upper Address Register (GAUR) 32 RW 0000_0000h

124h Descriptor Group Lower Address Register (GALR) 32 RW 0000_0000h

144h Transmit FIFO Watermark Register (TFWR) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

180h Receive Descriptor Ring 0 Start Register (RDSR) 32 RW 0000_0000h

184h Transmit Buffer Descriptor Ring 0 Start Register (TDSR) 32 RW 0000_0000h

188h Maximum Receive Buffer Size Register - Ring 0 (MRBR) 32 RW 0000_0000h

190h Receive FIFO Section Full Threshold (RSFL) 32 RW 0000_0000h

194h Receive FIFO Section Empty Threshold (RSEM) 32 RW 0000_0000h

198h Receive FIFO Almost Empty Threshold (RAEM) 32 RW 0000_0004h

19Ch Receive FIFO Almost Full Threshold (RAFL) 32 RW 0000_0004h

1A0h Transmit FIFO Section Empty Threshold (TSEM) 32 RW 0000_0000h

1A4h Transmit FIFO Almost Empty Threshold (TAEM) 32 RW 0000_0004h

1A8h Transmit FIFO Almost Full Threshold (TAFL) 32 RW 0000_0008h

1ACh Transmit Inter-Packet Gap (TIPG) 32 RW 0000_000Ch

1B0h Frame Truncation Length (FTRL) 32 RW 0000_07FFh

1C0h Transmit Accelerator Function Configuration (TACC) 32 RW 0000_0000h

1C4h Receive Accelerator Function Configuration (RACC) 32 RW 0000_0000h

204h Tx Packet Count Statistic Register (RMON_T_PACKETS) 32 R 0000_0000h

208h Tx Broadcast Packets Statistic Register (RMON_T_BC_PKT) 32 R 0000_0000h

20Ch Tx Multicast Packets Statistic Register (RMON_T_MC_PKT) 32 R 0000_0000h

210h Tx Packets with CRC/Align Error Statistic Register 
(RMON_T_CRC_ALIGN)

32 R 0000_0000h

214h Tx Packets Less Than Bytes and Good CRC Statistic Register 
(RMON_T_UNDERSIZE)

32 R 0000_0000h

218h Tx Packets GT MAX_FL bytes and Good CRC Statistic Register 
(RMON_T_OVERSIZE)

32 R 0000_0000h

21Ch Tx Packets Less Than 64 Bytes and Bad CRC Statistic Register 
(RMON_T_FRAG)

32 R 0000_0000h

220h Tx Packets Greater Than MAX_FL bytes and Bad CRC Statistic 
Register (RMON_T_JAB)

32 R 0000_0000h

224h Tx Collision Count Statistic Register (RMON_T_COL) 32 R 0000_0000h

228h Tx 64-Byte Packets Statistic Register (RMON_T_P64) 32 R 0000_0000h

22Ch Tx 65- to 127-byte Packets Statistic Register (RMON_T_P65TO127) 32 R 0000_0000h

230h Tx 128- to 255-byte Packets Statistic Register 
(RMON_T_P128TO255)

32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

234h Tx 256- to 511-byte Packets Statistic Register 
(RMON_T_P256TO511)

32 R 0000_0000h

238h Tx 512- to 1023-byte Packets Statistic Register 
(RMON_T_P512TO1023)

32 R 0000_0000h

23Ch Tx 1024- to 2047-byte Packets Statistic Register 
(RMON_T_P1024TO2047)

32 R 0000_0000h

240h Tx Packets Greater Than 2048 Bytes Statistic Register 
(RMON_T_P_GTE2048)

32 R 0000_0000h

244h Tx Octets Statistic Register (RMON_T_OCTETS) 32 R 0000_0000h

24Ch Frames Transmitted OK Statistic Register (IEEE_T_FRAME_OK) 32 R 0000_0000h

250h Frames Transmitted with Single Collision Statistic Register 
(IEEE_T_1COL)

32 R 0000_0000h

254h Frames Transmitted with Multiple Collisions Statistic Register 
(IEEE_T_MCOL)

32 R 0000_0000h

258h Frames Transmitted after Deferral Delay Statistic Register 
(IEEE_T_DEF)

32 R 0000_0000h

25Ch Frames Transmitted with Late Collision Statistic Register 
(IEEE_T_LCOL)

32 R 0000_0000h

260h Frames Transmitted with Excessive Collisions Statistic Register 
(IEEE_T_EXCOL)

32 R 0000_0000h

264h Frames Transmitted with Tx FIFO Underrun Statistic Register 
(IEEE_T_MACERR)

32 R 0000_0000h

268h Frames Transmitted with Carrier Sense Error Statistic Register 
(IEEE_T_CSERR)

32 R 0000_0000h

26Ch Reserved Statistic Register (IEEE_T_SQE) 32 R 0000_0000h

270h Flow Control Pause Frames Transmitted Statistic Register 
(IEEE_T_FDXFC)

32 R 0000_0000h

274h Octet Count for Frames Transmitted w/o Error Statistic Register 
(IEEE_T_OCTETS_OK)

32 R 0000_0000h

284h Rx Packet Count Statistic Register (RMON_R_PACKETS) 32 R 0000_0000h

288h Rx Broadcast Packets Statistic Register (RMON_R_BC_PKT) 32 R 0000_0000h

28Ch Rx Multicast Packets Statistic Register (RMON_R_MC_PKT) 32 R 0000_0000h

290h Rx Packets with CRC/Align Error Statistic Register 
(RMON_R_CRC_ALIGN)

32 R 0000_0000h

294h Rx Packets with Less Than 64 Bytes and Good CRC Statistic 
Register (RMON_R_UNDERSIZE)

32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

298h Rx Packets Greater Than MAX_FL and Good CRC Statistic Register 
(RMON_R_OVERSIZE)

32 R 0000_0000h

29Ch Rx Packets Less Than 64 Bytes and Bad CRC Statistic Register 
(RMON_R_FRAG)

32 R 0000_0000h

2A0h Rx Packets Greater Than MAX_FL Bytes and Bad CRC Statistic 
Register (RMON_R_JAB)

32 R 0000_0000h

2A8h Rx 64-Byte Packets Statistic Register (RMON_R_P64) 32 R 0000_0000h

2ACh Rx 65- to 127-Byte Packets Statistic Register (RMON_R_P65TO127) 32 R 0000_0000h

2B0h Rx 128- to 255-Byte Packets Statistic Register 
(RMON_R_P128TO255)

32 R 0000_0000h

2B4h Rx 256- to 511-Byte Packets Statistic Register 
(RMON_R_P256TO511)

32 R 0000_0000h

2B8h Rx 512- to 1023-Byte Packets Statistic Register 
(RMON_R_P512TO1023)

32 R 0000_0000h

2BCh Rx 1024- to 2047-Byte Packets Statistic Register 
(RMON_R_P1024TO2047)

32 R 0000_0000h

2C0h Rx Packets Greater than 2048 Bytes Statistic Register 
(RMON_R_P_GTE2048)

32 R 0000_0000h

2C4h Rx Octets Statistic Register (RMON_R_OCTETS) 32 R 0000_0000h

2C8h Frames not Counted Correctly Statistic Register (IEEE_R_DROP) 32 R 0000_0000h

2CCh Frames Received OK Statistic Register (IEEE_R_FRAME_OK) 32 R 0000_0000h

2D0h Frames Received with CRC Error Statistic Register (IEEE_R_CRC) 32 R 0000_0000h

2D4h Frames Received with Alignment Error Statistic Register 
(IEEE_R_ALIGN)

32 R 0000_0000h

2D8h Receive FIFO Overflow Count Statistic Register (IEEE_R_MACERR) 32 R 0000_0000h

2DCh Flow Control Pause Frames Received Statistic Register 
(IEEE_R_FDXFC)

32 R 0000_0000h

2E0h Octet Count for Frames Received without Error Statistic Register 
(IEEE_R_OCTETS_OK)

32 R 0000_0000h

400h Adjustable Timer Control Register (ATCR) 32 RW 0000_0000h

404h Timer Value Register (ATVR) 32 RW 0000_0000h

408h Timer Offset Register (ATOFF) 32 RW 0000_0000h

40Ch Timer Period Register (ATPER) 32 RW 3B9A_CA00h

410h Timer Correction Register (ATCOR) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

414h Time-Stamping Clock Period Register (ATINC) 32 RW 0000_0000h

418h Timestamp of Last Transmitted Frame (ATSTMP) 32 R 0000_0000h

604h Timer Global Status Register (TGSR) 32 RW 0000_0000h

608h Timer Control Status Register (TCSR0) 32 RW 0000_0000h

60Ch Timer Compare Capture Register (TCCR0) 32 RW 0000_0000h

610h Timer Control Status Register (TCSR1) 32 RW 0000_0000h

614h Timer Compare Capture Register (TCCR1) 32 RW 0000_0000h

618h Timer Control Status Register (TCSR2) 32 RW 0000_0000h

61Ch Timer Compare Capture Register (TCCR2) 32 RW 0000_0000h

620h Timer Control Status Register (TCSR3) 32 RW 0000_0000h

624h Timer Compare Capture Register (TCCR3) 32 RW 0000_0000h

32.5.1.2 Interrupt Event Register (EIR)

Offset

Register Offset

EIR 4h

Function

When an event occurs that sets a bit in EIR, an interrupt occurs if the corresponding bit in the interrupt mask register (EIMR) is 
also set. Writing a 1 to an EIR bit clears it; writing 0 has no effect. This register is cleared upon hardware reset.

 
TxBD[INT] and RxBD[INT] must be set to 1 to allow setting the corresponding EIR register flags in enhanced mode, 
ENET_ECR[EN1588] = 1. Legacy mode does not require these flags to be enabled.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 BABR BABT GRA TXF TXB RXF RXB MII 
EBER

R 
LC RL UN PLR 

WAKE
UP 

TS_AV
AIL 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TS_TI
MER Reserved 

W W1C 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

BABR

Babbling Receive Error

Indicates a frame was received with length in excess of RCR[MAX_FL] bytes.

29

BABT

Babbling Transmit Error

Indicates the transmitted frame length exceeds RCR[MAX_FL] bytes. Usually this condition is caused 
when a frame that is too long is placed into the transmit data buffer(s). Truncation does not occur.

28

GRA

Graceful Stop Complete

This interrupt is asserted after the transmitter is put into a pause state after completion of the frame currently 
being transmitted. See Graceful Transmit Stop (GTS) for conditions that lead to graceful stop.

 
The GRA interrupt is asserted only when the TX transitions into the stopped state. If this bit 
is cleared by writing 1 and the TX is still stopped, the bit is not set again.

  NOTE  

27

TXF

Transmit Frame Interrupt

Indicates a frame has been transmitted and the last corresponding buffer descriptor has been updated.

26

TXB

Transmit Buffer Interrupt

Indicates a transmit buffer descriptor has been updated.

25

RXF

Receive Frame Interrupt

Indicates a frame has been received and the last corresponding buffer descriptor has been updated.

24

RXB

Receive Buffer Interrupt

Indicates a receive buffer descriptor is not the last in the frame has been updated.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23

MII

MII Interrupt.

Indicates that the MII has completed the data transfer requested.

22

EBERR

Ethernet Bus Error

Indicates a system bus error occurred when a uDMA transaction is underway. When this bit is set, 
ECR[ETHEREN] is cleared, halting frame processing by the MAC. When this occurs, software must 
ensure proper actions, possibly resetting the system, to resume normal operation.

21

LC

Late Collision

Indicates a collision occurred beyond the collision window (slot time) in half-duplex mode. The frame 
truncates with a bad CRC and the remainder of the frame is discarded.

20

RL

Collision Retry Limit

Indicates a collision occurred on each of 16 successive attempts to transmit the frame. The frame is 
discarded without being transmitted and transmission of the next frame commences. This error can only 
occur in half-duplex mode.

19

UN

Transmit FIFO Underrun

Indicates the transmit FIFO became empty before the complete frame was transmitted.

 
In situations where the device has various masters generating high traffic, a FIFO underrun 
can occur on the transmit FIFO. To avoid transmit FIFO underrun, store and forward can 
be enabled in ENET_TFWR[STRFWD]. See Transmit FIFO Watermark Register (TFWR). 
Also, a higher priority can be set for ENET traffic using available means on the central bus 
fabric connecting the ENET module.

  NOTE  

18

PLR

Payload Receive Error

Indicates a frame was received with a payload length error. See Frame Length/Type Verification: 
Payload Length Check for more information.

17

WAKEUP

Node Wakeup Request Indication

Read-only status bit to indicate that a magic packet has been detected. Will act only if ECR[MAGICEN] is 
set.

16

TS_AVAIL

Transmit Timestamp Available

Indicates that the timestamp of the last transmitted timing frame is available in the ATSTMP register.

15

TS_TIMER

Timestamp Timer

The adjustable timer reached the period event. A period event interrupt can be generated if 
ATCR[PEREN] is set and the timer wraps according to the periodic setting in the ATPER register. Set 
the timer period value before setting ATCR[PEREN].

14-13

—

This write-only field is reserved. It must always be written with the value 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

12

—

This write-only field is reserved. It must always be written with the value 0.

11-9

—

This write-only field is reserved. It must always be written with the value 0.

8

—

This write-only field is reserved. It must always be written with the value 0.

7-0

—

This write-only field is reserved. It must always be written with the value 0.

32.5.1.3 Interrupt Mask Register (EIMR)

Offset

Register Offset

EIMR 8h

Function
EIMR controls which interrupt events are allowed to generate actual interrupts. A hardware reset clears this register. If the 
corresponding bits in the EIR and EIMR registers are set, an interrupt is generated. The interrupt signal remains asserted until 
a 1 is written to the EIR field (write 1 to clear) or a 0 is written to the EIMR field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BABR BABT GRA TXF TXB RXF RXB MII 

EBER
R 

LC RL UN PLR 
WAKE

UP 
TS_AV

AIL W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TS_TI
MER W 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

This write-only field is reserved. It must always be written with the value 0.

30

BABR

BABR Interrupt Mask

Corresponds to interrupt source EIR[BABR] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR BABR field reflects the state of the interrupt signal even if the corresponding 
EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

29

BABT

BABT Interrupt Mask

Corresponds to interrupt source EIR[BABT] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR BABT field reflects the state of the interrupt signal even if the corresponding 
EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

28

GRA

GRA Interrupt Mask

Corresponds to interrupt source EIR[GRA] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR GRA field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

27

TXF

TXF Interrupt Mask

Corresponds to interrupt source EIR[TXF] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR TXF field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

26

TXB

TXB Interrupt Mask

Corresponds to interrupt source EIR[TXB] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR TXF field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - The corresponding interrupt source is not masked.

25

RXF

RXF Interrupt Mask

Corresponds to interrupt source EIR[RXF] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR RXF field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

24

RXB

RXB Interrupt Mask

Corresponds to interrupt source EIR[RXB] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR RXB field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

23

MII

MII Interrupt Mask

Corresponds to interrupt source EIR[MII] and determines whether an interrupt condition can generate an 
interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. The 
corresponding EIR MII field reflects the state of the interrupt signal even if the corresponding EIMR field 
is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

22

EBERR

EBERR Interrupt Mask

Corresponds to interrupt source EIR[EBERR] and determines whether an interrupt condition can 
generate an interrupt. At every module clock, the EIR samples the signal generated by the interrupting 
source. The corresponding EIR EBERR field reflects the state of the interrupt signal even if the 
corresponding EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

21

LC

LC Interrupt Mask

Corresponds to interrupt source EIR[LC] and determines whether an interrupt condition can generate an 
interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. The 
corresponding EIR LC field reflects the state of the interrupt signal even if the corresponding EIMR field 
is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

Table continues on the next page...

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1750 / 5781



Table continued from the previous page...

Field Function

20

RL

RL Interrupt Mask

Corresponds to interrupt source EIR[RL] and determines whether an interrupt condition can generate an 
interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. The 
corresponding EIR RL field reflects the state of the interrupt signal even if the corresponding EIMR field 
is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

19

UN

UN Interrupt Mask

Corresponds to interrupt source EIR[UN] and determines whether an interrupt condition can generate an 
interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. The 
corresponding EIR UN field reflects the state of the interrupt signal even if the corresponding EIMR field 
is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

18

PLR

PLR Interrupt Mask

Corresponds to interrupt source EIR[PLR] and determines whether an interrupt condition can generate 
an interrupt. At every module clock, the EIR samples the signal generated by the interrupting source. 
The corresponding EIR PLR field reflects the state of the interrupt signal even if the corresponding EIMR 
field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

17

WAKEUP

WAKEUP Interrupt Mask

Corresponds to interrupt source EIR[WAKEUP] register and determines whether an interrupt condition 
can generate an interrupt. At every module clock, the EIR samples the signal generated by the 
interrupting source. The corresponding EIR WAKEUP field reflects the state of the interrupt signal even if 
the corresponding EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

16

TS_AVAIL

TS_AVAIL Interrupt Mask

Corresponds to interrupt source EIR[TS_AVAIL] register and determines whether an interrupt condition 
can generate an interrupt. At every module clock, the EIR samples the signal generated by the 
interrupting source. The corresponding EIR TS_AVAIL field reflects the state of the interrupt signal even 
if the corresponding EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

15 TS_TIMER Interrupt Mask

Table continues on the next page...
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Table continued from the previous page...

Field Function

TS_TIMER Corresponds to interrupt source EIR[TS_TIMER] register and determines whether an interrupt condition 
can generate an interrupt. At every module clock, the EIR samples the signal generated by the 
interrupting source. The corresponding EIR TS_TIMER field reflects the state of the interrupt signal 
even if the corresponding EIMR field is cleared.

0b - The corresponding interrupt source is masked.

1b - The corresponding interrupt source is not masked.

14-13

—

This write-only field is reserved. It must always be written with the value 0.

12

—

This write-only field is reserved. It must always be written with the value 0.

11-9

—

This write-only field is reserved. It must always be written with the value 0.

8

—

This write-only field is reserved. It must always be written with the value 0.

7-0

—

This write-only field is reserved. It must always be written with the value 0.

32.5.1.4 Receive Descriptor Active Register - Ring 0 (RDAR)

Offset

Register Offset

RDAR 10h

Function

RDAR is a command register, written by the user, to indicate that the receive descriptor ring has been updated, that is, that the 
driver produced empty receive buffers with the empty bit set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
RDAR 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

RDAR

Receive Descriptor Active

Always set to 1 when this register is written, regardless of the value written. This field is cleared by the 
MAC device when no additional empty descriptors remain in the receive ring. It is also cleared when 
ECR[ETHEREN] transitions from set to cleared or when ECR[RESET] is set.

23-0

—

Reserved

32.5.1.5 Transmit Descriptor Active Register - Ring 0 (TDAR)

Offset

Register Offset

TDAR 14h

Function

The TDAR is a command register that the user writes to indicate that the transmit descriptor ring has been updated, that is, that 
transmit buffers have been produced by the driver with the ready bit set in the buffer descriptor.

The TDAR register is cleared at reset, when ECR[ETHEREN] transitions from set to cleared, or when ECR[RESET] is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TDAR 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

TDAR

Transmit Descriptor Active

Always set to 1 when this register is written, regardless of the value written. This bit is cleared by 
the MAC device when no additional ready descriptors remain in the transmit ring. Also cleared when 
ECR[ETHEREN] transitions from set to cleared or when ECR[RESET] is set.

23-0

—

Reserved

32.5.1.6 Ethernet Control Register (ECR)

Offset

Register Offset

ECR 24h

Function
ECR is a read/write user register, though hardware may also alter fields in this register. It controls many of the high level 
features of the Ethernet MAC, including legacy FEC support through the EN1588 field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

W

Reset 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

Reserv
ed 

Reserv
ed 

DBSW
P 

STOP
EN 

DBGE
N 

EN158
8 

SLEE
P 

MAGI
CEN 

ETHE
REN 

RESE
T W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Always write 11110000000000b to this field.

17-12

—

Always write 0 to this field.

11

—

Always write 0 to this field.

10

—

Always write 0 to this field.

9

—

Always write 0 to this field.

8

DBSWP

Descriptor Byte Swapping Enable

Swaps the byte locations of the buffer descriptors.

 
This field must be written to 1 after reset.

  NOTE  

0b - The buffer descriptor bytes are not swapped to support big-endian devices.

1b - The buffer descriptor bytes are swapped to support little-endian devices.

7

STOPEN

STOPEN Signal Control

Controls device behavior in doze mode.

In doze mode, if this field is set then all the clocks of the ENET assembly are disabled, except the 
RMII /MII clock. Doze mode is similar to a conditional stop mode entry for the ENET assembly depending 
on ECR[STOPEN].

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
If module clocks are gated in this mode, the module can still wake the system after receiving 
a magic packet in stop mode. MAGICEN must be set prior to entering sleep/stop mode.

  NOTE  

6

DBGEN

Debug Enable

Enables the MAC to enter hardware freeze mode when the device enters debug mode.

0b - MAC continues operation in debug mode.

1b - MAC enters hardware freeze mode when the processor is in debug mode.

5

—

This write-only field is reserved. It must always be written with the value 0.

4

EN1588

EN1588 Enable

Enables enhanced functionality of the MAC.

0b - Legacy FEC buffer descriptors and functions enabled.

1b - Enhanced frame time-stamping functions enabled. Has no effect within the MAC besides 
controlling the DMA control bit ena_1588.

3

SLEEP

Sleep Mode Enable

0b - Normal operating mode.

1b - Sleep mode.

2

MAGICEN

Magic Packet Detection Enable

Enables/disables magic packet detection.

 
MAGICEN is relevant only if the SLEEP field is set. If MAGICEN is set, changing the SLEEP 
field enables/disables sleep mode and magic packet detection.

  NOTE  

 
EIMR[WAKEUP] must be written to one if Magic packet wakeup is programed to wake up 
the chip from low power mode.

  NOTE  

0b - Magic detection logic disabled.

1b - The MAC core detects magic packets and asserts EIR[WAKEUP] when a frame is detected.

1

ETHEREN

Ethernet Enable

Enables/disables the Ethernet MAC. When the MAC is disabled, the buffer descriptors for an aborted 
transmit frame are not updated. The uDMA, buffer descriptor, and FIFO control logic are reset, including the 
buffer descriptor and FIFO pointers.

Hardware clears this field under the following conditions:

Table continues on the next page...
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Table continued from the previous page...

Field Function

• RESET is set by software

• An error condition causes the EBERR field to set.

 
• ETHEREN must be set at the very last step during ENET configuration/setup/

initialization, only after all other ENET-related registers have been configured.

• If ETHEREN is cleared to 0 by software then next time ETHEREN is set, the EIR 
interrupts must cleared to 0 due to previous pending interrupts.

  NOTE  

0b - Reception immediately stops and transmission stops after a bad CRC is appended to any 
currently transmitted frame.

1b - MAC is enabled, and reception and transmission are possible.

0

RESET

Ethernet MAC Reset

When this field is set, it clears the ETHEREN field.

32.5.1.7 MII Management Frame Register (MMFR)

Offset

Register Offset

MMFR 40h

Function

Writing to MMFR triggers a management frame transaction to the PHY device unless MSCR is programmed to zero.

If MSCR is changed from zero to non-zero during a write to MMFR, an MII frame is generated with the data previously written to 
the MMFR. This allows MMFR and MSCR to be programmed in either order if MSCR is currently zero.

If the MMFR register is written while frame generation is in progress, the frame contents are altered. Software must use the 
EIR[MII] interrupt indication to avoid writing to the MMFR register while frame generation is in progress.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ST OP PA RA TA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

ST

Start Of Frame Delimiter

See Table 293 (Clause 22) or Table 295 (Clause 45) for correct value.

29-28

OP

Operation Code

See Table 293 (Clause 22) or Table 295 (Clause 45) for correct value.

27-23

PA

PHY Address

See Table 293 (Clause 22) or Table 295 (Clause 45) for correct value.

22-18

RA

Register Address

See Table 293 (Clause 22) or Table 295 (Clause 45) for correct value.

17-16

TA

Turn Around

This field must be programmed to 10 to generate a valid MII management frame.

15-0

DATA

Management Frame Data

This is the field for data to be written to or read from the PHY register.

32.5.1.8 MII Speed Control Register (MSCR)

Offset

Register Offset

MSCR 44h

Function

MSCR provides control of the MII clock (MDC pin) frequency and allows a preamble drop on the MII management frame.

The MII_SPEED field must be programmed with a value to provide an MDC frequency of less than or equal to 2.5 MHz to be 
compliant with the IEEE 802.3 MII specification. The MII_SPEED must be set to a non-zero value to source a read or write 
management frame. After the management frame is complete, the MSCR register may optionally be cleared to turn off MDC. 
The MDC signal generated has a 50% duty cycle except when MII_SPEED changes during operation. This change takes effect 
following a rising or falling edge of MDC.

For example, if the internal module clock (that is, peripheral bus clock) is 25 MHz, programming MII_SPEED to 0x4 results in an 
MDC as given in the following equation:

MII clock frequency = 25 MHz / ((4 + 1) x 2) = 2.5 MHz

The following table shows the optimum values for MII_SPEED as a function of IPS bus clock frequency.

Table 301. Programming Examples for MSCR

Internal module clock frequency MSCR [MII_SPEED] MDC frequency

25 MHz 0x4 2.50 MHz

Table continues on the next page...
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Table 301. Programming Examples for MSCR (continued)

Internal module clock frequency MSCR [MII_SPEED] MDC frequency

33 MHz 0x6 2.36 MHz

40 MHz 0x7 2.50 MHz

50 MHz 0x9 2.50 MHz

66 MHz 0xD 2.36 MHz

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
HOLDTIME 

DIS_
PRE 

MII_SPEED 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-8

HOLDTIME

Hold time On MDIO Output

IEEE802.3 clause 22 defines a minimum of 10 ns for the hold time on the MDIO output. Depending on 
the host bus frequency, the setting may need to be increased.

000b - 1 internal module clock cycle

001b - 2 internal module clock cycles

010b - 3 internal module clock cycles

111b - 8 internal module clock cycles

7

DIS_PRE

Disable Preamble

Enables/disables prepending a preamble to the MII management frame. The MII standard allows the 
preamble to be dropped if the attached PHY devices do not require it.

0b - Preamble enabled.

1b - Preamble (32 ones) is not prepended to the MII management frame.

6-1

MII_SPEED

MII Speed

Table continues on the next page...
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Table continued from the previous page...

Field Function

Controls the frequency of the MII management interface clock (MDC) relative to the internal module clock. 
A value of 0 in this field turns off MDC and leaves it in low voltage state. Any non-zero value results in the 
MDC frequency of:

1/((MII_SPEED + 1) x 2) of the internal module clock frequency

0

—

Reserved

32.5.1.9 MIB Control Register (MIBC)

Offset

Register Offset

MIBC 64h

Function
MIBC is a read/write register controlling and observing the state of the MIB block. Access this register to disable the MIB block 
operation or clear the MIB counters. The MIB_DIS field resets to 1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MIB_
DIS 

MIB_
IDLE MIB_C

LE...

0

W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

MIB_DIS

Disable MIB Logic

If this control field is set,

0b - MIB logic is enabled.

1b - MIB logic is disabled. The MIB logic halts and does not update any MIB counters.

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

MIB_IDLE

MIB Idle

0b - The MIB block is updating MIB counters.

1b - The MIB block is not currently updating any MIB counters.

29

MIB_CLEAR

MIB Clear

 
This field is not self-clearing. To clear the MIB counters set and then clear this field.

  NOTE  

0b - See note above.

1b - All statistics counters are reset to 0.

28-0

—

Reserved

32.5.1.10 Receive Control Register (RCR)

Offset

Register Offset

RCR 84h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R GRS 
NLC MAX_FL 

W

Reset 0 0 0 0 0 1 0 1 1 1 1 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFEN 

CRCF
WD 

PAUF
WD 

PADE
N 

RMII_
10T 

RMII_
MO...

FCE 
BC_
REJ 

PROM 
MII_

MODE 
DRT LOOP 

W 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31

GRS

Graceful Receive Stopped

Read-only status indicating that the MAC receive datapath is stopped.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Receive not stopped

1b - Receive stopped

30

NLC

Payload Length Check Disable

Enables/disables a payload length check.

0b - The payload length check is disabled.

1b - The core checks the frame's payload length with the frame length/type field. Errors are 
indicated in the EIR[PLR] field.

29-16

MAX_FL

Maximum Frame Length

Resets to decimal 1518. Length is measured starting at DA and includes the CRC at the end of the 
frame. Transmit frames longer than MAX_FL cause the BABT interrupt to occur. Receive frames longer 
than MAX_FL cause the BABR interrupt to occur and set the LG field in the end of frame receive 
buffer descriptor. The recommended default value to be programmed is 1518 or 1522 if VLAN tags are 
supported.

15

CFEN

MAC Control Frame Enable

Enables/disables the MAC control frame.

0b - MAC control frames with any opcode other than 0x0001 (pause frame) are accepted and 
forwarded to the client interface.

1b - MAC control frames with any opcode other than 0x0001 (pause frame) are silently discarded.

14

CRCFWD

Terminate/Forward Received CRC

Specifies whether the CRC field of received frames is transmitted or stripped.

 
If padding function is enabled (PADEN = 1), CRCFWD is ignored and the CRC field is 
checked and always terminated and removed.

  NOTE  

0b - The CRC field of received frames is transmitted to the user application.

1b - The CRC field is stripped from the frame.

13

PAUFWD

Terminate/Forward Pause Frames

Specifies whether pause frames are terminated or forwarded.

0b - Pause frames are terminated and discarded in the MAC.

1b - Pause frames are forwarded to the user application.

12

PADEN

Enable Frame Padding Remove On Receive

Specifies whether the MAC removes padding from received frames.

0b - No padding is removed on receive by the MAC.

1b - Padding is removed from received frames.

Table continues on the next page...

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1762 / 5781



Table continued from the previous page...

Field Function

11-10

—

This write-only field is reserved. It must always be written with the value 0.

9

RMII_10T

Enables 10-Mbit/s mode of the RMII .

0b - 100-Mbit/s operation.

1b - 10-Mbit/s operation.

8

RMII_MODE

RMII Mode Enable

Specifies whether the MAC is configured for MII mode or RMII operation .

0b - MAC configured for MII mode.

1b - MAC configured for RMII operation.

7

—

This write-only field is reserved. It must always be written with the value 0.

6

—

This write-only field is reserved. It must always be written with the value 0.

5

FCE

Flow Control Enable

If set, the receiver detects PAUSE frames. Upon PAUSE frame detection, the transmitter stops 
transmitting data frames for a given duration.

0b - Disable flow control

1b - Enable flow control

4

BC_REJ

Broadcast Frame Reject

If set, frames with destination address (DA) equal to 0xFFFF_FFFF_FFFF are rejected unless the PROM 
field is set. If BC_REJ and PROM are set, frames with broadcast DA are accepted and the MISS (M) is 
set in the receive buffer descriptor.

0b - Will not reject frames as described above

1b - Will reject frames as described above

3

PROM

Promiscuous Mode

All frames are accepted regardless of address matching.

0b - Disabled.

1b - Enabled.

2

MII_MODE

Media Independent Interface Mode

This field must always be set.

0b - Reserved.

1b - MII or RMII mode, as indicated by the RMII_MODE field.

Table continues on the next page...

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1763 / 5781



Table continued from the previous page...

Field Function

1

DRT

Disable Receive On Transmit

0b - Receive path operates independently of transmit (i.e., full-duplex mode). Can also be used to 
monitor transmit activity in half-duplex mode.

1b - Disable reception of frames while transmitting. (Normally used for half-duplex mode.)

0

LOOP

Internal Loopback

This is an MII internal loopback, therefore MII_MODE must be written to 1 and RMII_MODE must be 
written to 0.

0b - Loopback disabled.

1b - Transmitted frames are looped back internal to the device and transmit MII output signals are 
not asserted. DRT must be cleared.

32.5.1.11 Transmit Control Register (TCR)

Offset

Register Offset

TCR C4h

Function
TCR is read/write and configures the transmit block. This register is cleared at system reset. FDEN can only be modified when 
ECR[ETHEREN] is cleared.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 Reserv
ed 

CRCF
WD 

ADDIN
S 

ADDSEL 

RFC_P
AU... TFC_P

AU...
FDEN GTS 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-11

—

Reserved

10

—

This field is read/write and must be set to 0.

9

CRCFWD

Forward Frame From Application With CRC

0b - TxBD[TC] controls whether the frame has a CRC from the application.

1b - The transmitter does not append any CRC to transmitted frames, as it is expecting a frame 
with CRC from the application.

8

ADDINS

Set MAC Address On Transmit

0b - The source MAC address is not modified by the MAC.

1b - The MAC overwrites the source MAC address with the programmed MAC address according 
to ADDSEL.

7-5

ADDSEL

Source MAC Address Select On Transmit

If ADDINS is set, indicates the MAC address that overwrites the source MAC address.

000b - Node MAC address programmed on PADDR1/2 registers.

100b - Reserved.

101b - Reserved.

110b - Reserved.

4

RFC_PAUSE

Receive Frame Control Pause

This status field is set when a full-duplex flow control pause frame is received and the transmitter pauses 
for the duration defined in this pause frame. This field automatically clears when the pause duration is 
complete.

3

TFC_PAUSE

Transmit Frame Control Pause

Pauses frame transmission. When this field is set, EIR[GRA] is set. With transmission of data frames 
stopped, the MAC transmits a MAC control PAUSE frame. Next, the MAC clears TFC_PAUSE and 
resumes transmitting data frames. If the transmitter pauses due to user assertion of GTS or reception of 
a PAUSE frame, the MAC may continue transmitting a MAC control PAUSE frame.

0b - No PAUSE frame transmitted.

1b - The MAC stops transmission of data frames after the current transmission is complete.

2

FDEN

Full-Duplex Enable

If this field is set, frames transmit independent of carrier sense and collision inputs. Only modify this bit when 
ECR[ETHEREN] is cleared.

0b - Disable full-duplex

1b - Enable full-duplex

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

—

This write-only field is reserved. It must always be written with the value 0.

0

GTS

Graceful Transmit Stop

When this field is set, MAC stops transmission after any frame currently transmitted is complete 
and EIR[GRA] is set. If frame transmission is not currently underway, the GRA interrupt is asserted 
immediately. After transmission finishes, clear GTS to restart. The next frame in the transmit FIFO is 
then transmitted. If an early collision occurs during transmission when GTS is set, transmission stops 
after the collision. The frame is transmitted again after GTS is cleared. There may be old frames in the 
transmit FIFO that transmit when GTS is reasserted. To avoid this, clear ECR[ETHEREN] following the 
GRA interrupt.

0b - Disable graceful transmit stop

1b - Enable graceful transmit stop

32.5.1.12 Physical Address Lower Register (PALR)

Offset

Register Offset

PALR E4h

Function
PALR contains the lower 32 bits (bytes 0, 1, 2, 3) of the 48-bit address used in the address recognition process to compare 
with the destination address (DA) field of receive frames with an individual DA. In addition, this register is used in bytes 0 
through 3 of the six-byte source address field when transmitting PAUSE frames.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PADDR1

Pause Address

Bytes 0 (bits 31:24), 1 (bits 23:16), 2 (bits 15:8), and 3 (bits 7:0) of the 6-byte individual address are used 
for exact match and the source address field in PAUSE frames.

32.5.1.13 Physical Address Upper Register (PAUR)

Offset

Register Offset

PAUR E8h

Function
PAUR contains the upper 16 bits (bytes 4 and 5) of the 48-bit address used in the address recognition process to compare 
with the destination address (DA) field of receive frames with an individual DA. In addition, this register is used in bytes 4 
and 5 of the six-byte source address field when transmitting PAUSE frames. Bits 15:0 of PAUR contain a constant type field 
(0x8808) for transmission of PAUSE frames.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TYPE 

W

Reset 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-16

PADDR2

Bytes 4 (bits 31:24) and 5 (bits 23:16) of the 6-byte individual address used for exact match, and the 
source address field in PAUSE frames.

15-0

TYPE

Type Field In PAUSE Frames

These fields have a constant value of 0x8808.
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32.5.1.14 Opcode/Pause Duration Register (OPD)

Offset

Register Offset

OPD ECh

Function
OPD is read/write accessible. This register contains the 16-bit opcode and 16-bit pause duration fields used in transmission of 
a PAUSE frame. The opcode field is a constant value, 0x0001. When another node detects a PAUSE frame, that node pauses 
transmission for the duration specified in the pause duration field. The lower 16 bits of this register are not reset and you must 
initialize it.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R OPCODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAUSE_DUR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OPCODE

Opcode Field In PAUSE Frames

These fields have a constant value of 0x0001.

15-0

PAUSE_DUR

Pause Duration

Pause duration field used in PAUSE frames.

32.5.1.15 Transmit Interrupt Coalescing Register (TXIC0)

Offset

Register Offset

TXIC0 F0h

Function

See Interrupt coalescence for more information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ICEN ICCS Reserved ICFT Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ICTT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ICEN

Interrupt Coalescing Enable

0b - Disable Interrupt coalescing.

1b - Enable Interrupt coalescing.

30

ICCS

Interrupt Coalescing Timer Clock Source Select

0b - Use MII/GMII TX clocks.

1b - Use ENET system clock.

29-28

—

This field must be set to 0.

27-20

ICFT

Interrupt coalescing frame count threshold

This value determines the number of frames needed to be transmitted for raising an interrupt. Frame 
counter restarts after reaching this threshold value or after the expiring of the coalescing timer. Must be 
greater than zero to avoid unpredictable behavior.

19-16

—

This field must be set to 0.

15-0

ICTT

Interrupt coalescing timer threshold

Interrupt coalescing timer threshold in units of 64 TX clock periods. This value determines the maximum 
amount of time after transmitting a frame before raising an interrupt. The threshold timer is disabled after 
expiring or number of frame transmission defined by ICFT and starts again upon transmission of the next 
first frame. Must be greater than zero to avoid unpredictable behavior.
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32.5.1.16 Receive Interrupt Coalescing Register (RXIC0)

Offset

Register Offset

RXIC0 100h

Function

See Interrupt coalescence for more information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ICEN ICCS Reserved ICFT Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ICTT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ICEN

Interrupt Coalescing Enable

0b - Disable Interrupt coalescing.

1b - Enable Interrupt coalescing.

30

ICCS

Interrupt Coalescing Timer Clock Source Select

0b - Use MII/GMII TX clocks.

1b - Use ENET system clock.

29-28

—

This field must be set to 0.

27-20

ICFT

Interrupt coalescing frame count threshold

This value determines the number of frames needed to be received for raising an interrupt. Frame 
counter restarts after reaching this threshold value or after the expiring of the coalescing timer. Must be 
greater than zero to avoid unpredictable behavior.

19-16

—

This field must be set to 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-0

ICTT

Interrupt coalescing timer threshold

Interrupt coalescing timer threshold in units of 64 RX clock periods. This value determines the maximum 
amount of time after receiving a frame before raising an interrupt. The threshold timer is disabled after 
expiring or number of frame reception defined by ICFT and starts again upon reception of the next first 
frame. Must be greater than zero to avoid unpredictable behavior.

32.5.1.17 Descriptor Individual Upper Address Register (IAUR)

Offset

Register Offset

IAUR 118h

Function
IAUR contains the upper 32 bits of the 64-bit individual address hash table. The address recognition process uses this table to 
check for a possible match with the destination address (DA) field of receive frames with an individual DA. This register is not 
reset and you must initialize it.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
IADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

IADDR1

Contains the upper 32 bits of the 64-bit hash table used in the address recognition process for receive 
frames with a unicast address. Bit 31 of IADDR1 contains hash index bit 63. Bit 0 of IADDR1 contains 
hash index bit 32.
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32.5.1.18 Descriptor Individual Lower Address Register (IALR)

Offset

Register Offset

IALR 11Ch

Function
IALR contains the lower 32 bits of the 64-bit individual address hash table. The address recognition process uses this table to 
check for a possible match with the DA field of receive frames with an individual DA. This register is not reset and you must 
initialize it.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
IADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

IADDR2

Contains the lower 32 bits of the 64-bit hash table used in the address recognition process for receive 
frames with a unicast address. Bit 31 of IADDR2 contains hash index bit 31. Bit 0 of IADDR2 contains 
hash index bit 0.

32.5.1.19 Descriptor Group Upper Address Register (GAUR)

Offset

Register Offset

GAUR 120h

Function
GAUR contains the upper 32 bits of the 64-bit hash table used in the address recognition process for receive frames with a 
multicast address. You must initialize this register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

GADDR1

Contains the upper 32 bits of the 64-bit hash table used in the address recognition process for receive 
frames with a multicast address. Bit 31 of GADDR1 contains hash index bit 63. Bit 0 of GADDR1 
contains hash index bit 32.

32.5.1.20 Descriptor Group Lower Address Register (GALR)

Offset

Register Offset

GALR 124h

Function
GALR contains the lower 32 bits of the 64-bit hash table used in the address recognition process for receive frames with a 
multicast address. You must initialize this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

GADDR2

Contains the lower 32 bits of the 64-bit hash table used in the address recognition process for receive 
frames with a multicast address. Bit 31 of GADDR2 contains hash index bit 31. Bit 0 of GADDR2 
contains hash index bit 0.

32.5.1.21 Transmit FIFO Watermark Register (TFWR)

Offset

Register Offset

TFWR 144h

Function

If TFWR[STRFWD] is cleared, TFWR[TFWR] controls the amount of data required in the transmit FIFO before transmission of a 
frame can begin. This allows you to minimize transmit latency (TFWR = 00 or 01) or allow for larger bus access latency (TFWR 
= 11) due to contention for the system bus. Setting the watermark to a high value minimizes the risk of transmit FIFO underrun 
due to contention for the system bus. The byte counts associated with the TFWR field may need to be modified to match a given 
system requirement, for example, worst-case bus access latency by the transmit data uDMA channel.

When the FIFO level reaches the value the TFWR field and when the STR_FWD is set to ‘0’, the MAC transmit control logic starts 
frame transmission even before the end-of-frame is available in the FIFO (cut-through operation).

If a complete frame has a size smaller than the threshold programmed with TFWR, the MAC also transmits the Frame to the line.

To enable store and forward on the Transmit path, set STR_FWD to ‘1’. In this case, the MAC starts to transmit data only when 
a complete frame is stored in the Transmit FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 STRF
WD 

0
TFWR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9 Reserved

Table continues on the next page...
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Field Function

—

8

STRFWD

Store And Forward Enable

0b - Reset. The transmission start threshold is programmed in TFWR[TFWR].

1b - Enabled.

7-6

—

Reserved

5-0

TFWR

Transmit FIFO Write

If TFWR[STRFWD] is cleared, this field indicates the number of bytes, in steps of 64 bytes, written to the 
transmit FIFO before transmission of a frame begins.

 
If a frame with less than the threshold is written, it is still sent independently of this threshold 
setting. The threshold is relevant only if the frame is larger than the threshold given.

  NOTE  

00_0000b - 64 bytes written.

00_0001b - 64 bytes written.

00_0010b - 128 bytes written.

00_0011b - 192 bytes written.

01_1111b - 1984 bytes written.

32.5.1.22 Receive Descriptor Ring 0 Start Register (RDSR)

Offset

Register Offset

RDSR 180h

Function

RDSR points to the beginning of the circular receive buffer descriptor queue in external memory. This pointer must be 64-bit 
aligned (bits 2–0 must be zero); however, it is recommended to be 128-bit aligned, that is, evenly divisible by 16.

 
This register must be initialized prior to operation

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
R_DES_START 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
R_DES_START 

0

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

R_DES_START

Pointer to the beginning of the receive buffer descriptor queue.

2

—

This write-only field is reserved. It must always be written with the value 0.

1-0

—

Reserved

32.5.1.23 Transmit Buffer Descriptor Ring 0 Start Register (TDSR)

Offset

Register Offset

TDSR 184h

Function

TDSR provides a pointer to the beginning of the circular transmit buffer descriptor queue in external memory. This pointer must 
be 64-bit aligned (bits 2–0 must be zero); however, it is recommended to be 128-bit aligned, that is, evenly divisible by 16.

 
This register must be initialized prior to operation.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
X_DES_START 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
X_DES_START 

0

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

X_DES_START

Pointer to the beginning of the transmit buffer descriptor queue.

2

—

This write-only field is reserved. It must always be written with the value 0.

1-0

—

Reserved

32.5.1.24 Maximum Receive Buffer Size Register - Ring 0 (MRBR)

Offset

Register Offset

MRBR 188h

Function

The MRBR is a user-programmable register that dictates the maximum size of all receive buffers. This value should take into 
consideration that the receive CRC is always written into the last receive buffer.

• R_BUF_SIZE is concatenated with the four least-significant bits of this register and are used as the maximum receive 
buffer size.

• To allow one maximum size frame per buffer, MRBR must be set to RCR[MAX_FL] or larger.

• To properly align the buffer, MRBR must be evenly divisible by 16. To ensure this, the lower four bits are set to zero by the 
device.

• To minimize bus usage (descriptor fetches), set MRBR greater than or equal to 256 bytes.

 
This register must be initialized before operation.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
R_BUF_SIZE 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-14

—

Reserved

13-4

R_BUF_SIZE

Receive buffer size in bytes. This value, concatenated with the four least-significant bits of this register 
(which are always zero), is the effective maximum receive buffer size.

3-0

—

This field, which is always zero, is the four least-significant bits of the maximum receive buffer size.

32.5.1.25 Receive FIFO Section Full Threshold (RSFL)

Offset

Register Offset

RSFL 190h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RX_SECTION_FULL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-0

RX_SECTION_
FULL

Value Of Receive FIFO Section Full Threshold

Value, in 64-bit words, of the receive FIFO section full threshold. Clear this field to enable store and forward 
on the RX FIFO. When programming a value greater than 0 (cut-through operation), it must be greater 
than RAEM[RX_ALMOST_EMPTY].

When the FIFO level reaches the value in this field, data is available in the Receive FIFO (cut-
through operation).

32.5.1.26 Receive FIFO Section Empty Threshold (RSEM)

Offset

Register Offset

RSEM 194h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
STAT_SECTION_EMPTY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RX_SECTION_EMPTY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-16

STAT_SECTIO
N_EMPTY

RX Status FIFO Section Empty Threshold

Defines number of frames in the receive FIFO, independent of its size, that can be accepted. If the 
limit is reached, reception will continue normally, however a pause frame will be triggered to indicate a 

Table continues on the next page...
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Field Function

possible congestion to the remote device to avoid FIFO overflow. A value of 0 disables automatic pause 
frame generation

15-8

—

Reserved

7-0

RX_SECTION_
EMPTY

Value Of The Receive FIFO Section Empty Threshold

Value, in 64-bit words, of the receive FIFO section empty threshold. When the FIFO has reached this level, 
a pause frame will be issued.

A value of 0 disables automatic pause frame generation.

When the FIFO level goes below the value programmed in this field, an XON pause frame is issued to 
indicate the FIFO congestion is cleared to the remote Ethernet client.

 
The section-empty threshold indications from both FIFOs are OR'ed to cause XOFF pause 
frame generation.

  NOTE  

32.5.1.27 Receive FIFO Almost Empty Threshold (RAEM)

Offset

Register Offset

RAEM 198h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RX_ALMOST_EMPTY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-8 Reserved
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Field Function

—

7-0

RX_ALMOST_E
MPTY

Value Of The Receive FIFO Almost Empty Threshold

Value, in 64-bit words, of the receive FIFO almost empty threshold. When the FIFO level reaches 
the value programmed in this field and the end-of-frame has not been received for the frame yet, the 
core receive read control stops FIFO read (and subsequently stops transferring data to the MAC client 
application). It continues to deliver the frame, if again more data than the threshold or the end-of-frame is 
available in the FIFO. A minimum value of 4 should be set.

32.5.1.28 Receive FIFO Almost Full Threshold (RAFL)

Offset

Register Offset

RAFL 19Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RX_ALMOST_FULL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-8

—

Reserved

7-0

RX_ALMOST_F
ULL

Value Of The Receive FIFO Almost Full Threshold

Value, in 64-bit words, of the receive FIFO almost full threshold. When the FIFO level comes close to the 
maximum, so that there is no more space for at least RX_ALMOST_FULL number of words, the MAC stops 
writing data in the FIFO and truncates the received frame to avoid FIFO overflow. The corresponding error 
status will be set when the frame is delivered to the application. A minimum value of 4 should be set.
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32.5.1.29 Transmit FIFO Section Empty Threshold (TSEM)

Offset

Register Offset

TSEM 1A0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TX_SECTION_EMPTY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

TX_SECTION_
EMPTY

Value Of The Transmit FIFO Section Empty Threshold

Value, in 64-bit words, of the transmit FIFO section empty threshold. See Transmit FIFO for 
more information.

32.5.1.30 Transmit FIFO Almost Empty Threshold (TAEM)

Offset

Register Offset

TAEM 1A4h

NXP Semiconductors
Ethernet Controller (ENET)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1782 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TX_ALMOST_EMPTY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-8

—

Reserved

7-0

TX_ALMOST_E
MPTY

Value of Transmit FIFO Almost Empty Threshold

Value, in 64-bit words, of the transmit FIFO almost empty threshold.

When the FIFO level reaches the value programmed in this field, and no end-of-frame is available for the 
frame, the MAC transmit logic, to avoid FIFO underflow, stops reading the FIFO and transmits a frame with 
an MII error indication. See Transmit FIFO for more information.

A minimum value of 4 should be set.

32.5.1.31 Transmit FIFO Almost Full Threshold (TAFL)

Offset

Register Offset

TAFL 1A8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TX_ALMOST_FULL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-0

TX_ALMOST_F
ULL

Value Of The Transmit FIFO Almost Full Threshold

Value, in 64-bit words, of the transmit FIFO almost full threshold. A minimum value of six is required . A 
recommended value of at least 8 should be set allowing a latency of two clock cycles to the application. If 
more latency is required the value can be increased as necessary (latency = TAFL - 5).

When the FIFO level comes close to the maximum, so that there is no more space for at least 
TX_ALMOST_FULL number of words, the pin ff_tx_rdy is deasserted. If the application does not react on this 
signal, the FIFO write control logic, to avoid FIFO overflow, truncates the current frame and sets the error 
status. As a result, the frame will be transmitted with an GMII/MII error indication. See Transmit FIFO for 
more information.

 
A FIFO overflow is a fatal error and requires a global reset on the transmit datapath or at 
least deassertion of ETHEREN.

  NOTE  

32.5.1.32 Transmit Inter-Packet Gap (TIPG)

Offset

Register Offset

TIPG 1ACh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
IPG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31-5 Reserved
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Field Function

—

4-0

IPG

Transmit Inter-Packet Gap

Indicates the IPG, in bytes, between transmitted frames. Valid values range from 8 to 26. If the written value 
is less than 8 or greater than 26, the internal (effective) IPG is 12.

 
The IPG value read will be the value that was written, even if it is out of range.

  NOTE  

32.5.1.33 Frame Truncation Length (FTRL)

Offset

Register Offset

FTRL 1B0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TRUNC_FL 

W

Reset 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-14

—

Reserved

13-0

TRUNC_FL

Frame Truncation Length

Indicates the value a receive frame is truncated, if it is greater than this value. Must be greater than or equal 
to RCR[MAX_FL].

 
Truncation happens at TRUNC_FL. However, when truncation occurs, the application 
(FIFO) may receive less data, guaranteeing that it never receives more than the set limit.

  NOTE  
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32.5.1.34 Transmit Accelerator Function Configuration (TACC)

Offset

Register Offset

TACC 1C0h

Function

TACC controls accelerator actions when sending frames. The register can be changed before or after each frame, but it must 
remain unmodified during frame writes into the transmit FIFO.

The TFWR[STRFWD] field must be set to use the checksum feature.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PROC
HK 

IPCHK 
SHIFT

16 W 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

This write-only field is reserved. It must always be written with the value 0.

4

PROCHK

Enables insertion of protocol checksum.

0b - Checksum not inserted.

1b - If an IP frame with a known protocol is transmitted, the checksum is inserted automatically 
into the frame. The checksum field must be cleared. The other frames are not modified.

3

IPCHK

Enables insertion of IP header checksum.

0b - Checksum is not inserted.

1b - If an IP frame is transmitted, the checksum is inserted automatically. The IP header 
checksum field must be cleared. If a non-IP frame is transmitted the frame is not modified.

2-1

—

This write-only field is reserved. It must always be written with the value 0.
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Field Function

0

SHIFT16

TX FIFO Shift-16

0b - Disabled.

1b - Indicates to the transmit data FIFO that the written frames contain two additional octets 
before the frame data. This means the actual frame begins at bit 16 of the first word written into 
the FIFO. This function allows putting the frame payload on a 32-bit boundary in memory, as the 
14-byte Ethernet header is extended to a 16-byte header.

32.5.1.35 Receive Accelerator Function Configuration (RACC)

Offset

Register Offset

RACC 1C4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SHIFT
16 

LINEDI
S 

PRODI
S 

IPDIS 
PADR

EM W 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

This write-only field is reserved. It must always be written with the value 0.

7

SHIFT16

RX FIFO Shift-16

When this field is set, the actual frame data starts at bit 16 of the first word read from the RX FIFO aligning 
the Ethernet payload on a 32-bit boundary.

 
This function only affects the FIFO storage and has no influence on the statistics, which use 
the actual length of the frame received.

  NOTE  
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Field Function

0b - Disabled.

1b - Instructs the MAC to write two additional bytes in front of each frame received into the RX 
FIFO.

6

LINEDIS

Enable Discard Of Frames With MAC Layer Errors

0b - Frames with errors are not discarded.

1b - Any frame received with a CRC, length, or PHY error is automatically discarded and not 
forwarded to the user application interface.

5-3

—

This write-only field is reserved. It must always be written with the value 0.

2

PRODIS

Enable Discard Of Frames With Wrong Protocol Checksum

0b - Frames with wrong checksum are not discarded.

1b - If a TCP/IP, UDP/IP, or ICMP/IP frame is received that has a wrong TCP, UDP, or ICMP 
checksum, the frame is discarded. Discarding is only available when the RX FIFO operates in 
store and forward mode (RSFL cleared).

1

IPDIS

Enable Discard Of Frames With Wrong IPv4 Header Checksum

0b - Frames with wrong IPv4 header checksum are not discarded.

1b - If an IPv4 frame is received with a mismatching header checksum, the frame is discarded. 
IPv6 has no header checksum and is not affected by this setting. Discarding is only available 
when the RX FIFO operates in store and forward mode (RSFL cleared).

0

PADREM

Enable Padding Removal For Short IP Frames

0b - Padding not removed.

1b - Any bytes following the IP payload section of the frame are removed from the frame.

32.5.1.36 Tx Packet Count Statistic Register (RMON_T_PACKETS)

Offset

Register Offset

RMON_T_PACKETS 204h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Packet count

Transmit packet count

32.5.1.37 Tx Broadcast Packets Statistic Register (RMON_T_BC_PKT)

Offset

Register Offset

RMON_T_BC_PKT 208h

Function
RMON Tx Broadcast Packets

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of broadcast packets

32.5.1.38 Tx Multicast Packets Statistic Register (RMON_T_MC_PKT)

Offset

Register Offset

RMON_T_MC_PKT 20Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of multicast packets
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32.5.1.39 Tx Packets with CRC/Align Error Statistic Register (RMON_T_CRC_ALIGN)

Offset

Register Offset

RMON_T_CRC_ALIGN 210h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of packets with CRC/align error

32.5.1.40 Tx Packets Less Than Bytes and Good CRC Statistic Register (RMON_T_UNDERSIZE)

Offset

Register Offset

RMON_T_UNDERSIZE 214h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of transmit packets less than 64 bytes with good CRC

32.5.1.41 Tx Packets GT MAX_FL bytes and Good CRC Statistic Register (RMON_T_OVERSIZE)

Offset

Register Offset

RMON_T_OVERSIZE 218h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of transmit packets greater than MAX_FL bytes with good CRC

32.5.1.42 Tx Packets Less Than 64 Bytes and Bad CRC Statistic Register (RMON_T_FRAG)

Offset

Register Offset

RMON_T_FRAG 21Ch

Function
.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of packets less than 64 bytes with bad CRC
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32.5.1.43 Tx Packets Greater Than MAX_FL bytes and Bad CRC Statistic Register (RMON_T_JAB)

Offset

Register Offset

RMON_T_JAB 220h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of transmit packets greater than MAX_FL bytes and bad CRC

32.5.1.44 Tx Collision Count Statistic Register (RMON_T_COL)

Offset

Register Offset

RMON_T_COL 224h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of transmit collisions

32.5.1.45 Tx 64-Byte Packets Statistic Register (RMON_T_P64)

Offset

Register Offset

RMON_T_P64 228h

Function
.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 64-byte transmit packets

32.5.1.46 Tx 65- to 127-byte Packets Statistic Register (RMON_T_P65TO127)

Offset

Register Offset

RMON_T_P65TO127 22Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 65- to 127-byte transmit packets
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32.5.1.47 Tx 128- to 255-byte Packets Statistic Register (RMON_T_P128TO255)

Offset

Register Offset

RMON_T_P128TO255 230h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 128- to 255-byte transmit packets

32.5.1.48 Tx 256- to 511-byte Packets Statistic Register (RMON_T_P256TO511)

Offset

Register Offset

RMON_T_P256TO511 234h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 256- to 511-byte transmit packets

32.5.1.49 Tx 512- to 1023-byte Packets Statistic Register (RMON_T_P512TO1023)

Offset

Register Offset

RMON_T_P512TO1023 238h

Function
.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 512- to 1023-byte transmit packets

32.5.1.50 Tx 1024- to 2047-byte Packets Statistic Register (RMON_T_P1024TO2047)

Offset

Register Offset

RMON_T_P1024TO2047 23Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of 1024- to 2047-byte transmit packets
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32.5.1.51 Tx Packets Greater Than 2048 Bytes Statistic Register (RMON_T_P_GTE2048)

Offset

Register Offset

RMON_T_P_GTE2048 240h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXPKTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

TXPKTS

Number of transmit packets greater than 2048 bytes

32.5.1.52 Tx Octets Statistic Register (RMON_T_OCTETS)

Offset

Register Offset

RMON_T_OCTETS 244h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TXOCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TXOCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TXOCTS

Number of transmit octets

32.5.1.53 Frames Transmitted OK Statistic Register (IEEE_T_FRAME_OK)

Offset

Register Offset

IEEE_T_FRAME_OK 24Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-0

COUNT

Number of frames transmitted OK

 
Does not increment for the broadcast frames when broadcast reject is enabled and 
promiscuous mode is disabled within the receive control register (RCR).

  NOTE  

32.5.1.54 Frames Transmitted with Single Collision Statistic Register (IEEE_T_1COL)

Offset

Register Offset

IEEE_T_1COL 250h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with one collision
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32.5.1.55 Frames Transmitted with Multiple Collisions Statistic Register (IEEE_T_MCOL)

Offset

Register Offset

IEEE_T_MCOL 254h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with multiple collisions

32.5.1.56 Frames Transmitted after Deferral Delay Statistic Register (IEEE_T_DEF)

Offset

Register Offset

IEEE_T_DEF 258h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with deferral delay

32.5.1.57 Frames Transmitted with Late Collision Statistic Register (IEEE_T_LCOL)

Offset

Register Offset

IEEE_T_LCOL 25Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with late collision

32.5.1.58 Frames Transmitted with Excessive Collisions Statistic Register (IEEE_T_EXCOL)

Offset

Register Offset

IEEE_T_EXCOL 260h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with excessive collisions
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32.5.1.59 Frames Transmitted with Tx FIFO Underrun Statistic Register (IEEE_T_MACERR)

Offset

Register Offset

IEEE_T_MACERR 264h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with transmit FIFO underrun

32.5.1.60 Frames Transmitted with Carrier Sense Error Statistic Register (IEEE_T_CSERR)

Offset

Register Offset

IEEE_T_CSERR 268h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames transmitted with carrier sense error

32.5.1.61 Reserved Statistic Register (IEEE_T_SQE)

Offset

Register Offset

IEEE_T_SQE 26Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

This read-only field is reserved and always has the value 0

This read-only field is reserved and always has the value 0.

 
Counter not implemented as no SQE information is available.

  NOTE  

32.5.1.62 Flow Control Pause Frames Transmitted Statistic Register (IEEE_T_FDXFC)

Offset

Register Offset

IEEE_T_FDXFC 270h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of flow-control pause frames transmitted
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32.5.1.63 Octet Count for Frames Transmitted w/o Error Statistic Register (IEEE_T_OCTETS_OK)

Offset

Register Offset

IEEE_T_OCTETS_OK 274h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

COUNT

Octet count for frames transmitted without error Counts total octets (includes header and FCS fields).

32.5.1.64 Rx Packet Count Statistic Register (RMON_R_PACKETS)

Offset

Register Offset

RMON_R_PACKETS 284h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of packets received

32.5.1.65 Rx Broadcast Packets Statistic Register (RMON_R_BC_PKT)

Offset

Register Offset

RMON_R_BC_PKT 288h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive broadcast packets

32.5.1.66 Rx Multicast Packets Statistic Register (RMON_R_MC_PKT)

Offset

Register Offset

RMON_R_MC_PKT 28Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive multicast packets
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32.5.1.67 Rx Packets with CRC/Align Error Statistic Register (RMON_R_CRC_ALIGN)

Offset

Register Offset

RMON_R_CRC_ALIGN 290h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive packets with CRC or align error

32.5.1.68 Rx Packets with Less Than 64 Bytes and Good CRC Statistic Register (RMON_R_UNDERSIZE)

Offset

Register Offset

RMON_R_UNDERSIZE 294h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive packets with less than 64 bytes and good CRC

32.5.1.69 Rx Packets Greater Than MAX_FL and Good CRC Statistic Register (RMON_R_OVERSIZE)

Offset

Register Offset

RMON_R_OVERSIZE 298h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive packets greater than MAX_FL and good CRC

32.5.1.70 Rx Packets Less Than 64 Bytes and Bad CRC Statistic Register (RMON_R_FRAG)

Offset

Register Offset

RMON_R_FRAG 29Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive packets with less than 64 bytes and bad CRC
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32.5.1.71 Rx Packets Greater Than MAX_FL Bytes and Bad CRC Statistic Register (RMON_R_JAB)

Offset

Register Offset

RMON_R_JAB 2A0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of receive packets greater than MAX_FL and bad CRC

32.5.1.72 Rx 64-Byte Packets Statistic Register (RMON_R_P64)

Offset

Register Offset

RMON_R_P64 2A8h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 64-byte receive packets

32.5.1.73 Rx 65- to 127-Byte Packets Statistic Register (RMON_R_P65TO127)

Offset

Register Offset

RMON_R_P65TO127 2ACh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 65- to 127-byte receive packets

32.5.1.74 Rx 128- to 255-Byte Packets Statistic Register (RMON_R_P128TO255)

Offset

Register Offset

RMON_R_P128TO255 2B0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 128- to 255-byte receive packets
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32.5.1.75 Rx 256- to 511-Byte Packets Statistic Register (RMON_R_P256TO511)

Offset

Register Offset

RMON_R_P256TO511 2B4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 256- to 511-byte receive packets

32.5.1.76 Rx 512- to 1023-Byte Packets Statistic Register (RMON_R_P512TO1023)

Offset

Register Offset

RMON_R_P512TO1023 2B8h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 512- to 1023-byte receive packets

32.5.1.77 Rx 1024- to 2047-Byte Packets Statistic Register (RMON_R_P1024TO2047)

Offset

Register Offset

RMON_R_P1024TO204
7

2BCh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of 1024- to 2047-byte receive packets

32.5.1.78 Rx Packets Greater than 2048 Bytes Statistic Register (RMON_R_P_GTE2048)

Offset

Register Offset

RMON_R_P_GTE2048 2C0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of greater-than-2048-byte receive packets
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32.5.1.79 Rx Octets Statistic Register (RMON_R_OCTETS)

Offset

Register Offset

RMON_R_OCTETS 2C4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

COUNT

Number of receive octets

32.5.1.80 Frames not Counted Correctly Statistic Register (IEEE_R_DROP)

Offset

Register Offset

IEEE_R_DROP 2C8h

Function
Counter increments if a frame with invalid or missing SFD character is detected and has been dropped. None of the other 
counters increments if this counter increments.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Frame count

32.5.1.81 Frames Received OK Statistic Register (IEEE_R_FRAME_OK)

Offset

Register Offset

IEEE_R_FRAME_OK 2CCh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames received OK

32.5.1.82 Frames Received with CRC Error Statistic Register (IEEE_R_CRC)

Offset

Register Offset

IEEE_R_CRC 2D0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames received with CRC error
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32.5.1.83 Frames Received with Alignment Error Statistic Register (IEEE_R_ALIGN)

Offset

Register Offset

IEEE_R_ALIGN 2D4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of frames received with alignment error

32.5.1.84 Receive FIFO Overflow Count Statistic Register (IEEE_R_MACERR)

Offset

Register Offset

IEEE_R_MACERR 2D8h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Receive FIFO overflow count

32.5.1.85 Flow Control Pause Frames Received Statistic Register (IEEE_R_FDXFC)

Offset

Register Offset

IEEE_R_FDXFC 2DCh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

COUNT

Number of flow-control pause frames received

32.5.1.86 Octet Count for Frames Received without Error Statistic Register (IEEE_R_OCTETS_OK)

Offset

Register Offset

IEEE_R_OCTETS_OK 2E0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

COUNT

Number of octets for frames received without error

 
Counts total octets (includes header and FCS fields). Does not increment for the broadcast 
frames when broadcast reject is enabled and promiscuous mode is disabled within the 
receive control register (RCR).

  NOTE  
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32.5.1.87 Adjustable Timer Control Register (ATCR)

Offset

Register Offset

ATCR 400h

Function

ATCR command fields can trigger the corresponding events directly. It is not necessary to preserve any of the configuration fields 
when a command field is set in the register, that is, no read-modify-write is required.

 
The CAPTURE and RESTART fields and bits 12 and 10 must be 0 in order to write to the other fields in this register.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLAV
E 

Reserv
ed 

CAPT
URE 

Reserv
ed 

REST
ART 

PINPE
R 

PERE
N 

OFFR
ST 

OFFE
N 

EN 
W 0 0 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-14

—

Reserved

13

SLAVE

Enable Timer Slave Mode

0b - The timer is active and all configuration fields in this register are relevant.

1b - The internal timer is disabled and the externally provided timer value is used. All other fields, 
except CAPTURE, in this register have no effect. CAPTURE can still be used to capture the 
current timer value.

12

—

Always write 0 to this field

Always write 0 to this field.

11

CAPTURE

Capture Timer Value

When this field is set, all other fields are ignored during a write. This field automatically clears to 0 after the 
command completes.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No effect.

1b - The current time is captured and can be read from the ATVR register.

10

—

Always write 0 to this field

Always write 0 to this field.

9

RESTART

Reset Timer

Resets the timer to zero. This has no effect on the counter enable. If the counter is enabled when this 
field is set, the timer is reset to zero and starts counting from there. When set, all other fields are ignored 
during a write. This field automatically clears to 0 after the command completes. RESTART should be 
used when the timer is enabled.

8

—

Reserved

7

PINPER

Enables event signal output external pin frc_evt_period assertion on period event

Enables event signal output assertion on period event.

 
Not all devices contain the event signal output. See the chip configuration details.

  NOTE  

0b - Disable.

1b - Enable.

6

—

Reserved

5

—

This field must be written always with one

 
This field must be written always with one.

  NOTE  

4

PEREN

Enable Periodical Event

0b - Disable.

1b - A period event interrupt can be generated (EIR[TS_TIMER]) and the event signal output is 
asserted when the timer wraps around according to the periodic setting ATPER. The timer period 
value must be set before setting this bit. Not all devices contain the event signal output. See the 
chip configuration details.

3

OFFRST

Reset Timer On Offset Event

0b - The timer is not affected and no action occurs, besides clearing OFFEN, when the offset is 
reached.

1b - If OFFEN is set, the timer resets to zero when the offset setting is reached. The offset event 
does not cause a timer interrupt.

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

OFFEN

Enable One-Shot Offset Event

0b - Disable.

1b - The timer can be reset to zero when the given offset time is reached (offset event). The field 
is cleared when the offset event is reached, so no further event occurs until the field is set again. 
The timer offset value must be set before setting this field.

1

—

Reserved

0

EN

Enable Timer

0b - The timer stops at the current value.

1b - The timer starts incrementing.

32.5.1.88 Timer Value Register (ATVR)

Offset

Register Offset

ATVR 404h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ATIME 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ATIME 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ATIME

A write sets the timer. A read returns the last captured value. To read the current value, issue a capture 
command (i.e., set ATCR[CAPTURE]) prior to reading this register.
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32.5.1.89 Timer Offset Register (ATOFF)

Offset

Register Offset

ATOFF 408h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OFFSET

Offset value for one-shot event generation. When the timer reaches the value, an event can be 
generated to reset the counter. If the increment value in ATINC is given in true nanoseconds, this value 
is also given in true nanoseconds.

32.5.1.90 Timer Period Register (ATPER)

Offset

Register Offset

ATPER 40Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PERIOD 

W

Reset 0 0 1 1 1 0 1 1 1 0 0 1 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PERIOD 

W

Reset 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PERIOD

Value for generating periodic events

Value for generating periodic events. Each instance the timer reaches this value, the period event occurs 
and the timer restarts. If the increment value in ATINC is given in true nanoseconds, this value is also given 
in true nanoseconds. The value should be initialized to 1,000,000,000 (1✕109) to represent a timer wrap 
around of one second. The increment value set in ATINC should be set to the true nanoseconds of the period 
of clock ts_clk, hence implementing a true 1 second counter.

 
The value of PERIOD has the following constraint:

232 − ENET_ATINC[INC_COR] − 3✕ENET_ATINC[INC] ≥ PERIOD > 0.

  NOTE  

32.5.1.91 Timer Correction Register (ATCOR)

Offset

Register Offset

ATCOR 410h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
COR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-0

COR

Correction Counter Wrap-Around Value

Defines after how many timer clock cycles (ts_clk) the correction counter should be reset and trigger a 
correction increment on the timer. The amount of correction is defined in ATINC[INC_CORR]. A value of 0 
disables the correction counter and no corrections occur.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This value is given in clock cycles, not in nanoseconds as all other values.

  NOTE  

32.5.1.92 Time-Stamping Clock Period Register (ATINC)

Offset

Register Offset

ATINC 414h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
INC_CORR 

0
INC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14-8

INC_CORR

Correction Increment Value

This value is added every time the correction timer expires (every clock cycle given in ATCOR). A value 
less than INC slows down the timer. A value greater than INC speeds up the timer.

7

—

Reserved

6-0

INC

Clock Period Of The Timestamping Clock (ts_clk) In Nanoseconds

The timer increments by this amount each clock cycle. For example, set to 10 for 100 MHz, 8 for 125 MHz, 
5 for 200 MHz.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
For highest precision, use a value that is an integer fraction of the period set in ATPER.

  NOTE  

32.5.1.93 Timestamp of Last Transmitted Frame (ATSTMP)

Offset

Register Offset

ATSTMP 418h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TIMESTAMP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TIMESTAMP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TIMESTAMP

Timestamp of the last frame transmitted by the core that had TxBD[TS] set the ff_tx_ts_frm signal asserted 
from the user application

Timestamp of the last frame transmitted by the core that had TxBD[TS] set . This register is only valid when 
EIR[TS_AVAIL] is set.

32.5.1.94 Timer Global Status Register (TGSR)

Offset

Register Offset

TGSR 604h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TF3 TF2 TF1 TF0 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

TF3

Copy Of Timer Flag For Channel 3

0b - Timer Flag for Channel 3 is clear

1b - Timer Flag for Channel 3 is set

2

TF2

Copy Of Timer Flag For Channel 2

0b - Timer Flag for Channel 2 is clear

1b - Timer Flag for Channel 2 is set

1

TF1

Copy Of Timer Flag For Channel 1

0b - Timer Flag for Channel 1 is clear

1b - Timer Flag for Channel 1 is set

0

TF0

Copy Of Timer Flag For Channel 0

0b - Timer Flag for Channel 0 is clear

1b - Timer Flag for Channel 0 is set

32.5.1.95 Timer Control Status Register (TCSR0 - TCSR3)

Offset

Register Offset

TCSR0 608h

TCSR1 610h

TCSR2 618h

TCSR3 620h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TPWC 

0 TF 
TIE TMODE 

0
TDRE 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-11

TPWC

Timer Pulse Width Control

Specifies the pulse width associated with TMODE values of 1110 or 11X1. Updating this field takes a few 
cycles to register because it is synchronized to the 1588 clock. When changing this field:

1. Always disable the channel and read the TMODE field to verify that the channel is disabled.

2. Set TPWC to the desired value.

3. Re enable the channel.

0_0000b - Pulse width is one 1588-clock cycle.

0_0001b - Pulse width is two 1588-clock cycles.

0_0010b - Pulse width is three 1588-clock cycles.

0_0011b - Pulse width is four 1588-clock cycles.

1_1111b - Pulse width is 32 1588-clock cycles.

10-8

—

Reserved

7

TF

Timer Flag

Sets when input capture or output compare occurs. This flag is double buffered between the module clock 
and 1588 clock domains. When this field is 1, it can be cleared to 0 by writing 1 to it.

0b - Input Capture or Output Compare has not occurred.

1b - Input Capture or Output Compare has occurred.

6

TIE

Timer Interrupt Enable

0b - Interrupt is disabled

1b - Interrupt is enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

5-2

TMODE

Timer Mode

Updating the Timer Mode field takes a few cycles to register because it is synchronized to the 1588 clock. 
The version of Timer Mode returned on a read is from the 1588 clock domain. When changing Timer Mode, 
always disable the channel and read this register to verify the channel is disabled first.

0000b - Timer Channel is disabled.

0001b - Timer Channel is configured for Input Capture on rising edge.

0010b - Timer Channel is configured for Input Capture on falling edge.

0011b - Timer Channel is configured for Input Capture on both edges.

0100b - Timer Channel is configured for Output Compare - software only.

0101b - Timer Channel is configured for Output Compare - toggle output on compare.

0110b - Timer Channel is configured for Output Compare - clear output on compare.

0111b - Timer Channel is configured for Output Compare - set output on compare.

1000b - Reserved

1010b - Timer Channel is configured for Output Compare - clear output on compare, set output on 
overflow.

10x1b - Timer Channel is configured for Output Compare - set output on compare, clear output on 
overflow.

110xb - Reserved

1110b - Timer Channel is configured for Output Compare - pulse output low on compare for 1 to 
32 1588-clock cycles as specified by TPWC. 

1111b - Timer Channel is configured for Output Compare - pulse output high on compare for 1 to 
32 1588-clock cycles as specified by TPWC. 

1

—

Reserved

0

TDRE

Timer DMA Request Enable

0b - DMA request is disabled

1b - DMA request is enabled

32.5.1.96 Timer Compare Capture Register (TCCR0 - TCCR3)

Offset

Register Offset

TCCR0 60Ch

TCCR1 614h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

TCCR2 61Ch

TCCR3 624h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TCC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TCC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TCC

Timer Capture Compare

This register is double buffered between the module clock and 1588 clock domains.

When configured for compare, the 1588 clock domain updates with the value in the module clock domain 
whenever the Timer Channel is first enabled and on each subsequent compare. Write to this register with 
the first compare value before enabling the Timer Channel. When the Timer Channel is enabled, write the 
second compare value either immediately, or at least before the first compare occurs. After each compare, 
write the next compare value before the previous compare occurs and before clearing the Timer Flag.

The compare occurs one 1588 clock cycle after the IEEE 1588 Counter increments past the compare value 
in the 1588 clock domain. If the compare value is less than the value of the 1588 Counter when the Timer 
Channel is first enabled, then the compare does not occur until following the next overflow of the 1588 
Counter. If the compare value is greater than the IEEE 1588 Counter when the 1588 Counter overflows, or 
the compare value is less than the value of the IEEE 1588 Counter after the overflow, then the compare 
occurs one 1588 clock cycle following the overflow.

When configured for capture, the value of the IEEE 1588 Counter is captured into the 1588 clock domain 
and then updated into the module clock domain, provided the Timer Flag is clear. Always read the capture 
value before clearing the Timer Flag.
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Chapter 33
USB DCD Controller (USBDCD)
33.1 Chip-specific USBDCD information
Table 302. Reference links to related information

Topic Related module Reference

Full description USBDCD USBDCD

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

33.1.1 Module instances
This device has two instances of the USBDCD module: USDCD0 and USDCD1.

33.2 Overview
USBDCD works with the USB transceiver to detect whether the USB device is attached to a Charging Port, either a Dedicated 
Charging Port (DCP) or a Charging Downstream Port (CDP). System software coordinates the detection activities of the module 
and controls an off-chip integrated circuit that performs the battery charging.

The use of the term "USB transceiver" in this module documentation applies to the USB physical layer instance on the chip, 
whether it is an Full Speed (FS)/Low Speed (LS) only transceiver or an High Speed (HS)/FS/LS capable PHY.

33.2.1 Block diagram
The following figure is a high-level block diagram of the module.

Analog control unit

Timer unitBus interface and
registers

Digital block Analog block

Bias generation

Voltage comparator

Current sink

Current source

Voltage source

Clock

Reset

Bus

State of D-

State of D+

D+

D-

Control and
feedback

D- pulldown enable

avdd33 vss_bulk dvdd

Figure 229. Block diagram

USBDCD consists of two main blocks:

• A Digital block provides the programming interface (memory-mapped registers) and includes the Timer unit and the Analog 
control unit.
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• An Analog block provides the circuitry for the physical detection of the charger that includes the Bias generation, Voltage 
source, Current source, Current sink, and Voltage comparator circuitry. This block also contains necessary muxes between 
the source/sink circuits and the D- and D+ pins.

33.2.2 Features
• Compliant with the latest industry-standard specifications: USB Battery Charging Specification, Revisions 1.1 and 1.2

• Supports programmable timing parameters:

— By default set to values required by the industry standards to allow easy configuration. You only need to set the clock 
frequency before enabling the module.

— Updates of the standards are programmable.

33.3 Functional description
Several hardware components are involved in the sequence of detecting the presence of the charging port and type of the charging 
port. System software coordinates this activity. This collection of interacting hardware and software is called USB battery charging 
subsystem. The following figure shows USBDCD as a component of the subsystem.
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Figure 230. USB battery charging subsystem

The following table describes the components.

Table 303. USB battery charger subsystem components

Component Description

Battery Charger IC The external battery charger IC regulates the charge rate to the rechargeable battery. System 
software is responsible for communicating the appropriate charge rates.

Charger Maximum current drawn

Standard Downstream Port (SDP) up to 500 mA (ICFG_MAX)1

CDP up to 1500 mA (IDEV_CHG)

DCP up to 1500 mA (IDEV_CHG)

1. If a USB SDP host has suspended the USB device, the current drawn by the device has to 
follow the rules of the Dead Battery Provision in the USB Battery Charging Specification, 
Rev. 1.2.
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Table 303. USB battery charger subsystem components (continued)

Component Description

Comm Module A communications module on the device can be used to control the charge rate of the battery 
charger IC.

System software Coordinates the detection activities of the subsystem.

USB Controller The D+ pullup enable control signal plays a role during the charger type detection phase. 
System software must issue a command to the USB controller to assert this signal. After this 
pullup is enabled, the device is considered to be connected to the USB bus. The host then 
attempts to enumerate it.

 
In general, the USB controller is used only for USB device applications when 
using USBDCD. For USB host applications, USBDCD must be disabled.

  NOTE  

USB Transceiver The USB transceiver contains the pullup resistor for the USB D+ signal and the pulldown 
resistors for the USB D+ and D– signals. The D+ pullup and the D– pulldown are both used 
during the charger detection sequence in BC1.1, but it is not used during charger detection in 
BC1.2. The USB transceiver also outputs the digital state of the D+ and D– signals from the 
USB bus.

The pullup and pulldown enable signals are controlled by other modules during the charger 
detection sequence in BC1.1: The D+ pullup enable is output from the USB controller and is 
under software control. USBDCD controls the D– pulldown enable.

USBDCD Detects whether the device has been plugged into either an SDP, a CDP, or a DCP.

VBUS_detect This interrupt pin connected to the USB VBUS signal detects when the device has been plugged 
into or unplugged from the USB bus. If the system requires waking up from a low-power mode 
on being plugged into the USB port, this interrupt should also be a low-power wakeup source. 
If this pin multiplexes other functions, such as GPIO, the pin can be configured as an interrupt 
so that the USB plug or unplug event can be detected.

33.3.1 Modes of operation
The operating modes of the USBDCD module are shown in the following table.

Table 304. Module modes and their conditions

Module mode Description Conditions when used

Enabled for 
Charger 

Detection

The module performs the charger 
detection sequence.

System software must enable the module only if all of the following 
conditions are true:

• The system is using a rechargeable battery or is otherwise 
capable of being powered up by an SDP or a Charging Port.

• The device is being used in a USB device application.

• The device is attached to the USB cable.

Table continues on the next page...
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Table 304. Module modes and their conditions (continued)

Module mode Description Conditions when used

Enabled for 
Signal Overrides

Module bias circuits are enabled for 
special signaling on DP/DM pins.

See SIGNAL_OVERRIDE[PS].

Disabled The module is not active and is held 
in a low-power state.

System software must disable the module when either of the following 
conditions is true:

• The charger detect sequence is complete.

• The conditions for being enabled are not met.

Powered Off The digital supply voltage dvdd 
is removed.

Low system performance requirements allow putting the device into a 
very low-power stop mode.

Operating mode transitions are shown in the following table.

Table 305. Entering and exiting module modes

Module 
mode

Entering Exiting Mode after 
exiting

Enabled Set CONTROL[START]. Set CONTROL[SR]. 1 Disabled

Disabled Take either of the following actions:

• Set CONTROL[SR].1

• Reset the module. By default, the module 
is disabled.

Set CONTROL[START]. Enabled

Powered 
Off

Perform the following actions:

1. Put the device into very low-power 
stop mode.

2. Adjust the supply voltages.

Perform the following actions:

1. Restore the supply voltages.

2. Take the device out of very low-power 
stop mode.

Disabled

1. The effect of setting the CONTROL[SR] field is immediate; that is, the module is disabled even if the sequence has not 
completed.

33.3.2 The charger detection sequence
The following figure illustrates the charger detection sequence in a simplified timing diagram based on the USB Battery Charging 
Specification, Rev. 1.2.
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Figure 231. FS charger detection timing for BC1.2

Timing parameter values used in this module for BC1.2 are listed in the following table.

Table 306. Timing parameters for the charger detection sequence for BC1.2

Parameter USB Battery Charging Spec Module default Module 
programmable range

TDCD_DBNC 1 10 ms min (no max) 10 ms 0– 1023 ms

TVDPSRC_ON 1 40 ms min (no max) 40 ms 0 –1023 ms

TWAIT_AFTER_PRD N/A 1 ms 0– 1023 ms

TVDMSRC_ON 40 ms 40 ms 0 –1023 ms

Table continues on the next page...
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Table 306. Timing parameters for the charger detection sequence for BC1.2 (continued)

Parameter USB Battery Charging Spec Module default Module 
programmable range

TSEQ_INIT N/A 16 ms 0 –1023 ms

TUNIT_CON 1 1 s N/A N/A

TVDMSRC_EN 1 1– 20 ms From the USB host N/A

TVDMSRC_DIS 1 0 – 20 ms From the USB host N/A

TCON_IDPSINK_DIS 1 0 – 10 ms From the USB host N/A

1. This parameter is defined by the USB Battery Charging Specification, Rev. 1.2.

The following figure illustrates the charger detection sequence in a simplified timing diagram based on the USB Battery Charging 
Specification, Rev. 1.1.
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Figure 232. FS charger detection timing for BC1.1
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Timing parameter values used in this module for BC1.1 are listed in the following table.

Table 307. Timing parameters for the charger detection sequence for BC1.1

Parameter USB Battery Charging Spec Module default Module 
programmable range

TDCD_DBNC 1 10 ms min (no max) 10 ms 0– 1023 ms

TVDPSRC_ON 1 40 ms min (no max) 40 ms 0 –1023 ms

TVDPSRC_CON 1 40 ms min (no max) 40 ms 0 –1023 ms

CHECK_DM N/A 1 ms 0– 15 ms

TSEQ_INIT N/A 16 ms 0 –1023 ms

TUNIT_CON 1 1 s N/A N/A

TVDMSRC_EN 1 1– 20 ms From the USB host N/A

TVDMSRC_DIS 1 0 –20 ms From the USB host N/A

TCON_IDPSINK_DIS 1 0– 20 ms From the USB host N/A

1. This parameter is defined by the USB Battery Charging Specification, Rev. 1.1.

The following table provides an overview description of the charger detection sequence shown in the preceding figure.

Table 308. Overview of the charger detection sequence

Phase Overview description Full description

1 Initial conditions Initial system conditions that need to be met before the detection sequence 
is initiated.

Initial system 
conditions

2 VBUS detection System software detects contact of the VBUS signal with the system interrupt 
pin VBUS_detect.

VBUS contact 
detection

3 Data pin contact 
detection

The USBDCD module detects that the USB data pins D+ and D– have made 
contact with the USB port.

Data pin contact 
detection

4 Charging port 
detection

The USBDCD module detects if the port is an SDP or either type of charging port, 
that is CDP or DCP.

Charging port 
detection

5 Charger type 
detection

The USBDCD module detects the type of charging port, if applicable. Charger type 
detection

6 Sequence 
timeout

The USBDCD module did not finish the detection sequence within the timeout 
interval. The sequence will continue until halted by software.

Charger 
detection 
sequence 
timeout
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33.3.2.1 Initial system conditions

The USBDCD module is intended for use with USB device applications using a rechargeable battery. The module does not have 
support for interfacing with ACA or ACA-Dock equipment as defined in the USB Battery Charging Specification, Revision 1.2. It 
cannot be used with USB applications that are embedded host or OTG.

In addition, before the USBDCD module's charger detection sequence can be initiated, the system must be:

• Powered-up and in run mode. The USBDCD instantiation of this module for the High-Speed port does not directly depend 
on the VBUS voltage and can operate as long as the avdd33 supply is in a valid range.

• Recently plugged into a USB port.

• Drawing not more than 2.5 mA total system current from the USB bus, except as allowed by the USB 2.0 Connect Timing 
Update ECN.

Examples of allowable precursors to this set of initial conditions include:

• A powered-down device is subsequently powered-up upon being plugged into the USB bus.

• A device in a low-power mode subsequently enters run mode upon being plugged into the USB bus.

33.3.2.2 VBUS contact detection

Once the device is plugged into a USB port, the VBUS_detect system interrupt is triggered. System software must do the following 
to initialize the module and start the charger detection sequence:

1. Restore power if the module is powered-off.

2. Set CONTROL[SR] to initiate a software reset.

3. Configure the USBDCD module by programming the CLOCK register and the timing parameters as needed.

4. Set CONTROL[IE] to enable interrupts, or clear CONTROL[IE] if the software polling method is used.

5. Program CONTROL[BC12] based on which revision of the USB Battery Charging Specification is needed.

6. Set CONTROL[START] to start the charger detection sequence.

33.3.2.3 Data pin contact detection

The module must ensure that the data pins have made contact because the detection sequence depends upon the state of the 
USB D+ and D- signals. USB plugs and receptacles are designed such that when the plug is inserted into the receptacle, the power 
pins make contact before the data pins make contact. See the following figure.

VBUS

D-

D+

GND

VBUS

ReceptaclePlug

D-

D+

GND

Figure 233. Relative pin positions in USB plugs and receptacles

As a result, when a portable USB device is attached to an upstream port, the portable USB device detects VBUS before the data 
pins have made contact. The time between power pins and data pins making contact depends on how fast the plug is inserted 
into the receptacle. Delays of several hundred milliseconds are possible.

33.3.2.3.1 Debouncing the data pin contact
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When system software has initiated the charger detection sequence, as described in Initial system conditions, the USBDCD 
module turns on the IDP_SRC current source and enables the RDM_DWN pulldown resistor. If the data pins have not made contact, 
the D+ line remains high. After the data pins make contact, the D+ line goes low and debouncing begins.

After the D+ line goes low, the module continuously samples the D+ line over the duration of the TDCD_DBNC debounce time interval. 
By default, TDCD_DBNC is 10 ms, but it can be programmed in the TIMER0[TDCD_DBNC] field. See the description of TIMER0 
for details.

When it has remained low for the entire interval, the debouncing is complete. However, if the D+ line returns high during the 
debounce interval, the module waits until the D+ line goes low again to restart the debouncing. This cycle repeats until either of 
the following happens:

• The data pin contact has been successfully debounced (see Success in detecting data pin contact (phase completion)).

• A timeout occurs (see Charger detection sequence timeout).

33.3.2.3.2 Success in detecting data pin contact (phase completion)

After successfully debouncing the D+ state, the module does the following:

• Updates the STATUS register to reflect phase completion (See Table 314 for field values.)

• Directly proceeds to the next step in the sequence: detection of a charging port (See Charging port detection.)

33.3.2.4 Charging port detection

After it detects that the data pins have made contact, the module waits for a fixed delay of 1 ms, and then attempts to detect 
whether it is plugged into a charging port. The module connects the following analog units to the USB D+ or D– lines during 
this phase:

• The voltage source VDP_SRC connects to the D+ line

• The current sink IDM_SINK connects to the D– line

• The voltage comparator connects to the USB D– line, comparing it to the voltage VDAT_REF.

After a time of TVDPSRC_ON, the module samples the D– line. The TVDPSRC_ON parameter is programmable and defaults to 40 ms. 
After sampling the D– line, the module disconnects the voltage source, current sink, and comparator.

The next steps in the sequence depend on the voltage on the D– line as determined by the voltage comparator. See the 
following table.

Table 309. Sampling D– in the charging port detection phase

If the voltage on D- is... Then... See...

Below VDAT_REF The port is an SDP that does not support using charging 
currents above ICFG_MAX.

SDP

Above VDAT_REF but below VLGC The port is a charging port. Charging port

Above VLGC This is an error condition. Error in charging 
port detection

33.3.2.4.1 SDP

As part of the charger detection handshake with a standard USB host, the module does the following without waiting for the interval 
(TWAIT_AFTER_PRD or TVDPSRC_CON) to elapse:

• Updates the STATUS register to reflect that an SDP is detected with SEQ_RES = 01b. See Table 314 for field values.

• Sets CONTROL[IF].
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• Generates an interrupt if enabled in CONTROL[IE].

At this point, control is passed to system software via the interrupt. The rest of the sequence, which detects the type of charging 
port, is not applicable, so software must perform the following steps:

1. Read the STATUS register.

2. Set CONTROL[IACK] to acknowledge the interrupt.

3. Set CONTROL[SR] to issue a software reset to the module.

4. Disable the module.

5. Communicate the appropriate charge rate to the external battery charger IC; see Table 303.

33.3.2.4.2 Charging port

As part of the charger detection handshake with any type of USB host, the module waits until the interval (TWAIT_AFTER_PRD or 
TVDPSRC_CON) has elapsed before it does the following:

For USB Battery Charging Specification, Rev. 1.2:

• Enables VDM_SRC.

• Updates the STATUS register to reflect that a charging port is detected with SEQ_RES = 10b. See Table 314 for field values.

• At this point the detection sequence progresses to Charger type detection without needing software interaction.

For USB Battery Charging Specification, Rev. 1.1:

• Updates the STATUS register to reflect that a charging port is detected with SEQ_RES = 10b. See Table 314 for field values.

• Sets CONTROL[IF].

• Generates an interrupt if enabled in CONTROL[IE].

• At this point, control is passed to system software via the interrupt. Software must:

1. Read the STATUS register.

2. Set CONTROL[IACK] to acknowledge the interrupt.

3. Issue a command to the USB controller to pullup the USB D+ line.

4. Wait for the module to complete the final phase of the sequence. See Charger type detection.

33.3.2.4.3 Error in charging port detection

For this error condition, the module does the following:

• Updates the STATUS register to reflect the error with SEQ_RES = 00b. See Table 314 for field values.

• Sets CONTROL[IF].

• Generates an interrupt if enabled in CONTROL[IE].

Note that in this case the module does not wait for the interval (TWAIT_AFTER_PRD or TVDPSRC_CON) to elapse.

At this point, control has been passed to system software via the interrupt. The rest of the sequence (detecting the type of charging 
port) is not applicable, so software should:

1. Read the STATUS register.

2. Set CONTROL[IACK] to acknowledge the interrupt.

3. Set CONTROL[SR] to issue a software reset to the module.

4. Disable the module.
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33.3.2.5 Charger type detection

For USB Battery Charging Specification, Rev. 1.2:

After the USBDCD module enables the VDM_SRC, the module starts the TVDMSRC_ON timer counting down the time interval 
programmed into the TIMER2[TVDMSRC_ON] field.

Once the TVDMSRC_ON timer is elapsed, the module samples the USB D+ line to determine the type of charger. See the 
following table.

Table 310. Sampling D+ in the charger type detection phase (BC1.2)

If the voltage on D+ is... Then... See...

High (D+>VDAT_REF) The port is a DCP. 1 DCP

Low (D+<VDAT_REF) The port is a CDP. 2 CDP

1. In a DCP, the D+ and D– lines are shorted together through a small resistor.
2. In a CDP, the D+ and D– lines are not shorted.

For USB Battery Charging Specification, Rev. 1.1:

After software enables the D+ pullup resistor, the module is notified automatically (via internal signaling) to start the CHECK_DM 
timer counting down the time interval programmed in the TIMER2[CHECK_DM] field.

After the CHECK_DM time is elapsed, the module samples the USB D– line to determine the type of charger. See the 
following table.

Table 311. Sampling D– in the charger type detection phase (BC1.1)

If the voltage on D– is... Then... See...

High The port is a DCP. 1 DCP

Low The port is a CDP. 2 CDP

33.3.2.5.1 DCP

For a DCP, the module does the following:

• Updates the STATUS register to reflect that a dedicated charging port is detected with SEQ_RES = 11b. See Table 314 for 
field values.

• Sets CONTROL[IF].

• Generates an interrupt if enabled in CONTROL[IE] field.

The USB Battery Charging Specification, Rev. 1.2 indicates that additionally if the detection sequence determines an attachment 
to a DCP, then the USB device should signal on the D+ pin by either enabling the D+ pullup resistor or enabling VDP_SRC.

At this point, control has been passed to system software via the interrupt. Software should:

1. Read the STATUS register.

2. Disable the USB controller to prevent transitions on the USB D+ or D– lines from causing spurious interrupt or wakeup 
events to the system.

3. Set CONTROL[IACK] to acknowledge the interrupt.

4. Set CONTROL[SR] to issue a software reset to the module.

5. Disable the module.
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6. Enable signaling on the D+ pin. This can be done by enabling the Transceiver D+ pullup resistor through configuration of 
the register fields in the USB controller instance for this USB port. For USBHSDCD instantiation of USBDCD, this signaling 
can alternatively be done by enabling VDP_SRC through setting the SIGNAL_OVERRIDE[PS] field to a value of 010b.

7. Communicate the appropriate charge rate to the external battery charger IC; see Table 303.

33.3.2.5.2 CDP

For a CDP, the module does the following:

• Updates the STATUS register to reflect that a CDP is detected with SEQ_RES = 10b. See Table 314 for field values.

• Sets CONTROL[IF].

• Generates an interrupt if enabled in CONTROL[IE].

At this point, control is passed to system software via the interrupt. Software should:

1. Read the STATUS register.

2. Set CONTROL[IACK] to acknowledge the interrupt.

3. Set CONTROL[SR] to issue a software reset to the module.

4. Disable the module.

5. Communicate the appropriate charge rate to the external battery charger IC; see Table 303.

33.3.2.6 Charger detection sequence timeout

The maximum time allowed to connect according to the USB Battery Charging Specification is one second. If the Unit Connection 
Timer reaches the one second limit and the sequence is still running as indicated by the STATUS[ACTIVE] field, the module does 
the following:

• Updates the STATUS register to reflect that a timeout error has occurred. See Table 314 for field values.

• Sets CONTROL[IF].

• Generates an interrupt if enabled in CONTROL[IE].

• The detection sequence continues until explicitly halted by software setting CONTROL[SR].

• The Unit Connection Timer continues counting. See the description of TIMER0.

At this point, control is passed to the system software via the interrupt, which has two options: ignore the interrupt and allow more 
time for the sequence to complete, or halt the sequence. To halt the sequence, software must:

1. Read the STATUS register.

2. Set CONTROL[IACK] to acknowledge the interrupt.

3. Set CONTROL[SR] to issue a software reset to the module.

4. Disable the module.

This timeout function is also useful in case software does not realize that the USB device is unplugged from USB port during the 
charger detection sequence. If the interrupt occurs but the VBUS_DETECT input is low, software can disable and reset the module.

System software might allow the sequence to run past the timeout interrupt under these conditions:

1. The USB Battery Charging Spec is amended to allow more time. In this case, software should poll TIMER0[TUNITCON] 
periodically to track elapsed time after 1s; or

2. For debug purposes.

Note that the TUNITCON register field will stop incrementing when it reaches its maximum value so it will not roll over to zero and 
start counting up again.
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33.3.2.7 Dead Battery Provision signaling

If the system needs to operate under the Dead Battery Provision of the USB Battery Charging Specification, Revision 1.2, the 
USBDCD module must be configured to signal VDP_SRC on the USB_DP pin.

For information on Dead Battery Provision conditions and signaling, see the Dead or weak battery later in this chapter.

33.3.3 Clocking
The following table describes the clock sources for the USBDCD module. Refer to the chip's clocking chapter for clock setting, 
configuration, and gating information.

Note these clocks share same name with the USB PHY.

Table 312. USBDCD clocks

Clock name Description

MODULE_CLK Peripheral clock

MODULE_CLK_S Peripheral access clock

33.3.4 Resets
There are two ways to reset various register contents in this module: hardware resets and a software reset.

33.3.4.1 Hardware resets

Hardware resets originate at the system or device level and propagate down to the individual module level. They include start up 
reset, low-voltage reset, and all other hardware reset sources.

Hardware resets cause the register contents to be restored to their default state as listed in the register descriptions.

33.3.4.2 Software reset

A software reset re-initializes the module's status information, but leaves configuration information unchanged. The software reset 
allows software to prepare the module without needing to reprogram the same configuration each time the USB device is plugged 
into a USB port.

Setting CONTROL[SR] initiates a software reset. The following table shows all register fields that are reset to their default values 
by a software reset.

Table 313. Software reset and register fields affected

Register Fields affected Fields not affected

CONTROL1 IF IE, START

STATUS All None

CLOCK None All

TIMERn TUNITCON All other

1. CONTROL[SR] and CONTROL[ IACK] are self-clearing.

A software reset also returns all internal logic, timers, and counters to their reset states. If the module is already active 
(STATUS[ACTIVE] = 1b), a software reset stops the sequence.
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Software must always initiate a software reset before starting the sequence to ensure the module is in a 
known state.

  NOTE  

33.3.5 Interrupts
The USBDCD module has an interrupt to alert system software of certain events, which are listed in the following table. All events 
except the Phase Complete event for the Data Pin Detection phase can trigger an interrupt.

Table 314. Events triggering an interrupt by sequence phase

Sequence 
phase

Event Event description STATUS fields 1 Phase 
description

Data Pin 
Detection

Phase 
Complete

The module has detected data pin contact.

No interrupt occurs: CONTROL[IF] = 0b.

ERR = 0b

SEQ_STAT = 01b

SEQ_RES = 00b

TO = 0b

VBUS contact 
detection

Charging 
Port 

Detection

Phase 
Complete

The module has completed the process of 
identifying if the USB port is a charging port or not.

NOTE: An interrupt is triggered at completion of this 
phase for BC 1.1 operation whether an SDP or a 
Charging port is detected. For BC 1.2 operation, 
if an SDP is detected an interrupt is triggered but 
if a Charging port is detected the sequence goes 
directly to the Charger Type Detection phase.

ERR = 0b

SEQ_STAT = 10b

SEQ_RES = 01b or 10b

TO = 0b

Charging port 
detection

Error The module cannot identify the type of port because 
the D– line is above the USB's VLGC threshold.

ERR = 1b

SEQ_STAT = 10b

SEQ_RES = 00b

TO = 0b

Error in charging 
port detection

Charger 
Type 

Detection

Phase 
Complete

The module has completed the process of 
identifying the charger type detection.

NOTE: The ERR flag always reads zero because 
no known error conditions are checked during 
this phase.

ERR = 0b

SEQ_STAT = 11b

SEQ_RES = 11b or 10b

TO = 0b

Charger type 
detection

Sequence 
Timeout

Error The timeout interval from the time the USB 
device attaches to a USB port until it connects 
has elapsed.

ERR = 1b

SEQ_STAT = last value 2

SEQ_RES = last value 2

TO = 1b

Charger 
detection 
sequence 
timeout

1. See the description of the Status register for register information.
2. The SEQ_STAT and SEQ_RES fields retain the values held at the time of the timeout error.

33.3.5.1 Interrupt handling

Software reads which event caused the interrupt from the STATUS register during the interrupt service routine.
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An interrupt is generated only if CONTROL[IE] is set. The CONTROL[IF] field is always set under interrupt conditions, even if 
CONTROL[IE] is cleared. In this case, software can poll CONTROL[IF] to determine if an interrupt condition is pending.

Writes to CONTROL[IF] are ignored. To reset CONTROL[IF], set CONTROL[IACK] to acknowledge the interrupt. Writing to 
CONTROL[IACK] when CONTROL[IF] is cleared has no effect.

33.4 External signals
This section describes the module signals. The following table shows a summary of module signals that interface with the pins of 
the device.

Table 315. Signal descriptions

Signal Description I/O

USB_DM USB D– analog data signal. The analog block interfaces directly to the D– 
signal on the USB bus.

I/O

USB_DP USB D+ analog data signal. The analog block interfaces directly to the D+ 
signal on the USB bus.

I/O

avdd33 1 3.3 V regulated analog supply POWER

vss_bulk Digital/Analog ground POWER

dvdd Core voltage digital supply POWER

1. Voltage must be 3.3 V ± 10% for full functionality of the module. That is, the charger detection function does not work when 
this voltage is below 3.0 V, and the CONTROL[START] field should not be set.

 
The transceiver module also interfaces to the USB_DM and USB_DP signals. Both modules and the USB host/hub 
use these signals as bidirectional, tristate signals.

  NOTE  

Information about the signal integrity aspects of the lines including shielding, isolated return paths, input or output impedance, 
packaging, suggested external components, ESD, and other protections can be found in the USB 2.0 Specification and in 
Application information.

33.5 Initialization
This module is designed for minimal configuration while retaining significant programmability. To initialize USBDCD:

1. Initialize the CLOCK register to the actual system clock frequency, unless the default value already matches the 
system requirements.

2. Reset ANACTRL[DEV_PULLDOWN] to 0b when this module is in use for the proper operation of the USBHSDCD 
instantiation of USBDCD.

For more information, see the "USB PHY Analog Control Register (ANACTRL)" section of the "Universal Serial Bus 2.0 
Integrated PHY (USB-PHY)" chapter.

3. Do not modify other registers, as they default to the values that comply with the USB Battery Charging Specification.

4. Configure timing parameters to obtain flexibility as per the requirements of a specific system.

All module configuration must occur before initiating the charger detection sequence. Configuration changes made after setting 
CONTROL[START] result in undefined behavior.
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33.6 Application information
This section provides application information.

33.6.1 External pullups
Any external pullups applied to the USB D+ or D- data lines must be capable of being disabled to prevent incorrect pullup values 
or incorrect operation of the USB subsystem.

33.6.2 Dead or weak battery
According to the USB Battery Charging Specification, Revision 1.2, a USB device with a dead or weak battery that is attached to 
an SDP can draw charging current from VBUS without connecting for several minutes, until the battery is charged to the point that 
the USB device can connect. The conditions for this operation are referred to as the Dead Battery Provision.

The USB Battery Charging Specification, Revision 1.2 limits this charging condition to 100 mA for a duration of 45 minutes. The 
later USB 2.0 Connect Timing Update ECN modifies this charging condition to 500 mA for a duration of 2 minutes. Customers 
designing systems to take advantage of the Dead Battery Provision should study both specifications closely.

The USBDCD module is compatible with systems that do not check the strength of the battery. Therefore, this module assumes 
that the battery is good, so the USB device must immediately connect to the USB bus by pulling the USB_DP pin high after the 
USBDCD module has determined that the device is attached to an SDP or CDP. (By definition, a DCP does not support connection 
but still requires a signaling event, see DCP.)

The module is also compatible with systems that have other circuitry to check the strength of the battery. In these systems, if it is 
known that the battery is weak or dead, software can delay connecting to the USB while charging using the Dead Battery Provision. 
Once the battery is charged to the good battery threshold, software must then connect to the USB host by pulling the USB_DP 
pin high.

While using the Dead Battery Provision, the USB_DP pin must signal by enabling VDP_SRC. On this product that signaling can be 
done most simply by setting the SIGNAL_OVERRIDE[PS] field to value 10b.

33.6.3 Handling unplug events
If the device is unplugged from the USB bus during the charger detection sequence, the contents of the STATUS register must 
be ignored and the USBDCD module must get a Software Reset, as described in Software reset.

33.7 USBDCD register descriptions

33.7.1 USBDCD memory map
USBDCD0 base address: 2991_0800h

USBDCD1 base address: 2993_0800h

Offset Register Width

(In bits)

Access Reset value

0h Control (CONTROL) 32 RW 0001_0000h

4h Clock (CLOCK) 32 RW 0000_00C1h

8h Status (STATUS) 32 R 0000_0000h

Ch Signal Override (SIGNAL_OVERRIDE) 32 RW 0000_0000h

10h TIMER0 (TIMER0) 32 RW 0010_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

14h TIMER1 (TIMER1) 32 RW 000A_0028h

18h TIMER2_BC11 (TIMER2_BC11) 32 RW 0028_0001h

18h TIMER2_BC12 (TIMER2_BC12) 32 RW 0001_0028h

33.7.2 Control (CONTROL)

Offset

Register Offset

CONTROL 0h

Function
Controls various global functions, such as software reset, initiating the charger detection sequence, BC12 compatibility, and 
interrupt enablement.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0
BC12 IE 

W SR 
STAR

T 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

IF 0 0

W IACK 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25

SR

Software Reset

Determines whether a software reset is performed.

0b - Do not perform a software reset.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Perform a software reset.

24

START

Start Change Detection Sequence

Determines whether the charger detection sequence is initiated.

0b - Do not start the sequence. Writes of this value have no effect.

1b - Initiate the charger detection sequence. If the sequence is already running, writes of this 
value have no effect.

23-18

—

Reserved

17

BC12

Battery Charging Revision 1.2 Compatibility

BC1.2 compatibility. This field cannot be changed after start detection.

0b - Compatible with BC1.1 (default)

1b - Compatible with BC1.2

16

IE

Interrupt Enable

Enables/disables interrupts to the system.

0b - Disable interrupts to the system.

1b - Enable interrupts to the system.

15-9

—

Reserved

8

IF

Interrupt Flag

Determines whether an interrupt is pending.

0b - No interrupt is pending.

1b - An interrupt is pending.

7-1

—

Reserved

0

IACK

Interrupt Acknowledge

Determines whether the interrupt is cleared.

0b - Do not clear the interrupt.

1b - Clear the IF field (interrupt flag).
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33.7.3 Clock (CLOCK)

Offset

Register Offset

CLOCK 4h

Function
Controls the clock speed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CLOCK_SPEED 

0 CLOC
K_U...W

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1

Fields

Field Function

31-12

—

Reserved

11-2

CLOCK_SPEE
D

Numerical Value of Clock Speed in Binary

The unit of measure is programmed in CLOCK_UNIT. The valid range is from 1 to 1023 when the clock 
unit is MHz and 4 to 1023 when the clock unit is kHz.

Examples with CLOCK_UNIT = 1b:

• For 48 MHz: 00110000b (48)

• For 24 MHz: 00011000b (24)

Examples with CLOCK_UNIT = 0b:

• For 100 kHz: 01100100b (100)

• For 500 kHz: 000111110100b (500)

1

—

Reserved

0 Unit of Measurement Encoding for Clock Speed

Table continues on the next page...
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Table continued from the previous page...

Field Function

CLOCK_UNIT Specifies the unit of measure for the clock speed.

0b - kHz Speed (between 4 kHz and 1023 kHz)

1b - MHz Speed (between 1 MHz and 1023 MHz)

33.7.4 Status (STATUS)

Offset

Register Offset

STATUS 8h

Function

Stores the current state of the module for system software monitoring.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
ACTIV

E 
TO ERR SEQ_STAT SEQ_RES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22

ACTIVE

Active Status Indicator

Indicates whether the sequence is running.

0b - The sequence is not running.

1b - The sequence is running.

21 Timeout Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

TO Indicates whether the detection sequence is passed the timeout threshold.

0b - The detection sequence is not running for over 1 s.

1b - It is over 1 s since the data pin contact was detected and debounced.

20

ERR

Error Flag

Indicates whether there is an error in the detection sequence.

0b - No sequence errors.

1b - Error in the detection sequence. See STATUS[SEQ_STAT]to determine the phase in which 
the error occurred.

19-18

SEQ_STAT

Charger Detection Sequence Status

Indicates the status of the charger detection sequence.

00b - The module is either not enabled, or the module is enabled but the data pins have not yet 
been detected.

01b - Data pin contact detection is complete.

10b - Charging port detection is complete.

11b - Charger type detection is complete.

17-16

SEQ_RES

Charger Detection Sequence Results

Reports how the charger detection is attached.

00b - No results to report.

01b - Attached to an SDP. Must comply with USB 2.0 by drawing only 2.5 mA (max) until 
connected.

10b - Attached to a charging port. The exact meaning depends on the STATUS[SEQ_STAT] field 
(value 0: Attached to either a CDP or a DCP. The charger type detection has not completed. 
value 1: Attached to a CDP. The charger type detection has completed.)

11b - Attached to a DCP.

15-0

—

Reserved

 
Fields do not always read as 0.

  NOTE  

33.7.5 Signal Override (SIGNAL_OVERRIDE)

Offset

Register Offset

SIGNAL_OVERRIDE Ch
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Function

Provides a way for the customer to enable signaling required by the USB BC Rev. 1.2 Specification after the battery charger 
detection sequences is completed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Reserv

ed 
Reserv

ed 
0

PS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

—

Reserved

Reserved, not for customer use. The value of this field may change during module operation.

8

—

Reserved

Reserved, not for customer use. The value of this field may change during module operation.

7-2

—

Reserved

1-0

PS

Phase Selection

Enables specified voltage and current source circuits on the USB_DP and USB_DM pins.

Use of the override value below enables the charger detection bias circuits without needing to 
set CONTROL[START].

Customers may set this field to 10b for required signaling if attached to a Dedicated Charging Port, or during 
operation under the Dead Battery Provision.

00b - No overrides. Field must remain at this value during normal USB data communication to 
prevent unexpected conditions on USB_DP and USB_DM pins. (Default)

01b - Reserved, not for customer use.

10b - Enables VDP_SRC voltage source for the USB_DP pin and IDM_SINK current source for 
the USB_DM pin.

11b - Reserved, not for customer use.
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33.7.6 TIMER0 (TIMER0)

Offset

Register Offset

TIMER0 10h

Function
Represents the system latency in ms using the TSEQ_INIT field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TSEQ_INIT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TUNITCON 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TSEQ_INIT

Sequence Initiation Time

TSEQ_INIT represents the system latency (in ms) measured from the time VBUS goes active to the time 
system software initiates the charger detection sequence in the USBDCD module. When software sets 
CONTROL[START], the Unit Connection Timer (TUNITCON) is initialized with the value of TSEQ_INIT.

Valid values are 0-1023, but the USB Battery Charging Specification requires the entire sequence, including 
TSEQ_INIT, to be completed in 1 s or less.

00_0000_0000b-11_1111_1111b - 0 ms - 1023 ms

15-12

—

Reserved

11-0

TUNITCON

Unit Connection Timer Elapse (in ms)

Displays the amount of elapsed time since the event of setting CONTROL[START] plus the value of 
TSEQ_INIT. The timer is automatically initialized with the value of TSEQ_INIT before starting to count.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This timer enables compliance with the maximum time allowed to connect T UNIT_CON under the USB Battery 
Charging Specification. If the timer reaches the one second limit, the module triggers an interrupt and sets 
the error flag STATUS[ERR].

The timer continues counting throughout the charger detection sequence, even when control has been 
passed to software. As long as the module is active, the timer continues to count until it reaches the 
maximum value of FFFh (4095 ms). The timer does not roll over to zero. A software reset clears the timer.

33.7.7 TIMER1 (TIMER1)

Offset

Register Offset

TIMER1 14h

Function
Contains timing parameters.

 
Register values can be written that are not compliant with the USB Battery Charging Specification, so care should 
be taken when overwriting the default values.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TDCD_DBNC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TVDPSRC_ON 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16 Time Period to Debounce D+ Signal

Table continues on the next page...
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Table continued from the previous page...

Field Function

TDCD_DBNC Sets the time period (ms) to debounce the D+ signal during the data pin contact detection phase. See 
Debouncing the data pin contact.

Valid values are 1-1023, but the USB Battery Charging Specification requires a minimum value of 10 ms.

00_0000_0001b-11_1111_1111b - 1 ms - 1023 ms

15-10

—

Reserved

9-0

TVDPSRC_ON

Time Period Comparator Enabled

This timing parameter is used after detection of the data pin. See Charging port detection.

Valid values are 1-1023, but the USB Battery Charging Specification requires a minimum value of 40 ms.

00_0000_0001b-11_1111_1111b - 1 ms - 1023 ms

33.7.8 TIMER2_BC11 (TIMER2_BC11)

Offset

Register Offset

TIMER2_BC11 18h

Function

TIMER2_BC11 contains timing parameters for USB Battery Charging Specification, Rev 1.1.

 
Register values can be written that are not compliant with the USB Battery Charging Specification, so care should 
be taken when overwriting the default values.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TVDPSRC_CON 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CHECK_DM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fields

Field Function

31-26

—

Reserved

25-16

TVDPSRC_CO
N

Time Period Before Enabling D+ Pullup

Sets the time period (ms) that the module waits after charging port detection before system software 
must enable the D+ pullup to connect to the USB host. Valid values are 1-1023, but the USB Battery 
Charging Specification requires a minimum value of 40 ms.

00_0000_0001b-11_1111_1111b - 1 ms - 1023 ms

15-4

—

Reserved

3-0

CHECK_DM

Time Before Check of D- Line

Sets the amount of time (in ms) that the module waits after the device connects to the USB bus until 
checking the state of the D- line to determine the type of charging port. See Charger type detection. Valid 
values are 1-15 ms.

0001b-1111b - 1 ms - 15 ms

33.7.9 TIMER2_BC12 (TIMER2_BC12)

Offset

Register Offset

TIMER2_BC12 18h

Function

Contains timing parameters for USB Battery Charging Specification, Rev 1.2.

 
Register values can be written that are not compliant with the USB Battery Charging Specification, so care should 
be taken when overwriting the default values.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TWAIT_AFTER_PRD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TVDMSRC_ON 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TWAIT_AFTER
_PRD

TWAIT_AFTER_PRD

Sets the amount of time (in ms) that the module waits after primary detection before start to 
secondary detection.

Valid values are 1-1023ms.

00_0000_0001b-11_1111_1111b - 1 ms - 1023 ms

15-10

—

Reserved

9-0

TVDMSRC_ON

TVDMSRC_ON

Sets the amount of time (in ms) that the module enables the V DM_SRC .

Valid values are 0-40ms.

00_0000_0000b-00_0010_1000b - 0 ms - 40 ms
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Chapter 34
USB OTG Controller (USB CTRL)
34.1 Chip-specific USBOTG information
Table 316. Reference links to related information

Topic Related module Reference

Full description USBOTG USBOTG

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

34.1.1 Module instances
This device has 3 instances of the USBOTG module: USB0, USB1, and USB_XBAR.

34.1.2 USB clock system
The following figure illustrates the USB clock system used in this device.

1'b0

1'b0

1'b1

ipt_mode

usb_phy0_utmi_clk

test_clk OTG_CORE0

xcvr_clk

xcvr_ser_clk

1'b0

1'b0

1'b1

ipt_mode

usb_phy1_utmi_clk

test_clk OTG_CORE1

xcvr_clk

xcvr_ser_clk

Figure 234.

where

• usb_phy0_utmi_clk: This is the clock from USB_PHY0 UTMI clock; it could be 30 MHz or 60 MHz.

• usb_phy1_utmi_clk: This is the clock from USB_PHY1 UTMI clock; it could be 30 MHz or 60 MHz.

• ipt_mode is test mode enable signal, in USB operation mode; it should be 1’b0.

34.2 Overview
The USB controller block provides high-performance USB functionality that conforms to the Universal Serial Bus Specification, 
Rev. 2.0.

 
Term "OTG"  is used throughout the document. The USB core hardware does not support the automatic OTG 
function by hardware. It is a dual-role (host and device mode) core, that you can implement the OTG in software 
with the hardware assist.

  NOTE  
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The USB controller consists of two independent USB controller cores: two On-The-Go (OTG) controller cores. Each controller core 
supports UTMI interfaces according to its feature. See Features for more details. Both the controller cores are single-port cores. 
For the OTG cores, there is only one port. The port can be used as either a downstream or an upstream port.

34.2.1 Block diagram

Figure 235. USB block diagram

34.2.2 Features
There are two USB 2.0 controller cores in this chip:

• Controller Core 0 is also named 'OTG1 Core'; its connected port is named 'OTG1 port'.

• Controller Core 1 is also named 'OTG2 Core'; its connected port is named 'OTG2 port'.

The following list provides features of each controller core.

• USB 2.0 Controller Core 0

— High-Speed/Full-Speed/Low-Speed (HS/FS/LS) OTG core

— HS/FS/LS UTMI compliant interface

— HS, FS, and LS operation in HOST mode (with UTMI transceiver)

— HS and FS operation in Peripheral mode (with UTMI transceiver)

— Hardware support for OTG signaling, session request protocol, and host negotiation protocol

— 8 bidirectional endpoints

— Support charger detection

• USB 2.0 Controller Core 1
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— HS/FS/LS OTG core

— HS/FS/LS UTMI compliant interface

— HS, FS, and LS operation in Host mode (with UTMI transceiver)

— HS and FS operation in Peripheral mode (with UTMI transceiver)

— Hardware support for OTG signaling, session request protocol, and host negotiation protocol

— 8 bidirectional endpoints

• Low-power mode with local and remote wake-up capability

• Embedded DMA controller in each core

34.3 Functional description
These sections describe the functionality of the various building blocks of the USB.

34.3.1 Submodule sections

34.3.1.1 USB 2.0 controller core 0
The USB 2.0 Controller 0 is an instantiation of an EHCI-compatible core which supports HS, FS, and LS operation.

In Host mode, this controller core supports HS, FS, and LS operation. In Device mode, it supports HS and FS operation.

34.3.1.1.1 Host mode
The controller supports direct connection of a HS/FS/LS device with on-chip UTMI transceiver. Although there is no separate 
Transaction Translator block in the system, the transaction translator function normally associated with a USB 2.0 high speed 
hub has been implemented within the DMA and protocol engine blocks to support connection to full and low speed devices.

34.3.1.1.2 Peripheral (device) mode

• 8 bidirectional endpoints

• High/full-speed operation

• Support of HNP and SRP

• Remote wake-up capability

34.3.1.2 USB 2.0 controller core 1
USB 2.0 Controller Core 1 is an instantiation of EHCI-compatible core which supports HS/FS/LS operation USB 2.0 Controller 
Core 1 is identical as Core 0.

In Host mode, this controller core supports HS, FS, and LS operation. In Device mode, it supports HS and FS operation.

34.3.2 Operation sections

34.3.2.1 Host operational model
The general operational model is for the enhanced interface host controller hardware and enhanced interface host controller 
driver (generally referred to as system software). Each significant operational feature of the EHCI host controller is discussed 
in a separate section. Each section presents the operational model requirements for the host controller hardware. Where 
appropriate, recommended system software operational models for features are also presented.
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34.3.2.1.1 Host controller initialization

After initial power-on or HCReset (hardware or through HCReset bit in USB Command Register (USBCMD), all of the operational 
registers are at their default values. After a hardware reset, only the operational registers not contained in the Auxiliary power well 
are at their default values.

The following table describes the default values of operational registers.

Table 317. Default Values of Operational Register Space

Operational Register Default Value (after Reset)

USB_USBCMD 00080000h (00080B00h, if Asynchronous Schedule Park 
Capability is 1)

USB_USBSTS 00001000h

USB_USBINTR 00000000h

USB_FRINDEX 00000000h

USB_CTRLDSSEGMENT 00000000h

USB_PERIODICLISTBASE Undefined

USB_ASYNCLISTADDR Undefined

USB_CONFIGFLAG 00000000h

USB_PORTSC1 00002000h (w/PPC set to one); 00003000h (w/PPC set to zero)

To initialize the host controller, software should perform the following steps:

• Write the appropriate value to the USB_USBINTR register to enable the appropriate interrupts.

• Write the base address of the Periodic Frame List to the USB_PERIODICLIST BASE register. If no work items are in the 
periodic schedule, all elements of the Periodic Frame List should have their T-Bits set to one.

• Write the USB_USBCMD register to set the desired interrupt threshold, frame list size (if applicable) and turn the host 
controller ON through setting the Run/Stop bit.

At this point, the host controller is up and running and the port registers begin reporting device connects, and so on. System 
software can enumerate a port through the reset process (where the port is in the enabled state). At this point, the port is active 
with SOFs occurring down the enabled ports, but the schedules have not enabled. To communicate with devices through the 
asynchronous schedule, system software must write the USB_ASYNCLISTADDR register with the address of a control or bulk 
queue head. Software must then enable the asynchronous schedule by writing one to the Asynchronous Schedule Enable bit 
in the USB_USBCMD register. To communicate with devices through the periodic schedule, system software must enable the 
periodic schedule by writing one to the Periodic Schedule Enable bit in the USB_USBCMD register.

 
The schedules can be turned on before the first port is reset (and enabled).

  NOTE  

When the USB_USBCMD register is written, system software must ensure the appropriate bits are preserved, depending on the 
intended operation.

34.3.2.1.2 Port routing and control
The EHCI specification defines that a USB 2.0 Host controller is comprised of one high-speed host controller, which 
implements the EHCI programming interface and 0 to N USB 1.1 companion host controllers. Companion host controllers 
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(cHCs) may be implementations of either Universal or Open host controller specifications. This configuration is used to deliver 
the required full USB 2.0-defined port capability; for example, Low-, Full-, and High-speed capability for every port.

 
The USB controllers on do not require nor support companion controllers to support Full and Low Speed device. 
Full and Low Speed devices are supported within the USB controller by emulating the functionality of a high-speed 
HUB. Therefore, no port routing is present in the controller. Please refer to Embedded transaction translator 
function for details.

  NOTE  

The following figure illustrates a simple block diagram of the port routing logic and its relationship to the high-speed and companion 
host controllers within a USB 2.0 host controller.

       Companion       
USB1.1 HC     

       High-Speed       
(ehci) HC     

       Data            Port Reg.            Data            Port Reg.     

       Port Routing       
Logic     

       Transceiver     

       Port 1     

       Port       
Owner     

       USB 2.0 Host Controller     

Figure 236. Example USB 2.0 Host Controller Port Routing Block Diagram

There exists one transceiver per physical port and each host controller block has its own port status and control registers. The 
EHCI controller has port status and control registers for every port. Each companion host controller has only the port control and 
status registers it is required to operate. Either the EHCI host controller or one companion host controller controls each transceiver. 
Routing logic lies between the transceiver, the port status and control registers.[2]

The port routing logic is controlled from signals originating in the EHCI host controller. The EHCI host controller has a global 
routing policy control field and per-port ownership control fields. The Configured Flag (CF) bit is the global routing policy control. At 
power-on or reset, the default routing policy is to the companion controllers (if they exist). If the system does not include a driver for 
the EHCI host controller and the host controller includes Companion Controllers, then the ports still work in Full- and Low-speed 
mode (assuming the system includes a driver for the companion controllers). In general, when the EHCI owns the ports, the 
companion host controllers' port registers do not see a connect indication from the transceiver. Similarly, when a companion host 
controller owns a port, the EHCI controller's port registers do not see a connect indication from the transceiver. The details on 
the rules for the port routing logic are described in the following sections. The USB 2.0 host controller must be implemented as a 
multi-function PCI device if the implementation includes companion controllers. The companion host controllers' function numbers 
must be less than the EHCI host controller function number. The EHCI host controller must be a larger function number with 
respect to the companion host controllers associated with this EHCI host controller. If a PCI device implementation contains only 
an EHCI controller (that is no companion controllers or other PCI functions), then the EHCI host controller must be function zero, 
in accordance with the PCI Specification. The N_CC field in the Structural Parameter register (HCSPARAMS) indicates whether 
the controller implementation includes companion host controllers. When N_CC has a non-zero value there exists companion host 
controllers. If N_CC has a value of zero, then the host controller implementation does not include companion host controllers. If 
the host controller root ports are exposed to attachment of full- or low-speed devices, the ports always fails the high-speed chirp 

[2] The routing logic should not be implemented in the 480 MHz clock domain of the transceiver.
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during reset and the ports are not enabled. System software can notify the user of the illegal condition. This type of implementation 
requires a USB 2.0 hub be connected to a root port to provide full and low-speed device connectivity.

System software uses information in the host controller capability registers to determine how the ports are routed to the companion 
host controllers. See USB_nHCSPARAMS

34.3.2.1.2.1 Port routing control through EHCI configured (CF) bit
Each port in the USB 2.0 host controller are routed either to a single companion host controller or to the EHCI host controller. 
The port routing logic is controlled by two mechanisms in the EHCI HC: a host controller global flag and per-port control. The 
Configured Flag (CF) bit is used to globally set the policy of the routing logic. Each port register has a Port Owner control bit 
which allows the EHCI Driver to explicitly control the routing of individual ports. Whenever the CF bit transitions from zero to 
one (this transition is only available under program control) the port routing unconditionally routes all of the port registers to the 
EHCI HC (all Port Owner bits go to zero). While the CF-bit is one, the EHCI Driver controls individual ports' routing through 
the Port Owner control bit. Likewise, whenever the CF bit transitions from one to zero (as a result of Aux power application, 
HCRESET, or software writing zero to CF-bit), the port routing unconditionally routes all of the port registers to the appropriate 
companion HC. The default value for the EHCI HC's CF bit (after Aux power application or HCRESET) is zero.

The view of the port depends on the current owner. A Universal or Open companion host controller will see port register bits 
consistent with the appropriate specification. Port bit definitions that are required for EHCI host controllers are not visible to 
companion host controllers.

The following table summarizes the default routing for all the ports, based on the value of the EHCI HC's CF bit.

Table 318. Default Port Routing Depending on EHCI HC CF Bit

HS CF Bit Default 
Port Ownership

Explanation

0B Companion HCs The companion host controllers own the ports and only Full- and Low-speed devices 
are supported in the system. The exact port assignments are implementation 
dependent. The ports behave only as Full- and Low-speed ports in this configuration

1B EHCI HC The EHCI host controller has default ownership over all of the ports. The routing 
logic inhibits device connect events from reaching the companion HCs' port status 
and control registers when the port owner is the EHCI HC. The EHCI HC has 
access to the additional port status and control bits defined in this specification (see 
PORTSC1 register). The EHCI HC can temporarily release control of the port to a 
companion HC by setting the PortOwner bit in the PORTSC1 register to one.

34.3.2.1.2.2 Port routing control through portOwner and disconnect event
Manipulating the port routing through the CF-bit is an extreme process and not intended to be used during normal operation. 
The normal mode of port ownership transferal is on the granularity of individual ports using the Port Owner bit in the EHCI 
HC's USB_PORTSC1 register (for hand-offs from EHCI to companion host controllers). Individual port ownership is returned 
to the EHCI controller when the port registers a device disconnect. When the disconnect is detected, the port routing logic 
immediately returns the port ownership to the EHCI controller. The companion host controller port register detects the device 
disconnect and operates normally.

Under normal operating conditions (assuming all HC drivers loaded and operational and the EHCI CF-bit is set to one), the typical 
port enumeration sequence proceeds as illustrated below:

• Initial condition is that EHCI is port owner. A device is connected causing the port to detect a connect, set the port connect 
change bit and issue a port-change interrupt (if enabled).

• EHCI Driver identifies the port with the new connect change bit asserted and sends a change report to the hub driver. Hub 
driver issues a GetPortStatus() request and identifies the connect change. It then issues a request to clear the connect 
change, followed by a request to reset and enable the port.
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• When the EHCI Driver receives the request to reset and enable the port, it first checks the value reported by the 
LineStatus bits in the USB_PORTSC1 register. If they indicate the attached device is a full-speed device (for example, 
D+ is asserted), then the EHCI Driver sets the PortReset control bit to one (and sets the PortEnable bit to zero) which 
begins the reset-process. Software times the duration of the reset, then terminates reset signaling by writing zero to the 
port reset bit. The reset process is actually complete when software reads zero in the PortReset bit. The EHCI Driver 
checks the PortOwner bit in the USB_PORTSC1 register. If set to one, the connected device is a high-speed device and 
EHCI Driver (root hub emulator) issues a change report to the hub driver and the hub driver continues to enumerate the 
attached device.

• At the time the EHCI Driver receives the port reset and enable request the LineStatus bits might indicate a low-speed 
device. Additionally, when the port reset process is complete, the PortEnable field may indicate that a full-speed device 
is attached. In either case the EHCI driver sets the PortOwner bit in the USB_PORTSC1 register to one to release port 
ownership to a companion host controller.

• When the EHCI Driver sets PortOwner bit to one, the port routing logic makes the connection state of the transceiver 
available to the companion host controller port register and removes the connection state from the EHCI HC port. The 
EHCI USB_PORTSC1 register observes and reports a disconnect event through the disconnect change bit. The EHCI 
Driver detects the connection status change (either by polling or by port change interrupt) and then sends a change report 
to the hub driver. When the hub driver requests that port-state, the EHCI Driver responds with a reset complete change 
set to one, a connect change set to one and a connect status set to zero. This information is derived directly from the 
EHCI port register. This allows the hub driver to assume the device was disconnected during reset. It acknowledges the 
change bits and wait for the next change event. While the EHCI controller does not own the port, it simply remains in a 
state where the port reports no device connected. The device-connect evaluation circuitry of the companion HC activates 
and detects the device, the companion Driver detects the connection and enumerates the port.

When a port is routed to a companion HC, it remains under the control of the companion HC until the device is disconnected 
from the root port (ignoring for now the scenario where EHCI's CF-bit transitions from1b to 0b). When a disconnect occurs, the 
disconnect event is detected by both the companion HC port control and the EHCI port ownership control. On the event, the port 
ownership is returned immediately to the EHCI controller. The companion HC stack detects the disconnect and acknowledges 
as it would in an ordinary standalone implementation. Subsequent connects is detected by the EHCI port register and the 
process repeats.

34.3.2.1.2.3 Example port routing state machine

The following figure illustrates an example of how the port ownership should be managed. The following sections describe the 
entry conditions to each state.

       EHCI       
Owner     

       Companion       
Owner     

       PortOwner neq 0       
AND       

EHCI CF EQ 1     

       PortOwner .eq. 0       
OR       

Disconnect       
AND       

EHCI CF .eq. 1     

       EHCI CF = 0            EHCI CF --->1     

Figure 237. Port Owner Handoff State Machine

34.3.2.1.2.3.1 EHCI HC owner
Entry to this state occurs when one of the following events occur:
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• When the EHCI HC's Configure Flag (CF) bit in the USB_CONFIGFLAG register transitions from zero to one. This signals 
the fact that the system has a host controller driver for the EHCI HC and that all ports in the USB 2.0 host controller must 
default route to the EHCI controller.

• When the port is owned by a companion HC and the device is disconnected from the port. The EHCI port routing control 
logic is notified of the disconnect, and returns port routing to the EHCI controller. The connection state of the companion 
HC goes immediately to the disconnected state (with appropriate side effect to connect change, enable and enable 
change). The companion HC driver acknowledges the disconnect by setting the connect status change bit to zero. This 
allows the companion HC's driver to interact with the port completely through the disconnect process.

• When system software writes zero to the PortOwner bit in the USB_PORTSC1 register. This allows software to take 
ownership of a port from a companion host controller. When this occurs, the routing logic to the companion HC effectively 
signals a disconnect to the companion HC's port status and control register.

34.3.2.1.2.3.2 Companion HC owner
Entry to this state occurs whenever one of the following events occur:

• When the PortOwner field transitions from zero to one.

• When the HS-mode HC's Configure Flag (CF) is equal to zero.

On entry to this state, the routing logic allows the companion HC port register to detect a device connect. Normal port 
enumeration proceeds.

34.3.2.1.2.4 Port power

The Port Power Control (PPC) bit in the USB_HCSPARAMS register indicates whether the USB 2.0 host controller has port power 
control (see HCSPARAMS register). When this bit is zero, then the host controller does not support software control of port power 
switches. When in this configuration, the port power is always available and the companion host controllers must implement 
functionality consistent with port power always on. When the PPC bit is one, then the host controller implementation includes port 
power switches. Each available switch has an output enable, which is referred to in this discussion as PortPowerOutputEnable 
(PPE). PPE is controlled based on the state of the combination bits PPC bit, EHCI Configured (CF)-bit and individual Port Power 
(PP) bits.

The following table describes the summary behavioral model.

Table 319. Port Power Enable Control Rules

CF CHC1 (PP) EHC2 (PP) Owner PPE3 Description

0 0 X CHC 0 When the EHCI controller is not 
configured, the port is owned by the 
companion host controller. When the 
companion HC's port power select is off, 
then the port power is off.

0 1 X CHC 1 Similar to previous entry. When the 
companion HC's port power select is on, 
then the port power is on.

1 0 0 CHC 0 Port owner has port power turned off, the 
power to port is off.

1 0 0 EHC 0 Port owner has port power turned off, the 
power to port is off.

Table continues on the next page...
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Table 319. Port Power Enable Control Rules (continued)

1 0 1 EHC 1 Port owner has port power on, so power to 
port is on.

1 0 1 CHC 1 If either HC has port power turned on, the 
power to the port is on.

1 1 0 EHC 1 If either HC has port power turned on, the 
power to the port is on.

1 1 0 CHC 1 Port owner has port power on, so power to 
port is on.

1 1 1 CHC 1 Port owner has port power on, so power to 
port is on.

1 1 1 EHC 1 Port owner has port power on, so power to 
port is on.

1. CHC (Companion Host Controller).
2. EHC (EHCI Host Controller).
3. PPE (Port Power Enable). This bit actually turns on the port power switch (if one exists).

34.3.2.1.2.5 Port reporting over-current
Host controllers are by definition power providers on USB. Whether the ports are considered high- or low-powered is a 
platform implementation issue. Each EHCI USB_PORTSC1 register has an over-current status and over-current change bit. 
The functionality of these bits are specified in the USB Specification Revision 2.0.

The over current detection and limiting logic usually resides outside the host controller logic. This logic may be associated with 
one or more ports. When this logic detects an over-current condition it is made available to both the companion and EHCI ports. 
The effect of an over-current status on a companion host controller port is beyond the scope of this document.

The over-current condition effects the following bits in the USB_PORTSC1 register on the EHCI port:

• Over-current Active bits are set to one. When the over-current condition goes away, the Over-current Active bit transitions 
from one to zero.

• Over-current Change bits are set to one. On every transition of the Over-current Active bit the host controller sets the 
Over-current Change bit to one. Software sets the Over-current Change bit to zero by writing one to this bit.

• Port Enabled/Disabled bit is set to zero. When this change bit gets set to one, then the Port Change Detect bit in the 
USB_USBSTS register is set to one.

• Port Power (PP) bits may optionally be set to zero. There is no requirement in USB that a power provider shut off power 
in an over current condition. It is sufficient to limit the current and leave power applied. When the Over-current Change bit 
transitions from zero to one, the host controller also sets the Port Change Detect bit in the USB_USBSTS register to one. 
In addition, if the Port Change Interrupt Enable bit in the USB_USBINTR register is one, then the host controller issues 
an interrupt to the system. Refer to Table 320 for summary behavior for over-current detection when the host controller is 
halted (suspended from a device component point of view).

34.3.2.1.3 Suspend/resume-host operational model
The EHCI host controller provides an equivalent suspend and resume model as that defined for individual ports in a USB 2.0 
Hub. Control mechanisms are provided to allow system software to suspend and resume individual ports. The mechanisms 
allow the individual ports to be resumed completely through software initiation. Other control mechanisms are provided to 
parameterize the host controller's response (or sensitivity) to external resume events. In this discussion, host-initiated, or 
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software initiated resumes are called Resume Events/Actions. Bus-initiated resume events are called wake-up events. The 
classes of wake-up events are:

• Remote-wake-up enabled device asserts resume signaling. In similar kind to USB 2.0 Hubs, EHCI controllers must always 
respond to explicit device resume signaling and wake-up the system (if necessary).

• Port connect and disconnect and over-current events. Sensitivity to these events can be turned on or off by using the 
per-port control bits in the USB_PORTSC1 registers.

Selective suspend is a feature supported by every USB_PORTSC1 register. It is used to place specific ports into a suspend mode. 
This feature is used as a functional component for implementing the appropriate power management policy implemented in a 
particular operating system. When system software intends to suspend the entire bus, it should selectively suspend all enabled 
ports, then shut off the host controller by setting the Run/Stop bit in the USB_USBCMD register to zero. The EHCI sub-block can 
then be placed into a lower device state through the PCI power management interface (see Appendix A, Enhanced Host Controller 
Interface Specification for Universal Serial Bus, Revision 0.95, November 2000, Intel Corporation. http://www.intel.com).

When a wake event occurs, the system resumes operation and system software eventually set the Run/Stop bit to one and resume 
the suspended ports. Software must not set the Run/Stop bit to one until it is confirmed that the clock to the host controller is stable. 
This is usually confirmed in a system implementation in that all of the clocks in the system are stable before the Arm platform 
is restarted. So, by definition, if software is running, clocks in the system are stable and the Run/Stop bit in the USB_USBCMD 
register can be set to one. Minimum system software delays are also defined in the PCI Power Management Specification. Refer 
to PCI Power Management Specification for more information.

34.3.2.1.3.1 Port suspend/resume
System software places individual ports into suspend mode by writing one into the appropriate USB_PORTSC1 Suspend bit. 
Software must only set the Suspend bit when the port is in the enabled state (Port Enabled bit is one) and the EHCI is the port 
owner (PortOwner bit is zero).

The host controller may evaluate the Suspend bit immediately or wait until a micro-frame or frame boundary occurs. If evaluated 
immediately, the port is not suspended until the current transaction (if one is executing) completes. Therefore, there may be 
several micro-frames of activity on the port until the host controller evaluates the Suspend bit. The host controller must evaluate 
the Suspend bit at least every frame boundary.

System software can initiate a resume on a selectively suspended port by writing one to the Force Port Resume bit. Software 
should not attempt to resume a port unless the port reports that it is in the suspended state (see USB_nPORTSC1). If system 
software sets Force Port Resume bit to one when the port is not in the suspended state, the resulting behavior is undefined. In 
order to assure proper USB device operation, software must wait for at least 10 ms after a port indicates that it is suspended 
(Suspend bit is one) before initiating a port resume through the Force Port Resume bit. When Force Port Resume bit is one, the 
host controller sends resume signaling down the port. System software times the duration of the resume (nominally 20 ms) then 
sets the Force Port Resume bit to zero. When the host controller receives the write to transition Force Port Resume to zero, it 
completes the resume sequence as defined in the USB specification, and sets both the Force Port Resume and Suspend bits to 
zero. Software-initiated port resumes do not affect the Port Change Detect bit in the USB_USBSTS register nor do they cause an 
interrupt if the Port Change Interrupt Enable bit in the USB_USBINTR register is one. An external USB event may also initiate a 
resume. The wake events are defined above. When a wake event occurs on a suspended port, the resume signaling is detected 
by the port and the resume is reflected downstream within 100 μsec. The port's Force Port Resume bit is set to one and the Port 
Change Detect bit in the USB_USBSTS register is set to one. If the Port Change Interrupt Enable bit in the USB_USBINTR register 
is one the host controller issues a hardware interrupt.

System software observes the resume event on the port, delays a port resume time (nominally 20 ms), then terminates the resume 
sequence by writing zero to the Force Port Resume bit in the port. The host controller receives the write of zero to Force Port 
Resume, terminates the resume sequence and sets Force Port Resume and Suspend port bits to zero. Software can determine 
that the port is enabled (not suspended) by sampling the USB_PORTSC1 register and observing that the Suspend and Force Port 
Resume bits are zero. Software must ensure that the host controller is running (that is HCHalted bit in the USB_USBSTS register is 
zero), before terminating a resume by writing zero to a port's Force Port Resume bit. If HCHalted is one when Force Port Resume 
is set to zero, then SOFs do not occur down the enabled port and the device returns to suspend mode in a maximum of 10 msec.

The table below summarizes the wake-up events. Whenever a resume event is detected, the Port Change Detect bit in the 
USB_USBSTS register is set to one. If the Port Change Interrupt Enable bit is one in the USB_USBINTR register, the host 
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controller generates an interrupt on the resume event. Software acknowledges the resume event interrupt by clearing the Port 
Change Detect status bit in the USB_USBSTS register.

Table 320. Behavior During Wake-up Events

Port Status and Signaling Type Signaled Port Response Device State

D0 Not D0

Port disabled, resume K-State received No Effect N/A N/A

Port suspended, resume K-
State received

Resume reflected downstream on signaled port. Force 
Port Resume status bit in USB_PORTSC1 register is set 
to one. Port Change Detect bit in USB_USBSTS register 
set to one.

[1], [2] [2]

Port is enabled, disabled or suspended, 
and the port's WKDSCNNT_E bit is one. 
A disconnect is detected.

Depending in the initial port state, the USB_ PORTSC1 
Connected Enable status bits are set to zero, and the 
Connect Change status bit is set to one. Port Change 
Detect bit in the USB_USBSTS register is set to one.

[1], [2] [2]

Port is enabled, disabled or suspended, 
and the port's WKDSCNNT_E bit is zero. 
A disconnect is detected.

Depending on the initial port state, the USB_PORTSC1 
Connect and Enable status bits are set to zero, and the 
Connect Change status bit is set to one. Port Change 
Detect bit in the USB_USBSTS register is set to one.

[1], [3] [3]

Port is not connected and the port's 
WKCNNT_E bit is one. A connect 
is detected.

USB_PORTSC1 Connect Status and Connect Status 
Change bits are set to one. Port Change Detect bit in the 
USB_USBSTS register is set to one.

[1], [2] [2]

Port is not connected and the port's 
WKCNNT_E bit is zero. A connect 
is detected.

USB_PORTSC1 Connect Status and Connect Status 
Change bits are set to one. Port Change Detect bit in the 
USB_USBSTS register is set to one.

[1], [3] [3]

Port is connected and the port's 
WKOC_E bit is one. An over-current 
condition occurs.

USB_PORTSC1 Over-current Active, Over-current 
Change bits are set to one. If Port Enable/Disable bit 
is one, it is set to zero. Port Change Detect bit in the 
USB_USBSTS register is set to one

[1], [2] [2]

Port is connected and the port's 
WKOC_E bit is zero. An over-current 
condition occurs.

USB_PORTSC1 Over-current Active, Over-current 
Change bits are set to one. If Port Enable/Disable bit 
is one, it is set to zero. Port Change Detect bit in the 
USB_USBSTS register is set to one.

[1], [3] [3]

[1] Hardware interrupt issued if Port Change Interrupt Enable bit in the USB_USBINTR register is one.

[2] PME# asserted if enabled (Note: PME Status must always be set to one).

[3] PME# not asserted.

34.3.2.1.4 Schedule traversal rules
The host controller executes transactions for devices using a simple, shared-memory schedule. The schedule is comprised 
of a few data structures, organized into two distinct lists. The data structures are designed to provide the maximum flexibility 
required by USB, minimize memory traffic and hardware / software complexity.
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System software maintains two schedules for the host controller: a periodic schedule and an asynchronous schedule. The 
root of the periodic schedule is the USB_PERIODICLISTBASE register (see USB_nPERIODICLISTBASE) DEVICEADDR. The 
USB_PERIODICLISTBASE register is the physical memory base address of the periodic frame list. The periodic frame list is an 
array of physical memory pointers. The objects referenced from the frame list must be valid schedule data structures as defined 
in Host data structures. In each micro-frame, if the periodic schedule is enabled (see Periodic scheduling threshold) then the host 
controller must execute from the periodic schedule before executing from the asynchronous schedule. It only executes from the 
asynchronous schedule after it encounters the end of the periodic schedule. The host controller traverses the periodic schedule by 
constructing an array offset reference from the USB_PERIODICLISTBASE and the USB_FRINDEX registers (see the following 
figure). It fetches the element and begins traversing the graph of linked schedule data structures.

The end of the periodic schedule is identified by a next link pointer of a schedule data structure having its T-bit set to one. 
When the host controller encounters a T-Bit set to one during a horizontal traversal of the periodic list, it interprets this as an 
End-Of-Periodic-List mark. This causes the host controller to cease working on the periodic schedule and transitions immediately 
to traversing the asynchronous schedule. After the transition, the host controller executes from the asynchronous schedule until 
the end of the micro-frame.

The following figure illustrates the derivation of pointer into frame list array.

       0            1            2            11            12            31     

       12            31            0            1            2            12            13            3     

       DWord-aligned       
Periodic Frame List Element       

Address     

       Periodic Frame       
List     

       Frame Index Register            Periodic Frame List Base       
Address     

Figure 238. Derivation of Pointer into Frame List Array

When the host controller determines that it is the time to execute from the asynchronous list, it uses the operational register 
USB_ASYNCLISTADDR to access the asynchronous schedule, see the figure below.
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       H     
       USBCMD     

       USBSTS     

       ASYNCLISTADDR     

       Operational       
Registers     

       . . .     

       . . .     

Figure 239. General Format of Asynchronous Schedule List

The USB_ASYNCLISTADDR register contains a physical memory pointer to the next queue head. When the host controller 
makes a transition to executing the asynchronous schedule, it begins by reading the queue head referenced by the 
USB_ASYNCLISTADDR register. Software must set queue head horizontal pointer T-bits to zero for queue heads in the 
asynchronous schedule. See Asynchronous schedule for complete operational details.

34.3.2.1.4.1 Example - preserving micro-frame integrity
One of the requirements of a USB host controller is to maintain Frame Integrity. This means that the HC must preserve the 
micro-frame boundaries. For example, SOF packets must be generated on time (within the specified allowable jitter), and 
High-speed EOF1,2 thresholds must be enforced. The end of micro-frame timing points EOF1 and EOF2 are clearly defined 
in the USB Specification Revision 2.0. One implication of this responsibility is that the HC must ensure that it does not start 
transactions that do not complete before the end of the micro-frame. More precisely, no transactions should be started by the 
host controller, which do not complete in their entirety before the EOF1 point. In order to enforce this rule, the host controller 
must check each transaction before it starts to ensure that it completes before the end of the micro-frame.

So, what exactly needs to be involved in this check? Fundamentally, the transaction data payload, plus bit stuffing, plus transaction 
overhead must be taken into consideration. It is possible to be extremely accurate on how much time the next transaction takes. 
Take OUTs for an example. The host controller must fetch all of the OUT data from memory in order to send it onto the USB bus. A 
host controller implementation could pre-fetch all of the OUT data, and pre-compute the actual number of bits in the token and data 
packets. In addition, the system knows the depth of the target endpoint, so it could closely estimate turnaround time for handshake. 
In addition, the host controller knows the size of a handshake packet. Pre-computing effects of bit stuffing and summing up the 
other overhead numbers can allow the host controller to know exactly whether there is enough bus time, before EOF1 to complete 
the OUT transaction. To accomplish this particular approach takes an inordinate amount of time and hardware complexity.

The alternative is to make a reasonable guess whether the next transaction can be started. An example approximation algorithm 
is described below. This example algorithm relies on the EHCI policy that periodic transactions are scheduled first in the 
micro-frame. It is a reasonable assumption that software never over-commits the micro-frame to periodic transactions greater than 
the specification allowable 80%. In the available remaining 20% bandwidth, the host controller has some ability (in this example) 
to decide whether or not to execute a transaction. The result of this algorithm is that sometimes, under some circumstances a 
transaction is not executed that could have been executed. However, under all circumstances, a transaction is never started 
unless there is enough time in the frame to complete the transaction.

34.3.2.1.4.1.1 Transaction fit - a best-fit approximation algorithm
A curve is calculated which represents the latest start time for every packet size, at which software schedules the start of 
a periodic transaction. This curve is the 80 % bandwidth curve. Another curve is calculated which is the absolute, latest 
permitted start time for every packet size. This curve represents the absolute latest time, that a transaction of each packet 
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size can be started and completed, in the micro-frame. A plot of these two curves is illustrated in Figure 240. The plot Y-axis 
represents the number of byte-times left in a frame.

The space between the 80 % and the Last Start plots is bandwidth reclamation area. In this algorithm, the host controller may skip 
transactions during this time if it is prudent.

The Best-Fit Approximation method plots a function (f(x)) between the 80 % and Last Start curves. The function f(x) adds a 
constant to every transaction's maximum packet size and the result compared with the number of bytes left in the frame. The 
constant represents an approximation of the effects of bit stuffing and protocol overhead. The host controller starts transactions 
whose results land above the function curve. The host controller will not start transactions whose results land below the 
function curve.

The following figure illustrates the Best-Fit Approximation.
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Figure 240. Best Fit Approximation

The LastStart line was calculated in this example to assume the absolute worst-case bus overhead per transaction. The particular 
transaction used is a start-split, zero-length OUT transaction with a handshake. Summaries of the component parts are listed in 
the table below. The component times were derived from the protocol timings defined in the USB Specification Revision 2.0.

Table 321. Example Worse-case Transaction Timing Components

Component Bit time Byte Time Explanation

Split Token 76 9.5 Split token as defined in USB core specification. Includes sync, 
token, EOP, and so on.

Host 2 Host IPG 88 11 Number of bit times required between consecutive host packets.

Token 67 8.375 Token as defined in USB core specification. Includes sync, token, 
EOP, and so on.

Host 2 Host IPG 88 11 Token as defined in USB core specification. Includes sync, token, 
EOP, and so on.

Table continues on the next page...
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Table 321. Example Worse-case Transaction Timing Components (continued)

Data Packet (0 
data bytes)

66.7 8.34 Zero-length data packet. Includes sync, PID, crc16, EOP, and 
so on.

Turnaround time 721 90.125 Time for packet initiator (Host) to see the beginning of a response 
to a transmitted packet.

Handshake packet 48 6 Handshake packet as defined in USB core specification. Includes 
sync, PID, EOP, and so on.

144 Total

The exact details of the function (f(x)) are up to the particular implementation. However, it should be obvious that the goal is 
to minimize the area under the curve between the approximation function and the Last Start curve, without dipping below the 
LastStart line, while at the same time keeping the check as simple as possible for hardware implementation. The f(x) in Figure 240 
was constructed using the following pseudo-code test on each transaction size data point. This algorithm assumes that the host 
controller keeps track of the remaining bits in the frame.

Algorithm CheckTransactionWillFit (MaximumPacketSize, HC_BytesLeftInFrame) 
Begin
Local Temp = MaximumPacketSize + 192 
Local rvalue = TRUE
If MaximumPacketSize >= 128 then 
     Temp += 128 
End If
If Temp > HC_BytesLeftInFrame then 
     Rvalue = FALSE
End If 
Return rvalue
End

This algorithm takes two inputs, the current maximum packet size of the transaction and the hardware counter of the number of 
bytes left in the current micro-frame. It unconditionally adds a simple constant of 192 to the maximum packet size to account for 
a first-order effect of transaction overhead and bit stuffing. If the transaction size is greater than or equal to 128 bytes, then an 
additional constant of 128 is added to the running sum to account for the additional worst-case bit stuffing of payloads larger than 
128. An inflection point was inserted at 128 because the f(x) plot was getting close to the LastStart line.

34.3.2.1.5 Periodic schedule frame boundaries vs bus frame boundaries
The USB Specification Revision 2.0 requires that the frame boundaries (SOF frame number changes) of the high-speed bus 
and the full- and low-speed bus(s) below USB 2.0 Hubs be strictly aligned. Super-imposed on this requirement is that USB 
2.0 Hubs manage full- and low-speed transactions through a micro-frame pipeline (see start- (SS) and complete- (CS) splits 
illustrated in the following figure). A simple, direct projection of the frame boundary model into the host controller interface 
schedule architecture creates tension (complexity for both hardware and software) between the frame boundaries and the 
scheduling mechanisms required to service the full- and low-speed transaction translator periodic pipelines.
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Figure 241. Frame Boundary Relationship between HS bus and FS/LS Bus

The simple projection, as the above figure illustrates, introduces frame-boundary wrap conditions for scheduling on both the 
beginning and end of a frame. In order to reduce the complexity for hardware and software, the host controller is required to 
implement one micro-frame phase shift for its view of frame boundaries. The phase shift eliminates the beginning of frame and 
frame-wrap scheduling boundary conditions.

The implementation of this phase shift requires that the host controller use one register value for accessing the periodic frame 
list and another value for the frame number value included in the SOF token. These two values are separate, but tightly coupled. 
The periodic frame list is accessed through the Frame List Index Register (USB_FRINDEX) documented in FRINDEX and initially 
illustrated in Schedule traversal rules. Bits FRINDEX[2:0], represent the micro-frame number. The SOF value is coupled to the 
value of FRINDEX[13:3]. Both FRINDEX[13:3] and the SOF value are increment based on FRINDEX[2:0]. It is required that the 
SOF value be delayed from the FRINDEX value by one micro-frame. The one micro-frame delay yields host controller periodic 
schedule and bus frame boundary relationship as illustrated in the following figure. This adjustment allows software to trivially 
schedule the periodic start and complete-split transactions for full-and low-speed periodic endpoints, using the natural alignment 
of the periodic schedule interface. The reasons for selecting this phase-shift are beyond the scope of this specification.

The following figure illustrates how periodic schedule data structures relate to schedule frame boundaries and bus frame 
boundaries. To aid the presentation, two terms are defined: The host controller's view of the 1 msec boundaries is called 
H-Frames. The high-speed bus's view of the 1 msec boundaries is called B-Frames.
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Figure 242. Relationship of Periodic Schedule Frame Boundaries to Bus Frame Boundaries

H-Frame boundaries for the host controller correspond to increments of FRINDEX[13:3]. Micro-frame numbers for the H-Frame 
are tracked by FRINDEX[2:0]. B-Frame boundaries are visible on the high-speed bus through changes in the SOF token's frame 
number. Micro-frame numbers on the high-speed bus are only derived from the SOF token's frame number (that is the high-speed 
bus sees eight SOFs with the same frame number value). H-Frames and B-Frames have the fixed relationship (that is B-Frames 
lag H-Frames by one micro-frame time) illustrated in the figure above. The host controller's periodic schedule is naturally aligned 
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to H-Frames. Software schedules transactions for full- and low-speed periodic endpoints relative the H-Frames. The result is 
these transactions execute on the high-speed bus at exactly the right time for the USB 2.0 Hub periodic pipeline. As described 
in FRINDEX, the SOF Value can be implemented as a shadow register (in this example, called SOFV), which lags the FRINDEX 
register bits [13:3] by one micro-frame count. This lag behavior can be accomplished by incrementing FRINDEX[13:3] based on 
carry-out on the 7 to 0 increment of FRINDEX[2:0] and incrementing SOFV based on the transition of 0 to 1 of FRINDEX[2:0].

Software is allowed to write to FRINDEX. FRINDEX provides the requirements that software should adhere when writing a new 
value in FRINDEX.

The table below illustrates the required relationship between the value of FRINDEX and the value of SOFV.

Table 322. Operation of FRINDEX and SOFV (SOF Value Register)

Current Next

FRINDEX[F] SOFV FRINDEX[mF] FRINDEX[F] SOFV FRINDEX[mF]

N N 111b N+1 N 000b

N+1 N 000b N+1 N+1 001b

N+1 N+1 001b N+1 N+1 010b

N+1 N+1 010b N+1 N+1 011b

N+1 N+1 011b N+1 N+1 100b

N+1 N+1 100b N+1 N+1 101b

N+1 N+1 101b N+1 N+1 110b

N+1 N+1 110b N+1 N+1 111b

 
Where [F] = [13:3]; [μF] = [2:0]

  NOTE  

34.3.2.1.6 Periodic schedule

The periodic schedule traversal is enabled or disabled through the Periodic Schedule Enable bit in the USB_USBCMD register. If 
the Periodic Schedule Enable bit is set to zero, then the host controller simply does not try to access the periodic frame list through 
the USB_PERIODICLISTBASE register. Likewise, when the Periodic Schedule Enable bit is one, then the host controller does 
use the USB_PERIODICLISTBASE register to traverse the periodic schedule.

The host controller will not react to modifications to the Periodic Schedule Enable immediately. In order to eliminate conflicts 
with split transactions, the host controller evaluates the Periodic Schedule Enable bit only when FRINDEX[2:0] is zero. System 
software must not disable the periodic schedule if the schedule contains an active split transaction work item that spans the 000b 
micro-frame. These work items must be removed from the schedule before the Periodic Schedule Enable bit is written to zero.

The Periodic Schedule Status bit in the USB_USBSTS register indicates status of the periodic schedule. System software enables 
(or disables) the periodic schedule by writing one (or zero) to the Periodic Schedule Enable bit in the USB_USBCMD register. 
Software then can poll the Periodic Schedule Status bit to determine when the periodic schedule has made the desired transition. 
Software must not modify the Periodic Schedule Enable bit unless the value of the Periodic Schedule Enable bit equals that of the 
Periodic Schedule Status bit.

The periodic schedule is used to manage all isochronous and interrupt transfer streams. The base of the periodic schedule is 
the periodic frame list. Software links schedule data structures to the periodic frame list to produce a graph of scheduled data 
structures. The graph represents an appropriate sequence of transactions.
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The following figure illustrates isochronous transfers (using Isochronous transaction descriptors (iTDs) and Split-transaction 
isochronous transfer descriptors(siTDs)) with a period of one are linked directly to the periodic frame list. Interrupt transfers (are 
managed with queue heads) and isochronous streams with periods other than one are linked following the period-one iTD/siTDs. 
Interrupt queue heads are linked into the frame list ordered by poll rate. Longer poll rates are linked first (for example, closest to 
the periodic frame list), followed by shorter poll rates, with queue heads with a poll rate of one, on the very end.
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Figure 243. Example Periodic Schedule

34.3.2.1.7 Managing isochronous transfers using iTDs

The structure of an iTD is presented in Isochronous (high-speed) transfer descriptor (iTD). The four distinct sections to an iTD:

• The first field is the Next Link Pointer. This field is for schedule linkage purposes only.

• Transaction description array. This area is an eight-element array. Each element represents control and status information 
for one micro-frame's worth of transactions for a single high-speed isochronous endpoint.

• The buffer page pointer array is a 7-element array of physical memory pointers to data buffers. These are 4 K aligned 
pointers to physical memory.

• Endpoint capabilities. This area utilizes the unused low-order 12 bits of the buffer page pointer array. The fields in this 
area are used across all transactions executed for this iTD, including endpoint addressing, transfer direction, maximum 
packet size and high-bandwidth multiplier.

34.3.2.1.7.1 Host controller operational model for iTDs
The host controller uses FRINDEX register bits [12:3] to index into the periodic frame list. This means that the host controller 
visits each frame list element eight consecutive times before incrementing to the next periodic frame list element. Each 
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iTD contains eight transaction descriptions, which map directly to FRINDEX register bits [2:0]. Therefore, each transaction 
descriptor corresponds to one micro-frame. Each iTD can span 8 micro-frames worth of transactions. When the host controller 
fetches an iTD, it uses FRINDEX register bits [2:0] to index into the transaction description array. If the active bit in the Status 
field of the indexed transaction description is set to zero, the host controller ignores the iTD and follows the Next pointer to the 
next schedule data structure.

When the indexed active bit is one, the host controller continues to parse the iTD. It stores the indexed transaction description 
and the general endpoint information (device address, endpoint number, maximum packet size, and so on.). It also uses the Page 
Select (PG) field to index the buffer pointer array, storing the selected buffer pointer and the next sequential buffer pointer. For 
example, if PG field is 0, then the host controller stores Page 0 and Page 1.

The host controller constructs a physical data buffer address by concatenating the current buffer pointer (as selected using the 
current transaction description's PG field) and the transaction description's Transaction Offset field. The host controller uses 
the endpoint addressing information and I/O-bit to execute a transaction to the appropriate endpoint. When the transaction is 
complete, the host controller clears the active bit and writes back any additional status information to the Status field in the currently 
selected transaction description.

The data buffer associated with the iTD must be virtually contiguous memory. Seven page pointers are provided to support 
eight high-bandwidth transactions regardless of the starting packet's offset alignment into the first page. A starting buffer pointer 
(physical memory address) is constructed by concatenating the page pointer (for example, page 0 pointer) selected by the active 
transaction descriptions' PG (for example, value: 00B) field with the transaction offset field. As the transaction moves data, the 
host controller must detect when an increment of the current buffer pointer crosses a page boundary. When this occurs the host 
controller simply replaces the current buffer pointer's page portion with the next page pointer (for example, page 1 pointer) and 
continues to move data. The size of each bus transaction is determined by the value in the Maximum Packet Size field. An iTD 
supports high-bandwidth pipes through the Mult (multiplier) field. When the Mult field is 1, 2, or 3, the host controller executes the 
specified number of Maximum Packet sized bus transactions for the endpoint in the current micro-frame. In other words, the Mult 
field represents a transaction count for the endpoint in the current micro-frame. If the Mult field is zero, the operation of the host 
controller is undefined. The transfer description is used to service all transactions indicated by the Mult field.

For OUT transfers, the value of the Transaction X Length field represents the total bytes to be sent during the micro-frame. The 
Mult field must be set by software to be consistent with Transaction X Length and Maximum Packet Size. The host controller sends 
the bytes in Maximum Packet Size'd portions. After each transaction, the host controller decrements its local copy of Transaction 
X Length by Maximum Packet Size. The number of bytes the host controller sends is always Maximum Packet Size or Transaction 
X Length, whichever is less. The host controller advances the transfer state in the transfer description, updates the appropriate 
record in the iTD and moves to the next schedule data structure. The maximum sized transaction supported is 3 x 1024 bytes.

For IN transfers, the host controller issues Mult transactions. It is assumed that software has properly initialized the iTD to 
accommodate all of the possible data. During each IN transaction, the host controller must use Maximum Packet Size to detect 
packet babble errors. The host controller keeps the sum of bytes received in the Transaction X Length field. After all transactions 
for the endpoint have completed for the micro-frame, Transaction X Length contains the total bytes received. If the final value 
of Transaction X Length is less than the value of Maximum Packet Size, then less data than was allowed for was received from 
the associated endpoint. This short packet condition does not set the USBINT bit in the USB_USBSTS register to one. The 
host controller will not detect this condition. If the device sends more than Transaction X Length or Maximum Packet Size bytes 
(whichever is less), then the host controller sets the Babble Detected bit to one and set the Active bit to zero. Note, that the host 
controller is not required to update the iTD field Transaction X Length in this error scenario. If the Mult field is greater than one, then 
the host controller automatically executes the value of Mult transactions. The host controller will not execute all Mult transactions if:

• The endpoint is an OUT and Transaction X Length goes to zero before all the Mult transactions have executed (ran out of 
data), or

• The endpoint is an IN and the endpoint delivers a short packet, or an error occurs on a transaction before Mult 
transactions have been executed. The end of micro-frame may occur before all of the transaction opportunities have 
been executed. When this happens, the transfer state of the transfer description is advanced to reflect the progress that 
was made, the result written back to the iTD and the host controller proceeds to processing the next micro-frame. Refer to 
Appendix D for a table summary of the host controller required behavior for all the high-bandwidth transaction cases.
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34.3.2.1.7.2 Software operational model for iTDs
A client buffer request to an isochronous endpoint may span 1 to N micro-frames. When N is larger than one, system software 
may have to use multiple iTDs to read or write data with the buffer (if N is larger than eight, it must use more than one iTD).

The following figure illustrates the simple model of how a client buffer is mapped by system software to the periodic schedule (that 
is the periodic frame list and a set of iTDs). On the right is the client description of its request. The description includes a buffer 
base address plus additional annotations to identify which portions of the buffer should be used with each bus transaction. In the 
middle is the iTD data structures used by the system software to service the client request. Each iTD can be initialized to service 
up to 24 transactions, organized into eight groups of up to three transactions each. Each group maps to one micro-frame's worth 
of transactions. The EHCI controller does not provide per-transaction results within a micro-frame. It treats the per-micro-frame 
transactions as a single logical transfer. On the left is the host controller's frame list. System software establishes references from 
the appropriate locations in the frame list to each of the appropriate iTDs. If the buffer is large, then system software can use a 
small set of iTDs to service the entire buffer. System software can activate the transaction description records (contained in each 
iTD) in any pattern required for the particular data stream.
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Figure 244. Example Association of iTDs to Client Request Buffer

As noted above, the client request includes a pointer to the base of the buffer and offsets into the buffer to annotate which buffer 
sections are to be used on each bus transaction that occurs on this endpoint. System software must initialize each transaction 
description in an iTD to ensure it uses the correct portion of the client buffer. For example, for each transaction description, 
the PG field is set to index the correct physical buffer page pointer and the Transaction Offset field is set relative to the correct 
buffer pointer page (for example, the same one referenced by the PG field). When the host controller executes a transaction it 
selects a transaction description record based on FRINDEX[2:0]. It then uses the current Page Buffer Pointer (as selected by 
the PG field) and concatenates to the transaction offset field. The result is a starting buffer address for the transaction. As the 
host controller moves data for the transaction, it must watch for a page wrap condition and properly advance to the next available 
Page Buffer Pointer. System software must not use the Page 6 buffer pointer in a transaction description where the length of the 
transfer wraps a page boundary. Doing so yields undefined behavior. The host controller hardware is not required to 'alias' the 
page selector to Page zero. USB 2.0 isochronous endpoints can specify a period greater than one. Software can achieve the 
appropriate scheduling by linking iTDs into the appropriate frames (relative to the frame list) and by setting appropriate transaction 
description elements active bits to one.
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34.3.2.1.7.2.1 Periodic scheduling threshold
The Isochronous Scheduling Threshold field in the USB_HCCPARAMS capability register is an indicator to system software 
as to how the host controller pre-fetches and effectively caches schedule data structures. It is used by system software when 
adding isochronous work items to the periodic schedule. The value of this field indicates to system software the minimum 
distance it can update isochronous data (relative to the current location of the host controller execution in the periodic list) and 
still have the host controller process them.

The iTD and siTD data structures each describe 8 micro-frames worth of transactions. The host controller is allowed to cache 
one (or more) of these data structures in order to reduce memory traffic. Three basic caching models that account for the fact 
the isochronous data structures span 8 micro-frames. The three caching models are: no caching, micro-frame caching and 
frame caching.

When software is adding new isochronous transactions to the schedule, it always performs a read of the USB_FRINDEX register 
to determine the current frame and micro-frame the host controller is currently executing. Of course, there is no information about 
where in the micro-frame the host controller is, so a constant uncertainty-factor of one micro-frame has to be assumed. Combining 
the knowledge of where the host controller is executing with the knowledge of the caching model allows the definition of simple 
algorithms for how closely software can reliably work to the executing host controller.

No caching is indicated with a value of zero in the Isochronous Scheduling Threshold field. The host controller may pre-fetch 
data structures during a periodic schedule traversal (per micro-frame) but always dumps any accumulated schedule state at 
the end of the micro-frame. At the appropriate time relative to the beginning of every micro-frame, the host controller always 
begins schedule traversal from the frame list. Software can use the value of the USB_FRINDEX register (plus the constant 1 
uncertainty-factor) to determine the approximate position of the executing host controller. When no caching is selected, software 
can add an isochronous transaction as near as 2 micro-frames in front of the current executing position of the host controller.

Frame caching is indicated with a non-zero value in bit [7] of the Isochronous Scheduling Threshold field. In the frame-caching 
model, system software assumes that the host controller caches one (or more) isochronous data structures for an entire frame (8 
micro-frames). Software uses the value of the USB_FRINDEX register (plus the constant 1 uncertainty) to determine the current 
micro-frame/frame (assume modulo 8 arithmetic in adding the constant 1 to the micro-frame number). For any current frame N, if 
the current micro-frame is 0 to 6, then software can safely add isochronous transactions to Frame N + 1. If the current micro-frame 
is 7, then software can add isochronous transactions to Frame N + 2.

Micro-frame caching is indicated with a non-zero value in the least-significant 3 bits of the Isochronous Scheduling Threshold 
field. System software assumes the host controller caches one or more periodic data structures for the number of micro-frames 
indicated in the Isochronous Scheduling Threshold field. For example, if the count value were 2, then the host controller keeps 
a window of 2 micro-frames worth of state (current micro-frame, plus the next) on-chip. On each micro-frame boundary, the host 
controller releases the current micro-frame state and begins accumulating the next micro-frame state.

34.3.2.1.8 Asynchronous schedule
The Asynchronous schedule traversal is enabled or disabled through the Asynchronous Schedule Enable bit in the 
USB_USBCMD register. If the Asynchronous Schedule Enable bit is set to zero, then the host controller simply does not try to 
access the asynchronous schedule through the USB_ASYNCLISTADDR register. Likewise, when the Asynchronous Schedule 
Enable bit is one, then the host controller does use the USB_ASYNCLISTADDR register to traverse the asynchronous 
schedule. Modifications to the Asynchronous Schedule Enable bit are not necessarily immediate. Rather the new value of the 
bit is taken into consideration the next time the host controller needs to use the value of the USB_ASYNCLISTADDR register 
to get the next queue head.

The Asynchronous Schedule Status bit in the USB_USBSTS register indicates status of the asynchronous schedule. System 
software enables (or disables) the asynchronous schedule by writing one (or zero) to the Asynchronous Schedule Enable bit in 
the USB_USBCMD register. Software then can poll the Asynchronous Schedule Status bit to determine when the asynchronous 
schedule has made the desired transition. Software must not modify the Asynchronous Schedule Enable bit unless the value of 
the Asynchronous Schedule Enable bit equals that of the Asynchronous Schedule Status bit.

The asynchronous schedule is used to manage all Control and Bulk transfers. Control and Bulk transfers are managed using 
queue head data structures. The asynchronous schedule is based at the USB_ASYNCLISTADDR register. The default value 
of the USB_ASYNCLISTADDR register after reset is undefined and the schedule is disabled when the Asynchronous Schedule 
Enable bit is zero.
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Software may only write this register with defined results when the schedule is disabled. For example, Asynchronous Schedule 
Enable bit in the USB_USBCMD and the Asynchronous Schedule Status bit in the USB_USBSTS register are zero. System 
software enables execution from the asynchronous schedule by writing a valid memory address (of a queue head) into this 
register. Then software enables the asynchronous schedule by setting the Asynchronous Schedule Enable bit to one. The 
asynchronous schedule is actually enabled when the Asynchronous Schedule Status bit is one.

When the host controller begins servicing the asynchronous schedule, it begins by using the value of the USB_ASYNCLISTADDR 
register. It reads the first referenced data structure and begins executing transactions and traversing the linked list as appropriate. 
When the host controller completes processing the asynchronous schedule, it retains the value of the last accessed queue head's 
horizontal pointer in the USB_ASYNCLISTADDR register. Next time the asynchronous schedule is accessed, this is the first data 
structure that is serviced. This provides round-robin fairness for processing the asynchronous schedule.

A host controller completes processing the asynchronous schedule when one of the following events occur:

• The end of a micro-frame occurs.

• The host controller detects an empty list condition (see Empty asynchronous schedule detection )

• The schedule has been disabled through the Asynchronous Schedule Enable bit in the USB_USBCMD register.

The queue heads in the asynchronous list are linked into a simple circular list as shown in Figure 239. Queue head data structures 
are the only valid data structures that may be linked into the asynchronous schedule. An isochronous transfer descriptor (iTD or 
siTD) in the asynchronous schedule yields undefined results.

The maximum packet size field in a queue head is sized to accommodate the use of this data structure for all non-isochronous 
transfer types. The USB Specification, Revision 2.0 specifies the maximum packet sizes for all transfer types and transfer speeds. 
System software should always parameterize the queue head data structures according to the core specification requirements.

34.3.2.1.8.1 Adding queue heads to asynchronous schedule
This is a software requirement section. There are two independent events for adding queue heads to the asynchronous 
schedule. The first is the initial activation of the asynchronous list. The second is inserting a new queue head into an activated 
asynchronous list.

Activation of the list is simple. System software writes the physical memory address of a queue head into the 
USB_ASYNCLISTADDR register, then enables the list by setting the Asynchronous Schedule Enable bit in the USB_USBCMD 
register to one.

When inserting a queue head into an active list, software must ensure that the schedule is always coherent from the host 
controllers' point of view. This means that the system software must ensure that all queue head pointer fields are valid. For 
example, qTD pointers have T-Bits set to one or reference valid Queue element transfer descriptors (qTDs) and the Horizontal 
Pointer references a valid queue head data structure. The following algorithm represents the functional requirements:

InsertQueueHead (pQHeadCurrent, pQueueHeadNew) 
          --
          -- Requirement: all inputs must be properly initialized.
          --
          -- pQHeadCurrent is a pointer to a queue head that is
          -- already in the active list 
          -- pQHeadNew is a pointer to the queue head to be added 
          --
          -- This algorithm links a new queue head into an existing
          -- list 
          --
          pQueueHeadNew.HorizontalPointer  =  pQueueHeadCurrent.HorizontalPointer
          pQueueHeadCurrent.HorizontalPointer =  physicalAddressOf(pQueueHeadNew)
End InsertQueueHead
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34.3.2.1.8.2 Removing queue heads from asynchronous schedule
This is a software requirement section. There are two independent events for removing queue heads from the asynchronous 
schedule. The first is shutting down (deactivating) the asynchronous list. The second is extracting a single queue head 
from an activated list. Software deactivates the asynchronous schedule by setting the Asynchronous Schedule Enable bit 
in the USB_USBCMD register to zero. Software can determine when the list is idle when the Asynchronous Schedule 
Status bit in the USB_USBSTS register is zero. The normal mode of operation is that software removes queue heads from 
the asynchronous schedule without shutting it down. Software must not remove an active queue head from the schedule. 
Software should first deactivate all active qTDs, wait for the queue head to go inactive, then remove the queue head from the 
asynchronous list. Software removes a queue head from the asynchronous list through the following algorithm. As illustrated, 
the unlinking is quite easy. Software merely must ensure all of the link pointers reachable by the host controller are kept 
consistent.

UnlinkQueueHead (pQHeadPrevious, pQueueHeadToUnlink, pQHeadNext) 
          --
          -- Requirement: all inputs must be properly initialized.
          --
          -- pQHeadPrevious is a pointer to a queue head that
          -- references the queue head to remove 
          -- pQHeadToUnlink is a pointer to the queue head to be
          -- removed
          -- pQheadNext is a pointer to a queue head still in the 
          -- schedule. Software provides this pointer with the 
          -- following strict rules: 
          --          if the host software is one queue head, then 
          --          pQHeadNext must be the same as 
          --          QueueheadToUnlink.HorizontalPointer. If the host 
          --          software is unlinking a consecutive series of 
          --          queue heads, QHeadNext must be set by software to 
          --          the  queue head remaining in the schedule.
          --
          -- This algorithm unlinks a queue head from a circular list 
          --
          pQueueHeadPrevious.HorizontalPointer =  pQueueHeadToUnlink.HorizontalPointer 
                               pQueueHeadToUnlink.HorizontalPointer = pQHeadNext
End UnlinkQueueHead

If software removes the queue head with the H-bit set to one, it must select another queue head still linked into the schedule and 
set its H-bit to one. This should be completed before removing the queue head. The requirement is that software keep one queue 
head in the asynchronous schedule, with its H-bit set to one. At the point software has removed one or more queue heads from 
the asynchronous schedule, it is unknown whether the host controller has a cached pointer to them. Similarly, it is unknown how 
long the host controller might retain the cached information, as it is implementation dependent and may be affected by the actual 
dynamics of the schedule load. Therefore, once software has removed a queue head from the asynchronous list, it must retain 
the coherency of the queue head (link pointers, and so on). It cannot disturb the removed queue heads until it knows that the host 
controller does not have a local copy of a pointer to any of the removed data structures.

The method software uses to determine when it is safe to modify a removed queue head is to handshake with the host controller. 
The handshake mechanism allows software to remove items from the asynchronous schedule, then execute a simple, lightweight 
handshake that is used by software as a key that it can free (or reuse) the memory associated the data structures it has removed 
from the asynchronous schedule.

The handshake is implemented with three bits in the host controller. The first bit is a command bit (Interrupt on Async Advance 
Doorbell bit in the USB_USBCMD register) that allows software to inform the host controller that something has been removed 
from its asynchronous schedule. The second bit is a status bit (Interrupt on Async Advance bit in the USB_USBSTS register) that 
the host controller sets after it has released all on-chip state that may potentially reference one of the data structures just removed. 
When the host controller sets this status bit to one, it also sets the command bit to zero. The third bit is an interrupt enable (Interrupt 
on Async Advance bit in the USB_USBINTR register) that is matched with the status bit. If the status bit is one and the interrupt 
enable bit is one, then the host controller asserts a hardware interrupt.
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The figure below illustrates a general example. In this example, consecutive queue heads (B and C) are unlinked from the 
schedule using the algorithm above. Before the unlink operation, the host controller has a copy of queue head A.

The unlink algorithm requires that as software unlinks each queue head, the unlinked queue head is loaded with the address of 
a queue head that remains in the asynchronous schedule.

When the host controller observes that doorbell bit being set to one, it makes a note of the local reachable schedule information. In 
this example, the local reachable schedule information includes both queue heads (A and B). It is sufficient that the host controller 
can set the status bit (and clear the doorbell bit) as soon as it has traversed beyond current reachable schedule information (that 
is traversed beyond queue head (B) in this example). The following figure illustrates the generic queue head unlink scenario.

       A            B            C            D     

       Memory State     

       A            USBCMD.Interrupt on Async Advance Doorbell = 0     
       HC State     

       Before Unlink     

       A     
       B     

       C     

       D     

       Memory State     

       A            USBCMD.Interrupt on Async Advance Doorbell = 1       
USBSTS.Interrupt on Async Advance = 0            HC State     

       After Unlink (B,C) & @ Doorbell     

       A     
       B     

       C     

       D     

       Memory State     

       D            USBCMD.Interrupt on Async Advance Doorbell = 0       
USBSTS.Interrupt on Async Advance = 1            HC State     

       After Doorbell     

Figure 245. Generic Queue Head Unlink Scenario

Alternatively, a host controller implementation is allowed to traverse the entire asynchronous schedule list (for example, observed 
the head of the queue (twice)) before setting the Advance on Async status bit to one.

Software may re-use the memory associated with the removed queue heads after it observes the Interrupt on Async Advance 
status bit is set to one, following assertion of the doorbell. Software should acknowledge the Interrupt on Async Advance status 
as indicated in the USB_USBSTS register, before using the doorbell handshake again.

34.3.2.1.8.3 Empty asynchronous schedule detection
The Enhanced Host Controller Interface uses two bits to detect when the asynchronous schedule is empty. The queue head 
data structure (see Queue head) defines an H-bit in the queue head, which allows software to mark a queue head as being 
the head of the reclaim list. The Enhanced Host Controller Interface also keeps a 1-bit flag in the USB_USBSTS register 
(Reclamation) that is set to zero when the Enhanced Interface Host Controller observes a queue head with the H-bit set to 
one. The reclamation flag in the status register is set to one when any USB transaction from the asynchronous schedule is 
executed (or whenever the asynchronous schedule starts, see Asynchronous schedule traversal: Start event).

If the Enhanced Host Controller Interface ever encounters an H-bit of one and a Reclamation bit of zero, the EHCI controller simply 
stops traversal of the asynchronous schedule.

An example illustrating the H-bit in a schedule is shown in the following figure.
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       . . .     
       Operational       
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       1: Transaction Executed       
0: Head of List Seen     

Figure 246. Asynchronous Schedule List w/Annotation to Mark Head of List

Software must ensure there is at most one queue head with the H-bit set to one, and that it is always coherent with respect to 
the schedule.

34.3.2.1.8.4 Restarting asynchronous schedule before EOF
There are many situations where the host controller will detect an empty list long before the end of the micro-frame. It is 
important to remember that under many circumstances the schedule traversal has stopped due to Nak/Nyet responses from all 
endpoints.

An example of particular interest is when a start-split for a bulk endpoint occurs early in the micro-frame. Given the EHCI simple 
traversal rules, the complete-split for that transaction may Nak/Nyet out very quickly. If it is the only item in the schedule, then 
the host controller ceases traversal of the Asynchronous schedule very early in the micro-frame. In order to provide reasonable 
service to this endpoint, the host controller should issue the complete-split before the end of the current micro-frame, instead of 
waiting until the next micro-frame. When the reason for host controller idling asynchronous schedule traversal is because of empty 
list detection, it is mandatory the host controller implement a 'waking' method to resume traversal of the asynchronous schedule. 
An example method is described below.

34.3.2.1.8.4.1 Example method for restarting asynchronous Schedule traversal
The reason for idling the host controller when the list is empty is to keep the host controller from unnecessarily occupying too 
much memory bandwidth. The question is: how long should the host controller stay idle before restarting?

The answer in this example is based on deriving a manifest constant, which is the amount of time the host controller will stay idle 
before restarting traversal. In this example, the manifest constant is called AsyncSchedSleepTime, and has a value of 10 μsec. 
The value is derived based on the analysis in Example derivation for AsyncSchedSleepTime. The traversal algorithm is simple:

• Traverse the Asynchronous schedule until either an End-Of-micro-Frame event occurs, or an empty list is detected. If the 
event is an End-of-micro-Frame, go attempt to traverse the Periodic schedule. If the event is an empty list, then set a 
sleep timer and go to a schedule sleep state.

• When the sleep timer expires, set working context to the Asynchronous Schedule start condition and go to schedule active 
state. The start context allows the HC to reload Nakcnt fields, and so on. So the HC has a chance to run for more than 
one iteration through the schedule.

This process simply repeats itself each micro-frame. The figure below illustrates a sample state machine to manage the active 
and sleep states of the Asynchronous Schedule traversal policy. There are three states: Actively traversing the Asynchronous 
schedule, Sleeping, and Not Active. The last two are similar in terms of interaction with the Asynchronous schedule, but the Not 
Active state means that the host controller is busy with the Periodic schedule or the Asynchronous schedule is not enabled. The 
Sleeping state is specifically a special state where the host controller is just waiting for a period of time before resuming execution 
of the Asynchronous schedule.
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       Periodic Schedule Complete       
And Async Schedule       
Enabled     

       Denotes an action is       
triggered by this event.       
Action is described where is       
defined     

       End of micro-Frame            End of micro-Frame => C     

       Sleep Timer Expires => B     

       Empty List => A     
       Asyn Sched       

Active     
       Asyn Sched       

Sleeping     

       Asyn Sched       
Not Active            End of micro-Frame     

Figure 247. Example State Machine for Managing Asynchronous Schedule Traversal

The actions referred to in the figure above are defined in the following table.

Table 323. Asynchronous Schedule SM Transition Actions

Action Action Description Label

A On detection of the empty list, the host controller sets the AsynchronousTraversalSleepTimer 
to AsyncSchedSleepTime.

B When the AsynchronousTraversalSleepTimer expires, the host controller sets the Reclamation bit in the USBSTS 
register to one, and moves the Nak Counter reload state machine to WaitForListHead (see Nak count reload 
control ).

C The host controller cancels the sleep timer (AsynchronousTraversalSleepTimer).

34.3.2.1.8.4.2 Async sched not active
This is the initial state of the traversal state machine after a host controller reset. The traversal state machine does not leave 
this state when the Asynchronous Schedule Enable bit in the USB_USBCMD register is zero.

This state is entered from Async Sched Active or Async Sched Sleeping states when the end-of-micro-frame event is detected.

34.3.2.1.8.4.3 Async sched active
This state is entered from the Async Sched Not Active state when the periodic schedule is not active. It is also entered from 
the Async Sched Sleeping states when the AsynchronousTraversalSleepTimer expires. On every transition into this state, the 
host controller sets the Reclamation bit in the USB_USBSTS register to one.

While in this state, the host controller continually traverses the asynchronous schedule until either the end of micro-frame or an 
empty list condition is detected.

34.3.2.1.8.4.4 Async sched sleeping
The state is entered from the Async Sched Active state when a schedule empty condition is detected. On entry to this state, 
the host controller sets the AsynchronousTraversalSleepTimer to AsyncSchedSleepTime. 
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34.3.2.1.8.4.5 Example derivation for AsyncSchedSleepTime
The derivation is based on analysis of what work the host controller could be doing next. It assumes the host controller does 
not keep any state about what work is possibly pending in the asynchronous schedule. The schedule could contain any mix of 
the possible combinations of high- full- or low-speed control and bulk requests.

The table below summarizes some of the typical 'next transactions' that could be in the schedule, and the amount of time (for 
example footprint, or wall clock) the transaction takes to complete.

Table 324. Typical Low-/Full-speed Transaction Times

Transaction Attributes Footprint (time) Description

Speed HS 11.9 ms Maximum foot print for a worst-case, full-sized bulk data transaction.

Size 512 9.45 ms Maximum footprint for an approximate best-case, full-sized bulk 
data transaction.

Type Bulk

Speed FS ~50 ms Approximate typical for full-sized bulk data. An 8-byte low-speed is about 
2x, or between 90 and 100 ms.

Size 64

Type Bulk

Speed FS ~12 ms Approximate typical for 8-byte bulk/control (that is setup)

Size 8

Type Cntrl

A AsyncSchedSleepTime value of 10 μs provides a reasonable relaxation of the system memory load and still provides a good 
level of service for the various transfer types and payload sizes. For example, say we detect an empty list after issuing a start-split 
for a 64-byte full-speed bulk request. Assuming this is the only thing in the list, the host controller gets the results of the full-speed 
transaction from the hub during the fifth complete-split request. If the full-speed transaction was an IN and it nak'd, the 10 μs sleep 
period would allow the host controller to get the NAK results on the first complete-split.

34.3.2.1.8.5 Asynchronous schedule traversal: Start event
Once the HC has idled itself through the empty schedule detection (Section 0), it will naturally activate and begin processing 
from the Periodic Schedule at the beginning of each micro-frame. In addition, it may have idled itself early in a micro-frame. 
When this occurs (idles early in the micro-frame) the HC must occasionally re-activate during the micro-frame and traverse the 
asynchronous schedule to determine whether any progress can be made. The requirements and method for this restart are 
described in Restarting asynchronous schedule before EOF . Asynchronous schedule Start Events are defined to be:

• Whenever the host controller transitions from the periodic schedule to the asynchronous schedule. If the periodic schedule 
is disabled and the asynchronous schedule is enabled, then the beginning of the micro-frame is equivalent to the transition 
from the periodic schedule, or

• The asynchronous schedule traversal restarts from a sleeping state (see Restarting asynchronous schedule before EOF ).

34.3.2.1.8.6 Reclamation status bit (USBSTS Register)

The operation of the empty asynchronous schedule detection feature (see Empty asynchronous schedule detection ) depends on 
the proper management of the Reclamation bit in the USB_USBSTS register. The host controller tests for an empty schedule just 
after it fetches a new queue head while traversing the asynchronous schedule (see Fetch queue head ).
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The host controller is required to set the Reclamation bit to one whenever an asynchronous schedule traversal Start Event, as 
documented in Asynchronous schedule traversal: Start event, occurs. The Reclamation bit is also set to one whenever the host 
controller executes a transaction while traversing the asynchronous schedule (see Execute transaction ). The host controller sets 
the Reclamation bit to zero whenever it finds a queue head with its H-bit set to one. Software should only set a queue head's H-bit if 
the queue head is in the asynchronous schedule. If software sets the H-bit in an interrupt queue head to one, the resulting behavior 
is undefined. The host controller may set the Reclamation bit to zero when executing from the periodic schedule.

34.3.2.1.9 Operational model for Nak counter
This section describes the operational model for the NakCnt field defined in a queue head. See Queue head initialization for 
more information. Software should not use this feature for interrupt queue heads. This rule is not required to be enforced by 
the host controller.

USB protocol has built-in flow control through the Nak response by a device. There are several scenarios, beyond the Ping feature, 
where an endpoint may naturally Nak or Nyet the majority of the time. An example is the host controller management of the 
split transaction protocol for control and bulk endpoints. All bulk endpoints (High- or Full-speed) are serviced through the same 
asynchronous schedule. The time between the Start-split transaction and the first Complete-split transaction could be very short 
(that is like when the endpoint is the only one in the asynchronous schedule). The hub NYETs (effectively Naks) the Complete-split 
transaction until the classic transaction is complete. This could result in the host controller thrashing memory, repeatedly fetching 
the queue head and executing the transaction to the Hub, which does not complete until after the transaction on the classic 
bus completes.

The two component fields in a queue head to support the throttling feature: a counter field (NakCnt), and a counter reload field 
(RL). NakCnt is used by the host controller as one of the criteria to determine whether or not to execute a transaction to the 
endpoint. The two operational modes associated with this counter:

• Not Used- This mode is set when the RL field is zero. The host controller ignores the NakCnt field for any execution of 
transactions through a queue head with an RL field of zero. Software must use this selection for interrupt endpoints.

• Nak Throttle Mode- This mode is selected when the RL field is non-zero. In this mode, the value in the NakCnt field 
represents the maximum number of Nak or Nyet responses the host controller tolerates on each endpoint. In this mode, 
the HC decrements the NakCnt field based on the token/handshake criteria listed in the table below. The host controller 
must reload NakCnt when the endpoint successfully moves data (for example, policy to reward device for moving data).

The following table describes the NakCnt field adjustment rules.

Table 325. NakCnt Field Adjustment Rules

Token Handshake

Handshake NAK NYET

IN/PING decrement NakCnt N/A (protocol error)

OUT decrement NakCnt No Action1 Start

Split decrement NakCnt N/A (protocol error)

Complete Split No Action Decrement NakCnt

1. Recommended behavior on this response is to reload NakCnt

In summary, system software enables the counter by setting the reload field (RL) to a non-zero value. The host controller may 
execute a transaction if NakCnt is non-zero. The host controller does not execute a transaction if NakCnt is zero. The reload 
mechanism is described in detail in Nak count reload control .
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When all queue heads in the Asynchronous Schedule either exhausts all transfers or all NakCnt's go to zero, 
then the host controller detects an empty Asynchronous Schedule and idle schedule traversal (see Empty 
asynchronous schedule detection ).

  NOTE  

Any time the host controller begins a new traversal of the Asynchronous Schedule, a Start Event is assumed, see Asynchronous 
schedule traversal: Start event. Every time a Start-Event occurs, the Nak Count reload procedure is enabled.

34.3.2.1.9.1 Nak count reload control

When the host controller reaches the Execute Transaction state for a queue head (meaning that it has an active operational state), 
it checks to determine whether the NakCnt field should be reloaded from RL (see Execute transaction ). If the answer is yes, 
then RL is copied into NakCnt. After the reload or if the reload is not active, the host controller evaluates whether to execute 
the transaction.

The host controller must reload nak counters (NakCnt see Queue head) in queue heads during the first pass through the 
reclamation list after an asynchronous schedule Start Event (see Asynchronous schedule traversal: Start event for the definition 
of the Start Event). The Asynchronous Schedule should have at most one queue head marked as the head (see Figure 246).

The following figure illustrates an example state machine that satisfies the operational requirements of the host controller detecting 
the first pass through the Asynchronous Schedule. This state machine is maintained internal to the host controller and is only used 
to gate reloading of the nak counter during the queue head traversal state: Execute Transaction (see the figure below). The host 
controller does not perform the nak counter reload operation if the RL field (see Queue head) is set to zero.

       Do Reload     

       Wait for List       
Head     

       Wait for       
Start Event     

       QH.H == 1     

       Start       
Event     

       QH.H == 1     

Figure 248. Example HC State Machine for Controlling Nak Counter Reloads

34.3.2.1.9.1.1 Wait for list head
This is the initial state. The state machine enters this state from Wait for Start Event when a start event as defined in 
Asynchronous schedule traversal: Start event occurs. The purpose of this state is to wait for the first observation of the head of 
the Asynchronous Schedule. This occurs when the host controller fetches a queue head whose H-bit is set to one.

34.3.2.1.9.1.2 Do reload
This state is entered from the Wait for List Head state when the host controller fetches a queue head with the H-bit set to 
one. While in this state, the host controller performs nak counter reloads for every queue head visited that has a non-zero nak 
reload value (RL) field. 

34.3.2.1.9.1.3 Wait for start event
This state is entered from the Do Reload state when a queue head with the H-bit set to one is fetched. While in this state, the 
host controller does not perform nak counter reloads. 
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34.3.2.1.10 Managing control/bulk/interrupt transfers through queue heads
This section presents an overview of how the host controller interacts with queuing data structures.

Queue heads use the Queue Element Transfer Descriptor (qTD) structure. One queue head is used to manage the data stream 
for one endpoint. The queue head structure contains static endpoint characteristics and capabilities. It also contains a working 
area from where individual bus transactions for an endpoint are executed (see Overlay area defined in Table 377). Each qTD 
represents one or more bus transactions, which is defined in the context of this specification as a transfer.

The general processing model for the host controller's use of a queue head is simple:

• read a queue head,

• execute a transaction from the overlay area,

• write back the results of the transaction to the overlay area,

• move to the next queue head.

If the host controller encounters errors during a transaction, the host controller sets one (or more) of the error reporting bits in the 
queue head's Status field. The Status field accumulates all errors encountered during the execution of a qTD (for example, the 
error bits in the queue head Status field are 'sticky' until the transfer (qTD) has completed). This state is always written back to 
the source qTD when the transfer is complete. On transfer (for example, buffer or halt conditions) boundaries, the host controller 
must auto-advance (without software intervention) to the next qTD. Additionally, the hardware must be able to halt the queue so 
no additional bus transactions occurs for the endpoint and the host controller does not advance the queue.

An example host controller operational state machine of a queue head traversal is illustrated in the following figure. This state 
machine is a model for how a host controller should traverse a queue head. The host controller must be able to advance the queue 
from the Fetch QH state in order to avoid all hardware/software race conditions. This simple mechanism allows software to simply 
link qTDs to the queue head and activate them, then the host controller always find them if/when they are reachable. The figure 
below illustrates the Host Controller Queue Head Traversal State Machine.
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Figure 249. Host Controller Queue Head Traversal State Machine

This traversal state machine applies to all queue heads, regardless of transfer type or whether split transactions are required. 
The following sections describe each state. Each state description describes the entry criteria. The Execute Transaction state 
(see Execute transaction ) describes the basic requirements for all endpoints. Split transactions for asynchronous transfers and 
Split transaction interrupt describe details of the required extensions to the Execute Transaction state for endpoints requiring 
split transactions.

 
Prior to software placing a queue head into either the periodic or asynchronous list, software must ensure the queue 
head is properly initialized. Minimally, the queue head should be initialized to the following (see Section Queue 
Head for layout of a queue head):

  NOTE  

Valid static endpoint state.

• For the very first use of a queue head, software may zero-out the queue head transfer overlay, then set the Next qTD 
Pointer field value to reference a valid qTD.

34.3.2.1.10.1 Fetch queue head

A queue head can be referenced from the physical address stored in the ASYNCLISTADDR Register. Additionally, it may be 
referenced from the Next LinkPointer field of an iTD, siTD, FSTN or another Queue Head. If the referencing link pointer has the 
Typ field set to indicate a queue head, it is assumed to reference a queue head structure as defined in Queue head.

While in this state, the host controller performs operations to implement empty schedule detection (see Empty asynchronous 
schedule detection ) and Nak Counter reloads (see Operational model for Nak counter). After the queue head has been fetched, 
the host controller conducts the following queries for empty schedule detection:
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• If queue head is not an interrupt queue head (that is S-mask is zero), and

• The H-bit is one, and

• The Reclamation bit in the USBSTS register is zero.

When these criteria are met, the host controller stops traversing the asynchronous list (as described in Empty asynchronous 
schedule detection ). When the criteria are not met, the host controller continues schedule traversal. If the queue head is not an 
interrupt and the H-bit is one and the Reclamation bit is one, then the host controller sets the Reclamation bit in the USBSTS 
register to zero before completing this state. The operations for reloading of the Nak Counter are described in detail in Operational 
model for Nak counter.

This state is complete when the queue head has been read on-chip.

34.3.2.1.10.2 Advance queue
To advance the queue, the host controller must find the next qTD, adjust pointers, perform the overlay and write back the 
results to the queue head.

This state is entered from the FetchQHD state if the overlay Active and Halt bits are set to zero. On entry to this state, the host 
controller determines which next pointer to use to fetch a qTD, fetches a qTD and determines whether or not to perform an overlay.

 
If the I-bit is one and the Active bit is zero, the host controller immediately skips processing of this queue head, exits 
this state and uses the horizontal pointer to the next schedule data structure. If the field Bytes to Transfer is not zero 
and the T-bit in the Alternate Next qTD Pointer is set to zero, then the host controller uses the Alternate Next qTD 
Pointer. Otherwise, the host controller uses the NextqTD Pointer. If NextqTD Pointer's T-bit is set to one, then the 
host controller exits this state and uses the horizontal pointer to the next schedule data structure.

  NOTE  

Using the selected pointer the host controller fetches the referenced qTD. If the fetched qTD has its Active bit set to one, the host 
controller moves the pointer value used to reach the qTD (Next or Alternate Next) to the Current qTD Pointer field, then performs 
the overlay. If the fetched qTD has its Active bit set to zero, the host controller aborts the queue advance and follows the queue 
head's horizontal pointer to the next schedule data structure.

The host controller performs the overlay based on the following rules:

• The value of the data toggle (dt) field in the overlay area depends on the value of the data toggle control (dtc) bit (see 
Table 379).

• If the EPS field indicates the endpoint is a high-speed endpoint, the Ping state field is preserved by the host controller. 
The value of this field is not changed as a result of the overlay.

• C-prog-mask field is set to zero (field from incoming qTD is ignored, as is the current contents of the overlay area).

• Frame Tag field is set to zero (field from incoming qTD is ignored, as is the current contents of the overlay area).

• NakCnt field in the overlay area is loaded from the RL field in the queue head's Static Endpoint State.

• All other areas of the overlay are set by the incoming qTD.

The host controller exits this state when it has committed the write to the queue head.

34.3.2.1.10.3 Execute transaction
The host controller enters this state from the Fetch Queue Head state only if the Active bit in Status field of the queue head is 
set to one.

On entry to this state, the host controller executes a few pre-operations, then checks some pre-condition criteria before committing 
to executing a transaction for the queue head.

The pre-operations performed and the pre-condition criteria depend on whether the queue head is an interrupt endpoint. The host 
controller can determine that a queue head is an interrupt queue head when the queue head's S-mask field contains a non-zero 
value. It is the responsibility of software to ensure the S-mask field is appropriately initialized based on the transfer type. There are 

NXP Semiconductors
USB OTG Controller (USB CTRL)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1896 / 5781



other criteria that must be met if the EPS field indicates that the endpoint is a low- or full-speed endpoint, see Split transactions 
for asynchronous transfers and Split transaction interrupt .

34.3.2.1.10.3.1 Interrupt transfer pre-condition criteria
If the queue head is for an interrupt endpoint (for example, non-zero S-mask field), then the FRINDEX[2:0] field must identify 
a bit in the S-mask field that has one in it. For example, an S-mask value of 00100000b would evaluate to true only when 
FRINDEX[2:0] is equal to 101b. If this condition is met then the host controller considers this queue head for a transaction.

34.3.2.1.10.3.2 Asynchronous transfer pre-operations and pre-condition criteria
If the queue head is not for an interrupt endpoint (for example, zero S-mask field), then the host controller performs one 
pre-operation and then evaluates one pre-condition criteria. 

The pre-operation is:

Checks the Nak counter reload state (Operational model for Nak counter). It may be necessary for the host controller to reload 
the Nak Counter field. The reload is performed at this time.

The pre-condition evaluated is:

• Whether or not the NakCnt field has been reloaded, the host controller checks the value of the NakCnt field in the queue 
head. If NakCnt is non-zero, or if the Reload Nak Counter field is zero, then the host controller considers this queue head 
for a transaction.

34.3.2.1.10.3.3 Transfer type independent pre-operations
Regardless of the transfer type, the host controller always performs at least one pre-operation and evaluates one pre-condition. 
The pre-operation is:

• A host controller internal transaction (down) counter qHTransactionCounter is loaded from the queue head's Mult field. 
A host controller implementation is allowed to ignore this for queue heads on the asynchronous list. It is mandatory for 
interrupt queue heads. Software should ensure that the Mult field is set appropriately for the transfer type.

The pre-conditions evaluated are:

• The host controller determines whether there is enough time in the micro-frame to complete this transaction (see 
Transaction fit - a best-fit approximation algorithm for an example evaluation method). If there is not enough time to 
complete the transaction, the host controller exits this state.

• If the value of qHTransactionCounter for an interrupt endpoint is zero, then the host controller exits this state.

When the pre-operations are complete and pre-conditions are met, the host controller sets the Reclamation bit in the USBSTS 
register to one and then begins executing one or more transactions using the endpoint information in the queue head. The 
host controller iterates qHTransactionCounter times in this state executing transactions. After each transaction is executed, 
qHTransactionCounter is decremented by one. The host controller exits this state when one of the following events occurs:

• The qHTransactionCounter decrements to zero, or

• The endpoint responds to the transaction with any handshake other than an ACK,4 or

• The transaction experiences a transaction error, or

• The Active bit in the queue head goes to zero, or

• There is not enough time in the micro-frame left to execute the next transaction(see Transaction fit - a best-fit 
approximation algorithm ) for example method for implementing the frame boundary test).

 
For a high-bandwidth interrupt OUT endpoint, the host controller may optionally immediately retry the transaction 
if it fails.

  NOTE  

The results of each transaction is recorded in the on-chip overlay area. If data was successfully moved during the transaction, 
the transfer state in the overlay area is advanced. To advance queue head's transfer state, the Total Bytes to Transfer field 
is decremented by the number of bytes moved in the transaction, the data toggle bit (dt) is toggled, the current page offset is 
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advanced to the next appropriate value (for example, advanced by the number of bytes successfully moved), and the C_Page field 
is updated to the appropriate value (if necessary). See Buffer pointer list use for data streaming with qTDs .

 
The Total Bytes To Transfer field may be zero when all the other criteria for executing a transaction are met. When 
this occurs, the host controller executes zero-length transaction to the endpoint. If the PID_Code field indicates an 
IN transaction and the device delivers data, the host controller detects a packet babble condition, set the babble 
and halted bits in the Status field, set the Active bit to zero, write back the results to the source qTD, then exit 
this state.

  NOTE  

In the event an IN token receives a data PID mismatch response, the host controller must ignore the received data (for example 
not advance the transfer state for the bytes received). Additionally, if the endpoint is an interrupt IN, then the host controller must 
record that the transaction occurred (for example, decrement qHTransactionCounter). It is recommended (but not required) the 
host controller continue executing transactions for this endpoint if the resultant value of qHTransactionCounter is greater than one.

If the response to the IN bus transaction is a Nak (or Nyet) and RL is non-zero, NakCnt is decremented by one. If RL is zero, then 
no write-back by the host controller is required (for a transaction receiving a Nak or Nyet response and the value of CErr did not 
change). Software should set the RL field to zero if the queue head is an interrupt endpoint. Host controller hardware is not required 
to enforce this rule or operation.

After the transaction has finished and the host controller has completed the post processing of the results (advancing the transfer 
state and possibly NakCnt, the host controller writes back the results of the transaction to the queue head's overlay area in 
main memory).

The number of bytes moved during an IN transaction depends on how much data the device endpoint delivers. The maximum 
number of bytes a device can send is MaximumPacket Size. The number of bytes moved during an OUT transaction is either 
Maximum Packet Length bytes or Total Bytes to Transfer, whichever is less.

If there was a transaction error during the transaction, the transfer state (as defined above) is not advanced by the host controller. 
The CErr field is decremented by one and the status field is updated to reflect the type of error observed. Transaction errors are 
summarized in Transaction error .

The following events causes the host controller to clear the Active bit in the queue head's overlay status field. When the Active bit 
transitions from one to zero, the transfer in the overlay is considered complete. The reason for the transfer completion (clearing 
the Active bit) determines the next state.

• CErr field decrements to zero. When this occurs the Halted bit is set to one and Active is set to zero. This results in the 
hardware not advancing the queue and the pipe halts. Software must intercede to recover.

• The device responds to the transaction with a STALL PID. When this occurs, the Halted bit is set to one and the Active 
bit is set to zero. This results in the hardware not advancing the queue and the pipe halts. Software must intercede to 
recover.

• The Total Bytes to Transfer field is zero after the transaction completes.

— For a zero length transaction, it was zero before the transaction was started. When this condition occurs, the Active 
bit is set to zero.

• The PID code is an IN, and the number of bytes moved during the transaction is less than the Maximum Packet 
Length. When this occurs, the Active bit is set to zero and a short packet condition exists. The short-packet condition is 
detected during the Advance Queue state. Refer to Split transactions for additional rules for managing low- and full-speed 
transactions.

With the exception of a NAK response (when RL field is zero), the host controller always writes the results of the transaction 
back to the overlay area in main memory. This includes when the transfer completes. For a high-speed endpoint, the queue head 
information written back includes minimally the following fields: The PID Code field indicates an IN and the device sends more 
than the expected number of bytes (for example Maximum Packet Length or Total Bytes to Transfer bytes, whichever is less) (for 
example a packet babble). This results in the host controller setting the Halted bit to one.

• NakCnt, dt, Total Bytes to Transfer, C_Page, Status, CERR, and Current Offset

For a low- or full-speed device the queue head information written back also includes the fields:
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• C-prog-mask, FrameTag and S-bytes.

The duration of this state depends on the time it takes to complete the transaction(s) and the status write to the overlay 
is committed.

34.3.2.1.10.3.4 Halting a queue head
A halted endpoint is defined only for the transfer types that are managed through queue heads (control, bulk and interrupt). 
The following events indicate that the endpoint has reached a condition where no more activity can occur without intervention 
from the driver:

• An endpoint may return a STALL handshake during a transaction,

• A transaction had three consecutive error conditions, or

• A Packet Babble error occurs on the endpoint.

When any of these events occur (for a queue head) the Host Controller halts the queue head and set the USBERRINT status bit in 
the USB_n_USBSTS register to one. To halt the queue head, the Active bit is set to zero and the Halted bit is set to one. There may 
be other error status bits that are set when a queue is halted. The host controller always writes back the overlay area to the source 
qTD when the transfer is complete, regardless of the reason (normal completion, short packet or halt). The host controller does 
not advance the transfer state on a transaction that results in a Halt condition (for example no updates necessary for Total Bytes to 
Transfer, C_Page, Current Offset, and dt). The host controller must update CErr as appropriate. When a queue head is halted, the 
USB Error Interrupt bit in the USB_n_USBSTS register is set to one. If the USB Error Interrupt Enable bit in the USB_n_USBINTR 
register is set to one, a hardware interrupt is generated at the next interrupt threshold.

34.3.2.1.10.3.5 Asynchronous schedule park mode
Asynchronous Schedule Park mode is a special execution mode that can be enabled by system software, where the host 
controller is permitted to execute more than one bus transaction from a high-speed queue head in the Asynchronous schedule 
before continuing horizontal traversal of the Asynchronous schedule. This feature has no effect on queue heads or other 
data structures in the Periodic schedule. This feature is similar in intent as the Mult feature that is used in the Periodic 
schedule. Where-as the Mult feature is a characteristic that is tunable for each endpoint; park-mode is a policy that is applied 
to all high-speed queue heads in the asynchronous schedule. It is essentially the specification of an iterator for consecutive 
bus transactions to the same endpoint. All of the rules for managing bus transactions and the results of those as defined 
in Execute transaction apply. This feature merely specifies how many consecutive times the host controller is permitted to 
execute from the same queue head before moving to the next queue head in the Asynchronous List. This feature should allow 
the host controller to attain better bus utilization for those devices that are capable of moving data at maximum rate, while at 
the same time providing a fair service to all endpoints.

A host controller exports its capability to support this feature to system software by setting the Asynchronous Schedule Park 
Capability bit in the USB_n_HCCPARAMs register to one. This information keys system software that the Asynchronous Schedule 
Park Mode Enable and Asynchronous Schedule Park Mode Count fields in the USB_n_USBCMD register are modifiable. System 
software enables the feature by writing a one to the Asynchronous Schedule Park Mode Enable bit.

When park-mode is not enabled (for example Asynchronous Schedule Park Mode Enable bit in the USB_n_USBCMD register 
is zero), the host controller must not execute more than one bus transaction per high-speed queue head, per traversal of the 
asynchronous schedule. When park-mode is enabled, the host controller must not apply the feature to a queue head whose EPS 
field indicates a Low/Full-speed device (for example only one bus transaction is allowed from each Low/Full-speed queue head 
per traversal of the asynchronous schedule). Park-mode may only be applied to queue heads in the Asynchronous schedule 
whose EPS field indicates that it is a high-speed device.

The host controller must apply park mode to queue heads whose EPS field indicates a high-speed endpoint. The maximum 
number of consecutive bus transactions a host controller may execute on a high-speed queue head is determined by the value 
in the Asynchronous Schedule Park Mode Count field in the USB_n_USBCMD register. Software must not set Asynchronous 
Schedule Park Mode Enable bit to one and also set Asynchronous Schedule Park Mode Count field to zero. The resulting behavior 
is not defined. An example behavioral example describes the operational requirements for the host controller implementing 
park-mode. This feature does not affect how the host controller handles the bus transaction as defined in Execute transaction . It 
only effects how many consecutive bus transactions for the current queue head can be executed. All boundary conditions, error 

NXP Semiconductors
USB OTG Controller (USB CTRL)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1899 / 5781



detection and reporting applies as usual. This feature is similar in concept to the use of the Mult field for high-bandwidth Interrupt 
for queue heads in the Periodic Schedule.

The host controller effectively loads an internal down-counter PM-Count from Asynchronous Schedule Park Mode Count when 
Asynchronous Schedule Park Mode Enable bit is one, and a high-speed queue head is first fetched and meets all the criteria for 
executing a bus transaction. After the bus transaction, PM-Count is decremented. The host controller may continue to execute 
bus transactions from the current queue head until PM-Count goes to zero, an error is detected, the buffer for the current transfer 
is exhausted or the endpoint responds with a flow-control or STALL handshake.

The following table summarizes the responses that effect whether the host controller continues with another bus transaction for 
the current queue head.

Table 326. Actions for Park Mode, based on Endpoint Response and Residual Transfer State

PID Endpoint Response Transfer State after Transaction Action

PM-Count Bytes to Transfer

IN DATA[0,1] w/
Maximum Packet 
sized data

Not zero Not Zero Allowed to perform another bus transaction.1,2

Not zero Zero Retire qTD and move to next QH

Zero Don't care Move to next QH.

DATA[0,1] w/
short packet

Don't care Don't care Retire qTD and move to next QH.

NAK Don't care Don't care Move to next QH.

STALL, XactErr Don't care Don't care Move to next QH.

OUT ACK Not zero Not Zero Allowed to perform another bus transaction.2

Not zero Zero Retire qTD and move to next QH

Zero Don't' care Move to next QH.

NYET, NAK Don't care Don't care Move to next QH.

STALL, XactErr Don't care Don't care Move to next QH

PING ACK Not Zero Not Zero Allowed to perform another bus transaction. 2

NAK Don't care Don't care Move to next QH

STALL, XactErr Don't care Don't care Move to next QH

1. The host controller may continue to execute bus transactions from the current high-speed queue head (if PM-Count is not 
equal to zero), if a PID mismatch is detected (for example expected DATA1 and received DATA0, or visa-versa).

2. This specification does not require that the host controller execute another bus transaction when PM-Count is non-zero. 
Implementations are encouraged to make appropriate complexity and performance trade-offs.

34.3.2.1.10.4 Write back qTD
This state is entered from the Execute Transaction state when the Active bit is set to zero. The source data for the write-back 
is the transfer results area of the queue head overlay area (see Table 326). The host controller uses the Current qTD Pointer 
field as the target address for the qTD. The queue head transfer result area is written back to the transfer result area of the 
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target qTD. This state is also referred to as: qTD retirement. The fields that must be written back to the source qTD include 
Total Bytes to Transfer, Cerr, and Status.

The duration of this state depends on when the qTD write-back is committed.

34.3.2.1.10.5 Follow queue head horizontal pointer

The host controller must use the horizontal pointer in the queue head to the next schedule data structure when any of the following 
conditions exist:

• If the Active bit is one on exit from the Execute Transaction state, or

• When the host controller exits the Write Back qTD state, or

• If the Advance Queue state fails to advance the queue because the target qTD is not active, or

• If the Halted bit is one on exit from the Fetch QH state.

There is no functional requirement that the host controller wait until the current transaction is complete before using the horizontal 
pointer to read the next linked data structure. However, it must wait until the current transaction is complete before executing the 
next data structure.

34.3.2.1.10.6 Buffer pointer list use for data streaming with qTDs
A qTD has an array of buffer pointers, which is used to reference the data buffer for a transfer. This specification requires that 
the buffer associated with the transfer be virtually contiguous. This means: if the buffer spans more than one physical page, it 
must obey the following rules (the figure below illustrates an example):

• The first portion of the buffer must begin at some offset in a page and extend through the end of the page.

• The remaining buffer cannot be allocated in small chunks scattered around memory. For each 4 K chunk beyond the first 
page, each buffer portion matches to a full 4 K page. The final portion, which may only be large enough to occupy a 
portion of a page, must start at the top of the page and be contiguous within that page.

The buffer pointer list in the qTD is long enough to support a maximum transfer size of 20 KB. This case occurs when all five buffer 
pointers are used and the first offset is zero. A qTD handles a 16 KB buffer with any starting buffer alignment.

The host controller uses the field C_Page field as an index value to determine which buffer pointer in the list should be used to 
start the current transaction. The host controller uses a different buffer pointer for each physical page of the buffer. This is always 
true, even if the buffer is physically contiguous.

The host controller must detect when the current transaction spans a page boundary and automatically move to the next available 
buffer pointer in the page pointer list. The next available pointer is reached by incrementing C_Page and pulling the next page 
pointer from the list. Software must ensure there are sufficient buffer pointers to move the amount of data specified in the Bytes 
to Transfer field.

The following figure illustrates a nominal example of how System software would initialize the buffer pointers list and the C_Page 
field for a transfer size of 16383 bytes. C_Page is set to zero. The upper 20-bits of Page 0 references the start of the physical page. 
Current Offset (the lower 12-bits of queue head Dword 7) holds the offset in the page for example 2049 (for example 4096-2047). 
The remaining page pointers are set to reference the beginning of each subsequent 4 K page.
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       Bytes to Transfer = 16383 bytes       
     

       Page 0 = 2047       
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Page 3 = 4096       
Page 4 = 2048       
       
Total: 16383     

Figure 250. Example Mapping of qTD Buffer Pointers to Buffer Pages

For the first transaction on the qTD (assuming a 512-byte transaction), the host controller uses the first buffer pointer (page 0 
because C_Page is set to zero) and concatenates the Current Offset field. The 512 bytes are moved during the transaction, the 
Current Offset and Total Bytes to Transfer are adjusted by 512 and written back to the queue head working area.

During the 4th transaction, the host controller needs 511 bytes in page 0 and one byte in page 1. The host controller increments 
C_Page (to 1) and use the page 1 pointer to move the final byte of the transaction. After the 4th transaction, the active page pointer 
is the page 1 pointer and Current Offset has rolled to one, and both are written back to the overlay area. The transactions continue 
for the rest of the buffer, with the host controller automatically moving to the next page pointer (that is C_Page) when necessary. 
The three conditions for how the host controller handles C_Page:

• The current transaction does not span a page boundary. The value of C_Page is not adjusted by the host controller.

• The current transaction does span a page boundary. The host controller must detect the page cross condition and 
advance to the next buffer while streaming data to/from the USB.

• The current transaction completes on a page boundary (that is the last byte moved for the current transaction is the last 
byte in the page for the current page pointer). The host controller must increment C_Page before writing back status for 
the transaction.

 
The only valid adjustment the host controller may make to C_Page is to increment by one.

  NOTE  

34.3.2.1.10.7 Adding interrupt queue heads to the periodic schedule
The link path(s) from the periodic frame list to a queue head establishes in which frames a transaction can be executed for the 
queue head. Queue heads are linked into the periodic schedule so they are polled at the appropriate rate. System software 
sets a bit in a queue head's S-Mask to indicate which micro-frame with-in 1 msec period a transaction should be executed for 
the queue head. Software must ensure that all queue heads in the periodic schedule have S-Mask set to a non-zero value. An 
S-mask with zero value in the context of the periodic schedule yields undefined results.

If the desired poll rate is greater than one frame, system software can use a combination of queue head linking and S-Mask values 
to spread interrupts of equal poll rates through the schedule so that the periodic bandwidth is allocated and managed in the most 
efficient manner possible. Some examples are illustrated in the following table.
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Table 327. Example Periodic Reference Patterns for Interrupt Transfers with 2ms Poll Rate

Frame # 
Reference Sequence

Description

0, 2, 4, 6, 8, and so on

S-Mask = 01h

A queue head for the bInterval of 2 msec (16 micro-frames) is linked into the periodic schedule so that 
it is reachable from the periodic frame list locations indicated in the previous column. In addition, the 
S-Mask field in the queue head is set to 01h, indicating that the transaction for the endpoint should 
be executed on the bus during micro-frame 0 of the frame.

0, 2, 4, 6, 8, and so on

S-Mask = 02h

Another example of a queue head with a bInterval of 2 msec is linked into the periodic frame list at 
exactly the same interval as the previous example. However, the S-Mask is set to 02h indicating that 
the transaction for the endpoint should be executed on the bus during micro-frame 1 of the frame.

34.3.2.1.10.8 Managing transfer complete interrupts from queue heads
The host controller sets an interrupt to be signaled at the next interrupt threshold when the completed transfer (qTD) has 
an Interrupt on Complete (IOC) bit set to one, or whenever a transfer (qTD) completes with a short packet. If system 
software needs multiple qTDs to complete a client request (that is like a control transfer) the intermediate qTDs do not require 
interrupts. System software may only need a single interrupt to notify it that the complete buffer has been transferred. System 
software may set IOC's to occur more frequently. A motivation for this may be that it wants early notification so that interface 
data structures can be re-used in a timely manner.

34.3.2.1.11 Ping control
USB 2.0 defines an addition to the protocol for high-speed devices called Ping. Ping is required for all USB 2.0 High-speed 
bulk and control endpoints. Ping is not allowed for a split-transaction stream. This extension to the protocol eliminates the bad 
side-effects of Naking OUT endpoints. The Status field has a Ping State bit, which the host controller uses to determine the 
next actual PID it uses in the next transaction to the endpoint (see the table below).

The Ping State bit is only managed by the host controller for queue heads that meet the following criteria:

• Queue head is not an interrupt and

• EPS field equals High-Speed and

• PIDCode field equals OUT

The following table illustrates the state transition table for the host controller's responsibility for maintaining the PING protocol. 
Refer to Chapter 8 in the USB Specification Revision 2.0 for detailed description on the Ping protocol.

Table 328. Ping Control State Transition Table

Event

Current Host Device Next

Do Ping PING Nak Do Ping

Do Ping PING Ack Do OUT

Do Ping PING XactErr 1 Do Ping

Do Ping PING Stall N/C 2 Do

OUT OUT Nak Do Ping

Table continues on the next page...
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Table 328. Ping Control State Transition Table (continued)

Do OUT OUT Nyet Do Ping

Do OUT OUT Ack Do OUT

Do OUT OUT XactErr1 Do Ping

Do OUT OUT Stall N/C 2

1. Transaction Error (XactErr) is any time the host misses the handshake.
2. No transition change required for the Ping State bit. The Stall handshake results in the endpoint being halted (for example 

Active set to zero and Halt set to one). Software intervention is required to restart queue. 3 A Nyet response to an OUT 
means that the device has accepted the data, but cannot receive any more at this time. Host must advance the transfer 
state and additionally, transition the Ping State bit to Do Ping. The Ping State bit has the following encoding:

Table 329. Ping State bit Encoding

Value Meaning

0B Do OUT The host controller uses an OUT PID during the next bus transaction to this endpoint.

1B Do Ping The host controller uses a PING PID during the next bus transaction to this endpoint.

The defined ping protocol (see USB 2.0 Specification, Chapter 8) allows the host to be imprecise on the initialization of the ping 
protocol (that is start in Do OUT when we don't know whether there is space on the device or not). The host controller manages 
the Ping State bit. System software sets the initial value in the queue head when it initializes a queue head. The host controller 
preserves the Ping State bit across all queue advancements. This means that when a new qTD is written into the queue head 
overlay area, the previous value of the Ping State bit is preserved.

34.3.2.1.12 Split transactions
USB 2.0 defines extensions to the bus protocol for managing USB 1.x data streams through USB 2.0 Hubs. This section 
describes how the host controller uses the interface data structures to manage data streams with full- and low-speed devices, 
connected below USB 2.0 hub, utilizing the split transaction protocol. Refer to USB 2.0 Specification for the complete 
definition of the split transaction protocol. Full- and Low-speed devices are enumerated identically as high-speed devices, 
but the transactions to the Full- and Low-speed endpoints use the split-transaction protocol on the high-speed bus. The split 
transaction protocol is an encapsulation of (or wrapper around) the Full- or Low-speed transaction. The high-speed wrapper 
portion of the protocol is addressed to the USB 2.0 Hub and Transaction Translator below which the Full- or Low-speed device 
is attached.

The EHCI interface uses dedicated data structures for managing full-speed isochronous data streams (see Split transaction 
isochronous transfer descriptor (siTD)). Control, Bulk and Interrupt are managed using the queuing data structures (see Queue 
head). The interface data structures need to be programmed with the device address and the Transaction Translator number of 
the USB 2.0 Hub operating as the Low-/Full-speed host controller for this link. The following sections describe the details of how 
the host controller must process and manage the split transaction protocol.

34.3.2.1.12.1 Split transactions for asynchronous transfers
A queue head in the asynchronous schedule with an EPS field indicating a full-or low-speed device indicates to the host 
controller that it must use split transactions to stream data for this queue head. All full-speed bulk and full-, low-speed control 
are managed through queue heads in the asynchronous schedule.

Software must initialize the queue head with the appropriate device address and port number for the transaction translator that is 
serving as the full/low-speed host controller for the links connecting the endpoint. Software must also initialize the split transaction 
state bit (SplitXState) to Do-Start-Split. Finally, if the endpoint is a control endpoint, then system software must set the Control 
Transfer Type (C) bit in the queue head to one. If this is not a control transfer type endpoint, the C bit must be initialized by software 
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to be zero. This information is used by the host controller to properly set the Endpoint Type (ET) field in the split transaction bus 
token. When the C bit is zero, the split transaction token's ET field is set to indicate a bulk endpoint. When the C bit is one, the split 
transaction token's ET field is set to indicate a control endpoint. Refer to Chapter 8 of USB Specification Revision 2.0 for details.

         Do Start         
Split       

         Do         
Complete         

Split       

       AcK     

       !XzctErr       
.and.       

!NYET       
.and.       
!Stall     

       Nyet     

       XactErr     
       XactErr     

       NaK     

       Decrement Error       
Count (CERR)       

and       
Do immediate retry       

of complete-split     

       Stall     

       Endpoint Halt     

       Nak       
.and.       

PidCode .eq. SETUP     
       Endpoint Active     

       Endpoint Halt     

       Decrement Error       
Count (CERR)     

       CERR goes to zero            CERR goes to zero     

       Set XactErr bit and       
Decrement Error       
Count (CERR)     

Figure 251. Host Controller Asynchronous Schedule Split-Transaction State Machine

34.3.2.1.12.1.1 Asynchronous - do start split
This is the state which software must initialize a full- or low-speed asynchronous queue head. This state is entered from the 
Do Complete Split state only after a complete-split transaction receives a valid response from the transaction translator that is 
not a Nyet handshake.

For queue heads in this state, the host controller executes a start-split transaction to the appropriate transaction translator. If the 
bus transaction completes without an error and PidCode indicates an IN or OUT transaction, then the host controller reloads the 
error counter (CErr). If it is a successful bus transaction and the PidCode indicates a SETUP, the host controller does not reload the 
error counter. If the transaction translator responds with a Nak, the queue head is left in this state, and the host controller proceeds 
to the next queue head in the asynchronous schedule.

If the host controller times out the transaction (no response, or bad response) the host controller decrements Cerr and proceeds 
to the next queue head in the asynchronous schedule.

34.3.2.1.12.1.2 Asynchronous - do complete split
This state is entered from the Do Start Split state only after a start-split transaction receives an Ack handshake from the 
transaction translator.

For queue heads in this state, the host controller executes a complete-split transaction to the appropriate transaction translator. 
If the transaction translator responds with a Nyet handshake, the queue head is left in this state, the error counter is reset and 
the host controller proceeds to the next queue head in the asynchronous schedule. When a Nyet handshake is received for a bus 
transaction where the queue head's PidCode indicates an IN or OUT, the host controller reloads the error counter (CErr). When 
a Nyet handshake is received for a complete-split bus transaction where the queue head's PidCode indicates a SETUP, the host 
controller must not adjust the value of CErr.

Independent of PIDCode, the following responses have the effects:

• Transaction Error (XactErr). Timeout or data CRC failure, and so on. The error counter (Cerr) is decremented by one 
and the complete split transaction is immediately retried (if possible). If there is not enough time in the micro-frame 
to execute the retry, the host controller MUST ensure that the next time the host controller begins executing from the 
Asynchronous schedule, it must begin executing from this queue head. If another start-split (for some other endpoint) is 
sent to the transaction translator before the complete-split is really completed, the transaction translator could dump the 
results (which were never delivered to the host). This is why the core specification states the retries must be immediate. A 
method to accomplish this behavior is to not advance the asynchronous schedule. When the host controller returns to the 
asynchronous schedule in the next micro-frame, the first transaction from the schedule is the retry for this endpoint.
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If Cerr went to zero, the host controller must halt the queue.

• NAK. The target endpoint Nak'd the full- or low-speed transaction. The state of the transfer is not advanced and the state 
is exited. If the PidCode is a SETUP, then the Nak response is a protocol error. The XactErr status bit is set to one and 
the CErr field is decremented.

• STALL. The target endpoint responded with a STALL handshake. The host controller sets the halt bit in the status byte, 
retires the qTD but does not attempt to advance the queue.

If the PidCode indicates an IN, then any of following responses are expected:

• DATA0/1. On reception of data, the host controller ensures the PID matches the expected data toggle and checks CRC. 
If the packet is good, the host controller advances the state of the transfer, for example move the data pointer by the 
number of bytes received, decrement BytesToTransfer field by the number of bytes received, and toggle the dt bit. The 
host controller then exit this state. The response and advancement of transfer may trigger other processing events, such 
as retirement of the qTD and advancement of the queue.

If the data sequence PID does not match the expected, the data is ignored, the transfer state is not advanced and this state is 
exited. If the PidCode indicates an OUT/SETUP, then any of following responses are expected:

• ACK. The target endpoint accepted the data, so the host controller must advance the state of the transfer. The Current 
Offset field is incremented by Maximum Packet Length or Bytes to Transfer, whichever is less. The field Bytes To Transfer 
is decremented by the same amount and the data toggle bit (dt) is toggled. The host controller then exit this state.

• Advancing the transfer state may cause other processing events such as retirement of the qTD and advancement of the 
queue (see Managing control/bulk/interrupt transfers through queue heads).

34.3.2.1.12.2 Split transaction interrupt
Split-transaction Interrupt-IN/OUT endpoints are managed through the same data structures used for high-speed interrupt 
endpoints. They both co-exist in the periodic schedule. Queue heads/qTDs offer the set of features required for reliable 
data delivery, which is characteristic to interrupt transfer types. The split-transaction protocol is managed completely within 
this defined functional transfer framework. For example, for a high-speed endpoint, the host controller visits a queue head, 
execute a high-speed transaction (if criteria are met) and advance the transfer state (or not) depending on the results of 
the entire transaction. For low- and full-speed endpoints, the details of the execution phase are different (that is takes more 
than one bus transaction to complete), but the remainder of the operational framework is intact. This means that the transfer 
advancement, and so on, occurs as defined in Managing control/bulk/interrupt transfers through queue heads, but only occurs 
on the completion of a split transaction.
34.3.2.1.12.2.1 Split transaction scheduling mechanisms for interrupt
Full- and low-speed Interrupt queue heads have an EPS field indicating full- or low-speed and have a non-zero S-mask field. 
The host controller can detect this combination of parameters and assume the endpoint is a periodic endpoint. Low- and 
full-speed interrupt queue heads require the use of the split transaction protocol. The host controller sets the Endpoint Type 
(ET) field in the split token to indicate the transaction is an interrupt. These transactions are managed through a transaction 
translator's periodic pipeline. Software should not set these fields to indicate the queue head is an interrupt unless the queue 
head is used in the periodic schedule.

System software manages the per/transaction translator periodic pipeline by budgeting and scheduling exactly during which 
micro-frames the start-splits and complete-splits for each endpoint occurs. The characteristics of the transaction translator are 
such that the high-speed transaction protocol must execute during explicit micro-frames, or the data or response information in 
the pipeline is lost.

The following figure illustrates the general scheduling boundary conditions that are supported by the EHCI periodic schedule and 
queue head data structure. The S and CX labels indicate micro-frames where software can schedule start-splits and complete 
splits (respectively).
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Figure 252. Split Transaction, Interrupt Scheduling Boundary Conditions

The scheduling cases are:

• Case 1: The normal scheduling case is where the entire split transaction is completely bounded by a frame (H-Frame in 
this case).

• Case 2a through Case 2c: The USB 2.0 Hub pipeline rules states clearly, when and how many complete-splits must be 
scheduled to account for earliest to latest execution on the full/low-speed link. The complete-splits may span the H-Frame 
boundary when the start-split is in micro-frame 4 or later. When this occurs, the H-Frame to B-Frame alignment requires 
that the queue head be reachable from consecutive periodic frame list locations. System software cannot build an efficient 
schedule that satisfies this requirement unless it uses FSTNs.

The figure below illustrates the general layout of the periodic schedule.
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Figure 253. General Structure of EHCI Periodic Schedule Utilizing Interrupt Spreading

The periodic frame list is effectively the leaf level a binary tree, which is always traversed leaf to root. Each level in the tree 
corresponds to a 2N poll rate. Software can efficiently manage periodic bandwidth on the USB by spreading interrupt queue heads 
that have the same poll rate requirement across all the available paths from the frame list. For example, system software can 
schedule eight poll rate 8 queue heads and account for them once in the high-speed bus bandwidth allocation.

When an endpoint is allocated an execution footprint that spans a frame boundary, the queue head for the endpoint must be 
reachable from consecutive locations in the frame list. An example would be if 80b where such an endpoint. Without additional 
support on the interface, to get 80b reachable at the correct time, software would have to link 81 to 80b. It would then have to move 
41 and everything linked after into the same path as 40. This upsets the integrity of the binary tree and disallows the use of the 
spreading technique.

FSTN data structures are used to preserve the integrity of the binary-tree structure and enable the use of the spreading technique. 
Host controller operational model for FSTNs defines the hardware and software operational model requirements for using FSTNs.

The following queue head fields are initialized by system software to instruct the host controller when to execute portions of the 
split-transaction protocol:

• SplitXState. This is single bit residing in the Status field of a queue head (see Table 375). This bit is used to track the 
current state of the split transaction.

• Frame S-mask. This is a bit-field where-in system software sets a bit corresponding to the micro-frame (within an 
H-Frame) that the host controller should execute a start-split transaction. This is always qualified by the value of the 
SplitXState bit in the Status field of the queue head. For example, referring to Figure 252, case one, the S-mask would 
have a value of 00000001b indicating that if the queue head is traversed by the host controller, and the SplitXState 
indicates Do_Start, and the current micro-frame as indicated by FRINDEX[2:0] is 0, then execute a start-split transaction.

• Frame C-mask. This is a bit-field where system software sets one or more bits corresponding to the micro-frames (within 
an H-Frame) that the host controller should execute complete-split transactions. The interpretation of this field is always 
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qualified by the value of the SplitXState bit in the Status field of the queue head. For example, referring to Figure 252, 
case one, the C-mask would have a value of 00011100b indicating that if the queue head is traversed by the host 
controller, and the SplitXState indicates Do_Complete, and the current micro-frame as indicated by FRINDEX[2:0] is 2, 
3, or 4, then execute a complete-split transaction. It is software's responsibility to ensure that the translation between 
H-Frames and B-Frames is correctly performed when setting bits in S-mask and C-mask 

34.3.2.1.12.2.2 Host controller operational model for FSTNs
The FSTN data structure is used to manage Low/Full-speed interrupt queue heads that need to be reached from consecutive 
frame list locations (that is boundary cases 2a through 2c). An FSTN is essentially a back pointer, similar in intent to the back 
pointer field in the siTD data structure (see siTD back link pointer).

This feature provides software a simple primitive to save a schedule position, redirect the host controller to traverse the necessary 
queue heads in the previous frame, then restore the original schedule position and complete normal traversal.

The four components to the use of FSTNs:

• FSTN data structure.

• A Save Place indicator. This is always an FSTN with its Back Path Link Pointer.T-bit set to zero.

• A Restore indicator. This is always an FSTN with its Back Path Link Pointer.T-bit set to one.

• Host controller FSTN traversal rules.

When the host controller encounters an FSTN during micro-frames 2 through 7 it simply follows the node's Normal Path Link 
Pointer to access the next schedule data structure.

 
The FSTN's Normal Path Link Pointer.T-bit may set to one, which the host controller must interpret as the end of 
periodic list mark.

  NOTE  

When the host controller encounters a Save-Place FSTN in micro-frames 0 or 1, it saves the value of the Normal Path Link Pointer 
and set an internal flag indicating that it is executing in Recovery Path mode. Recovery Path mode modifies the host controller's 
rules for how it traverses the schedule and limits which data structures is considered for execution of bus transactions. The host 
controller continues executing in Recovery Path mode until it encounters a Restore FSTN or it determines that it has reached the 
end of the micro-frame (see details in the list below).

The rules for schedule traversal and limited execution while in Recovery Path mode are:

• Always follow the Normal Path Link Pointer when it encounters an FSTN that is a Save-Place indicator. The host controller 
must not recursively follow Save-Place FSTNs. Therefore, while executing in Recovery Path mode, it must never follow an 
FSTN's Back Path Link Pointer.

• Do not process an siTD or, iTD data structure. Simply follow its Next Link Pointer.

• Do not process a QH (Queue Head) whose EPS field indicates a high-speed device. Simply follow its Horizontal Link 
Pointer.

• When a QH's EPS field indicates a Full/Low-speed device, the host controller considers only it for execution if its 
SplitXState is DoComplete (note: this applies whether the PID Code indicates an IN or an OUT). See Execute transaction 
and Tracking split transaction progress for interrupt transfers for a complete list of additional conditions that must be met in 
general for the host controller to issue a bus transaction.

— The host controller must not execute a Start-split transaction while executing in Recovery Path mode. See Periodic 
isochronous - do complete split for special handling when in Recovery Path mode.

• Stop traversing the recovery path when it encounters an FSTN that is a Restore indicator. The host controller 
unconditionally uses the saved value of the Save-Place FSTN's Normal Path Link Pointer when returning to the normal 
path traversal. The host controller must clear the context of executing a Recovery Path when it restores schedule traversal 
to the Save-Place FSTN's Normal Path Link Pointer.
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• If the host controller determines that there is not enough time left in the micro-frame to complete processing of the periodic 
schedule, it abandons traversal of the recovery path, and clears the context of executing a recovery path. The result is that 
at the start of the next consecutive micro-frame, the host controller starts traversal at the frame list.

An example traversal of a periodic schedule that includes FSTNs is illustrated in the following figure.
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Figure 254. Example Host Controller Traversal of Recovery Path via FSTNs

In frame N+1 (micro-frames 0 and 1), when the host controller encounters Save-Path FSTN (Save-N), it observes that 
Save-N.Back Path Link Pointer.T-bit is zero (definition of a Save-Path indicator). The host controller saves the value of 
Save-N.Normal Path Link Pointer and follows Save-N.Back Path Link Pointer. At the same time, it sets an internal flag indicating 
that it is now in Recovery Path mode (the recovery path is annotated in the figure above with a large dashed line). The host 
controller continues traversing data structures on the recovery path and executing only those bus transactions as noted above, 
on the recovery path until it reaches Restore FSTN (Restore-N). Restore-N.Back Path Link Pointer.T-bit is set to one (definition 
of a Restore indicator), so the host controller exits Recovery Path mode by clearing the internal Recovery Path mode flag and 
commences (restores) schedule traversal using the saved value of the Save-Place FSTN's Normal Path Link Pointer (for example 
Save-N.Normal Path Link Pointer). The nodes traversed during these micro-frames include: {83.0, 83.1, 83.2, Save-A, 82.2, 82.3, 
42, 20, Restore-N, 43, 21, Restore-N, 10 …}. The nodes on the recovery-path are in bold. In frame N (micro-frames 0-7), for this 
example, the host controller traverses all of the schedule data structures utilizing the Normal Path Link Pointers in any FSTNs 
it encounters. This is because the host controller has not yet encountered a Save-Place FSTN so it not executing in Recovery 
Path mode. When it encounters the Restore FSTN, (Restore-N), during micro-frames 0 and 1, it uses Restore-N.Normal Path Link 
Pointer to traverse to the next data structure (that is normal schedule traversal). This is because the host controller must use a 
Restore FSTN's Normal Path Link Pointer when not executing in a Recovery-Path mode. The nodes traversed during frame N 
include: {82.0, 82.1, 82.2, 82.3, 42, 20, Restore-N, 10 …}.

In frame N+1 (micro-frames 2-7), when the host controller encounters Save-Path FSTN Save-N, it unconditionally follows 
Save-N.Normal Path Link Pointer. The nodes traversed during these micro-frames include: {83.0, 83.1, 83.2, Save-A, 43, 21, 
Restore-N, 10 …}.

34.3.2.1.12.2.3 Software operational model for FSTNs
Software must create a consistent, coherent schedule for the host controller to traverse. When using FSTNs, system software 
must adhere to the following rules:

• Each Save-Place indicator requires a matching Restore indicator.
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— The Save-Place indicator is an FSTN with a valid Back Path Link Pointer and T-bit equal to zero.

◦ Back Path Link Pointer.Typ field must be set to indicate the referenced data structure is a queue head. The 
Restore indicator is an FSTN with its Back Path Link Pointer.T-bit set to one.

— A Restore FSTN may be matched to one or more Save-Place FSTNs. For example, if the schedule includes a 
poll-rate 1 level, then system software only needs to place a Restore FSTN at the beginning of this list in order to 
match all possible Save-Place FSTNs.

• If the schedule does not have elements linked at a poll-rate level of one, and one or more Save-Place FSTNs are used, 
then System Software must ensure the Restore FSTN's Normal Path Link Pointer's T-bit is set to one, as this is used to 
mark the end of the periodic list.

• When the schedule does have elements linked at a poll rate level of one, a Restore FSTN must be the first data structure 
on the poll rate one list. All traversal paths from the frame list converge on the poll-rate one list. System software must 
ensure that Recovery Path mode is exited before the host controller is allowed to traverse the poll rate level one list.

• A Save-Place FSTN's Back Path Link Pointer must reference a queue head data structure. The referenced queue head 
must be reachable from the previous frame list location. In other words, if the Save-Place FSTN is reachable from frame 
list offset N, then the FSTN's Back Path Link Pointer must reference a queue head that is reachable from frame list offset 
N-1.

Software should make the schedule as efficient as possible. What this means in this context is that software should have no 
more than one Save-Place FSTN reachable in any single frame. Note there is times when two (or more, depending on the 
implementation) could exist as full/low-speed footprints change with bandwidth adjustments. This could occur, for example when 
a bandwidth re-balance causes system software to move the Save-Place FSTN from one poll rate level to another. During the 
transition, software must preserve the integrity of the previous schedule until the new schedule is in place.

34.3.2.1.12.2.4 Tracking split transaction progress for interrupt transfers
To correctly maintain the data stream, the host controller must be able to detect and report errors where data is lost. For 
interrupt-IN transfers, data is lost when it makes it into the USB 2.0 hub, but the USB 2.0 host system is unable to get it from 
the USB 2.0 Hub and into the system before it expires from the transaction translator pipeline. When a lost data condition 
is detected, the queue must be halted, thus signaling system software to recover from the error. A data-loss condition 
exists whenever a start-split is issued, accepted, and successfully executed by the USB 2.0 Hub, but the complete-splits 
get unrecoverable errors on the high-speed link, or the complete-splits do not occur at the correct times. One reason 
complete-splits might not occur at the right time would be due to host-induced system hold-offs that cause the host controller 
to miss bus transactions because it cannot get timely access to the schedule in system memory.

The same condition can occur for an interrupt-OUT, but the result is not an endpoint halt condition, but rather effects only the 
progress of the transfer. The queue head has the following fields to track the progress of each split transaction. These fields are 
used to keep incremental state about which (and when) portions have been executed.

• C-prog-mask. This is an eight-bit bit-vector where the host controller keeps track of which complete-splits have been 
executed. Due to the nature of the Transaction Translator periodic pipeline, the complete-splits need to be executed 
in-order. The host controller needs to detect when the complete-splits have not been executed in order. This can only 
occur due to system hold-offs where the host controller cannot get to the memory-based schedule. C-prog-mask is a 
simple bit-vector that the host controller sets one of the C-prog-mask bits for each complete-split executed. The bit 
position is determined by the micro-frame number in which the complete-split was executed. The host controller always 
checks C-prog-mask before executing a complete-split transaction. If the previous complete-splits have not been executed 
then it means one (or more) have been skipped and data has potentially been lost.

• FrameTag. This field is used by the host controller during the complete-split portion of the split transaction to tag the 
queue head with the frame number (H-Frame number) when the next complete split must be executed.

• S-bytes. This field can be used to store the number of data payload bytes sent during the start-split (if the transaction was 
an OUT). The S-bytes field must be used to accumulate the data payload bytes received during the complete-splits (for an 
IN).
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34.3.2.1.12.2.5 Split transaction execution state machine for interrupt
In the following presentation, all references to micro-frame are in the context of a micro-frame within an H-Frame. As with 
asynchronous Full- and Low-speed endpoints, a split-transaction state machine is used to manage the split transaction 
sequence. Aside from the fields defined in the queue head for scheduling and tracking the split transaction, the host controller 
calculates one internal mechanism that is also used to manage the split transaction. The internal calculated mechanism is:

• cMicroFrameBit is a single-bit encoding of the current micro-frame number. It is an eight-bit value calculated by the host 
controller at the beginning of every micro-frame. It is calculated from the three least significant bits of the FRINDEX 
register (that is, cMicroFrameBit = (1 shifted-left(FRINDEX[2:0])). The cMicroFrameBit has at most one bit asserted, which 
always corresponds to the current micro-frame number. For example, if the current micro-frame is 0, then cMicroFrameBit 
will equal 00000001b. The variable cMicroFrameBit is used to compare against the S-mask and C-mask fields to 
determine whether the queue head is marked for a start - or complete-split transaction for the current micro-frame.

The following figure illustrates the state machine for managing a complete interrupt split transaction. There are two phases to each 
split transaction. The first is a single start-split transaction, which occurs when the SplitXState is at Do_Start and the single bit 
in cMicroFrameBit has a corresponding bit active in QH.S-mask. The transaction translator does not acknowledge the receipt of 
the periodic start-split, so the host controller unconditionally transitions the state to Do_Complete. Due to the available jitter in the 
transaction translator pipeline, there will be more than one complete-split transaction scheduled by software for the Do_Complete 
state. This translates simply to the fact that there are multiple bits set to a one in the QH.C-mask field.

The host controller keeps the queue head in the Do_Complete state until the split transaction is complete (see definition below), 
or an error condition triggers the three-strikes-rule (for example, after the host tries the same transaction three times, and each 
encounters an error, the host controller will stop retrying the bus transaction and halt the endpoint, thus requiring system software 
to detect the condition and perform system-dependent recovery).

       Do Start       
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       Do       
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Split     
       Halt Queue       

State     

       Active       
Queue       
State     

       Split Transaction       
Complete     

       MDATA       
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       Data Loss       
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STALL       
.or.       

Dabble       
.or.       

CERR ->     

       (QH.S-Mask & cMicroFrameBit)            . issue start-split transaction       
. tag QH w/frame number according to frame tag rules       
. QH.c-prog-mask = zero (00b)     

       QH.C-Mask & cMicroFrameBit       
.and.       
(FRINDEX[7:3] .eq. QH.FrameTag)       
.and.       
CheckPreviousBit(QH.C-prog-mask, QH.C-mask, cMicroFrameBit     

       . issue complete-split transaction       
. tag QH w/frame number according to the       
** Sframe tag rules       
. QH.c.prog-mask != cMicroFrameBit     

       XactErr            Decrement Error Counter       
(CERR) and Do immediate retry       

of complete-split     

       !(QH.S-Mask & MicroFrameBit)     

Figure 255. Split Transaction State Machine for Interrupt

See Previous Section for the frame tag management rules.

Periodic Interrupt - Do Start Split

This is the state software must initialize a full- or low-speed interrupt queue head StartXState bit. This state is entered from the 
Do_Complete Split state only after the split transaction is complete. This occurs when one of the following events occur: The 
transaction translator responds to a complete-split transaction with one of the following:

• NAK. A NAK response is a propagation of the full- or low-speed endpoint's NAK response.

• ACK. An ACK response is a propagation of the full- or low-speed endpoint's ACK response. Only occurs on an OUT 
endpoint.

• DATA 0/1. Only occurs for INs. Indicates that this is the last of the data from the endpoint for this split transaction.

NXP Semiconductors
USB OTG Controller (USB CTRL)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1912 / 5781



• ERR. The transaction on the low-/full-speed link below the transaction translator had a failure (for example, timeout, bad 
CRC).

• NYET (and Last). The host controller issued the last complete-split and the transaction translator responded with a NYET 
handshake. This means that the start-split was not correctly received by the transaction translator, so it never executed 
a transaction to the full- or low-speed endpoint, see Section Periodic isochronous - do complete split for the definition of 
'Last'.

Each time the host controller visits a queue head in this state (once within the Execute Transaction state), it performs the following 
test to determine whether to execute a start-split.

• QH.S-mask is bit-wise anded with cMicroFrameBit.

If the result is non-zero, then the host controller will issue a start-split transaction. If the PIDCode field indicates an IN transaction, 
the host controller must zero-out the QH.S-bytes field. After the split-transaction has been executed, the host controller sets 
up state in the queue head to track the progress of the complete-split phase of the split transaction. Specifically, it records the 
expected frame number into QH.FrameTag field (see Section), set C-prog-mask to zero (00h), and exits this state. Note that the 
host controller must not adjust the value of CErr as a result of completion of a start-split transaction.

Periodic Interrupt - Do Complete Split

This state is entered unconditionally from the Do Start Split state after a start-split transaction is executed on the bus. Each time 
the host controller visits a queue head in this state (once within the Execute Transaction state), it checks to determine whether a 
complete-split transaction should be executed now.

There are four tests to determine whether a complete-split transaction should be executed.

• Test A. cMicroFrameBit is bit-wise anded with QH.C-mask field. A non-zero result indicates that software scheduled a 
complete-split for this endpoint, during this micro-frame.

• Test B. QH.FrameTag is compared with the current contents of FRINDEX[7:3]. An equal indicates a match.

• Test C. The complete-split progress bit vector is checked to determine whether the previous bit is set, indicating that the 
previous complete-split was appropriately executed. An example algorithm for this test is provided below:

Algorithm Boolean CheckPreviousBit(QH.C-prog-mask, QH.C-mask, cMicroFrameBit)
Begin
-- Return values:
-- TRUE - no error
-- FALSE - error
--
Boolean rvalue = TRUE;
previousBit = cMicroframeBit logical-rotate-right(1)
-- Bit-wise anding previousBit with C-mask indicates 
-- whether there was an intent
-- to send a complete split in the previous micro-frame. So, 
-- if the
-- 'previous bit' is set in C-mask, check C-prog-mask to 
-- make sure it
-- happened.
If (previousBit bitAND QH.C-mask)then
                               If not(previousBit bitAND QH.C-prog-mask) then
                    rvalue = FALSE;
          End if
End If
-- If the C-prog-mask already has a one in this bit position, 
-- then an aliasing
-- error has occurred. It will probably get caught by the 
-- FrameTag Test, but
-- at any rate it is an error condition that as detectable here
-- should not allow
-- a transaction to be executed.
If (cMicroFrameBit bitAND QH.C-prog-mask) then
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 rvalue = FALSE;
End if
return (rvalue)
End Algorithm

• Test D. Check to see if a start-split should be executed in this micro-frame. Note this is the same test performed in the Do 
Start Split state (see Section Periodic isochronous - do start split ). Whenever it evaluates to TRUE and the controller is 
NOT processing in the context of a Recovery Path mode, it means a start-split should occur in this micro-frame. Test D 
and Test A evaluating to TRUE at the same time is a system software error. Behavior is undefined.

If (A .and. B .and. C .and. not(D)) then the host controller will execute a complete-split transaction. When the host controller 
commits to executing the complete-split transaction, it updates QH.C-prog-mask by bit-ORing with cMicroFrameBit. On 
completion of the complete-split transaction, the host controller records the result of the transaction in the queue head and sets 
QH.FrameTag to the expected H-Frame number (see Section). The effect to the state of the queue head and thus the state of the 
transfer depends on the response by the transaction translator to the complete-split transaction. The following responses have 
the effects (note that any responses that result in decrementing of the CErr will result in the queue head being halted by the host 
controller if the result of the decrement is zero):

• NYET (and Last). On each NYET response, the host controller checks to determine whether this is the last complete-split 
for this split transaction. Last is defined in this context as the condition where all of the scheduled complete-splits have 
been executed. If it is the last complete-split (with a NYET response), then the transfer state of the queue head is not 
advanced (never received any data) and this state exited. The transaction translator must have responded to all the 
complete-splits with NYETs, meaning that the start-split issued by the host controller was not received. The start-split 
should be retried at the next poll period.

• The test for whether this is the Last complete split can be performed by XOR QH.C-mask with QH.C-prog-mask. If the 
result is all zeros, then all complete-splits have been executed. When this condition occurs, the XactErr status bit is set to 
a one, and the CErr field is decremented.

• NYET (and not Last). See above description for testing for Last. The complete-split transaction received a NYET response 
from the transaction translator. Do not update any transfer state (except for C-prog-mask and FrameTag) and stay in this 
state. The host controller must not adjust CErr on this response.

• Transaction Error (XactErr). Timeout, data CRC failure, and so on. The CErr field is decremented and the XactErr bit in 
the Status field is set to a one. The complete split transaction is immediately retried (if Cerr is non-zero). If there is not 
enough time in the micro-frame to complete the retry and the endpoint is an IN, or CErr is decremented to a zero from a 
one, the queue is halted. If there is not enough time in the micro-frame to complete the retry and the endpoint is an OUT 
and CErr is not zero, then this state is exited (that is, return to Do Start Split). This results in a retry of the entire OUT split 
transaction, at the next poll period. Refer to Chapter 11 Hubs (specifically the section full- and low-speed Interrupts) in the 
USB Specification Revision 2.0 for detailed requirements on why these errors must be immediately retried.

• ACK. This can only occur if the target endpoint is an OUT. The target endpoint ACK'd the data and this response is a 
propagation of the endpoint ACK up to the host controller. The host controller must advance the state of the transfer. The 
Current Offset field is incremented by Maximum Packet Length or Bytes to Transfer, whichever is less. The field Bytes 
To Transfer is decremented by the same amount. And the data toggle bit (dt) is toggled. The host controller will then exit 
this state for this queue head. The host controller must reload CErr with maximum value on this response. Advancing the 
transfer state may cause other process events such as retirement of the qTD and advancement of the queue (see Section 
Managing control/bulk/interrupt transfers through queue heads).

• MDATA. This response will only occur for an IN endpoint. The transaction translator responded with zero or more bytes 
of data and an MDATA PID. The incremental number of bytes received is accumulated in QH.S-bytes. The host controller 
must not adjust CErr on this response.

• DATA0/1. This response may only occur for an IN endpoint. The number of bytes received is added to the accumulated 
byte count in QH.S-bytes. The state of the transfer is advanced by the result and the host controller will exit this state for 
this queue head.

• Advancing the transfer state may cause other processing events such as retirement of the qTD and advancement of the 
queue (see Section Managing control/bulk/interrupt transfers through queue heads).
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• If the data sequence PID does not match the expected, the entirety of the data received in this split transaction is ignored, 
the transfer state is not advanced and this state is exited.

• NAK. The target endpoint Nak'd the full- or low-speed transaction. The state of the transfer is not advanced, and this state 
is exited. The host controller must reload CErr with maximum value on this response.

• ERR. There was an error during the full- or low-speed transaction. The ERR status bit is set to a one, Cerr is 
decremented, the state of the transfer is not advanced, and this state is exited.

• STALL. The queue is halted (an exit condition of the Execute Transaction state). The status field bits: Active bit is set to 
zero and the Halted bit is set to a one and the qTD is retired. Responses which are not enumerated in the list or which are 
received out of sequence are illegal and may result in undefined host controller behavior. The other possible combinations 
of tests A, B, C, and D may indicate that data or response was lost. The table below lists the possible combinations and 
the appropriate action.

Table 330. Interrupt IN/OUT Do Complete Split State Execution Criteria

Condition Action Description

not(A)

not(D)

Ignore QHD Neither a start nor complete-split is scheduled for the current micro-frame. 
Host controller should continue walking the schedule.

A

not(C)

If PIDCode = IN

Halt QHD

If PIDCode = OUT

Retry start-split

Progress bit check failed. These mean a complete-split has been missed. 
There is the possibility of lost data. If PIDCode is an IN, then the Queue 
head must be halted.

If PIDCode is an OUT, then the transfer state is not advanced and the state 
exited (for example, start-split is retried). This is a host-induced error and 
does not effect CERR.

In either case, set the Missed Micro-frame bit in the status field to a one.

A

not(B)

C

If PIDCode = IN

Halt QHD

If PIDCode = OUT

Retry start-split

QH.FrameTag test failed. This means that exactly one or more H-Frames 
have been skipped. This means complete-splits and have missed. There is 
the possibility of lost data. If PIDCode is an IN, then the Queue head must 
be halted.

If PIDCode is an OUT, then the transfer state is not advanced and the state 
exited (for example, start-split is retried). This is a host-induced error and 
does not effect CERR.

In either case, set the Missed Micro-frame bit in the status field to a one.

A

B

C

not(D)

Execute

complete-split

This is the non-error case where the host controller executes a complete-
split transaction.

D If PIDCode = IN

Halt QHD

If PIDCode = OUT

Retry start-split

This is a degenerate case where the start-split was issued, but all of the 
complete-splits were skipped and all possible intervening

opportunities to detect the missed data failed to fire. If PIDCode is an IN, 
then the Queue head must be halted.

If PIDCode is an OUT, then the transfer state is not advanced and the state 
exited (for example, start-split is retried). This is a host-induced error and 
does not effect CERR.

Table continues on the next page...
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Table 330. Interrupt IN/OUT Do Complete Split State Execution Criteria (continued)

In either case, set the Missed Micro-frame bit in the status field to a one. 
Note: When executing in the context of a Recovery Path mode, the host 
controller is allowed to process the queue head and take the actions 
indicated above, or it may wait until the queue head is visited in the normal 
processing mode. Regardless, the host controller must not execute a 
start-split in the context of an executing in a Recovery Path mode.

Managing QH.FrameTag Field

The QH.FrameTag field in a queue head is completely managed by the host controller. The rules for setting QH.FrameTag 
are simple:

• Rule 1: If transitioning from Do Start Split to Do Complete Split and the current value of FRINDEX[2:0] is 6 QH.FrameTag 
is set to FRINDEX[7:3] + 1. This accommodates split transactions whose start-split and complete-splits are in different 
H-Frames (case 2a, see Figure 252).

• Rule 2: If the current value of FRINDEX[2:0] is 7, QH.FrameTag is set to FRINDEX[7:3] + 1. This accommodates staying 
in Do Complete Split for cases 2a, 2b, and 2c (Figure 252).

• Rule 3: If transitioning from Do_Start Split to Do Complete Split and the current value of FRINDEX[2:0] is not 6, or 
currently in Do Complete Split and the current value of (FRINDEX[2:0]) is not 7, FrameTag is set to FRINDEX[7:3]. This 
accommodates all other cases (Figure 252).

34.3.2.1.12.2.6 Rebalancing the periodic schedule
System software must occasionally adjust a periodic queue head's S-mask and C-mask fields during operation. This need 
occurs when adjustments to the periodic schedule create a new bandwidth budget and one or more queue head's are 
assigned new execution footprints (that is, new S-mask and C-mask values).

It is imperative that System software must not update these masks to new values in the midst of a split transaction. In order to avoid 
any race conditions with the update, the EHCI host controller provides a simple assist to system software. System software sets 
the Inactivate-on-next-Transaction (I) bit to a one to signal the host controller that it intends to update the S-mask and C-mask on 
this queue head. System software will then wait for the host controller to observe the I-bit is a one and transition the Active bit to 
a zero. The rules for how and when the host controller sets the Active bit to zero are enumerated below:

• If the Active bit is a zero, no action is taken. The host controller does not attempt to advance the queue when the I-bit is a 
one.

• If the Active bit is a one and the SplitXState is DoStart (regardless of the value of S-mask), the host controller will simply 
set Active bit to a zero. The host controller is not required to write the transfer state back to the current qTD. Note that 
if the S-mask indicates that a start-split is scheduled for the current micro-frame, the host controller must not issue the 
start-split bus transaction. It must set the Active bit to zero.

System software must save transfer state before setting the I-bit to a one. This is required so that it can correctly determine what 
transfer progress (if any) occurred after the I-bit was set to a one and the host controller executed its final bus-transaction and set 
Active to a zero.

After system software has updated the S-mask and C-mask, it must then reactivate the queue head. Because the Active bit and 
the I-bit cannot be updated with the same write, system software needs to use the following algorithm to coherently re-activate a 
queue head that has been stopped via the I-bit.

1. Set the Halted bit to a one, then

2. Set the I-bit to a zero, then

3. Set the Active bit to a one and the Halted bit to a zero in the same write.

Setting the Halted bit to a one inhibits the host controller from attempting to advance the queue between the time the I-bit goes 
to a zero and the Active bit goes to a one.
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34.3.2.1.12.3 Split transaction isochronous
Full-speed isochronous transfers are managed using the split-transaction protocol through a USB 2.0 transaction translator 
in a USB2.0 Hub. The EHCI controller utilizes siTD data structure to support the special requirements of isochronous 
split-transactions. This data structure uses the scheduling model of isochronous TDs (iTD, Section Isochronous (high-speed) 
transfer descriptor (iTD)) (see Section Managing isochronous transfers using iTDs for the operational model of iTDs) with the 
contiguous data feature provided by queue heads. This simple arrangement allows a single isochronous scheduling model and 
adds the additional feature that all data received from the endpoint (per split transaction) must land into a contiguous buffer.
34.3.2.1.12.3.1 Split transaction scheduling mechanisms for isochronous
Full-speed isochronous transactions are managed through a transaction translator's periodic pipeline. As with full- and 
low-speed interrupt, system software manages each transaction translator's periodic pipeline by budgeting and scheduling 
exactly during which micro-frames the start-splits and complete-splits for each full-speed isochronous endpoint occur. The 
requirements described in Section Split transaction scheduling mechanisms for interrupt apply. The following figure illustrates 
the general scheduling boundary conditions that are supported by the EHCI periodic schedule. The SX and CX labels indicate 
micro-frames where software can schedule start- and complete-splits (respectively). The H-Frame boundaries are marked with 
a large, solid bold vertical line. The B-Frame boundaries are marked with a large, bold, dashed line. The bottom of the figure 
illustrates the relationship of an siTD to the H-Frame.
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Figure 256. Split Transaction, Isochronous Scheduling Boundary Conditions

When the endpoint is an isochronous OUT, there are only start-splits, and no complete-splits. When the endpoint is an 
isochronous IN, there is at most one start-split and one to N complete-splits. The scheduling boundary cases are:

• Case 1: The entire split transaction is completely bounded by an H-Frame. For example: the start-splits and complete-
splits are all scheduled to occur in the same H-Frame.

• Case 2a: This boundary case is where one or more (at most two) complete-splits of a split transaction IN are scheduled 
across an H-Frame boundary. This can only occur when the split transaction has the possibility of moving data in 
B-Frame, micro-frames 6 or 7 (H-Frame micro-frame 7 or 0). When an H-Frame boundary wrap condition occurs, the 
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scheduling of the split transaction spans more than one location in the periodic list.(For example, it takes two siTDs in 
adjacent periodic frame list locations to fully describe the scheduling for the split transaction.)

• Although the scheduling of the split transaction may take two data structures, all of the complete-splits for each full-speed 
IN isochronous transaction must use only one data pointer. For this reason, siTDs contain a back pointer, the use of which 
is described below.

• Software must never schedule full-speed isochronous OUTs across an H-Frame boundary.

• Case 2b: This case can only occur for a very large isochronous IN. It is the only allowed scenario where a start-split and 
complete-split for the same endpoint can occur in the same micro-frame. Software must enforce this rule by scheduling 
the large transaction first. Large is defined to be anything larger than 579 bytes maximum packet size.

A subset of the same mechanisms employed by full- and low-speed interrupt queue heads are employed in siTDs to schedule 
and track the portions of isochronous split transactions. The following fields are initialized by system software to instruct the host 
controller when to execute portions of the split transaction protocol.

• SplitXState. This is a single bit residing in the Status field of an siTD (see Figure 257). This bit is used to track the current 
state of the split transaction. The rules for managing this bit are described in Section Split transaction execution state 
machine for interrupt.

• Frame S-mask. This is a bit-field where-in system software sets a bit corresponding to the micro-frame (within an 
H-Frame) that the host controller should execute a start-split transaction. This is always qualified by the value of the 
SplitXState bit. For example, referring to the IN example in Figure 256, case one, the S-mask would have a value of 
00000001b indicating that if the siTD is traversed by the host controller, and the SplitXState indicates Do Start Split, and 
the current micro-frame as indicated by USB_n_FRINDEX[2:0] is 0, then execute a start-split transaction.

• Frame C-mask. This is a bit-field where system software sets one or more bits corresponding to the micro-frames (within 
an H-Frame) that the host controller should execute complete-split transactions. The interpretation of this field is always 
qualified by the value of the SplitXState bit. For example, referring to the IN example in Figure 256, case one, the C-mask 
would have a value of 00111100b indicating that if the siTD is traversed by the host controller, and the SplitXState 
indicates Do Complete Split, and the current micro-frame as indicated by USB_n_FRINDEX[2:0] is 2, 3, 4, or 5, then 
execute a complete-split transaction.

• Back Pointer. This field in a siTD is used to complete an IN split-transaction using the previous H-Frame's siTD. This is 
only used when the scheduling of the complete-splits span an H-Frame boundary.

There exists a one-to-one relationship between a high-speed isochronous split transaction (including all start- and complete-splits) 
and one full-speed isochronous transaction. An siTD contains (amongst other things) buffer state and split transaction scheduling 
information. An siTD's buffer state always maps to one full-speed isochronous data payload. This means that for any full-speed 
transaction payload, a single siTD's data buffer must be used. This rule applies to both IN an OUTs. An siTD's scheduling 
information usually also maps to one high-speed isochronous split transaction. The exception to this rule is the H-Frame boundary 
wrap cases mentioned above.

The siTD data structure describes at most, one frame's worth of high-speed transactions and that description is strictly bounded 
within a frame boundary. The figure below illustrates some examples. On the top are examples of the full-speed transaction 
footprints for the boundary scheduling cases described above. In the middle are time-frame references for both the B-Frames 
(HS/FS/LS Bus) and the H-Frames. On the bottom is illustrated the relationship between the scope of an siTD description and 
the time references. Each H-Frame corresponds to a single location in the periodic frame list. The implication is that each siTD 
is reachable from a single periodic frame list location at a time.
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Figure 257. siTD Scheduling Boundary Examples

Each case is described below:

• Case 1: One siTD is sufficient to describe and complete the isochronous split transaction because the whole isochronous 
split transaction is tightly contained within a single H-Frame.

• Case 2a, 2b: Although both INs and OUTs can have these footprints, OUTs always take only one siTD to schedule. 
However, INs (for these boundary cases) require two siTDs to complete the scheduling of the isochronous split transaction 
siTDX is used to always issue the start-split and the first N complete-splits. The full-speed transaction (for these cases) 
can deliver data on the full-speed bus segment during micro-frame 7 of H-FrameY+1, or micro-frame 0 of H-FrameY+2. 
The complete splits are scheduled using siTDX+2 (not shown). The complete-splits to extract this data must use the buffer 
pointer from siTDX+1. The only way for the host controller to reach siTDX+1 from H-FrameY+2is to use siTDX+2's back 
pointer. The host controller rules for when to use the back pointer are described is Section Periodic isochronous - do 
complete split .

Software must apply the following rules when calculating the schedule and linking the schedule data structures into the 
periodic schedule:

• Software must ensure that an isochronous split-transaction is started so that it will complete before the end of the 
B-Frame.

• Software must ensure that for a single full-speed isochronous endpoint, there is never a start-split and complete-split in 
H-Frame, micro-frame 1. This is mandated as a rule so that case 2a and case 2b can be discriminated. According to the 
core USB specification, the long isochronous transaction illustrated in Case 2b, could be scheduled so that the start-split 
was in micro-frame 1 of H-Frame N and the last complete-split would need to occur in micro-frame 1 of H-Frame N+1. 
However, it is impossible to discriminate between cases 2a and case 2b, which has significant impact on the complexity of 
the host controller.

34.3.2.1.12.3.2 Tracking split transaction progress for isochronous transfers
To correctly maintain the data stream, the host controller must be able to detect and report errors where device to host data is lost. 
Isochronous endpoints do not employ the concept of a halt on error, however the host is required to identify and report per-packet 
errors observed in the data stream. This includes schedule traversal problems (skipped micro-frames), timeouts, and corrupted 
data received.
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In similar kind to interrupt split-transactions, the portions of the split transaction protocol must execute in the micro-frames they 
are scheduled. The queue head data structure used to manage full- and low-speed interrupt has several mechanisms for tracking 
when portions of a transaction have occurred. Isochronous transfers use siTDs, for their transfers, and the data structures are only 
reachable via the schedule in the exact micro-frame in which they are required (so all the mechanism employed for tracking in 
queue heads is not required for siTDs). Software has the option of reusing siTD several times in the complete periodic schedule. 
However, it must ensure that the results of split transaction N are consumed and the siTD reinitialized (activated) before the host 
controller gets back to the siTD (in a future micro-frame).

Split-transaction isochronous OUTs utilize a low-level protocol to indicate which portions of the split transaction data have arrived. 
Control over the low-level protocol is exposed in an siTD via the fields Transaction Position (TP) and Transaction Count (T-count). 
If the entire data payload for the OUT split transaction is larger than 188 bytes, there will be more than one start-split transaction, 
each of which require proper annotation. If host hold-offs occur, then the sequence of annotations received from the host will not 
be complete, which is detected and handled by the transaction translator. See Section Periodic isochronous - do start split for a 
description on how these fields are used during a sequence of start-split transactions.

The fields siTD.T-Count and siTD.TP are used by the host controller to drive and sequence the transaction position annotations. 
It is the responsibility of system software to properly initialize these fields in each siTD. Once the budget for a split-transaction 
isochronous endpoint is established, S-mask, T-Count, and TP initialization values for all the siTD associated with the endpoint are 
constant. They remain constant until the budget for the endpoint is recalculated by software and the periodic schedule adjusted.

For IN-endpoints, the transaction translator simply annotates the response data packets with enough information to allow the host 
controller to identify the last data. As with split transaction Interrupt, it is the host controller's responsibility to detect when it has 
missed an opportunity to execute a complete-split. The following field in the siTD is used to track and detect errors in the execution 
of a split transaction for an IN isochronous endpoint.

• C-prog-mask. This is an eight-bit bit-vector where the host controller keeps track of which complete-splits have been 
executed. Due to the nature of the Transaction Translator periodic pipeline, the complete-splits need to be executed 
in-order. The host controller needs to detect when the complete-splits have not been executed in order. This can only 
occur due to system hold-offs where the host controller cannot get to the memory-based schedule. C-prog-mask is a 
simple bit-vector that the host controller sets a bit for each complete-split executed. The bit position is determined by the 
micro-frame (USB_n_FRINDEX[2:0]) number in which the complete-split was executed. The host controller always checks 
C-prog-mask before executing a complete-split transaction. If the previous complete-splits have not been executed, then it 
means one (or more) have been skipped and data has potentially been lost. System software is required to initialize this 
field to zero before setting an siTD's Active bit to a one.

If a transaction translator returns with the final data before all of the complete-splits have been executed, the state of the transfer 
is advanced so that the remaining complete-splits are not executed. Refer to Section Asynchronous - do complete split for a 
description on how the state of the transfer is advanced. It is important to note that an IN siTD is retired based solely on the 
responses from the Transaction Translator to the complete-split transactions. This means, for example, that it is possible for a 
transaction translator to respond to a complete-split with an MDATA PID. The number of bytes in the MDATA's data payload 
could cause the siTD field Total Bytes to Transfer to decrement to zero. This response can occur, before all of the scheduled 
complete-splits have been executed. In other interface, data structures (for example, high-speed data streams through queue 
heads), the transition of Total Bytes to Transfer to zero signals the end of the transfer and results in setting of the Active bit to 
zero. However, in this case, the result has not been delivered by the Transaction Translator and the host must continue with the 
next complete-split transaction to extract the residual transaction state. This scenario occurs because of the pipeline rules for a 
Transaction Translator (see Chapter 11 of the Universal Serial Bus Revision 2.0). In summary the periodic pipeline rules require 
that on a micro-frame boundary, the Transaction Translator will hold the final two bytes received (if it has not seen an End Of 
Packet (EOP)) in the full-speed bus pipe stage and gives the remaining bytes to the high-speed pipeline stage. At the micro-frame 
boundary, the Transaction Translator could have received the entire packet (including both CRC bytes) but not received the packet 
EOP. In the next micro-frame, the Transaction Translator will respond with an MDATA and send all of the data bytes (with the two 
CRC bytes being held in the full-speed pipeline stage). This could cause the siTD to decrement its Total Bytes to Transfer field to 
zero, indicating it has received all expected data. The host must still execute one more (scheduled) complete-split transaction in 
order to extract the results of the full-speed transaction from the Transaction Translator (for example, the Transaction Translator 
may have detected a CRC failure, and this result must be forwarded to the host).

If the host experiences hold-offs that cause the host controller to skip one or more (but not all) scheduled split transactions for an 
isochronous OUT, then the protocol to the transaction translator will not be consistent and the transaction translator will detect 
and react to the problem. Likewise, for host hold-offs that cause the host controller to skip one or more (but not all) scheduled 
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split transactions for an isochronous IN, the C-prog-mask is used by the host controller to detect errors. However, if the host 
experiences a hold-off that causes it to skip all of an siTD, or an siTD expires during a host hold off (for example, a hold-off occurs 
and the siTD is no longer reachable by the host controller in order for it to report the hold-off event), then system software must 
detect that the siTDs have not been processed by the host controller (that is, state not advanced) and report the appropriate error 
to the client driver.

34.3.2.1.12.3.3 Split transaction execution state machine for isochronous
In the following presentation, all references to micro-frame are in the context of a micro-frame within an H-Frame.

If the Active bit in the Status byte is a zero, the host controller will ignore the siTD and continue traversing the periodic schedule. 
Otherwise the host controller will process the siTD as specified below. A split transaction state machine is used to manage the 
split-transaction protocol sequence. The host controller uses the fields defined in Section Tracking split transaction progress for 
interrupt transfers , plus the variable cMicroFrameBit defined in Section Split transaction execution state machine for interrupt to 
track the progress of an isochronous split transaction. The figure below illustrates the state machine for managing an siTD through 
an isochronous split transaction. Bold, dotted circles denote the state of the Active bit in the Status field of a siTD. The Bold, dotted 
arcs denote the transitions between these states. Solid circles denote the states of the split transaction state machine and the solid 
arcs denote the transitions between these states. Dotted arcs and boxes reference actions that take place either as a result of a 
transition or from being in a state.

       Do Start       
Split     

       Do       
Complete       

Split     

       Active     
       case 2(a,b)       

siTD x-1 complete     

       issue complete-split       
transaction     

       issue start-split transaction     

       siTD.S-mask & cMicroFrameBit       
.and. direction .eq. IN     

       siTD.C-mask & cMicroFrameBit       
.and. checkpreviousBit(C-prog-mask, C-mask, cMicroFrameBit)     

       NYET       
.and.       

Not Last            Advance data       
buffer state     

       MDATA            IN Split       
Transaction       
Complete     

       Not Active     

       Active = 0b     

       Active = 1b            siTD.S-mask & cMicroFrameBit       
.and. direction .eq. OUT     

       Active = 0b     

Figure 258. Split Transaction State Machine for Isochronous

34.3.2.1.12.3.4 Periodic isochronous - do start split
Isochronous split transaction OUTs use only this state. An siTD for a split-transaction isochronous IN is either initialized to this 
state, or the siTD transitions to this state from Do Complete Split when a case 2a (IN) or 2b scheduling boundary isochronous 
split-transaction completes.

Each time the host controller reaches an active siTD in this state, it checks the siTD.S-mask against cMicroFrameBit. If there is 
a one in the appropriate position, the siTD will execute a start-split transaction. By definition, the host controller cannot reach an 
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siTD at the wrong time. If the I/O field indicates an IN, then the start-split transaction includes only the extended token plus the 
full-speed token. Software must initialize the siTD.Total Bytes To Transfer field to the number of bytes expected. This is usually the 
maximum packet size for the full-speed endpoint. The host controller exits this state when the start-split transaction is complete.

The remainder of this section is specific to an isochronous OUT endpoint (that is, the I/O field indicates an OUT). When the host 
controller executes a start-split transaction for an isochronous OUT it includes a data payload in the start-split transaction. The 
memory buffer address for the data payload is constructed by concatenating siTD.Current Offset with the page pointer indicated 
by the page selector field (siTD.P). A zero in this field selects Page 0 and a 1 selects Page 1. During the start-split for an OUT, if the 
data transfer crosses a page boundary during the transaction, the host controller must detect the page cross, update the siTD.P-bit 
from a zero to a one, and begin using the siTD.Page 1 with siTD.Current Offset as the memory address pointer. The field siTD.TP 
is used to annotate each start-split transaction with the indication of which part of the split-transaction data the current payload 
represents (ALL, BEGIN, MID, END). In all cases the host controller simply uses the value in siTD.TP to mark the start-split with 
the correct transaction position code.

T-Count is always initialized to the number of start-splits for the current frame. TP is always initialized to the first required 
transaction position identifier. The scheduling boundary case (see Figure 257) is used to determine the initial value of TP. The 
initial cases are summarized in the following table.

Table 331. Initial Conditions for OUT siTD's TP and T-count Fields

Case T-count TP Description

1, 2a =1 ALL When the OUT data payload is less than (or equal to) 188 bytes, only one 
start-split is required to move the data. The one start-split must be marked with 
an ALL.

1, 2a !=1 BEGIN When the OUT data payload is greater than 188 bytes more than one start-split 
must be used to move the data. The initial start-split must be marked with 
a BEGIN.

After each start-split transaction is complete, the host controller updates T-Count and TP appropriately so that the next start-split 
is correctly annotated.

The table below illustrates all of the TP and T-count transitions, which must be accomplished by the host controller.

.

Table 332. Transaction Position (TP)/Transaction Count (T-Count) Transition Table

TP T-count next TP next Description

ALL 0 N/A Transition from ALL, to done.

BEGIN 1 END Transition from BEGIN to END. Occurs when T-count starts at 2.

BEGIN !=1 MID Transition from BEGIN to MID. Occurs when T-count starts at greater than 2.

MID !=1 MID TP stays at MID while T-count is not equal to 1 (that is, greater than 1). This 
case can occur for any of the scheduling boundary cases where the T-count starts 
greater than 3.

MID 1 END Transition from MID to END. This case can occur for any of the scheduling 
boundary cases where the T-count starts greater than 2.

The start-split transactions do not receive a handshake from the transaction translator, so the host controller always advances the 
transfer state in the siTD after the bus transaction is complete. To advance the transfer state the following operations take place:
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• The siTD.Total Bytes To Transfer and the siTD.Current Offset fields are adjusted to reflect the number of bytes 
transferred.

• The siTD.P (page selector) bit is updated appropriately.

• The siTD.TP and siTD.T-count fields are updated appropriately as defined in Table 332.

These fields are then written back to the memory based siTD. The S-mask is fixed for the life of the current budget. As mentioned 
above, TP and T-count are set specifically in each siTD to reflect the data to be sent from this siTD. Therefore, regardless of the 
value of S-mask, the actual number of start-split transactions depends on T-count (or equivalently, Total Bytes to Transfer). The 
host controller must set the Active bit to a zero when it detects that all of the schedule data has been sent to the bus. The preferred 
method is to detect when T-Count decrements to zero as a result of a start-split bus transaction. Equivalently, the host controller 
can detect when Total Bytes to Transfer decrements to zero. Either implementation must ensure that if the initial condition is 
Total Bytes to Transfer equal to zero and T-count is equal to a one, then the host controller will issue a single start-split, with a 
zero-length data payload. Software must ensure that TP, T-count, and Total Bytes to Transfer are set to deliver the appropriate 
number of bus transactions from each siTD. An inconsistent combination will yield undefined behavior.

If the host experiences hold-offs that cause the host controller to skip, start-split transactions for an OUT transfer, the state of the 
transfer will not progress appropriately. The transaction translator will observe protocol violations in the arrival of the start-splits 
for the OUT endpoint (that is, the transaction position annotation will be incorrect as received by the transaction translator).

Example scenarios are described in Section Split transaction for isochronous - processing examples.

A host controller implementation can optionally track the progress of an OUT split transaction by setting appropriate bits in the 
siTD.C-prog-mask as it executes each scheduled start-split. The checkPreviousBit() algorithm defined in Periodic isochronous - 
do complete split can be used prior to executing each start-split to determine whether start-splits were skipped. The host controller 
can use this mechanism to detect missed micro-frames. It can then set the siTD's Active bit to zero and stop execution of this siTD. 
This saves on both memory and high-speed bus bandwidth.

34.3.2.1.12.3.5 Periodic isochronous - do complete split
This state is only used by a split-transaction isochronous IN endpoint. This state is entered unconditionally from the Do Start 
State after a start-split transaction is executed for an IN endpoint. Each time the host controller visits an siTD in this state, it 
conducts a number of tests to determine whether it should execute a complete-split transaction. The individual tests are listed 
below. The sequence they are applied depends on which micro-frame the host controller is currently executing which means 
that the tests might not be applied until after the siTD referenced from the back pointer has been fetched.

• Test A. cMicroFrameBit is bit-wise anded with siTD.C-mask field. A non-zero result indicates that software scheduled a 
complete-split for this endpoint, during this micro-frame. This test is always applied to a newly fetched siTD that is in this 
state.

• Test B. The siTD.C-prog-mask bit vector is checked to determine whether the previous complete splits have been 
executed. An example algorithm is below (this is slightly different than the algorithm used in Section Periodic isochronous 
- do start split ). The sequence in which this test is applied depends on the current value of USB_n_FRINDEX[2:0]. If 
USB_n_FRINDEX[2:0] is 0 or 1, it is not applied until the back pointer has been used. Otherwise it is applied immediately.

Algorithm Boolean CheckPreviousBit(siTD.C-prog-mask, siTD.C-mask, cMicroFrameBit)
Begin
          Boolean rvalue = TRUE;
          previousBit = cMicroFrameBit rotate-right(1)
          -- Bit-wise anding previousBit with C-mask indicates whether there was an intent
          -- to send a complete split in the previous micro-frame. So, if the
          -- 'previous bit' is set in C-mask, check C-prog-mask to make sure it
          -- happened.
          if previousBit bitAND siTD.C-mask then
                    if not (previousBit bitAND siTD.C-prog-mask) then
                               rvalue = FALSE
                    End if
          End if
          Return rvalue
End Algorithm
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If Test A is true and USB_n_FRINDEX[2:0] is zero or one, then this is a case 2a or 2b scheduling boundary (see Figure 256). See 
Section Periodic isochronous - do start split for details in handling this condition.

If Test A and Test B evaluate to true, then the host controller will execute a complete-split transaction using the transfer state of 
the current siTD. When the host controller commits to executing the complete-split transaction, it updates QH.C-prog-mask by 
bit-ORing with cMicroFrameBit. The transfer state is advanced based on the completion status of the complete-split transaction. 
To advance the transfer state of an IN siTD, the host controller must:

• Decrement the number of bytes received from siTD.Total Bytes To Transfer,

• Adjust siTD.Current Offset by the number of bytes received,

• Adjust siTD.P (page selector) field if the transfer caused the host controller to use the next page pointer, and

• Set any appropriate bits in the siTD.Status field, depending on the results of the transaction.

Note that if the host controller encounters a condition where siTD.Total Bytes To Transfer is zero, and it receives more data, 
the host controller must not write the additional data to memory. The siTD.Status.Active bit must be set to zero and the 
siTD.Status.Babble Detected bit must be set to a one. The fields siTD.Total Bytes To Transfer, siTD.Current Offset, and siTD.P 
(page selector) are not required to be updated as a result of this transaction attempt.

The host controller must accept (assuming good data packet CRC and sufficient room in the buffer as indicated by the 
value of siTD.Total Bytes To Transfer) MDATA and DATA0/1 data payloads up to and including 192 bytes. A host controller 
implementation may optionally set siTD.Status Active to a zero and siTD.Status.Babble Detected to a one when it receives and 
MDATA or DATA0/1 with a data payload of more than 192 bytes. The following responses have the noted effects:

• ERR. The full-speed transaction completed with a time-out or bad CRC and this is a reflection of that error to the host. The 
host controller sets the ERR bit in the siTD.Status field and sets the Active bit to a zero.

• Transaction Error (XactErr). The complete-split transaction encounters a Timeout, CRC16 failure, and so on. The 
siTD.Status field XactErr field is set to a one and the complete-split transaction must be retried immediately. The host 
controller must use an internal error counter to count the number of retries as a counter field is not provided in the siTD 
data structure. The host controller will not retry more than two times. If the host controller exhausts the retries or the end of 
the micro-frame occurs, the Active bit is set to zero.

• DATAx (0 or 1). This response signals that the final data for the split transaction has arrived. The transfer state of the 
siTD is advanced and the Active bit is set to a zero. If the Bytes To Transfer field has not decremented to zero (including 
the reception of the data payload in the DATAx response), then less data than was expected, or allowed for was actually 
received. This short packet event does not set the USBINT status bit in the USBSTS register to a one. The host controller 
will not detect this condition.

• NYET (and Last). On each NYET response, the host controller also checks to determine whether this is the last complete-
split for this split transaction. Last was defined in Section Periodic isochronous - do complete split . If it is the last 
complete-split (with a NYET response), then the transfer state of the siTD is not advanced (never received any data) and 
the Active bit is set to a zero. No bits are set in the Status field because this is essentially a skipped transaction. The 
transaction translator must have responded to all the scheduled complete-splits with NYETs, meaning that the start-split 
issued by the host controller was not received. This result should be interpreted by system software as if the transaction 
was completely skipped. The test for whether this is the last complete split can be performed by XORing C-mask with 
C-prog-mask. A zero result indicates that all complete-splits have been executed.

• MDATA (and Last). See above description for testing for Last. This can only occur when there is an error condition. Either 
there has been a babble condition on the full-speed link, which delayed the completion of the full-speed transaction, or 
software set up the S-mask and/or C-masks incorrectly. The host controller must set XactErr bit to a one and the Active bit 
is set to a zero.

• NYET (and not Last). See above description for testing for Last. The complete-split transaction received a NYET response 
from the transaction translator. Do not update any transfer state (except for C-prog-mask) and stay in this state.

• MDATA (and not Last). The transaction translator responds with an MDATA when it has partial data for the split 
transaction. For example, the full-speed transaction data payload spans from micro-frame X to X+1 and during micro-
frame X, the transaction translator will respond with an MDATA and the data accumulated up to the end of micro-frame X. 
The host controller advances the transfer state to reflect the number of bytes received.
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If Test A succeeds, but Test B fails, it means that one or more of the complete-splits have been skipped. The host controller sets 
the Missed Micro-Frame status bit and sets the Active bit to a zero.

34.3.2.1.12.3.6 Complete-split for scheduling boundary cases 2a, 2b
Boundary cases 2a and 2b (INs only) (see Figure 256) require that the host controller use the transaction state context of the 
previous siTD to finish the split transaction. The table below enumerates the transaction state fields.

Table 333. Summary siTD Split Transaction State

Buffer State Status Execution Progress

Total Bytes To Transfer

P (page select)

Current Offset

TP (transaction position)

T-count (transaction count)

All bits in the status field C-prog-mask

 
TP and T-count are used only for Host to Device (OUT) endpoints.

  NOTE  

If software has budgeted the schedule of this data stream with a frame wrap case, then it must initialize the siTD.Back Pointer field 
to reference a valid siTD and will have the siTD.Back Pointer.T-bit in the siTD.Back Pointer

field set to a zero. Otherwise, software must set the siTD.Back Pointer.T-bit in the siTD.Back Pointer field to a one. The host 
controller's rules for interpreting when to use the siTD.Back Pointer field are listed below. These rules apply only when the siTD's 
Active bit is a one and the SplitXState is Do Complete Split.

• When cMicroFrameBit is a 1h and the siTDX.Back Pointer.T-bit is a zero, or

• If cMicroFrameBit is a 2h and siTDX.S-mask[0] is a zero

When either of these conditions apply, then the host controller must use the transaction state from siTDX-1.

In order to access siTDX-1, the host controller reads on-chip the siTD referenced from siTDX.Back Pointer.

The host controller must save the entire state from siTDX while processing siTDX-1. This is to accommodate for case 2b 
processing. The host controller must not recursively walk the list of siTD.Back Pointers.

If siTDX-1 is active (Active bit is a one and SplitXStat is Do Complete Split), then both Test A and Test B are applied as described 
above. If these criteria to execute a complete-split are met, the host controller executes the complete split and evaluates the results 
as described above. The transaction state (see Table 333) of siTDX-1 is appropriately advanced based on the results and written 
back to memory. If the resultant state of siTDX-1's Active bit is a one, then the host controller returns to the context of siTDX, and 
follows its next pointer to the next schedule item. No updates to siTDX are necessary.

If siTDX-1 is active (Active bit is a one and SplitXStat is Do Start Split), then the host controller must set Active bit to a zero and 
Missed Micro-Frame status bit to a one and the resultant status written back to memory.

If siTDX-1'sActive bit is a zero, (because it was zero when the host controller first visited siTDX-1 via siTDX's back pointer, it 
transitioned to zero as a result of a detected error, or the results of siTDX-1's complete-split transaction transitioned it to zero), 
then the host controller returns to the context of siTDX and transitions its SplitXState to Do Start Split. The host controller then 
determines whether the case 2b start split boundary condition exists (that is, if cMicroframeBit is a 1b and siTDX.S-mask[0] is a 1b). 
If this criterion is met the host controller immediately executes a start-split transaction and appropriately advances the transaction 
state of siTDX, then follows siTDX.Next Pointer to the next schedule item. If the criterion is not met, the host controller simply follows 
siTDX.Next Pointer to the next schedule item. Note that in the case of a 2b boundary case, the split-transaction of siTDX-1 will have 
its Active bit set to zero when the host controller returns to the context of siTDX. Also, note that software should not initialize an 
siTD with C-mask bits 0 and 1 set to a one and an S-mask with bit zero set to a one. This scheduling combination is not supported 
and the behavior of the host controller is undefined.
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34.3.2.1.12.3.7 Split transaction for isochronous - processing examples
There is an important difference between how the hardware/software manages the isochronous split transaction state machine 
and how it manages the asynchronous and interrupt split transaction state machines. The asynchronous and interrupt split 
transaction state machines are encapsulated within a single queue head. The progress of the data stream depends on 
the progress of each split transaction. In some respects, the split-transaction state machine is sequenced via the Execute 
Transaction queue head traversal state machine (see Figure 249).

Isochronous is a pure time-oriented transaction/data stream. The interface data structures are optimized to efficiently describe 
transactions that need to occur at specific times. The isochronous split-transaction state machine must be managed across these 
time-oriented data structures. This means that system software must correctly describe the scheduling of split-transactions across 
more than one data structure.

Then the host controller must make the appropriate state transitions at the appropriate times, in the correct data structures.

For example, the table below illustrates a couple of frames worth of scheduling required to schedule a case 2a full-speed 
isochronous data stream.

Table 334. Example Case 2a - Software Scheduling siTDs for an IN Endpoint

siTDX Micro-Frames Initial

SplitXState# Masks 0 1 2 3 4 5 6 7

X S-Mask - - - - 1 - - - Do Start Split

C-Mask 1 1 - - - - 1 1

X+1 S-Mask - - - - 1 - - - Do Complete Split

C-Mask 1 1 1 1

X+2 S-Mask - - - - 1 - - - Do Complete Split

C-Mask 1 1 1 1

X+3 S-Mask Repeats previous pattern Do Complete Split

C-Mask

This example shows the first three siTDs for the transaction stream. Because this is the case-2a frame-wrap case, S-masks of all 
siTDs for this endpoint have a value of 10h (a one bit in micro-frame 4) and C-mask value of C3h (one-bits in micro-frames 0,1, 
6 and 7). Additionally, software ensures that the Back Pointer field of each siTD references the appropriate siTD data structure 
(and the Back PointerT-bits are set to zero).

The initial SplitXState of the first siTD is Do Start Split. The host controller will visit the first siTD eight times during frame X. The 
C-mask bits in micro-frames 0 and 1 are ignored because the state is Do Start Split. During micro-frame 4, the host controller 
determines that it can run a start-split (and does) and changes SplitXState to Do Complete Split. During micro-frames 6 and 7, 
the host controller executes complete-splits. Notice the siTD for frame X+1 has its SplitXState initialized to Do Complete Split. 
As the host controller continues to traverse the schedule during H-Frame X+1, it will visit the second siTD eight times. During 
micro-frames 0 and 1 it will detect that it must execute complete-splits.

During H-Frame X+1, micro-frame 0, the host controller detects that siTDX+1's Back Pointer.T-bit is a zero, saves the state of 
siTDX+1 and fetches siTDX. It executes the complete split transaction using the transaction state of siTDX. If the siTDX split 
transaction is complete, siTD's Active bit is set to zero, and results written back to siTDX. The host controller retains the fact that 
siTDX is retired and transitions the SplitXState in the siTDX+1 to Do Start Split. At this point, the host controller is prepared to 
execute the start-split for siTDX+1 when it reaches micro-frame 4. If the split-transaction completes early (transaction-complete is 
defined in Section Periodic isochronous - do complete split ), that is, before all the scheduled complete-splits have been executed, 
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the host controller will transition siTDX.SplitXState to Do Start Split early and naturally skip the remaining scheduled complete-split 
transactions. For this example, siTDX+1 does not receive a DATA0 response until H-Frame X+2, micro-frame 1.

During H-Frame X+2, micro-frame 0, the host controller detects that siTDX+2's Back Pointer.T-bit is a zero, saves the state of 
siTDX+2 and fetches siTDX+1. As described above, it executes another split transaction, receives an MDATA response, updates 
the transfer state, but does not modify the Active bit. The host controller returns to the context of siTDX+2, and traverses its next 
pointer without any state change updates to siTDX+2. S

During H-Frame X+2, micro-frame 1, the host controller detects siTDX+2's S-mask[0] is a zero, saves the state of siTDX+2 and 
fetches siTDX+1. It executes another complete-split transaction, receives a DATA0 response, updates the transfer state and sets 
the Active bit to a zero. It returns to the state of siTDX+2 and changes its SplitXState to Do Start Split. At this point, the host controller 
is prepared to execute start-splits for siTDX+2 when it reaches micro-frame 4.

34.3.2.1.13 Host controller pause
When the host controller's HCHalted bit in the USBSTS register is a zero, the host controller is sending SOF (Start OF Frame) 
packets down all enabled ports. When the schedules are enabled, the EHCI host controller will access the schedules in 
main memory each micro-frame. This constant pinging of main memory is known to create Arm platform power management 
problems for mobile systems. Specifically, mobile systems aggressively manage the state of the Arm platform, based on 
recent history usage. In the more aggressive power saving modes, the Arm platform can disable its caches. Current PC 
architectures assume that bus-master accesses to main memory must be cache-coherent. So, when bus masters are busy 
touching memory, the Arm platform power management software can detect this activity over time and inhibit the transition of 
the Arm platform into its lowest power savings mode. USB controllers are bus-masters and the frequency at which they access 
their memory-based schedules keeps the Arm platform power management software from placing the Arm platform into its 
lowest power savings state.

USB Host controllers do not access main memory when they are suspended. However, there are a variety of reasons why placing 
the USB controllers into suspend will not work, but they are beyond the scope of this document. The base requirement is that the 
USB controller needs to be kept out of main memory, while at the same time, the USB bus is kept from going into suspend.

EHCI controllers provide a large-grained mechanism that can be manipulated by system software to change the memory access 
pattern of the host controller. System software can manipulate the schedule enable bits in the USBCMD register to turn on/off the 
scheduling traversal. A software heuristic can be applied to implement an on/off duty cycle that allows the USB to make reasonable 
progress and allow the Arm platform power management to get the Arm platform into its lowest power state. This method is not 
intended to be applied at all times to throttle USB, but should only be applied in very specific configurations and usage loads. For 
example, when only a keyboard or mouse is attached to the USB, the heuristic could detect times when the USB is attempting to 
move data only very infrequently and can adjust the duty cycle to allow the Arm platform to reach its low power state for longer 
periods of time. Similarly, it could detect increases in the USB load and adjust the duty cycle appropriately, even to the point where 
the schedules are never disabled. The assumption here is that the USB is moving data and the Arm platform will be required to 
process the data streams.

It is suggested that in order to provide a complete solution for the system, the companion host controllers should also provide a 
similar method to allow system software to inhibit the companion host controller from accessing its shared memory based data 
structures (schedule lists or otherwise).

34.3.2.1.14 Port test modes - host operational model
EHCI host controllers must implement the port test modes Test J_State, Test K_State, Test_Packet, Test Force_Enable, and 
Test SE0_NAK as described in the USB Specification Revision 2.0. The system is only allowed to test ports that are owned 
by the EHCI controller (for example, CF-bit is a one and PortOwner bit is a zero). System software is allowed to have at most 
one port in test mode at a time. Placing more than one port in test mode will yield undefined results. The required, per port test 
sequence is (assuming the CF-bit in the USB_n_CONFIGFLAG register is a one):

• Disable the periodic and asynchronous schedules by setting the Asynchronous Schedule Enable and Periodic Schedule 
Enable bits in the USBCMD register to a zero.

• Place all enabled root ports into the suspended state by setting the Suspend bit in each appropriate USB_n_PORTSC 
register to a one.
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• Set the Run/Stop bit in the USBCMD register to a zero and wait for the HCHalted bit in the USBSTS register, to transition 
to a one. Note that an EHCI host controller implementation may optionally allow port testing with the Run/Stop bit set to a 
one. However, all host controllers must support port testing with Run/Stop set to a zero and HCHalted set to a one.

• Set the Port Test Control field in the port under test PORTSC register to the value corresponding to the desired test mode. 
If the selected test is Test_Force_Enable, then the Run/Stop bit in the USBCMD register must then be transitioned back to 
one, in order to enable transmission of SOFs out of the port under test.

• When the test is complete, system software must ensure the host controller is halted (HCHalted bit is a one) then it 
terminates and exits test mode by setting HCReset to a one.

34.3.2.1.15 Interrupts-host operational model
The EHCI Host Controller hardware provides interrupt capability based on a number of sources. There are several general 
groups of interrupt sources:

• Interrupts as a result of executing transactions from the schedule (success and error conditions),

• Host controller events (Port change events, and so on), and

• Host Controller error events

All transaction-based sources are maskable through the Host Controller's Interrupt Enable register (USBINTR). Additionally, 
individual transfer descriptors can be marked to generate an interrupt on completion. This section describes each interrupt source 
and the processing that occurs in response to the interrupt.

During normal operation, interrupts may be immediate or deferred until the next interrupt threshold occurs. The interrupt threshold 
is a tunable parameter via the Interrupt Threshold Control field in the USBCMD register. The value of this register controls when 
the host controller will generate an interrupt on behalf of normal transaction execution. When a transaction completes during an 
interrupt interval period, the interrupt signaling the completion of the transfer will not occur until the interrupt threshold occurs. 
For example, the default value is eight micro-frames. This means that the host controller will not generate interrupts any more 
frequently than once every eight micro-frames.

Section Host system error details effects of a host system error.

If an interrupt has been scheduled to be generated for the current interrupt threshold interval, the interrupt is not signaled until after 
the status for the last complete transaction in the interval has been written back to host memory. This may sometimes result in 
the interrupt not being signaled until the next interrupt threshold.

Initial interrupt processing is the same, regardless of the reason for the interrupt. When an interrupt is signaled by the hardware, 
Arm platform control is transferred to host controller's USB interrupt handler. The precise mechanism to accomplish the transfer 
is OS specific. For this discussion it is just assumed that control is received. When the interrupt handler receives control, its first 
action is to reads the USBSTS (USB Status Register). It then acknowledges the interrupt by clearing all of the interrupt status bits 
by writing ones to these bit positions. The handler then determines whether the interrupt is due to schedule processing or some 
other event. After acknowledging the interrupt, the handler (via an OS-specific mechanism), schedules a deferred procedure call 
(DPC) which will execute later. The DPC routine processes the results of the schedule execution. The precise mechanisms used 
are beyond the scope of this document.

Note: the host controller is not required to de-assert a currently active interrupt condition when software sets the interrupt enables 
(in the USBINR register) to a zero. The only reliable method software should use for acknowledging an interrupt is by transitioning 
the appropriate status bits in the USBSTS register from a one to a zero.

34.3.2.1.15.1 Transfer/transaction based interrupts
These interrupt sources are associated with transfer and transaction progress. They are all dependent on the next interrupt 
threshold.
34.3.2.1.15.1.1 Transaction error
A transaction error is any error that caused the host controller to think that the transfer did not complete successfully. The table 
below lists the events/responses that the host can observe as a result of a transaction. The effects of the error counter and 
interrupt status are summarized in the following paragraphs. Most of these errors set the XactErr status bit in the appropriate 
interface data structure.
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There is a small set of protocol errors that relate only when executing a queue head and fit under the umbrella of a WRONG PID 
error that are significant to explicitly identify. When these errors occur, the XactErr status bit in the queue head is set, and the CErr 
field is decremented. When the PIDCode indicates a SETUP, the following responses are protocol errors and result in XactErr bit 
being set to a one and the CErr field being decremented.

• EPS field indicates a high-speed device and it returns a Nak handshake to a SETUP.

• EPS field indicates a high-speed device and it returns a Nyet handshake to a SETUP.

• EPS field indicates a low- or full-speed device and the complete-split receives a Nak handshake.

Table 335. Summary of Transaction Errors

Event /

Result

Queue Head/qTD/iTD/siTD Side-effects USB Status Register (USBSTS)

Cerr Status Field USBERRINT

CRC -1 XactErr set to a one. 11

Timeout -1 XactErr set to a one. 11

Bad PID2 -1 XactErr set to a one. 11

Babble N/A Section Serial bus babble 1

Buffer Error N/A Section Data buffer error 

1. If occurs in a queue head, then USBERRINT is asserted only when CErr counts down from a one to a zero. In addition the 
queue is halted, see Halting a queue head .

2. The host controller received a response from the device, but it could not recognize the PID as a valid PID.

34.3.2.1.15.1.2 Serial bus babble
When a device transmits more data on the USB than the host controller is expecting for this transaction, it is defined to be 
babbling. In general, this is called a Packet Babble. When a device sends more data than the Maximum Length number of 
bytes, the host controller sets the Babble Detected bit to a one and halts the endpoint if it is using a queue head (see Halting 
a queue head ). Maximum Length is defined as the minimum of Total Bytes to Transfer and Maximum Packet Size. The 
CErr field is not decremented for a packet babble condition (only applies to queue heads). A babble condition also exists if 
IN transaction is in progress at High-speed EOF2 point. This is called a frame babble. A frame babble condition is recorded 
into the appropriate schedule data structure. In addition, the host controller must disable the port to which the frame babble is 
detected.

The USBERRINT bit in the USB_n_USBSTS register is set to a one and if the USB Error Interrupt Enable bit in the 
USB_n_USBINTR register is a one, then a hardware interrupt is signaled to the system at the next interrupt threshold. The host 
controller must never start an OUT transaction that will babble across a micro-frame EOF.
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When a host controller detects a data PID mismatch, it must either: disable the packet babble checking for the 
duration of the bus transaction or do packet babble checking based solely on Maximum Packet Size. The USB 
core specification defines the requirements on a data receiver when it receives a data PID mismatch (for example, 
expects a DATA0 and gets a DATA1 or the opposite way). In summary, it must ignore the received data and 
respond with an ACK handshake, in order to advance the transmitter's data sequence.

The EHCI interface allows System software to provide buffers for a Control, Bulk, or Interrupt IN endpoint that are 
not an even multiple of the maximum packet size specified by the device. Whenever a device misses an ACK for 
an IN endpoint, the host and device are out of synchronization with respect to the progress of the data transfer. The 
host controller may have advanced the transfer to a buffer that is less than maximum packet size. The device will 
re-send its maximum packet size data packet, with the original data PID, in response to the next IN token. In order 
to properly manage the bus protocol, the host controller must disable the packet babble check when it observes 
the data PID mismatch.

  NOTE  

34.3.2.1.15.1.3 Data buffer error
This event indicates that an overrun of incoming data or an underrun of outgoing data has occurred for this transaction. This 
would generally be caused by the host controller not being able to access required data buffers in memory within necessary 
latency requirements. These conditions are not considered transaction errors, and do not effect the error count in the queue 
head. When these errors do occur, the host controller records the fact the error occurred by setting the Data Buffer Error bit in 
the queue head, iTD, or siTD.

If the data buffer error occurs on a non-isochronous IN, the host controller will not issue a handshake to the endpoint. This will 
force the endpoint to resend the same data (and data toggle) in response to the next IN to the endpoint.

If the data buffer error occurs on an OUT, the host controller must corrupt the end of the packet so that it cannot be interpreted by 
the device as a good data packet. Simply truncating the packet is not considered acceptable. An acceptable implementation option 
is to 1's complement the CRC bytes and send them. There are other options suggested in the Transaction Translator section of 
the USB Specification Revision 2.0.

34.3.2.1.15.1.4 USB interrupt (Interrupt on completion (IOC))
Transfer Descriptors (iTDs, siTDs, and queue heads (qTDs)) contain a bit that can be set to cause an interrupt on their 
completion. The completion of the transfer associated with that schedule item causes the USB Interrupt (USBINT) bit in the 
USB_n_USBSTS register to be set to a one. In addition, if a short packet is encountered on an IN transaction associated with 
a queue head, then this event also causes USBINT to be set to a one. If the USB Interrupt Enable bit in the USB_n_USBINTR 
register is set to a one, a hardware interrupt is signaled to the system at the next interrupt threshold. If the completion is 
because of errors, the USBERRINT bit in the USB_n_USBSTS register is also set to a one.

34.3.2.1.15.1.5 Short packet
Reception of a data packet that is less than the endpoint's Max Packet size during Control, Bulk, or Interrupt transfers signals 
the completion of the transfer. Whenever a short packet completion occurs during a queue head execution, the USBINT bit 
in the USB_n_USBSTS register is set to a one. If the USB Interrupt Enable bit is set in the USB_n_USBINTR register, a 
hardware interrupt is signaled to the system at the next interrupt threshold.

34.3.2.1.15.2 Host controller event interrupts

These interrupt sources are independent of the interrupt threshold (with the one exception being the Interrupt on Async Advance, 
see Section Interrupt on async advance ).

34.3.2.1.15.2.1 Port change events
Port registers contain status and status change bits. When the status change bits are set to a one, the host controller sets 
the Port Change Detect bit in the USBSTS register to a one. If the Port Change Interrupt Enable bit in the USB_n_USBINTR 
register is a one, then the host controller will issue a hardware interrupt. The port status change bits include:

• Connect Status Change

• Port Enable/Disable Change
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• Over-current Change

• Force Port Resume

34.3.2.1.15.2.2 Frame list rollover
This event indicates that the host controller has wrapped the frame list. The current programmed size of the frame list effects 
how often this interrupt occurs. If the frame list size is 1024, then the interrupt will occur every 1024 milliseconds, if it is 512, 
then it will occur every 512 milliseconds, and so on. When a frame list rollover is detected, the host controller sets the Frame 
List Rollover bit in the USB.USBSTS register to a one. If the Frame List Rollover Enable bit in the USB.USBINTR register is 
set to a one, the host controller issues a hardware interrupt. This interrupt is not delayed to the next interrupt threshold.

34.3.2.1.15.2.3 Interrupt on async advance
This event is used for deterministic removal of queue heads from the asynchronous schedule. Whenever the host controller 
advances the on-chip context of the asynchronous schedule, it evaluates the value of the Interrupt on Async Advance Doorbell bit 
in the USB.USBCMD register. If it is a one, it sets the Interrupt on Async Advance bit in the USB.USBSTS register to a one. If the 
Interrupton Async Advance Enable bit in the USB.USBINTR register is a one, the host controller issues a hardware interrupt at the 
next interrupt threshold. A detailed explanation of this feature is described in Section Removing queue heads from asynchronous 
schedule .

34.3.2.1.15.2.4 Host system error
The host controller is a bus master and any interaction between the host controller and the system may experience errors. 
The type of host error may be catastrophic to the host controller (such as a Master Abort) making it impossible for the host 
controller to continue in a coherent fashion. In the presence of non-catastrophic host errors, such as parity errors, the host 
controller could potentially continue operation. The recommended behavior for these types of errors is to escalate it to a 
catastrophic error and halt the host controller. Host-based error must result in the following actions:

• The Run/Stop bit in the USB.USBCMD register is set to a zero.

• The following bits in the USB.USBSTS register are set:

— Host System Error bit is to a one.

— HCHalted bit is set to a one.

• If the Host System Error Enable bit in the USB.USBINTR register is a one, then the host controller will issue a hardware 
interrupt. This interrupt is not delayed to the next interrupt threshold. The following table summarizes the required actions 
taken on the various host errors.

Table 336. Summary Behavior of EHCI Host Controller on Host System Errors

Cycle Type Master Abort Target Abort Data Phase Parity

Frame list pointer fetch (read) Fatal Fatal Fatal [o]

siTD fetch (read) Fatal Fatal Fatal [o]

siTD status write-back (write) Fatal [o] Fatal [o] Fatal [o]

iTD fetch (read) Fatal Fatal Fatal [o]

iTD status write-back (write) Fatal [o] Fatal [o] Fatal [o]

qTD fetch (read) Fatal Fatal Fatal [o]

qHD status write-back (write) Fatal [o] Fatal [o] Fatal [o]

Table continues on the next page...
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Table 336. Summary Behavior of EHCI Host Controller on Host System Errors (continued)

Data write Fatal [o] Fatal [o] Fatal [o]

Data read Fatal Fatal Fatal [o]

Potentially, a host controller implementation could continue operation without a halt. However, the recommended behavior is to 
halt the host controller.

 
After a Host System Error, Software must reset the host controller through HCReset in the USB.USBCMD register 
before re-initializing and restarting the host controller.

  NOTE  

34.3.2.2 EHCI deviation
For the purposes a dual-role Host/Device controller with support for On-The-Go applications, it is necessary to deviate from 
the EHCI specification. Enhanced Host Controller Interface Specification for Universal Serial Bus, Revision 0.95, November 
2000, Intel Corporation. http://www.intel.com. Device operation and On-The-Go operation is not specified in the EHCI and 
therefore the implementation supported in this core is proprietary. The host mode operation of the core is near EHCI 
compatible with few minor differences documented in this section.

The particulars of the deviations occur in the areas summarized here:

• Embedded Transaction Translator - Allows direct attachment of FS and LS devices in host mode without the need for a 
companion controller.

• Device operation - In host mode the device operational registers are generally disabled and thus device mode is mostly 
transparent when in host mode. However, there are a couple exceptions documented in the following sections.

• Embedded design interface - This core does not have a PCI Interface and therefore the PCI configuration registers 
described in the EHCI specification are not applicable.

• On-The-Go Operation - This design includes an On-The-Go controller for Port #1.

34.3.2.2.1 Embedded transaction translator function
The OTG controller supports directly connected full and low speed devices without requiring a companion controller by 
including the capabilities of a USB 2.0 high speed hub transaction translator. Although there is no separate Transaction 
Translator block in the system, the transaction translator function normally associated with a high speed hub has been 
implemented within the DMA and Protocol engine blocks. The embedded transaction translator function is an extension to 
EHCI interface, but makes use of the standard data structures and operational models that exist in the EHCI specification to 
support full and low speed devices.

34.3.2.2.1.1 Capability registers

The following additions have been added to the capability registers to support the embedded Transaction Translator Function:

• N_TT added to USB.HCSPARAMS - Host Control Structural Parameters

• N_PTT added to USB.HCSPARAMS - Host Control Structural Parameters

34.3.2.2.1.2 Operational registers

The following additions have been added to the operational registers to support the embedded TT:

• Addition of two-bit Port Speed (PSPD) to the PORTSC1 register.

34.3.2.2.1.3 Discovery-EHCI deviation
In a standard EHCI controller design, the EHCI host controller driver detects a Full speed (FS) or Low speed (LS) device by 
noting if the port enable bit is set after the port reset operation. The port enable will only be set in a standard EHCI controller 
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implementation after the port reset operation and when the host and device negotiate a High-Speed connection (that is, Chirp 
completes successfully).

Because this controller has an embedded Transaction Translator, the port enable will always be set after the port reset operation 
regardless of the result of the host device chirp result, and the resulting port speed will be indicated by the PSPD field 
in USB.PORTSCx.

Therefore, the standard EHCI host controller driver requires an alteration to handle directly connected Full and Low speed devices 
or hubs.

The change is a fundamental one in that is summarized in the following table.

Table 337. Summary of EHCI

Standard EHCI EHCI with embedded Transaction Translator

After port enable bit is set following a connection and 
reset sequence, the device/hub is assumed to be HS.

After port enable bit is set following a connection and reset sequence, 
the device/hub speed is noted from USB.PORTSCx.

FS and LS devices are assumed to be downstream 
from an HS hub thus, all port-level control is performed 
through the Hub Class to the nearest Hub.

FS and LS device can be either downstream from an HS hub or 
directly attached. When the FS/LS device is downstream from an 
HS hub, then port-level control is done using the Hub Class through 
the nearest Hub. When a FS/LS device is directly attached, then 
port-level control is accomplished using USB.PORTSCx.

FS and LS devices are assumed to be downstream 
from an HS hub with HubAddr=X. [where HubAddr > 0 
and HubAddr is the address of the Hub where the bus 
transitions from HS to FS/LS (that is, Split target hub)]

FS and LS device can be either downstream from an HS hub with 
HubAddr = X [HubAddr > 0] or directly attached [where HubAddr = 0 
and HubAddr is the address of the Root Hub where the bus transitions 
from HS to FS/LS (that is, Split target hub is the root hub)]

34.3.2.2.1.4 Data structures
The same data structures used for FS/LS transactions though an HS hub are also used for transactions through the Root Hub 
with sm embedded Transaction Translator. Here it is demonstrated how the Hub Address and Endpoint Speed fields should be 
set for directly attached FS/LS devices and hubs:

1. QH (for direct attach FS/LS) - Async. (Bulk/Control Endpoints) Periodic (Interrupt)

• Hub Address = 0

• Transactions to direct attached device/hub.

— QH.EPS = Port Speed

• Transactions to a device downstream from direct attached FS hub.

— QH.EPS = Downstream Device Speed

 
When QH.EPS = 01 (LS) and PORTSCx.PSPD = 00 (FS), a LS-pre-pid will be sent before the transmitting 
LS traffic.

Maximum Packet Size must be less than or equal 64 or undefined behaviour may result.

  NOTE  

2. siTD (for direct attach FS) - Periodic (ISO Endpoint)

• All FS ISO transactions:

— Hub Address = 0

— siTD.EPS = 00 (full speed)

◦ Maximum Packet Size must less than or equal to 1023 or undefined behaviour may result.
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34.3.2.2.1.5 Operational model

The operational models are well defined for the behavior of the Transaction Translator (see USB 2.0 specification. Universal Serial 
Bus Specification, Revision 2.0, April 2000, Compaq, Hewlett-Packard, Intel, Lucent, Microsoft, NEC, Philips. http://www.usb.org) 
and for the EHCI controller moving packets between system memory and a USB-HS hub. Because the embedded Transaction 
Translator exists within the host controller, there is no physical bus between EHCI host controller driver and the USB FS/LS bus. 
These sections will briefly discuss the operational model for how the EHCI and Transaction Translator operational models are 
combined without the physical bus between. The following sections assume that the reader is familiar with both the EHCI and USB 
2.0 Transaction Translator operational models.

34.3.2.2.1.5.1 Micro-frame pipeline
The EHCI operational model uses the concept of H-frames and B-frames to describe the pipeline between the Host (H) 
and the Bus (B). The embedded Transaction Translator shall use the same pipeline algorithms specified in the USB 2.0 
specification for a Hub-based Transaction Translator.

All periodic transfers always begin at B-frame 0 (after SOF) and continue until the stored periodic transfers are complete. As an 
example of the micro-frame pipeline implemented in the embedded Transaction Translator, all periodic transfers that are tagged 
in EHCI to execute in H-frame 0 will be ready to execute on the bus in B-frame 0.

It is important to note that when programming the S-mask and C-masks in the EHCI data structures to schedule periodic transfers 
for the embedded Transaction Translator, the EHCI host controller driver must follow the same rules specified in EHCI for 
programming the S-mask and C-mask for downstream Hub-based Transaction Translators.

Once periodic transfers are exhausted, any stored asynchronous transfer will be moved. Asynchronous transfers are opportunistic 
in that they shall execute whenever possible and their operation is not tied to H-frame and B-frame boundaries with the exception 
that an asynchronous transfer cannot babble through the SOF (start of B-frame 0.)

34.3.2.2.1.5.2 Split state machines
The start and complete split operational model differs from EHCI slightly because there is no bus medium between the EHCI 
controller and the embedded Transaction Translator. Where a start or complete-split operation would occur by requesting 
the split to the HS hub, the start/complete split operation is simple an internal operation to the embedded Transaction 
Translator. The following table summarizes the conditions where handshakes are emulated from internal state instead of 
actual handshakes to HS split bus traffic.

Table 338. Summary of the Conditions of Handshakes1

Condition Emulate TT Response

Start-Split: All asynchronous buffers full. NAK

Start-Split: All periodic buffers full. ERR

Start-Split: Success for start of 
Async. Transaction.

ACK

Start-Split: Start Periodic Transaction. No Handshake (Ok)

Complete-Split: Failed to find transaction 
in queue.

Bus Time Out

Complete-Split: Transaction in Queue is Busy. NYET

Complete-Split: Transaction in Queue 
is Complete.

[Actual Handshake from LS/FS device]

1. The un-shaded cells represent Start-Splits and the shaded cells represent Complete-Splits
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34.3.2.2.1.5.3 Asynchronous transaction scheduling and buffer management
The following USB 2.0 specification items are implemented in the embedded Transaction Translator:

• Sequencing is provided & a packet length estimator ensures no full-speed/low-speed packet babbles into SOF time.

• Transaction tracking for 2 data pipes.

34.3.2.2.1.5.3.1 USB 2.0 - 11.17.3

• Sequencing is provided & a packet length estimator ensures no full-speed/low-speed packet babbles into SOF time.

34.3.2.2.1.5.3.2 USB 2.0 - 11.17.4

• Transaction tracking for 2 data pipes.

34.3.2.2.1.5.4 Periodic transaction scheduling and buffer management
The following USB 2.0 specification items are implemented in the embedded Transaction Translator:

• Abort of pending start-splits

— EOF (and not started in micro-frames 6)

— Idle for more than 4 micro-frames

• Abort of pending complete-splits

— EOF

— Idle for more than 4 micro-frames

• Transaction tracking for up to 16 data pipes.

• Complete-split transaction searching.

 
There is no data schedule mechanism for these transactions other than the micro-frame pipeline. The embedded 
TT assumes the number of packets scheduled in a frame does not exceed the frame duration (1 ms) or else 
undefined behavior may result.

  NOTE  

34.3.2.2.1.5.4.1 USB 2.0 - 11.18.6.[1-2]

• Abort of pending start-splits

— EOF (and not started in micro-frames 6)

— Idle for more than 4 micro-frames

• Abort of pending complete-splits

— EOF

— Idle for more than 4 micro-frames

34.3.2.2.1.5.4.2 USB 2.0 - 11.18.[7-8]

• Transaction tracking for up to 16 data pipes.

• Complete-split transaction searching.

 
There is no data schedule mechanism for these transactions other than the micro-frame pipeline. The embedded 
TT assumes the number of packets scheduled in a frame does not exceed the frame duration (1 ms) or else 
undefined behavior may result.

  NOTE  
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34.3.2.2.1.5.5 Multiple transaction translators
The maximum number of embedded Transaction Translators that is currently supported is one as indicated by the N_TT field in 
the HCSPARAMS register.

34.3.2.2.2 Device operation
The co-existence of a device operational controller within the host controller has little effect on EHCI compatibility for host 
operation except as noted in this section. 

34.3.2.2.2.1 USB_USBMODE register

Given that the dual-role controller is initialized in neither host nor device mode, the USB_nUSBMODE register must be 
programmed for host operation before the EHCI host controller driver can begin EHCI host operations.

34.3.2.2.2.2 Non-zero fields the register file

Some of the reserved fields and reserved addresses in the capability registers and operational register have use in device mode, 
the following must be adhered to:

• Write operations to all EHCI reserved fields (some of which are device fields) with the operation registers should always 
be written to zero. This is an EHCI requirement of the device controller driver that must be adhered to.

• Read operations by the host controller must properly mask EHCI reserved fields (some of which are device fields) 
because fields that are used exclusive for device are undefined in host mode.

34.3.2.2.2.3 SOF interrupt
This SOF Interrupt used for device mode is shared as a free running 125us interrupt for host mode. EHCI does not specify 
this interrupt but it has been added for convenience and as a potential software time base. See USB_nUSBSTS and 
USB_nUSBINTR registers.

34.3.2.2.3 Embedded design interface
This is an Embedded USB Host Controller as defined by the EHCI specification and thus does not implement the PCI 
configuration registers.

34.3.2.2.3.1 Frame adjust register

Given that the optional PCI configuration registers are not included in this implementation, there is no corresponding bit level 
timing adjustments like is provided by the Frame Adjust register in the PCI configuration registers. Starts of micro-frames are timed 
precisely to 125 us using the transceiver clock as a reference clock. That is, a 60 MHz transceiver clock for 8-bit physical interfaces 
& full-speed serial interfaces or 30 MHz transceiver clock for 16-bit physical interfaces.

34.3.2.2.4 Miscellaneous variations from EHCI

34.3.2.2.4.1 Programmable physical interface behaviour

This design supports multiple Physical interfaces which can operate in differing modes when the core is configured with software 
programmable Physical Interface Modes. Software programmability allows the selection of the Physical interface part during the 
board design phase instead of during the chip design phase. The control bits for selecting the Physical Interface operating mode 
have been added to the USB_nPORTSC1 register providing a capability that is not defined by EHCI.

34.3.2.2.4.2 Discovery

34.3.2.2.4.2.1 Port reset
The port connect methods specified by EHCI require setting the port reset bit in the USB_nPORTSC1 register for a duration of 10 
ms. Due to the complexity required to support the attachment of devices that are not high speed there are counter already present 
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in the design that can count the 10ms reset pulse to alleviate the requirement of the software to measure this duration. Therefore, 
the basic connection is then summarized as the following:

• [Port Change Interrupt] Port connect change occurs to notify the host controller driver that a device has attached.

• Software shall write a '1' to reset the device.

• Software shall write a '0' to reset the device after 10 ms.

— This step, which is necessary in a standard EHCI design, may be omitted with this implementation. Should the EHCI 
host controller driver attempt to write a '0' to the reset bit while a reset is in progress, the write will simple be ignored 
and the reset will continue until completion.

• [Port Change Interrupt] Port enable change occurs to notify the host controller that the device in now operational and at 
this point the port speed has been determined.

34.3.2.2.4.2.2 Port speed detection
After the port change interrupt indicates that a port is enabled, the EHCI stack should determine the port speed. Unlike the 
EHCI implementation, which will re-assign the port owner for any device that does not connect at High-Speed, this host 
controller supports direct attach of non High-Speed devices. Therefore, the following differences are important regarding port 
speed detection:

• Port Owner is read-only and always reads 0.

• A 2-bit Port Speed indicator has been added to PORTSC to provide the current operating speed of the port to the host 
controller driver.

• A 1-bit High Speed indicator has been added to PORTSC to signify that the port is in High-Speed vs. Full/Low Speed - 
This information is redundant with the 2-bit Port Speed indicator above.

34.3.2.2.4.3 Port test mode

Port Test Control mode behaves fully as described in EHCI. An alternate host controller driver procedure is not necessary 
or supported.

34.3.2.3 Device operational model
The function of the device operation is to transfer a request in the memory image to and from the Universal Serial Bus. Using 
a set of linked list transfer descriptors, pointed to by a queue head, the device controller will perform the data transfers. The 
following sections explain the use of the device controller from the device controller driver (DCD) point-of-view and further 
describe how specific USB bus events relate to status changes in the device controller programmer's interface.

34.3.2.3.1 Device controller initialization
After hardware reset, the device is disabled until the Run/Stop bit is set to a '1'. In the disabled state, the pull-up on the USB 
D+ is not active which prevents an attach event from occurring. At a minimum, it is necessary to have the queue heads setup 
for endpoint zero before the device attach occurs. Shortly after the device is enabled, a USB reset will occur followed by setup 
packet arriving at endpoint 0. A Queue head must be prepared so that the device controller can store the incoming setup 
packet.

In order to initialize a device, the software should perform the following steps:

• Set Controller Mode in the USB.USBMODE register to device mode.

 
Transitioning from host mode to device mode requires a device controller reset before modifying USB.USBMODE.

  NOTE  

• Allocate and Initialize device queue heads in system memory.

— Minimum: Initialize device queue heads 0 Tx & 0 Rx.
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All device queue heads for control endpoints must be initialized before the endpoint is enabled. Non-Control device 
queue heads before the endpoint can be used.

  NOTE  

— For information on device queue heads, refer to section Device data structures.

• Configure USB.ENDPOINTLISTADDR Pointer.

— For additional information on USB.ENDPOINTLISTADDR, refer to the register table.

• Enable the microprocessor interrupt associated with the USB core.

— Recommended: enable all device interrupts including: USBINT, USBERRINT, Port Change Detect, USB Reset 
Received, DCSuspend.

— For a list of available interrupts refer to the USB_nUSBINTR and the USB_nUSBSTS register tables.

• Set Run/Stop bit to Run Mode.

— After the Run bit is set and the device is connected to a host, a Bus Reset will be issued by host downstream port. 
The DCD must monitor the reset event and adjust the software state as described in the Bus Reset section of the 
Port State and Control section below.

 
Endpoint 0 is designed as a control endpoint only and does not need to be configured using ENDPTCTRL0 register.

  NOTE  

It is also not necessary to prime Endpoint 0 initially because the first packet received will always be a setup packet. The contents 
of the first setup packet will require a response in accordance with USB device framework (Chapter 9) command set.

34.3.2.3.2 Port state and control
From a chip or system reset, the device controller enters the powered state. A transition from the powered state to the attach 
state occurs when the Run/Stop bit is set to a '1'. After receiving a reset on the bus, the port will enter the defaultFS or 
defaultHS state in accordance with the reset protocol described in Appendix C.2 of the USB Specification Rev. 2.0. The 
following state diagram depicts the state of a USB 2.0 device.
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Figure 259. Device State Diagram

States powered, attach, defaultFS/HS, suspendFS/HS are implemented in the device controller and are communicated to the 
DCD using the following status bits:

The following table describes the Device Controller State Information Bits.

Table 339. Device Controller State Information Bits

Bit Register

DCSuspend USBSTS

USB Reset Received USBSTS

Port Change Detect USBSTS

High-Speed Port PORTSC1

It is the responsibility of the DCD to maintain a state variable to differentiate between the DefaultFS/HS state and the Address/
Configured states. Change of state from Default to Address and the Configured states is part of the enumeration process 
described in the device framework section of the USB 2.0 Specification.

As a result of entering the Address state, the device address register (DEVICEADDR) must be programmed by the DCD.
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Entry into the Configured indicates that all endpoints to be used in the operation of the device have been properly initialized by 
programming the USB_UOG_ENDPTCTRLx registers and initializing the associated queue heads.

34.3.2.3.2.1 Bus reset
A bus reset is used by the host to initialize downstream devices. When a bus reset is detected, the device controller will 
renegotiate its attachment speed, reset the device address to 0, and notify the DCD by interrupt (assuming the USB Reset 
Interrupt Enable is set). After a reset is received, all endpoints (except endpoint 0) are disabled, and any primed transactions 
will be cancelled by the device controller. The concept of priming will be clarified below, but the DCD must perform the 
following tasks when a reset is received:

Clear all setup token semaphores by reading the USB_nENDPTSTAT register and writing the same value back to the 
USB_nENDPTSTAT register.

Clear all the endpoint complete status bits by reading the USB_nPTCOMPLETE register and writing the same value back to the 
USB_nENDPTCOMPLETE register.

Cancel all primed status by waiting until all bits in the USB_nENDPTPRIME are 0 and then writing 0xFFFFFFFF 
to USB_nENDPTFLUSH.

Read the reset bit in the USB_nPORTSC1 register and make sure that it is still active. A USB reset will occur for a minimum of 
3 ms and the DCD must reach this point in the reset cleanup before end of the reset occurs, otherwise a hardware reset of the 
device controller is recommended (rare.)

• A hardware reset can be performed by writing a one to the device controller reset bit in the USBCMD reset. Note: a 
hardware reset will cause the device to detach from the bus by clearing the Run/Stop bit. Thus, the DCD must completely 
re-initialize the device controller after a hardware reset.

Free all allocated dTDs because they will no longer be executed by the device controller. If this is the first time the DCD is 
processing a USB reset event, then it is likely that no dTDs have been allocated.

At this time, the DCD may release control back to the OS because no further changes to the device controller are permitted until 
a Port Change Detect is indicated.

After a Port Change Detect, the device has reached the default state and the DCD can read the USB_nPORTSC1 to determine 
if the device is operating in FS or HS mode. At this time, the device controller has reached normal operating mode and DCD can 
begin enumeration according to the USB Chapter 9 - Device Framework.

 
The device DCD may use the FS/HS mode information to determine the bandwidth mode of the device.

  NOTE  

In some applications, it may not be possible to enable one or more pipes while in FS mode. Beyond the data rate issue, there is 
no difference in DCD operation between FS and HS modes.

34.3.2.3.2.2 Suspend/resume
The details of suspend and resume are explained in these sections. 
34.3.2.3.2.2.1 Suspend
Suspend Description

In order to conserve power, USB devices automatically enter the suspended state when the device has observed no bus traffic 
for a specified period. When suspended, the USB device maintains any internal status, including its address and configuration. 
Attached devices must be prepared to suspend at any time they are powered, regardless of if they have been assigned a 
non-default address, are configured, or neither. Bus activity may cease due to the host entering a suspend mode of its own. In 
addition, a USB device shall also enter the suspended state when the hub port it is attached to is disabled.

A USB device exits suspend mode when there is bus activity. A USB device may also request the host to exit suspend mode or 
selective suspend by using electrical signaling to indicate remote wake-up. The ability of a device to signal remote wake-up is 
optional. If the USB device is capable of remote wake-up signaling, the device must support the ability of the host to enable and 
disable this capability. When the device is reset, remote wake-up signaling must be disabled.
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Suspend Operational Model

The device controller moves into the suspend state when suspend signaling is detected or activity is missing on the upstream 
port for more than a specific period. After the device controller enters the suspend state, the DCD is notified by an interrupt 
(assuming DC Suspend Interrupt is enabled). When the DCSuspend bit in the USB_nPORTSC1 is set to a '1', the device controller 
is suspended.

DCD response when the device controller is suspended is application specific and may involve switching to low power operation.

Information on the bus power limits in suspend state can be found in USB 2.0 specification.

 
Review system level clocking issues defined in section (Ref: Signals-Clocking) for the clocking requirements of a 
suspended device controller.

  NOTE  

34.3.2.3.2.2.2 Resume
If the device controller is suspended, its operation is resumed when any non-idle signaling is received on its upstream facing 
port. In addition, the device can signal the system to resume operation by forcing resume signaling to the upstream port. 
Resume signaling is sent upstream by writing a '1' to the Resume bit in the USB_nPORTSC1 while the device is in suspend 
state. Sending resume signal to an upstream port should cause the host to issue resume signaling and bring the suspended 
bus segment (one more devices) back to the active condition.

 
Before resume signaling can be used, the host must enable it by using the Set Feature command defined in device 
framework (chapter 9) of the USB 2.0 Specification.

  NOTE  

34.3.2.3.3 Managing endpoints
The USB 2.0 specification defines an endpoint, also called a device endpoint or an address endpoint as a uniquely 
addressable portion of a USB device that can source or sink data in a communications channel between the host and the 
device. The endpoint address is specified by the combination of the endpoint number and the endpoint direction.

The channel between the host and an endpoint at a specific device represents a data pipe. Endpoint 0 for a device is always 
a control type data channel used for device discovery and enumeration. Other types of endpoints support by USB include bulk, 
interrupt, and isochronous. Each endpoint type has specific behavior related to packet response and error handling. More detail 
on endpoint operation can be found in the USB 2.0 specification.

The USB OTG device controller hardware supports up to 8 endpoint numbers.

Each endpoint direction is essentially independent and can be configured with differing behavior in each direction. For example, 
the DCD can configure endpoint 1-IN to be a bulk endpoint and endpoint 1-OUT to be an isochronous endpoint. This helps to 
conserve the total number of endpoints required for device operation. The only exception is that control endpoints must use both 
directions on a single endpoint number to function as a control endpoint. Endpoint 0 is, for example, is always a control endpoint 
and uses the pair of directions.

Each endpoint direction requires a queue head allocated in memory. To support the 8 endpoint numbers, 16 queue heads are 
required. The operation of an endpoint and use of queue heads are described later in this document.

34.3.2.3.3.1 Endpoint initialization
After hardware reset, all endpoints except endpoint zero are uninitialized and disabled. The DCD must configure and enable 
each endpoint by writing to configuration bit in the USB_UOG_ENDPTCTRLx register. Each 32-bit USB_UOG_ENDPTCTRLx 
is split into an upper and lower half. The lower half of USB_UOG_ENDPTCTRLx is used to configure the receive or OUT 
endpoint and the upper half is likewise used to configure the corresponding transmit or IN endpoint. Control endpoints must 
be configured the same in both the upper and lower half of the USB_UOG_ENDPTCTRLx register otherwise the behavior 
is undefined. The following table shows how to construct a configuration word for endpoint initialization. The following table 
shows the fields and values for the Device Controller Endpoint initialization.
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Table 340. Device Controller Endpoint Initialization

Field Value

Data Toggle Reset 1

Data Toggle Inhibit 0

Endpoint Type 00 Control

01 Isochronous

10 Bulk

11 Interrupt

Endpoint Stall 0

34.3.2.3.3.2 Stalling
There are two occasions where the device controller may need to return to the host a STALL.

The first occasion is the functional stall, which is a condition set by the DCD as described in the USB 2.0 device framework. A 
functional stall is only used on non-control endpoints and can be enabled in the device controller by setting the endpoint stall bit in 
the USB_UOG_ENDPTCTRLx register associated with the given endpoint and the given direction. In a functional stall condition, 
the device controller will continue to return STALL responses to all transactions occurring on the respective endpoint and direction 
until the endpoint stall bit is cleared by the DCD.

A protocol stall, unlike a function stall, is used on control endpoints is automatically cleared by the device controller at the start of 
a new control transaction (setup phase). When enabling a protocol stall, the DCD should enable the stall bits (both directions) as 
a pair. A single write to the USB_UOG_ENDPTCTRLx register can ensure that both stall bits are set at the same instant.

 
Any write to the USB_UOG_ENDPTCTRLx register during operational mode must preserve the endpoint type field 
(that is, perform a read-modify-write).

  NOTE  

The following table shows the response matrix for the Device Controller Stall.

Table 341. Device Controller Stall Response Matrix

USB Packet Endpoint Stall Bit. Effect on STALL bit. USB Response

SETUP packet received by a non-
control endpoint.

N/A None. STALL

IN/OUT/PING packet received by 
a non-control endpoint.

'1' None. STALL

IN/OUT/PING packet received by 
a non-control endpoint.

'0' None. ACK/

NAK/

NYET

SETUP packet received by a 
control endpoint.

N/A Cleared ACK

Table continues on the next page...
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Table 341. Device Controller Stall Response Matrix (continued)

IN/OUT/PING packet received by 
a control endpoint

'1' None STALL

IN/OUT/PING packet received by 
a control endpoint.

'0' None. ACK/

NAK/

NYET

34.3.2.3.3.3 Data toggle
Data toggle is a mechanism to maintain data coherency between host and device for any given data pipe. For more 
information on data toggle, refer to the USB 2.0 specification.
34.3.2.3.3.3.1 Data toggle reset
The DCD may reset the data toggle state bit and cause the data toggle sequence to reset in the device controller by writing 
a '1' to the data toggle reset bit in the USB_UOG_ENDPTCTRLx register. This should only be necessary when configuring/
initializing an endpoint or returning from a STALL condition.

34.3.2.3.3.3.2 Data toggle inhibit
 

This feature is for test purposes only and should never be used during normal device controller operation.
  NOTE  

Setting the data toggle Inhibit bit active ('1') causes the device controller to ignore the data toggle pattern that is normally sent and 
accept all incoming data packets regardless of the data toggle state.

In normal operation, the device controller checks the DATA0/DATA1 bit against the data toggle to determine if the packet is valid. 
If Data PID does not match the data toggle state bit maintained by the device controller for that endpoint, the Data toggle is 
considered not valid. If the data toggle is not valid, the device controller assumes the packet was already received and discards 
the packet (not reporting it to the DCD). To prevent the host controller from re-sending the same packet, the device controller will 
respond to the error packet by acknowledging it with either an ACK or NYET response.

34.3.2.3.3.3.3 Priming transmit endpoints
Priming a transmit endpoint will cause the device controller to fetch the device transfer descriptor (dTD) for the transaction 
pointed to by the device queue head (dQH). After the dTD is fetched, it will be stored in the dQH until the device controller 
completes the transfer described by the dTD. Storing the dTD in the dQH allows the device controller to fetch the operating 
context needed to handle a request from the host without the need to follow the linked list, starting at the dQH when the host 
request is received.

After the device has loaded the dTD, the leading data in the packet is stored in a FIFO in the device controller. This FIFO is split 
into virtual channels so that the leading data can be stored for any endpoint up to the maximum number of endpoints configured 
at device synthesis time.

After a priming request is complete, an endpoint state of primed is indicated in the USB_UOG_ENDPTSTATUS register. For a 
primed transmit endpoint, the device controller can respond to an IN request from the host and meet the stringent bus turnaround 
time of High Speed USB.

Because only the leading data is stored in the device controller FIFO, it is necessary for the device controller to begin filling in 
behind leading data after the transaction starts. The FIFO must be sized to account for the maximum latency that can be incurred 
by the system memory bus. More information about FIFO sizing is presented in section.

34.3.2.3.3.3.4 Priming receive endpoints
Priming receive endpoints is identical to priming of transmit endpoints from the point of view of the DCD. At the device 
controller, the major difference in the operational model is that there is no data movement of the leading packet data simply 
because the data is to be received from the host.
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Note as part of the architecture, the FIFO for the receive endpoints is not partitioned into multiple channels like the transmit FIFO. 
Thus, the size of the RX FIFO does not scale with the number of endpoints.

34.3.2.3.4 Operational model For packet transfers
All transactions on the USB bus are initiated by the host and in turn, the device must respond to any request from the host 
within the turnaround time stated in the USB 2.0 Specification. At USB 1.1 Full or Low Speed rates, this turnaround time was 
significant and the USB 1.1 device controllers were architected so that the device controller could access main memory or 
interrupt a host protocol processor in order to respond to the USB 1.1 transaction. The architecture of the USB 2.0 device 
controller must be different because same methods will not meet USB 2.0 High-speed turnaround time requirements by simply 
increasing clock rate.

A USB host will send requests to the device controller in an order that cannot be precisely predicted as a single pipeline, so it is 
not possible to prepare a single packet for the device controller to execute. However, the order of packet requests is predictable 
when the endpoint number and direction is considered. For example, if endpoint 3 (transmit direction) is configured as a bulk pipe, 
then we can expect the host will send IN requests to that endpoint. This device controller is architected in such a way that it can 
prepare packets for each endpoint/direction in anticipation of the host request. The process of preparing the device controller to 
send or receive data in response to host initiated transaction on the bus is referred to as "priming" the endpoint. This term will be 
used throughout the following documentation to describe the device controller operation so the DCD can be architected properly 
use priming. Further, note that the term "flushing" is used to describe the action of clearing a packet that was queued for execution.

34.3.2.3.4.1 Interrupt/bulk endpoint operational model
The behaviors of the device controller for interrupt and bulk endpoints are identical. All valid IN and OUT transactions to bulk 
pipes will handshake with a NAK unless the endpoint had been primed. Once the endpoint has been primed, data delivery will 
commence.

A dTD will be retired by the device controller when the packets described in the transfer descriptor have been completed. Each 
dTD describes N packets to be transferred according to the USB Variable Length transfer protocol. The formula and table on the 
following page describe how the device controller computes the number and length of the packets to be sent/received by the USB 
vary according to the total number of bytes and maximum packet length.

With Zero Length Termination (ZLT) = 0

N = INT(Number Of Bytes/Max. Packet Length) + 1

With Zero Length Termination (ZLT) = 1

N = MAXINT(Number Of Bytes/Max. Packet Length)

Table 342. Variable Length Transfer Protocol Example (ZLT = 0)

Bytes (dTD) Max. Packet Length (dQH) N P1 P2 P3

511 256 2 256 255

512 256 3 256 256 0

512 512 2 512 0

Table 343. Variable Length Transfer Protocol Example (ZLT = 1)

Bytes (dTD) Max. Packet Length (dQH) N P1 P2 P3

511 256 2 256 255

512 256 2 256 256

512 512 1 512
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The MULT field in the dQH must be set to "00" for bulk, interrupt, and control endpoints.

  NOTE  

TX-dTD is complete when:

• All packets described dTD were successfully transmitted. *** Total bytes in dTD will equal zero when this occurs.

RX-dTD is complete when:

• All packets described in dTD were successfully received. *** Total bytes in dTD will equal zero when this occurs.

• A short packet (number of bytes < maximum packet length) was received. *** This is a successful transfer completion; 
DCD must check Total Bytes in dTD to determine the number of bytes that are remaining. From the total bytes remaining 
in the dTD, the DCD can compute the actual bytes received.

• A long packet was received (number of bytes > maximum packet size) OR (total bytes received > total bytes specified). *** 
This is an error condition. The device controller will discard the remaining packet, and set the Buffer Error bit in the dTD. In 
addition, the endpoint will be flushed and the USBERR interrupt will become active.

On the successful completion of the packet(s) described by the dTD, the active bit in the dTD will be cleared and the next pointer 
will be followed when the Terminate bit is clear. When the Terminate bit is set, the device controller will flush the endpoint/direction 
and cease operations for that endpoint/direction.

On the unsuccessful completion of a packet (see long packet above), the dQH will be left pointing to the dTD that was in error. 
In order to recover from this error condition, the DCD must properly reinitialize the dQH by clearing the active bit, and update the 
nextTD pointer before attempting to re-prime the endpoint.

 
All packet level errors such as a missing handshake or CRC error will be retried automatically by the 
device controller.

  NOTE  

There is no required interaction with the DCD for handling such errors.

34.3.2.3.4.1.1 Interrupt/bulk endpoint bus response matrix
The table below shows the response matrix for Interrupt/Bulk Endpoint Bus.

Table 344. Interrupt/Bulk Endpoint Bus Response Matrix

Stall Not Primed Primed Underflow Overflow

Setup Ignore Ignore Ignore N/A N/A

In STALL NAK Transmit BS Error N/A

Out STALL NAK Receive + NYET/ACK N/A NAK

Ping STALL NAK ACK N/A N/A

Invalid Ignore Ignore Ignore Ignore Ignore

 
BS Error = Force Bit Stuff Error

NYET/ACK - NYET unless the Transfer Descriptor has packets remaining according to the USB variable length 
protocol then ACK.

SYSERR - System error should never occur when the latency FIFOs are correctly sized and the DCD is responsive.

  NOTE  
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34.3.2.3.4.2 Control endpoint operation model

This section details the setup phase, data phase, status phase, and the control endpoint bus response matrix.

34.3.2.3.4.2.1 Setup phase
All requests to a control endpoint begin with a setup phase followed by an optional data phase and a required status phase. 
The device controller will always accept the setup phase unless the setup lockout is engaged.

The setup lockout will engage so that future setup packets are ignored. Lockout of setup packets ensures that while software 
is reading the setup packet stored in the queue head, that data is not written as it is being read potentially causing an invalid 
setup packet.

The setup lockout mechanism can be disabled and a new tripwire type semaphore will ensure that the setup packet payload is 
extracted from the queue head without being corrupted be an incoming setup packet. This is the preferred behavior because 
ignoring repeated setup packets due to long software interrupt latency would be a compliance issue.

• Disable Setup Lockout by writing 1 to Setup Lockout Mode (SLOM) in USB_nUSBMODE. (once at initialization). Setup 
lockout is not necessary when using the tripwire as described below.

 
Leaving the Setup Lockout Mode As 0 will result in pre-2.3 hardware behavior.

  NOTE  

• After receiving an interrupt and inspecting UBS_nENDSETUPSTAT to determine that a setup packet was received on a 
particular pipe:

1. Write 1 to clear corresponding bit UBS_nENDSETUPSTAT.

2. Write 1 to Setup Tripwire (SUTW) in USB_nUSBCMD register.

3. Duplicate contents of dQH.SetupBuffer into local software byte array.

4. Read Setup TripWire (SUTW) in USB_nUSBCMD register. (if set - continue; if cleared - goto 2)

5. Write 0 to clear Setup Tripwire (SUTW) in USB nUSBCMD register.

6. Process setup packet using local software byte array copy and execute status/handshake phases.

 
After receiving a new setup packet the status and/or handshake phases may still be pending from a previous control 
sequence. These should be flushed & deallocated before linking a new status and/or handshake dTD for the most 
recent setup packet.

  NOTE  

34.3.2.3.4.2.2 Data phase
Following the setup phase, the DCD must create a device transfer descriptor for the data phase and prime the transfer.

After priming the packet, the DCD must verify a new setup packet has not been received by reading the USB.ENDPTSETUPSTAT 
register immediately verifying that the prime had completed. A prime will complete when the associated bit in the 
USB_nENDPTPRIME register is zero and the associated bit in the USB_nENDPTSTAT register is a one. If a prime fails, 
that is, the USB_nENDPTPRIME bit goes to zero and the USB_nENDPTSTAT bit is not set, then the prime has failed. This can 
only be due to improper setup of the dQH, dTD or a setup arriving during the prime operation. If a new setup packet is indicated 
after the ENDPTPRIME bit is cleared, then the transfer descriptor can be freed and the DCD must reinterpret the setup packet.

Should a setup arrive after the data stage is primed, the device controller will automatically clear the prime status 
(USB_nENDPTSTAT) to enforce data coherency with the setup packet.

 
• The MULT field in the dQH must be set to "00" for bulk, interrupt, and control endpoints.

• Error handling of data phase packets is the same as bulk packets described previously.

  NOTE  
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34.3.2.3.4.2.3 Status phase
Similar to the data phase, the DCD must create a transfer descriptor (with byte length equal zero) and prime the endpoint for 
the status phase. The DCD must also perform the same checks of the USB.ENDPTSETUPSTAT as described above in the 
data phase.

 
• The MULT field in the dQH must be set to 00 for bulk, interrupt, and control endpoints.

• Error handling of data phase packets is the same as bulk packets described previously.

  NOTE  

34.3.2.3.4.2.4 Control endpoint bus response matrix
Shown in the following table is the device controller response to packets on a control endpoint according to the device 
controller state.

The table below shows the response matrix for the Control Endpoint Bus.

Table 345. Control Endpoint Bus Response Matrix

Token Type Endpoint State Setup Lockout

Stall Not Primed Primed Underflow Overflow

Setup ACK ACK ACK N/A SYSERR

In STALL NAK Transmit BS Error N/A N/A

Out STALL NAK Receive + 
NYET/ACK

N/A NAK N/A

Ping STALL NAK ACK N/A N/A N/A

Invalid Ignore Ignore Ignore Ignore Ignore Ignore

BS Error = Force Bit Stuff Error

NYET/ACK - NYET unless the Transfer Descriptor has packets remaining according to the USB variable length protocol then ACK.

SYSERR - System error should never occur when the latency FIFOs are correctly sized and the DCD is responsive.

34.3.2.3.4.3 Isochronous endpoint operational model
Isochronous endpoints are used for real-time scheduled delivery of data and their operational model is significantly different 
than the host throttled Bulk, Interrupt, and Control data pipes. Real time delivery by the device controller will be accomplished 
by the following:

• Exactly MULT Packets per (micro) Frame are transmitted/received. Note: MULT is a two-bit field in the device Queue 
Head. The variable length packet protocol is not used on isochronous endpoints.

• NAK responses are not used. Instead, zero length packets are sent in response to an IN request to an unprimed 
endpoints. For unprimed RX endpoints, the response to an OUT transaction is to ignore the packet within the device 
controller.

• Prime requests always schedule the transfer described in the dTD for the next (micro) frame. If the ISO-dTD is still active 
after that frame, then the ISO-dTD will be held ready until executed or canceled by the DCD.

An EHCI compatible host controller uses the periodic frame list to schedule data exchanges to Isochronous endpoints. The 
operational model for device mode does not use such a data structure. Instead, the same dTD used for Control/Bulk/Interrupt 
endpoints is also used for isochronous endpoints. The difference is in the handling of the dTD.
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The first difference between bulk and ISO-endpoints is that priming an ISO-endpoint is a delayed operation such that an endpoint 
will become primed only after a SOF is received. After the DCD writes the prime bit, the prime bit will be cleared as usual to 
indicate to software that the device controller completed a priming the dTD for transfer. Internal to the design, the device controller 
hardware masks that prime start until the next frame boundary. This behavior is hidden from the DCD but occurs so that the device 
controller can match the dTD to a specific (micro)frame.

Another difference with isochronous endpoints is that the transaction must wholly complete in a (micro)frame. Once an ISO 
transaction is started in a (micro)frame, it will retire the corresponding dTD when MULT transactions occur or the device controller 
finds a fulfillment condition.

The transaction error bit set in the status field indicates a fulfillment error condition. When a fulfillment error occurs, the frame after 
the transfer failed to complete wholly, the device controller will force retire the ISO-dTD and move to the next ISO-dTD.

It is important to note that fulfillment errors are only caused due to partially completed packets. If no activity occurs to a primed 
ISO-dTD, the transaction will stay primed indefinitely. This means it is up to software discard transmit ISO-dTDs that pile up from 
a failure of the host to move the data.

Finally, the last difference with ISO packets is in the data level error handling. When a CRC error occurs on a received packet, 
the packet is not retried similar to bulk and control endpoints. Instead, the CRC is noted by setting the Transaction Error bit and 
the data is stored as usual for the application software to sort out.

• TX Packet Retired

— MULT counter reaches zero.

— Fulfillment Error [Transaction Error bit is set]

◦ # Packets Occurred > 0 AND # Packets Occurred < MULT

 
For TX-ISO, MULT Counter can be loaded with a lesser value in the dTD Multiplier Override field in hardware 
versions 2.3 and later. If the Multiplier Override is zero, the MULT Counter is initialized to the Multiplier in the QH.

  NOTE  

• RX Packet Retired:

— MULT counter reaches zero.

— Non-MDATA Data PID is received**

◦ ** Exit criteria only valid in hardware version 2.3 or later. Previous to hardware version 2.3, any PID sequence 
that did not match the MULT field exactly would be flagged as a transaction error due to PID mismatch or 
fulfillment error.

— Overflow Error:

◦ Packet received is > maximum packet length. [Buffer Error bit is set]

◦ Packet received exceeds total bytes allocated in dTD. [Buffer Error bit is set]

— Fulfillment Error [Transaction Error bit is set]

◦ # Packets Occurred > 0 AND # Packets Occurred < MULT

— CRC Error [Transaction Error bit is set]

 
For ISO, when a dTD is retired, the next dTD is primed for the next frame. For continuous (micro)frame to 
(micro)frame operation the DCD should ensure that the dTD linked-list is out ahead of the device controller by at 
least two (micro)frames.

  NOTE  

34.3.2.3.4.3.1 Isochronous pipe synchronization
When it is necessary to synchronize an isochronous data pipe to the host, the (micro) frame number (USB_UOG_FRINDEX 
register) can be used as a marker. To cause a packet transfer to occur at a specific (micro) frame number [N], the DCD 
should interrupt on SOF during frame N-1. When the USB_UOG_FRINDEX=N-1, the DCD must write the prime bit. The device 
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controller will prime the isochronous endpoint in (micro) frame N-1 so that the device controller will execute delivery during 
(micro) frame N.

 
Priming an endpoint towards the end of (micro) frame N-1 will not guarantee delivery in (micro) frame N. The 
delivery may actually occur in (micro) frame N+1 if device controller does not have enough time to complete the 
prime before the SOF for packet N is received.

  NOTE  

34.3.2.3.4.3.2 Isochronous endpoint bus response matrix
The following table shows the response matrix for the Isochronous Endpoint Bus.

Table 346. Isochronous Endpoint Bus Response Matrix

Stall Not Primed Primed Underflow Overflow

Setup STALL STALL STALL N/A N/A

In NULL Packet NULL Packet Transmit BS Error N/A

Out Ignore Ignore Receive N/A Drop Packet

Ping Ignore Ignore Ignore Ignore Ignore

Invalid Ignore Ignore Ignore Ignore Ignore

1. BS Error = Force Bit Stuff Error

NULL Packet = Zero Length Packet

34.3.2.3.5 Managing queue heads

The following figure shows the End Point Queue Head.

       Endpoint QH 1 - Out     

       Endpoint QH 0 - In     

       Endpoint QH 0 - Out     

       Endpoint       
Transfer       

Descriptor     

       Up to       
32 elements     

       ENDPOINTLISTADDR     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer Buffer Pointer     

       Transfer       
Buffer       
Pointer     

       Transfer       
Buffer       
Pointer     

       Transfer Buffer       
Pointer     

       Endpoint Queue Heads     

Figure 260. End Point Queue Head Diagram
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The device queue head (dQH) points to the linked list of transfer tasks, each depicted by the device Transfer Descriptor (dTD). 
An area of memory pointed to by USB.ENDPOINTLISTADDR contains a group of all dQH's in a sequential list as shown in Figure 
260. The even elements in the list of dQH's are used for receive endpoints (OUT/SETUP) and the odd elements are used for 
transmit endpoints (IN/INTERRUPT). Device transfer descriptors are linked head to tail starting at the queue head and ending at 
a terminate bit. Once the dTD has been retired, it will no longer be part of the linked list from the queue head. Therefore, software 
is required to track all transfer descriptors because pointers will no longer exist within the queue head once the dTD is retired (see 
section Software link pointers).

In addition to the current and next pointers and the dTD overlay examined in section Operational model For packet transfers, the 
dQH also contains the following parameters for the associated endpoint: Multiplier, Maximum Packet Length, Interrupt On Setup. 
The complete initialization of the dQH including these fields is demonstrated in the next section.

34.3.2.3.5.1 Queue head initialization
One device queue head must be initialized for each active endpoint. To initialize a device queue head:

• Write the wMaxPacketSize field as required by the USB Chapter 9 or application specific protocol.

• Write the multiplier field to 0 for control, bulk, and interrupt endpoints. For ISO endpoints, set the multiplier to 1, 2, or 3 as 
required bandwidth and in conjunction with the USB Chapter 9 protocol.

 
In FS mode, the multiplier field can only be 1 for ISO endpoints.

  NOTE  

• Write the next dTD Terminate bit field to 1.

• Write the Active bit in the status field to 0.

• Write the Halt bit in the status field to 0.

 
The DCD must only modify dQH if the associated endpoint is not primed and there are no outstanding dTD's.

  NOTE  

34.3.2.3.5.2 Operational model for setup transfers

As discussed in section Control endpoint operation model, setup transfer requires special treatment by the DCD. A setup transfer 
does not use a dTD but instead stores the incoming data from a setup packet in an 8-byte buffer within the dQH.

Upon receiving notification of the setup packet, the DCD should handle the setup transfer as demonstrated here:

1. Copy setup buffer contents from dQH - RX to software buffer.

2. Acknowledge setup backup by writing a "1" to the corresponding bit in ENDPTSETUPSTAT.

 
• The acknowledge must occur before continuing to process the setup packet.

• After the acknowledge has occurred, the DCD must not attempt to access the setup buffer in the dQH - RX. 
Only the local software copy should be examined.

  NOTE  

3. Check for pending data or status dTD's from previous control transfers and flush if any exist as discussed in section 
Flushing/de-priming an endpoint.

4. Decode setup packet and prepare data phase [optional] and status phase transfer as required by the USB Chapter 9 or 
application specific protocol.

 
It is possible for the device controller to receive setup packets before previous control transfers complete. Existing 
control packets in progress must be flushed and the new control packet completed.

  NOTE  
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34.3.2.3.6 Managing transfers with transfer descriptors

These sections detail how to build, execute, and complete transfers with transfer descriptors.

34.3.2.3.6.1 Software link pointers
It is necessary for the DCD software to maintain head and tail pointers for the linked list of dTDs for each respective queue 
head. This is necessary because the dQH only maintains pointers to the current working dTD and the next dTD to be 
executed. The operations described in next section for managing dTD will assume the DCD can use reference the head and 
tail of the dTD linked list. The following figure shows the Software Link Pointers.

       Completed dTDs            Queued dTDs     

       Endpoint       
QH     

       current     

       next     
       Tail Pointer            Head Pointer     

Figure 261. Software Link Pointers

 
To conserve memory, the reserved fields at the end of the dQH can be used to store the Head & Tail pointers, but 
it still remains the responsibility of the DCD to maintain the pointers.

  NOTE  

34.3.2.3.6.2 Building a transfer descriptor
Before a transfer can be executed from the linked list, a dTD must be built to describe the transfer. Use the following 
procedure for building dTDs.

Allocate 8-DWord dTD block of memory aligned to 8-DWord boundaries. Example: bit address 4:0 would be equal to "00000"

Write the following fields:

1. Initialize first 7 DWords to 0.

2. Set the terminate bit to 1.

3. Fill in total bytes with transfer size.

4. Set the interrupt on complete if desired.

5. Initialize the status field with the active bit set to 1 and all remaining status bits set to 0.

6. Fill in buffer pointer page 0 and the current offset to point to the start of the data buffer.

7. Initialize buffer pointer page 1 through page 4 to be one greater than each of the previous buffer pointer.

34.3.2.3.6.3 Executing a transfer descriptor
To safely add a dTD, the DCD must be follow this procedure which will handle the event where the device controller reaches 
the end of the dTD list at the same time a new dTD is being added to the end of the list.

Determine whether the link list is empty: Check DCD driver to see if pipe is empty (internal representation of linked-list should 
indicate if any packets are outstanding).

• Case 1: Link list is empty

1. Write dQH next pointer AND dQH terminate bit to 0 as a single DWord operation.
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2. Clear active & halt bit in dQH (in case set from a previous error).

3. Prime endpoint by writing 1 to correct bit position in ENDPTPRIME. Software should check that the dTD/dQH 
content in external memory is updated before setting the bit in ENDPTPRIME register.

• Case 2: Link list is not empty

1. Add dTD to end of linked list.

2. Read correct prime bit in ENDPTPRIME - if 1 DONE.

3. Set ATDTW bit in USBCMD register to 1.

4. Read correct status bit in ENDPTSTAT. (store in tmp. variable for later)

5. Read ATDTW bit in USBCMD register.

— If 0 goto 3.

— If 1 continue to 6.

6. Write ATDTW bit in USBCMD register to 0.

7. If status bit read in (3) is 1 DONE.

8. If status bit read in (3) is 0, then Goto Case 1: Step 1.

34.3.2.3.6.4 Transfer completion

After a dTD has been initialized and the associated endpoint primed the device controller will execute the transfer upon the 
host-initiated request. The DCD will be notified with a USB interrupt if the Interrupt On Complete bit was set or alternately, the DCD 
can poll the endpoint complete register to find when the dTD had been executed. After a dTD has been executed, DCD can check 
the status bits to determine success or failure.

 
Multiple dTD can be completed in a single endpoint complete notification. After clearing the notification, DCD must 
search the dTD linked list and retire all dTDs that have finished (Active bit cleared).

  NOTE  

By reading the status fields of the completed dTDs, the DCD can determine if the transfers completed successfully. Success is 
determined with the following combination of status bits:

• Active = 0

• Halted = 0

• Transaction Error = 0

• Data Buffer Error = 0

Should any combination other than the one shown above exist, the DCD must take proper action. Transfer failure mechanisms 
are indicated in the Device error matrix.

In addition to checking the status bit the DCD must read the Transfer Bytes field to determine the actual bytes transferred. When a 
transfer is complete, the Total Bytes transferred is decremented by the actual bytes transferred. For Transmit packets, a packet is 
only complete after the actual bytes reaches zero, but for receive packets, the host may send fewer bytes in the transfer according 
to the USB variable length packet protocol.

34.3.2.3.6.5 Flushing/de-priming an endpoint
It is necessary for the DCD to flush to de-prime one more endpoints on a USB device reset or during a broken control transfer. 
There may also be application specific requirements to stop transfers in progress. The following procedure can be used by the 
DCD to stop a transfer in progress:

1. Write a '1' to the corresponding bit(s) in ENDPTFLUSH.

2. Wait until all bits in ENDPTFLUSH are '0'.
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• Software note: this operation may take a large amount of time depending on the USB bus activity. It is not desirable 
to have this wait loop within an interrupt service routine.

3. Read ENDPTSTAT register to ensure that for all endpoints commanded to be flushed, that the corresponding bits are 
now '0'. If the corresponding bits are '1' after step #2 has finished, then the flush failed as described in the following:

• Explanation: In very rare cases, a packet is in progress to the particular endpoint when commanded flush using 
ENDPTFLUSH register. A safeguard is in place to refuse the flush to ensure that the packet in progress completes 
successfully. The DCD may need to repeatedly flush any endpoints that fail to flush be repeating steps 1-3 until 
each endpoint is successfully flushed.

34.3.2.3.6.6 Device error matrix

The following table summarizes packet errors that are not automatically handled by the Device Controller.

Table 347. Device Error Matrix

Error Direction Packet Type Data Buffer Error Bit Transaction Error Bit

Overflow ** RX Any 1 0

ISO Packet Error RX ISO 0 1

ISO Fulfillment Error Both ISO 0 1

Notice that the device controller handles all errors on Bulk/Control/Interrupt Endpoints except for a data buffer overflow. However, 
for ISO endpoints, errors packets are not retried and errors are tagged as indicated. The table below describes the errors.

Table 348. Error Descriptions

Error Description

Overflow Number of bytes received exceeded max. packet size or total buffer length.

** This error will also set the Halt bit in the dQH and if there are dTDs remaining in the linked list 
for the endpoint, then those will not be executed.

ISO Packet Error CRC Error on received ISO packet. Contents not guaranteed to be correct.

ISO Fulfillment Error Host failed to complete the number of packets defined in the dQH mult field within the given 
(micro)frame. For scheduled data delivery the DCD may need to readjust the data queue 
because a fulfillment error will cause Device Controller to cease data transfers on the pipe for one 
(micro)frame. During the "dead" (micro)frame, the Device Controller reports error on the pipe and 
primes for the following frame.

34.3.2.3.7 Servicing interrupts
The interrupt service routine must consider that there are high-frequency, low-frequency operations, and error operations and 
order accordingly. 

34.3.2.3.7.1 High-frequency interrupts

High frequency interrupts in particular should be handled in the order below. The most important of these are listed first because 
the DCD must acknowledge a setup buffer in the timeliest manner possible.

The table below describes the High frequency interrupt events.
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Table 349. High Frequency Interrupt Events

Execution Order Interrupt Action

1a USB Interrupt 
- USB.ENDPTSETUPSTATUS

Copy contents of setup buffer and acknowledge setup packet 
(as indicated in Figure 260 shows the End Point Queue Head). 
Process setup packet according to USB 2.0 Chapter 9 or 
application specific protocol.

1b USB Interrupt1 - USB.ENDPTCOMPLETE Handle completion of dTD as indicated in Figure 260 shows the 
End Point Queue Head.

2 SOF Interrupt Action as deemed necessary by application. This interrupt may 
not have a use in all applications.

1. It is likely that multiple interrupts to stack up on any call to the Interrupt Service Routine AND during the Interrupt Service 
Routine.

34.3.2.3.7.2 Low-frequency interrupts

The low frequency interrupts can be handled in any order because they do not occur often in comparison to the high-
frequency interrupts.

The table below shows the Low frequency interrupt events.

Table 350. Low Frequency Interrupt Events

Interrupt Action

Port Change Change software state information.

Sleep Enable (Suspend) Change software state information. Low power handling as necessary.

Reset Received Change software state information. Abort pending transfers.

34.3.2.3.7.3 Error interrupts
Error interrupts will be least frequent and should be placed last in the interrupt service routine.

The following table shows the error interrupt events.

Table 351. Error Interrupt Events

Interrupt Action

USB Error Interrupt This error is redundant because it combines USB Interrupt and an error status in the 
dTD. The DCD will more aptly handle packet-level errors by checking dTD status field 
upon receipt of USB Interrupt (w/ USB.ENDPTCOMPLETE).

System Error Unrecoverable error. Immediate Reset of core; free transfers buffers in progress and 
restart the DCD.

34.3.3 Modes
The USB has two main modes of operation: normal mode and low power mode . Each USB OTG controller core can operate 
in High Speed operation (480 Mbps), Full Speed operation (12 Mbps) and Low Speed operation (1.5 Mbps).

This chapter explains the operation modes.
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34.3.3.1 Normal mode
The OTG controller core can operate in Host mode and Device (Peripheral) mode. 

Each USB controller core has its corresponding port, which can work in one or more interface modes.

 
Each controller supports only the interface type listed below. Selecting a different interface type in the 
PORTSC_PTS field results in unpredictable behavior and may cause the system to hang.

  NOTE  

• OTG1 port

— This port supports on-chip UTMI transceiver only.

• OTG2 port

— This port supports on-chip UTMI transceiver only.

34.3.3.2 Low-power mode
Each USB controller core has a low-power mode (Suspend mode) to save power consumption.

As described in the USB 2.0 specification, the device can go into the Suspend state after it sees a constant Idle state on the 
upstream facing port. The OTG controller core enters Suspend mode after 3 ms of inactivity on the port when it is in Device 
Operation mode. Host controllers, including the OTG controller in Host mode, do not suspend automatically but can be placed in 
Suspend mode by software.

Either the local Arm platform or the remote USB Host/Peripheral can initiate a wake-up sequence to resume USB communication. 
For details about Suspend/Resume, see Power control.

34.3.3.2.1 Power control
The USB controller supports suspend and wake-up functionality. The power control block allows for placing the transceiver in 
USB low power mode when USB bus is IDLE, and supports local and remote wake-up to bring the transceiver out of USB 
low power mode when needed. Additionally, the power control block can wake-up the Arm platform from core sleep mode by 
generating an interrupt.

34.3.3.2.1.1 Entering low power suspend mode

In Host operation mode, low power suspend mode is entered as follows:

1. Clear the ASE and PSE bits in USB_USBCMD, and wait until the AS and PS bits in USB_USBSTS become "0".

2. Set the "SUSPEND" bit in USB_PORTSC1

3. Set VBUSVALID_TO_SESSVALID in USBPHYx_USB1_VBUS_DETECT

4. Set the "PHCD" bit in USB_PORTSC1

5. Set all PWD bits in USBPHYx_PWD

6. Set CLKGATE in USBPHYx_CTRL

 
Step 4,5,6 shall be done in atomic operation. That is, interrupt should be disabled during these three steps.

  NOTE  

For device operation mode, low power suspend mode is entered as follows:

1. After Host drive is IDLE for 3ms, an SLI interrupt is issued (the "DCSUSPEND" or "SLI" bit in USB_USBSTS)

2. Set VBUSVALID_TO_SESSVALID in USBPHYx_USB1_VBUS_DETECT

3. Set the "PHCD" bit on USB_PORTSC1

4. Set all PWD bits in USBPHYx_PWD

5. Set CLKGATE in USBPHYx_CTRL
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Step 3,4,5 shall be done in atomic operation. That is, interrupt should be disabled during these three steps.

  NOTE  

34.3.3.2.1.2 Wake-up events

The power control block monitors the USB bus when the USB core is in the USB suspend state.

Depending on whether the core is on Host or Device mode, a number of wake-up conditions are monitored. Upon detection of a 
wake-up condition, an interrupt will be generated to Arm platform if the related wake-up interrupt enable bit is set.

USB wake-up interrupt also re-activates the Arm platform clocks if they were stopped during the suspend.

34.3.3.2.1.2.1 Host mode events
The host controller wakes up on the following events:

• Remote Wake-up Request

A peripheral can request the host to reactivate the bus by driving wake-up signaling on the DM/DP lines. The power control block 
sends a wake-up request to the USB core when a J-K transition on DM/DP line is detected.

• Wake-Up On Overcurrent

If Wake-Up On Overcurrent is enabled (WKOC bit in the USB core register PORTSC1 is set '1'), the power control block sends 
a wake-up request to the USB core when an overcurrent event is detected.

• Wake-Up On Disconnect

If Wake-Up On Disconnect is enabled (WKDC bit in the USB core register PORTSC1 is set '1'), the power control block sends a 
wake-up request to the USB core when a disconnection event is detected (J-SE0/K-SE0 transition on DM/DP line).

• Wake-Up On Connect

If a Wake-Up On Connect is enabled (WKCN bit in the USB core register PORTSC1 is set '1'), the power control sub-block sends 
a wake-up request to the USB core when the connection event is detected (SE0-J/SE0-K transition on DM/DP line).

For a detailed description of register bits WKOC, WKDC, WKCN, please see USB_nPORTSC1.

34.3.4 Interrupts

34.3.4.1 USB core interrupts

Each USB core uses one dedicated vector in the Interrupt Table. The vector numbers associated with each of the cores can be 
found in the Interrupt section.

With the exception of the wake-up interrupts, all of the interrupt sources are controlled in the USB Cores. Refer to the 
USB_nUSBINTR for details.

34.3.4.2 USB wake-up interrupts
Each USB Core has an associated wake-up interrupt. The wake-up interrupts are generated outside of the USB controller 
cores, but using the same vector as the corresponding USB controller cores interrupt. These interrupts are generated by the 
Power Control blocks which run on the 32 kHz standby clock. The wake-up interrupt is designed to work even when the USB 
and Arm platform clocks are disabled, such that a wake-up condition on the USB bus can re-activate the Arm platform clocks.

Because the wake-up interrupt is generated and cleared on a 32 kHz clock, this interrupt request responds very slowly to clear 
actions. For this reason, the software must disable the wake-up interrupt to clear the request flag. Disabling the interrupt masks 
the request instantaneously as this is clocked by the Arm platform clock. The software should wait for at least three 32 kHz clock 
cycles before re-enabling this interrupt to allow sufficient time for the request flag to clear. Because this interrupt is only used during 
low power modes of the USB, it is sufficient to enable the wake-up interrupt just prior to entering the USB suspend mode.
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34.3.5 Clocking
The following table describes the clock sources for USB. Please see the clock control chapter for clock setting, configuration, and 
gating information.

Table 352. USB Clocks

Clock Description

ipg_ahb_clk AHB bus clock

ipg_clk_s Peripheral access clock

ipg_clk_s_pl301 PL301 peripheral clock

34.4 External signals
The table found here describes the external signals of USB. See the chip-specific information to know the external signals 
supported by your device.

Table 353. USB External Signals

Signal Description

OTGn_DN DN OTG Signal

OTGn_DP DP OTG Signal

OTGn_ID ID signal

OTGn_OC OTG External input for VBUS overcurrent detection

OTGn_PWR To control PMIC to supply VBUS voltage

34.5 Initialization
This section provides the information required to initialize the USB controller properly. For more details on how to enable and 
disable, see Host controller initialization and Device controller initialization.

34.6 Application information
This section describes the detailed application knowledge for OTG1 and OTG2 ports.

34.6.1 Register interface
Configuration, control, and status registers are divided into three categories, identification, capability, and operational registers.

 
USB controller registers support only DWORD (32-bit) access.

  NOTE  

• Identification registers are used to declare the slave interface presence along with the complete set of the hardware 
configuration parameters.

• Static, read only capability registers define the software limits, restrictions, and capabilities of the host/device controller.

• Operational registers are dynamic control or status registers that may be read only, read/write, or read/write-to-clear. The 
following sections define the use of these registers.

EHCI registers are listed alongside device registers to show the complementary nature of host and device control.

NXP Semiconductors
USB OTG Controller (USB CTRL)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 1957 / 5781



The following table describes the Interface register sets.

Table 354. Interface Register Sets

Offset Register Set Explanation

000h-07Ch Identification Registers Identification registers are used to declare the slave interface presence and 
include a table of the hardware configuration parameters.

100h-124h Capability Registers Capability registers specify the limits, restrictions, and capabilities of a host/
device controller implementation.

These values are used as parameters to the host/device controller driver.

080h-0FCh

140h-1FCh

Operational Registers Operational registers are used by the system software to control and monitor the 
operational state of the host/device controller.

34.6.1.1 Configuration, control, and status register set

The following table describes the Device/Host capability registers.

 
Depending on implementation, "x" can have the following values: UOG1, UOG2.

  NOTE  

Table 355. Device/Host Capability Registers

Offset Size

(Bytes)

Mnemonic Register Name Device 
Mode

Host 
Mode

000h 4 USB_x_ID Identification Register O O

004h 4 USB_x_HWGENERAL General Hardware Parameters O O

008h 4 USB_x_HWHOST Host Hardware Parameters X O

00Ch 4 USB_x_HWDEVICE Device Hardware Parameters O X

010h 4 USB_x_HWTXBUF TX Buffer Hardware Parameters O O

014h 4 USB_x_HWRXBUF RX Buffer Hardware Parameters O O

018-07Fh - Reserved

080h 4 USB_x_GPTIMER0LD General Purpose Timer #0 Load Register O O

084h 4 USB_x_GPTIMER0CTR
L

General Purpose Timer #0 Control Register O O

088h 4 USB_x_GPTIMER1LD General Purpose Timer #1 Load Register O O

08Ch 4 USB_x_GPTIMER1CTR
L

General Purpose Timer #1 Control Register O O

090h 4 USB_x_SBUSCFG System Bus Interface Configuration Register O O

Table continues on the next page...
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Table 355. Device/Host Capability Registers (continued)

Offset Size

(Bytes)

Mnemonic Register Name Device 
Mode

Host 
Mode

094-09Fh - Reserved

100h 1 USB_x_CAPLENGTH Capability Register Length O O

101h - Reserved

102h 2 USB_x_HCIVERSION Host Controller Interface Version Number X O

104h 4 USB_x_HCSPARAMS Host Controller Structural Parameters X O

108h 4 USB_x_HCCPARAMS Host Controller Capability Parameters X O

10C-11Fh - Reserved

120h 2 USB_x_DCIVERSION Device Controller Interface Version Number O X

122h 2 - Reserved

124h 4 USB_x_DCCPARAMS Device Controller Capability Parameters O X

128-13Fh - Reserved

140h 4 USB_x_USBCMD USB Command Register O O

144h 4 USB_x_USBSTS USB Status Register O O

148h 4 USB_x_USBINTR USB Interrupt Enable Register O O

14Ch 4 USB_x_FRINDEX USB Frame Index O O

150h 4 - Reserved

154h 4 USB_x_PERIODICLIST
BASE

Frame List Base Address X O

USB_x_DEVICEADDR USB Device Address O X

158h 4 USB_x_ASYNCLISTAD
DR

Next Asynchronous List Address X O

4 USB_x_ENDPOINTLIST
ADDR

Address at Endpoint list in memory O X

15Ch 4 - Reserved

160h 4 USB_x_BURSTSIZE Programmable Burst Size O O

164h 4 USB_x_TXFILLTUNING Host Transmit Pre-Buffer Packet Tuning X O

Table continues on the next page...
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Table 355. Device/Host Capability Registers (continued)

Offset Size

(Bytes)

Mnemonic Register Name Device 
Mode

Host 
Mode

168h 4 - Reserved

170h 4 - Reserved

178h 4 USB_x_ENDPTNAK Endpoint NAK register O X

17Ch 4 USB_x_ENDPTNAKEN Endpoint NAK Enable register O X

180h 4 USB_x_CONFIGFLAG Configured Flag Register X O

184h 4 USB_x_PORTSC1 Port Status/Control Register 1 O O

188-1A3h - Reserved

1A4h 4 USB_x_OTGSC On-The-Go Status/Control Register (OTG only) O O

1A8h 4 USB_x_USBMODE USB Controller Operating Mode O O

1ACh 4 USB_x_ENDPTSETUPS
TAT

Endpoint Setup Status O X

1B0h 4 USB_x_ENDPTPRIME Endpoint Initialization O X

1B4h 4 USB_x_ENDPTFLUSH Endpoint De-Initialization O X

1B8h 4 USB_x_ENDPTSTATUS Endpoint Status O X

1BCh 4 USB_x_ENDPTCOMPL
ETE

Endpoint Complete O X

1C0

1C4

...

1DCh

64 USB_x_ENDPTCTRL0

USB_x_ENDPTCTRL1

....

USB_x_ENDPTCTRL7

Endpoint Control Register 0-7 O X

 
"O" means the register is available in host/device operation mode.

"X" means the register is reserved in host/device operation mode.

  NOTE  

34.6.1.2 Identification registers
Identification registers are used to declare the slave interface presence and include a table of the hardware configuration 
parameters.
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34.6.1.3 OTG operations

34.6.1.3.1 Register bits

In the previous section, the Register interface has behaviors described for device mode and behaviors described for host mode. 
However, for OTG operations it is necessary to perform tasks independent of the controller mode.

 
The only way to transit the controller mode out of host or device mode is with the controller reset bit. Therefore, it 
is also necessary for the OTG tasks to be performed independent of a controller reset as well as independent of 
the controller mode.

  NOTE  

The following figure shows the controller mode.

         Idle (00)       

         Device (10)                Host (11)       

         Write "10" to         
USBMODE       

         Write "11" to         
USBMODE       

         Hardware Reset or         
USBCMD.Reset = 1       

Figure 262. Controller Mode

To this end, listed below are the register bits that are used for OTG operations, which are independent of the controller mode and 
are also not affected by a write to the reset bit in the USBCMD register:

All Identification Registers

All Device/Host Capability Registers

OTGSC: All bits

PORTSC1:

• Physical Interface Select

• Physical Interface Serial Select

• Physical Interface Data Width

• Physical Interface Low Power

• Physical Interface Wake Signals

• Port Indicators

• Port Power

34.6.2 Host data structures
This section defines the interface data structures used to communicate control, status, and data between Host Controller 
Driver (HCD) (software) and the Enhanced Host Controller (hardware). The data structure definitions in this chapter support 
a 32-bit memory buffer address space. The interface consists of a Periodic Schedule, Periodic Frame List, Asynchronous 
Schedule, Isochronous Transaction Descriptors, Split-transaction Isochronous Transfer Descriptors, Queue Heads, and 
Queue Element Transfer Descriptors.
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The periodic frame list is the root of all periodic (isochronous and interrupt transfer type) transfers for the host controller. The 
asynchronous list is the root for all the bulk and control transfers. Isochronous data streams are managed using Isochronous 
Transaction Descriptors. Isochronous split-transaction data streams are managed with Split-transaction Isochronous Transfer 
Descriptors. All Interrupt, Control, and Bulk data streams are managed via queue heads and Queue Element Transfer Descriptors. 
These data structures are optimized to reduce the total memory footprint of the schedule and to reduce (on average) the number 
of memory accesses needed to execute a USB transaction.

Note that software must ensure that no interface data structure reachable by the EHCI host controller spans a 4 K-page boundary.

The data structures defined in this section are (from the host controller's perspective) a mix of read-only and read/writeable fields. 
The host controller must preserve the read-only fields on all data structure writes.

34.6.2.1 Periodic frame list
This schedule is for all periodic transfers (isochronous and interrupt). The periodic schedule is referenced from the operational 
registers space using the PERIODICLISTBASE address register and the FRINDEX register. The periodic schedule is based 
on an array of pointers called the Periodic Frame List. The PERIODICLISTBASE address register is combined with the 
FRINDEX register to produce a memory pointer into the frame list. The Periodic Frame List implements a sliding (1 msec) 
window of work over time.

The following figure shows the organization of periodic schedule.

A

A

A

A

A

Periodic Frame
List 

1024, 512, or 256
elements    

Periodic Frame 

List Element
Address 

FRINDEX 

PeriodicList Base 

Operational
Registers 

8

4

1

A

Isochronous Transfer
Descriptor(s)    

Interrupt Queue
Heads    

 Poll Rate: N ---> 1 

Last Periodic
has end of
List Mark

A

Figure 263. Periodic Schedule Organization

Split transaction Interrupt, Bulk, and Control are also managed using queue heads and queue element transfer descriptors.

The periodic frame list is a 4 K-page aligned array of Frame List Link pointers. The length of the frame list may be programmable. 
The programmability of the periodic frame list is exported to system software via the HCCPARAMS register. If non-programmable, 
the length is 1024 elements. If programmable, the length can be selected by system software as one of 8, 16, 32, 64, 128, 256, 
512, or 1024 elements. An implementation must support all three sizes. Programming the size (that is, the number of elements) 
is accomplished by system software writing the appropriate value into Frame List Size field in the USBCMD register.
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Frame List Link pointers direct the host controller to the first work item in the frame's periodic schedule for the current micro-frame. 
The link pointers are aligned on DWord boundaries within the Frame List.

The table below illustrates the format of the Frame list element pointer.

Table 356. Format of Frame List Element Pointer

3
1

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1 0

Frame List Link Pointer 0 Typ 03-00
H

Frame List Link pointers always reference memory objects that are 32-byte aligned. The referenced object may be an isochronous 
transfer descriptor for high-speed devices, a split-transaction isochronous transfer descriptor (for full-speed isochronous 
endpoints), or a queue head (used to support high-, full- and low-speed interrupt). System software should not place non-periodic 
schedule items into the periodic schedule. The least significant bits in a frame list pointer are used to key the host controller as to 
the type of object the pointer is referencing.

The least significant bit is the T-Bit (bit 0). When this bit is set to a one, the host controller never uses the value of the frame list 
pointer as a physical memory pointer. The Typ field is used to indicate the exact type of data structure being referenced by this 
pointer. The value encodings are.

Table 357. Typ Field Value Definitions

Value Meaning

00b Isochronous Transfer Descriptor

01b Queue Head

10b Split Transaction Isochronous Transfer Descriptor.

11b Frame Span Traversal Node.

34.6.2.2 Asynchronous list queue head pointer
The Asynchronous Transfer List (based at the USB_ASYNCLISTADDR register) is where all of the control and bulk transfers 
are managed. Host controllers use this list only when it reaches the end of the periodic list, the periodic list is disabled, or the 
periodic list is empty.

       AsynListAddr     

       Operational       
Registers     

       H     

       Bulk/Control Queue Heads     

Figure 264. Asynchronous Schedule Organization
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The Asynchronous list is a simple circular list of queue heads. The USB_ASYNCLISTADDR register is simply a pointer to the next 
queue head. This implements a pure round-robin service for all queue heads linked into the asynchronous list.

34.6.2.3 Isochronous (high-speed) transfer descriptor (iTD)
The format of an isochronous transfer descriptor is shown in the table below. This structure is used only for high-speed 
isochronous endpoints. All other transfer types should use queue structures. Isochronous TDs must be aligned on a 32-byte 
boundary.

Table 358. Isochronous Transaction Descriptor (iTD)

3
1

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1 0

Next Link Pointer 0 Typ T 03-0
0H

Status Transaction 0 Length I
O
C

PG* Transaction 0 Offset* 07-0
4H

Status Transaction 1 Length I
O
C

PG* Transaction 1 Offset* 0B-0
8H

Status Transaction 2 Length I
O
C

PG* Transaction 2 Offset* 0F-0
CH

Status Transaction 3 Length I
O
C

PG* Transaction 3 Offset* 13-1
0H

Status Transaction 4 Length I
O
C

PG* Transaction 4 Offset* 17-1
4H

Status Transaction 5 Length I
O
C

PG* Transaction 5 Offset* 1B-1
8H

Status Transaction 6 Length I
O
C

PG* Transaction 6 Offset* 1F-1
CH

Status Transaction 7 Length I
O
C

PG* Transaction 7 Offset* 23-2
0H

Table continues on the next page...
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Table 358. Isochronous Transaction Descriptor (iTD) (continued)

Buffer Pointer (Page 0) EndPt R Device Address 27-2
4H

Buffer Pointer (Page 1) I/
O

Maximum Packet Size 2B-2
8H

Buffer Pointer (Page 2) - Mult 2F-2
CH

Buffer Pointer (Page 3) - 33-3
0H

Buffer Pointer (Page 4) - 37-3
4H

Buffer Pointer (Page 5) - 3B-3
8H

Buffer Pointer (Page 6) - 3F-3
CH

       Host Controller Read/Write            Host Controller Read Only     

These fields may be modified by the host controller if the I/O field indicates an OUT.

34.6.2.3.1 Next link pointer
The first DWord of an iTD is a pointer to the next schedule data structure. The following table describes the Next Schedule 
Element pointer field.

Table 359. Next Schedule Element Pointer

Bit Description

31-5

Link Pointer (LP)

These bits correspond to memory address signals [31:5], respectively. This field points to another 
Isochronous Transaction Descriptor (iTD/siTD) or Queue Head (QH).

4-3

Reserved

These bits are reserved and their value has no effect on operation. Software should initialize this field to zero.

2-1

QH/(s)iTD Select 
(Typ)

This field indicates to the Host Controller whether the item referenced is an iTD, siTD, or a QH. This allows the 
Host Controller to perform the proper type of processing on the item after it is fetched. Value encodings are:

Value Meaning 00b iTD (isochronous transfer descriptor) 01b QH (queue head) 10b siTD (split transaction 
isochronous transfer descriptor 11b FSTN (frame span traversal node)

Table continues on the next page...
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Table 359. Next Schedule Element Pointer (continued)

0

Terminate (T)

1= Link Pointer field is not valid. 0= Link Pointer field is valid.

34.6.2.3.2 iTD transaction status and control list
DWords 1 through 8 are eight slots of transaction control and status. Each transaction description includes:

• Status results field

• Transaction length (bytes to send for OUT transactions and bytes received for IN transactions).

• Buffer offset. The PG and Transaction X Offset fields are used with the buffer pointer list to construct the starting buffer 
address for the transaction.

The host controller uses the information in each transaction description plus the endpoint information contained in the first three 
DWords of the Buffer Page Pointer list, to execute a transaction on the USB.

The following table describes iTD Transaction Status and Control fields.

Table 360. iTD Transaction Status and Control

Bit Description

31-28

Status

This field records the status of the transaction executed by the host controller for this slot. This field is a bit 
vector with the following encoding:

Bit Definition

31 Active. Set to one by software to enable the execution of an isochronous transaction by the Host 
Controller. When the transaction associated with this descriptor is completed, the Host Controller sets 
this bit to zero indicating that a transaction for this element should not be executed when it is next 
encountered in the schedule.

30 Data Buffer Error. Set to a one by the Host Controller during status update to indicate that the 
Host Controller is unable to keep up with the reception of incoming data (overrun) or is unable to 
supply data fast enough during transmission (under run). If an overrun condition occurs, no action 
is necessary.

29 Babble Detected. Set to one by the Host Controller during status update when "babble" is detected 
during the transaction generated by this descriptor.

28 Transaction Error (XactErr). Set to one by the Host Controller during status update in the case where 
the host did not receive a valid response from the device (Timeout, CRC, Bad PID, etc.). This bit may 
only be set for isochronous IN transactions.

27-16

Transaction X 
Length

For an OUT, this field is the number of data bytes the host controller sends during the transaction. The 
host controller is not required to update this field to reflect the actual number of bytes transferred during the 
transfer. For an IN, the initial value of the endpoint to deliver. During the status update, the host controller 
writes back the field is the number of bytes the host expects the number of bytes successfully received. The 
value in this register is the actual byte count (0‡zero length data, 1‡one byte, 2‡two bytes, and so on). The 
maximum value this field may contain is 0xC00 (3072).

15 If this bit is set to one, it specifies that when this transaction completes, the Host Controller should issue an 
interrupt at the next interrupt threshold.

Table continues on the next page...
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Table 360. iTD Transaction Status and Control (continued)

Bit Description

Interrupt On 
Complete (IOC)

14-12

Page Select 
(PG)

These bits are set by software to indicate which of the buffer page pointers the offset field in this slot should 
be concatenated to produce the starting memory address for this transaction. The valid range of values for 
this field is 0 to 6.

11-0

Transaction X 
Offset

This field is a value that is an offset, expressed in bytes, from the beginning of a buffer. This field is 
concatenated onto the buffer page pointer indicated in the adjacent PG field to produce the starting buffer 
address for this transaction.

34.6.2.3.3 iTD buffer page pointer list (plus)
DWords 9-15 of an isochronous transaction descriptor are nominally page pointers (4 K aligned) to the data buffer for this 
transfer descriptor. This data structure requires the associated data buffer to be contiguous (relative to virtual memory), but 
allows the physical memory pages to be non-contiguous. Seven page pointers are provided to support the expression of eight 
isochronous transfers. The seven pointers allow for 3 (transactions) * 1024 (maximum packet size) * 8 (transaction records) 
(24576 bytes) to be moved with this data structure, regardless of the alignment offset of the first page.

Because each pointer is a 4 K aligned page pointer, the least significant 12 bits in several of the page pointers are used for 
other purposes.

The tables below illustrate the field descriptions.

Table 361. iTD Buffer Pointer Page 0 (Plus)

Bit Description

31-12

Buffer Pointer (Page 0)

This is a 4 K aligned pointer to physical memory. Corresponds to memory address bits [31:12].

11-8

Endpoint Number (Endpt)

This 4-bit field selects the particular endpoint number on the device serving as the data source 
or sink.

7

Reserved

Bit reserved for future use and should be initialized by software to zero.

6-0

Device Address

This field selects the specific device serving as the data source or sink.

Table 362. iTD Buffer Pointer Page 1 (Plus)

Bit Description

31-12

Buffer Pointer (Page 1)

This is a 4K aligned pointer to physical memory. Corresponds to memory address bits [31:12].

Table continues on the next page...
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Table 362. iTD Buffer Pointer Page 1 (Plus) (continued)

Bit Description

11

Direction (I/O)

0 = OUT; 1 = IN. This field encodes whether the high-speed transaction should use an IN or 
OUT PID.

10-0

Maximum Packet Size

This directly corresponds to the maximum packet size of the associated endpoint 
(wMaxPacketSize). This field is used for high-bandwidth endpoints where more than one 
transaction is issued per transaction description (per micro-frame). This field is used with the 
Multi field to support high-bandwidth pipes. This field is also used for all IN transfers to detect 
packet babble. Software should not set a value larger than 1024 (400h). Any value larger yields 
undefined results.

Table 363. iTD Buffer Pointer Page 2 (Plus)

Bit Description

31-12

Buffer Pointer

This is a 4K aligned pointer to physical memory. Corresponds to memory address bits [31:12].

11-2

Reserved

This bit reserved for future use and should be set to zero.

1-0

Multi

This field is used to indicate to the host controller the number of transactions that should be 
executed per transaction description (per micro-frame). The valid values are:

Value Meaning

00b Reserved. A zero in this field yields undefined results.

01b One transaction to be issued for this endpoint per micro-frame.

10b Two transactions to be issued for this endpoint per micro-frame.

11b Three transactions to be issued for this endpoint per micro-frame.

Table 364. iTD Buffer Pointer Page 3-6

Bit Description

31-12

Buffer Pointer

This is a 4 K aligned pointer to physical memory. Corresponds to memory address bits [31:12].

11-0

Reserved

These bits reserved for future use and should be set to zero.

34.6.2.4 Split transaction isochronous transfer descriptor (siTD)
All Full-speed isochronous transfers through the internal transaction translator are managed using the siTD data structure. 
This data structure satisfies the operational requirements for managing the split transaction protocol.

The following table shows the Split Transaction Isochronous Transfer Descriptor (siTD).
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Table 365. Split Transaction Isochronous Transfer Descriptor
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9 8 7 6 5 4 3 2 1 0 Addr

Next Link Pointer 0 Typ T 03- 
00

I/
O

Port Number - Hub Addr Reserved EndPt - Device Address 07-0
41

Reserved μFrame C-mask μFrame S-mask 0B-0
81

io
c

P Reserved Total Bytes to Transfer μFrame C-prog-mask Status 0F- 
0C2

Buffer Pointer (Page 0) Current Offset 13- 
102

Buffer Pointer (Page 1) Reserved TP T-count 17- 
142

Back Pointer 0 T 1B-1
8

1. 04-0B: Static Endpoint State
2. 0C-13: Transfer results

       Host Controller Read/Write            Host Controller Read Only     

34.6.2.4.1 Next link pointer
DWord0 of a siTD is a pointer to the next schedule data structure.

The following table describes the Next Link Pointer fields.

Table 366. Next Link Pointer

Bit Description

31-5 Next Link Pointer (LP). This field contains the address of the next data object to be processed in the periodic list 
and corresponds to memory address signals [31:5], respectively.

4-3 Reserved. These bits must be written as zeros.

2-1 QH/(s)iTD Select (Typ). This field indicates to the Host Controller whether the item referenced is an iTD/siTD or a 
QH. This allows the Host Controller to perform the proper type of processing on the item after it is fetched. Value 
encodings are:

Value Meaning

Table continues on the next page...
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Table 366. Next Link Pointer (continued)

Bit Description

00b iTD (isochronous transfer descriptor)

01b QH (queue head)

10b siTD (split transaction isochronous transfer descriptor

11b FSTN (frame span traversal node)

0 Terminate (T).

1 = Link Pointer field is not valid. 0 = Link Pointer is valid.

34.6.2.4.2 siTD endpoint capabilities/characteristics
DWords 1 and 2 specify static information about the full-speed endpoint, the addressing of the parent Companion Controller, 
and micro-frame scheduling control.

The tables below describe the Endpoint and transaction translator characteristics and micro-frame schedule control fields.

Table 367. Endpoint and Transaction Translator Characteristics

Bit Description

31 Direction (I/O).0 = OUT; 1 = IN. This field encodes whether the full-speed transaction should be an IN or OUT.

30-24 Port Number. This field is the port number of the recipient Transaction Translator.

23 Reserved. Bit reserved and should be set to zero.

22-16 Hub Address. This field holds the device address of the Companion Controllers' hub.

15-12 Reserved. Field reserved and should be set to zero.

11-8 Endpoint Number (Endpt). This 4-bit field selects the particular endpoint number on the device serving as the 
data source or sink.

7 Reserved. Bit is reserved for future use. It should be set to zero.

6-0 Device Address. This field selects the specific device serving as the data source or sink.

Table 368. Micro-frame Schedule Control

Bit Description

31-16 Reserved. This field reserved for future use. It should be set to zero.

15-8 Split Completion Mask (mFrame C-Mask). This field (along with the Active and SplitX- state fields in the 
Status byte) is used to determine during which micro-frames the host controller should execute complete-split 
transactions. When the criteria for using this field is met, an all zeros value has undefined behavior. The host 
controller uses the value of the three low-order bits of the FRINDEX register to index into this bit field. If the 
FRINDEX register value indexes to a position where the mFrame C-Mask field is a one, then this siTD is a 
candidate for transaction execution. There may be more than one bit in this mask set.

Table continues on the next page...
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Table 368. Micro-frame Schedule Control (continued)

Bit Description

7-0 Split Start Mask (mFrame S-mask). This field (along with the Active and SplitX-state fields in the Status byte) 
is used to determine during which micro-frames the host controller should execute start-split transactions. The 
host controller uses the value of the three low-order bits of the FRINDEX register to index into this bit field. If 
the FRINDEX register value indexes to a position where the mFrame S-mask field is a one, then this siTD is a 
candidate for transaction execution. An all zeros value in this field, in combination with existing periodic frame 
list has undefined results.

34.6.2.4.3 siTD transfer state
DWords 3-6 are used to manage the state of the transfer. The following table describes siTD transfer state fields.

Table 369. siTD Transfer Status and Control

Bit Description

31 Interrupt On Complete (ioc). 0 = Do not interrupt when transaction is complete. 1 = Do interrupt when transaction 
is complete. When the host controller determines that the split transaction has completed it asserts a hardware 
interrupt at the next interrupt threshold.

30 Page Select (P). Used to indicate which data page pointer should be concatenated with the CurrentOffset field to 
construct a data buffer pointer (0 selects Page 0 pointer and 1 selects Page 1). The host controller is not required 
to write this field back when the siTD is retired (Active bit transitioned from a one to a zero).

29-26 Reserved. This field reserved for future use and should be set to zero.

25-16 Total Bytes To Transfer. This field is initialized by software to the total number of bytes expected in this transfer. 
Maximum value is 1023 (3FFh)

15-8 μFrame Complete-split Progress Mask (C-prog-Mask). This field is used by the host controller to record which 
split-completes has been executed.

7-0: Status—This field records the status of the transaction executed by the host controller for this slot. It is a bit vector with the 
encoding shown in the following rows.

7 Active. Set to one by software to enable the execution of an isochronous split transaction by the Host Controller.

6 ERR. Set to a one by the Host Controller when an ERR response is received from the Companion Controller.

5 Data Buffer Error. Set to a one by the Host Controller during status update to indicate that the Host Controller is 
unable to keep up with the reception of incoming data (overrun) or is unable to supply data fast enough during 
transmission (under run). In the case of an under run, the Host Controller transmits an incorrect CRC (thus 
invalidating the data at the endpoint). If an overrun condition occurs, no action is necessary.

4 Babble Detected. Set to a one by the Host Controller during status update when" babble" is detected during the 
transaction generated by this descriptor.

3 Transaction Error (XactErr). Set to a one by the Host Controller during status update in the case where the host did 
not receive a valid response from the device (Timeout, CRC, Bad PID, etc.). This bit is set only for IN transactions.

Table continues on the next page...
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Table 369. siTD Transfer Status and Control (continued)

Bit Description

2 Missed Micro-Frame. The host controller detected that a host-induced hold- off caused the host controller to miss 
a required complete-split transaction.

1 Split Transaction State (SplitXstate). The bit encodings are:

Value Meaning

00b Do Start Split.

This value directs the host controller to issue a Start split transaction to the endpoint when a match is encountered 
in the S-mask.

01b Do Complete Split.

This value directs the host controller to issue a Complete split transaction to the endpoint when a match is 
encountered in the C-mask.

0 Reserved. Bit reserved for future use and should be set to zero.

34.6.2.4.4 siTD buffer pointer list (plus)
DWords 4 and 5 are the data buffer page pointers for the transfer. This structure supports one physical page cross. The most 
significant 20 bits of each DWord in this section are the 4 K (page) aligned buffer pointers. 

The least significant 12 bits of each DWord are used as additional transfer state. The following table describes the siTD buffer 
pointer fields.

Table 370. Buffer Page Pointer List (plus)

Bit Description

31-12 Buffer Pointer List. Bits [31:12] of DWords 4 and 5 are 4 K page aligned physical memory addresses. These bits 
correspond to physical address bits [31:12] respectively. The lower 12 bits in each pointer are defined and used 
as specified below. The field P (see siTD transfer state) specifies the current active pointer.

Bits 11-0

(Page 0)

Current Offset—The 12 least significant bits of the Page 0 pointer are the current byte offset for the current 
page pointer (as selected with the page indicator bit (P field). The host controller is not required to write this 
field back when the siTD is retired (Active bit transitioned from a one to a zero).

Bits 11-0 (Page 1)—The least significant bits of the Page 1 pointer are split into three subfields as shown in the following rows.

11-5

(Page 1)

Reserved

4-3

(Page 1)

Transaction position (TP). This field is used with T-count to determine whether to send all, first, middle, or last with 
each outbound transaction payload. System software must initialize this field with the appropriate starting value. 
The host controller must correctly manage this state during the lifetime of the transfer. The bit encodings are:

Value Meaning

00b All. The entire full-speed transaction data payload is in this transaction (that is, less than or equal to 188 bytes).

01b Begin. This is the first data payload for a full- speed that is greater than 188 bytes.

10B Mid. This is the middle payload for a full-speed OUT transaction that is larger than 188 bytes.

Table continues on the next page...
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Table 370. Buffer Page Pointer List (plus) (continued)

Bit Description

11b End. This is the last payload for a full-speed OUT transaction that was larger than 188 bytes.

2-0

(Page 1)

Transaction count (T-Count). Software initializes this field with the number of OUT start-splits this transfer requires. 
Any value larger than 6 is undefined.

34.6.2.4.5 siTD back link pointer
DWord 6 of a siTD is simply another schedule link pointer. This pointer is always zero, or references a siTD, and it cannot 
reference any other schedule data structure.

The following table describes the siTD back link pointer fields.

Table 371. siTD Back Link Pointer

Bit Description

31-5 siTD Back Pointer. This field is a physical memory pointer to a siTD.

4-1 Reserved. This field is reserved for future use. It should be set to zero.

0 Terminate (T).

1 = siTD Back Pointer field is not valid.

0 = siTD Back Pointer field is valid.

34.6.2.5 Queue element transfer descriptor (qTD)
This data structure is only used with a queue head. It describes one or more USB transactions to transfer up to 20480 
(5*4096) bytes. The structure contains two structure pointers used for queue advancement, a DWord of transfer state, and a 
five-element array of data buffer pointers. It is 32 bytes and must be physically contiguous.

The buffer associated with this transfer must be virtually contiguous. The buffer may start on any byte boundary; however, for 
optimal utilization of on-chip buses it is recommended to align the buffers on a 32-byte boundary. A separate buffer pointer list 
element must be used for each physical page in the buffer, regardless of whether the buffer is physically contiguous.

Host controller updates (host controller writes) to stand-alone qTDs only occur during transfer retirement. References in the 
following bit field definitions of updates to the qTD are to the qTD portion of a queue head.

The following table shows the queue element transfer descriptor data structure.

Table 372. Queue element transfer descriptor data structure

3
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1
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1
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1
1
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9 8 7 6 5 4 3 2 1 0 Addr

Next qTD Pointer 0 T 03-

00

Alternate Next qTD Pointer 0 T 07-

04
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Table 372. Queue element transfer descriptor data structure (continued)

dt Total Bytes to Transfer io
c

C_Page Cerr PID 
Code

Status 0B-

081

Buffer Pointer (page 0) Current Offset 0F-

0C1

Buffer Pointer (page 1) Reserved 13-

10

Buffer Pointer (page 2) Reserved 17-

14

Buffer Pointer (page 3) Reserved 1B-

18

Buffer Pointer (page 4) Reserved 1F-

1C

1. 08-0F: Transfer Results

       Host Controller Read/Write            Host Controller Read Only     

Queue Element Transfer Descriptors must be aligned on 32-byte boundaries.

34.6.2.5.1 Next qTD pointer
The first DWord of an element transfer descriptor is a pointer to another transfer element descriptor. The following table 
describes Next qTD pointer fields.

Table 373. qTD Next Element Transfer Pointer (DWord 0)

Bit Description

31-5 Next Transfer Element Pointer. This field contains the physical memory address of the next qTD to be 
processed. The field corresponds to memory address signals[31:5], respectively.

4-1 Reserved

0 Terminate (T). 1= pointer is invalid. 0=Pointer is valid (points to a valid Transfer Element Descriptor). This 
bit indicates to the Host Controller that there are no more valid entries in the queue.

34.6.2.5.2 Alternate next qTD pointer
The second DWord of a queue element transfer descriptor is used to support hardware-only advance of the data stream to the 
next transfer descriptor on short packet. To be more explicit the host controller always uses this pointer when the current qTD 
is retired due to short packet. The following table describes the TD Alternate Next Element Transfer Pointer field descriptions.
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Table 374. TD Alternate Next Element Transfer Pointer (DWord 1)

Bit Description

31-5 Alternate Next Transfer Element Pointer. This field contains the physical memory address of the next qTD to 
be processed in the event that the current qTD execution encounters a short packet (for an IN transaction). 
The field corresponds to memory address signals [31:5], respectively.

4-1 Reserved

0 Terminate (T). 1= pointer is invalid. 0=Pointer is valid (points to a valid Transfer Element Descriptor). This bit 
indicates to the Host Controller that there are no more valid entries in the queue.

34.6.2.5.3 qTD token
The third DWord of a queue element transfer descriptor contains most of the information the host controller requires to execute 
a USB transaction (the remaining endpoint-addressing information is specified in the queue head).

 
The field descriptions forward reference fields defined in the queue head. Where necessary, these forward 
references are preceded with a QH notation.

  NOTE  

The following table describes the TD Token fields.

Table 375. TD Token (DWord 2)

Bit Description

31

Data Toggle

This is the data toggle sequence bit. The use of this bit depends on the setting of the Data Toggle 
Control bit in the queue head.

30-16

Total Bytes to Transfer

This field specifies the total number of bytes to be moved with this transfer descriptor. This 
field is decremented by the number of bytes actually moved during the transaction, only on the 
successful completion of the transaction. The maximum value software may store in this field is 
5 * 4K (5000H). This is the maximum number of bytes 5 page pointers can access. If the value 
of this field is zero when the host controller fetches this transfer descriptor (and the active bit is 
set), the host controller executes a zero-length transaction and retires the transfer descriptor. 
It is not a requirement for OUT transfers that Total Bytes To Transfer be an even multiple of 
QHD.Maximum Packet Length. If software builds such a transfer descriptor for an OUT transfer, 
the last transaction is always less than QHD.Maximum Packet Length.

Although it is possible to create a transfer up to 20K this assumes the 1st offset into the 
first page is 0. When the offset cannot be predetermined, crossing past the 5th page can be 
guaranteed by limiting the total bytes to 16K**. Therefore, the maximum recommended transfer 
is 16 K(4000H).

15

Interrupt On Complete (IOC)

If this bit is set to a one, it specifies that when this qTD is completed, the Host Controller should 
issue an interrupt at the next interrupt threshold.

14-12

Current Page (C_Page)

This field is used as an index into the qTD buffer pointer list. Valid values are in the range 0H to 
4H. The host controller is not required to write this field back when the qTD is retired.

Table continues on the next page...
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Table 375. TD Token (DWord 2) (continued)

Bit Description

11-10

Error Counter (CERR)

This field is a 2-bit down counter that keeps track of the number of consecutive Errors detected 
while executing this qTD. If this field is programmed with a non-zero value during set-up, the 
Host Controller decrements the count and writes it back to the qTD if the transaction fails. If the 
counter counts from one to zero, the Host Controller marks the qTD inactive, sets the Halted bit 
to a one, and error status bit for the error that caused CERR to decrement to zero. An interrupt 
is generated if the USB Error Interrupt Enable bit in the USBINTR register is set to a one. If HCD 
programs this field to zero during set-up, the Host Controller does not count errors for this qTD 
and there is no limit on the retries of this qTD. Note that write-backs of intermediate execution 
state are to the queue head overlay area, not the qTD.

Transaction Error - Decrement

Data Buffer Error - No Decrement3 

Stalled - No Decrement1 

Babble Detected - No Decrement1

No Error - No Decrement2

Error Decrement Counter

1 Detection of Babble or Stall automatically halts the queue head. Thus, count is 
not decremented

2 If the EPS field indicates a HS device or the queue head is in the Asynchronous 
Schedule (and PIDCode indicates an IN or OUT) and a bus transaction completes 
and the host controller does not detect a transaction error, then the host controller 
should reset CERR to extend the total number of errors for this transaction. For 
example, CERR should be reset with maximum value (3) on each successful 
completion of a transaction. The host controller must never reset this field if the 
value at the start of the transaction is 00b.

See Split transaction interrupt for CERR adjustment rules when the EPS field 
indicates a FS or LS device and the queue head is in the Periodic Schedule. See 
Asynchronous - do complete split for CERR adjustment rules when the EPS field 
indicates a FS or LS device, the queue head is in the Asynchronous schedule and 
the PIDCode indicates a SETUP.

3 Data buffer errors are host problems. They don't count against the device's retries.

 
Software must not program CERR to a value of zero when the EPS field 
is programmed with a value indicating a Full- or Low-speed device. This 
combination could result in undefined behavior.

  NOTE  

9-8

PID Code

This field is an encoding of the token, which should be used for transactions associated with this 
transfer descriptor. Encodings are:

00b OUT Token generates token (E1H)

01b IN Token generates token (69H)

Table continues on the next page...
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Table 375. TD Token (DWord 2) (continued)

Bit Description

10b SETUP Token generates token (2DH) (undefined if endpoint is an interrupt, the 
queue head is non-zero) transfer type, for example, μFrame S-mask field in.

11b Reserved

7-0

Status

This field is used by the Host Controller to communicate individual command execution states 
back to HCD. This field contains the status of the last transaction performed on this qTD. The 
bit encodings are:

Bit Status Field Description

7 Active. Set to one by software to enable the execution of transactions by the 
Host Controller.

6 Halted. Set to one by the Host Controller during status updates to indicate that a 
serious error has occurred at the device/endpoint addressed by this qTD. This can 
be caused by babble, the error counter counting down to zero, or reception of the 
STALL handshake from the device during a transaction. Any time that a transaction 
results in the Halted bit being set to a one, the Active bit is also set to zero.

5 Data Buffer Error. Set to a one by the Host Controller during status update to 
indicate that the Host Controller is unable to keep up with the reception of incoming 
data (overrun) or is unable to supply data fast enough during transmission (under 
run). If an overrun condition occurs, the Host Controller forces a timeout condition 
on the USB, invalidating the transaction at the source. If the host controller sets this 
bit to a one, then it remains a one for the duration of the transfer.

4 Babble Detected. Set to a one by the Host Controller during status update when" 
babble" is detected during the transaction. In addition to setting this bit, the Host 
Controller also sets the Halted bit to a one. Because "babble" is considered a 
fatal error for the transfer, setting the Halted bit to a one insures that no more 
transactions occur because of this descriptor.

3 Transaction Error (XactErr). Set to a one by the Host Controller during status 
update in the case where the host did not receive a valid response from the device 
(Timeout, CRC, Bad PID, etc.). If the host controller sets this bit to a one, then it 
remains a one for the duration of the transfer.

2 Missed Micro-Frame. This bit is ignored unless the QH.EPS field indicates a full- or 
low-speed endpoint and the queue head is in the periodic list. This bit is set when 
the host controller detected that a host-induced hold-off caused the host controller 
to miss a required complete-split transaction. If the host controller sets this bit to a 
one, then it remains a one for the duration of the transfer.

1 Split Transaction State (SplitXstate). This bit is ignored by the host controller 
unless the QH.EPS field indicates a full- or low-speed endpoint. When a Full- or 
Low-speed device, the host controller uses this bit to track the state of the split- 
transaction. The functional requirements of the host controller for managing this 
state bit and the split transaction protocol depends on whether the endpoint is in 
the periodic or asynchronous schedule. The bit encodings are:

Table continues on the next page...
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Table 375. TD Token (DWord 2) (continued)

Bit Description

Value Meaning

0b Do Start Split. This value directs the host controller to issue a Start split 
transaction to the endpoint.

1b Do Complete Split. This value directs the host controller to issue a Complete 
split transaction to the endpoint.

0 Ping State (P)/ERR. If the QH.EPS field indicates a High-speed device and the 
PID_Code indicates an OUT endpoint, then this is the state bit for the Ping protocol. 
The bit encodings are:

Value Meaning

0b Do OUT. This value directs the host controller to issue an OUT PID to 
the endpoint.

1b Do Ping. This value directs the host controller to issue a PING PID to 
the endpoint.

If the QH.EPS field does not indicate a High-speed device, then this field is used 
as an error indicator bit. It is set to a one by the host controller whenever a periodic 
split-transaction receives an ERR handshake.

34.6.2.5.4 qTD buffer page pointer list
The last five DWords of a queue element transfer descriptor is an array of physical memory address pointers. These pointers 
reference the individual pages of a data buffer.

System software initializes Current Offset field to the starting offset into the current page, where current page is selected through 
the value in the C_Page field.

The following table describes the qTD Buffer Pointer(s) (DWords 3-7) fields.

Table 376. qTD Buffer Pointer(s) (DWords 3-7)

Bit Description

31-12 Buffer Pointer List. Each element in the list is a 4 K page aligned physical memory address. The lower 
12 bits in each pointer are reserved (except for the first one), as each memory pointer must reference 
the start of a 4 K page. The field C_Page specifies the current active pointer. When the transfer element 
descriptor is fetched, the starting buffer address is selected using C_Page (similar to an array index to 
select an array element). If a transaction spans a 4K buffer boundary, the host controller must detect the 
page-span boundary in the data stream, increment C_Page and advance to the next buffer pointer in the list, 
and conclude the transaction through the new buffer pointer.

11-0 Current Offset (Reserved). This field is reserved in all pointers except the first one (for example Page 0). The 
host controller should ignore all reserved bits. For the page 0 current offset interpretation, this field is the byte 
offset into the current page (as selected by C_Page). The host controller is not required to write this field back 
when the qTD is retired. Software should ensure the Reserved fields are initialized to zero.

34.6.2.6 Queue head
The table located in this section shows the Queue Head structure layout.

The following table shows the queue head structure layout.
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Table 377. Queue Head Structure Layout
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9 8 7 6 5 4 3 2 1 0 Addr

Queue Head Horizontal Link Pointer 0 Typ T 03- 
00

RL C Maximum Packet Length H dt
c

EP EndPt I Device Address 07- 
041

Mult Port Number2 Hub Addr2 μFrame C-mask2 μFrame S-mask 0B- 
081

Current qTD Pointer 0 0F- 
0C

Next qTD Pointer 0 T 13- 
103

Alternate Next qTD pointer NakCnt T 17- 
144

dt Total Bytes to Transfer io
c

C_Page Cerr PID 
Code

Status 1B- 
18

Buffer Pointer (Page 0) Current Offset 1F- 
1C

Buffer Pointer (Page 1) Reserved C-prog-mask2 23- 
20

Buffer Pointer (Page 2) S-bytes2 FrameTa
g2

27- 
244

Buffer Pointer (Page 3) Reserved 2B- 
28

Buffer Pointer (Page 4) Reserved 2F- 
2C3

1. 04-0B: Static endpoint state.
2. These fields are used exclusively to support split transactions to USB 2.0 hubs
3. 10-2F: Transfer overlay.
4. 14-27: Transfer results.

       Host Controller Read/Write            Host Controller Read Only     
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34.6.2.6.1 Queue head horizontal link pointer
The first DWord of a Queue Head contains a link pointer to the next data object to be processed after any required processing 
in this queue has been completed, as well as the control bits defined below.

This pointer may reference a queue head or one of the isochronous transfer descriptors. It must not reference a queue element 
transfer descriptor.

The following table describes the Queue head DWord 0 fields.

Table 378. Queue Head DWord 0

Bit Description

31-5 Queue Head Horizontal Link Pointer (QHLP). This field contains the address of the next data object to be 
processed in the horizontal list and corresponds to memory address signals [31:5], respectively.

4-3 Reserved

2-1 QH/(s)iTD Select (Typ). This field indicates to the hardware whether the item referenced by the link pointer is an 
iTD, siTD or a QH. This allows the Host Controller to perform the proper type of processing on the item after it is 
fetched. Value encodings are:

Value Meaning

00b iTD (isochronous transfer descriptor)

01b QH (queue head)

10b siTD (split transaction isochronous transfer descriptor)

11b FSTN (frame span traversal node)

0 Terminate (T). 1=Last QH (pointer is invalid). 0=Pointer is valid. If the queue head is in the context of the periodic 
list, a one bit in this field indicates to the host controller that this is the end of the periodic list. This bit is ignored 
by the host controller when the queue head is in the Asynchronous schedule. Software must ensure that queue 
heads reachable by the host controller always have valid horizontal link pointers.

34.6.2.6.2 Queue head endpoint capabilities/characteristics
The second and third DWords of a Queue Head specifies static information about the endpoint. This information does not 
change over the lifetime of the endpoint. There are three types of information in this region:

• Endpoint Characteristics. These are the USB endpoint characteristics including addressing, maximum packet size, and 
endpoint speed.

• Endpoint Capabilities. These are adjustable parameters of the endpoint. They effect how the endpoint data stream is 
managed by the host controller.

• Split Transaction Characteristics. This data structure is used to manage full- and low-speed data streams for bulk, control, 
and interrupt via split transactions to USB2.0 Hub Transaction Translator. There are additional fields used for addressing 
the hub and scheduling the protocol transactions (for periodic).

The host controller must not modify the bits in this region.

The following table describes the Endpoint characteristics: Queue head DWord 1 fields.

Table 379. Endpoint Characteristics: Queue Head DWord 1

Bit Description

Table continues on the next page...
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Table 379. Endpoint Characteristics: Queue Head DWord 1 (continued)

31-28 Nak Count Reload (RL). This field contains a value, which is used by the host controller to reload the Nak 
Counter field.

27 Control Endpoint Flag (C). If the QH.EPS field indicates the endpoint is not a high-speed device, and the 
endpoint is a control endpoint, then software must set this bit to a one. Otherwise, it should always set this bit 
to zero.

26-16 Maximum Packet Length. This directly corresponds to the maximum packet size of the associated endpoint 
(wMaxPacketSize). The maximum value this field may contain is 0x400 (1024).

15 Head of Reclamation List Flag (H). This bit is set by System Software to mark a queue head as being the head 
of the reclamation list.

14 Data Toggle Control (DTC). This bit specifies where the host controller should get the initial data toggle on an 
overlay transition.

0b Ignore DT bit from incoming qTD. Host controller preserves DT bit in the queue head.

1b Initial data toggle comes from incoming qTD DT bit. Host controller replaces DT bit in the queue head from 
the DT bit in the qTD.

13-12 Endpoint Speed (EPS). This is the speed of the associated endpoint. Bit combinations are:

Value Meaning

00b Full-Speed (12 Mbits/sec)

01b Low-Speed (1.5 Mbits/sec)

10b High-Speed (480 Mbits/sec)

11b Reserved

This field must not be modified by the host controller.

11-8 Endpoint Number (Endpt). This 4-bit field selects the particular endpoint number on the device serving as the 
data source or sink.

7 Inactivate on Next Transaction (I). This bit is used by system software to request that the host controller set the 
Active bit to zero. See Rebalancing the periodic schedule , for full operational details. This field is only valid when 
the queue head is in the Periodic Schedule and the EPS field indicates a Full or Low-speed endpoint. Setting 
this bit to one when the queue head is in the Asynchronous Schedule or the EPS field indicates a high-speed 
device yields undefined results.

6-0 Device Address. This field selects the specific device serving as the data source or sink.

The table below describes the Endpoint capabilities: Queue head DWord 2 field descriptions.

Table 380. Endpoint Capabilities: Queue Head DWord 2

Bit Description

Table continues on the next page...
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Table 380. Endpoint Capabilities: Queue Head DWord 2 (continued)

31-30 High-Bandwidth Pipe Multiplier (Mult). This field is a multiplier used to key the host controller as the number of 
successive packets the host controller may submit to the endpoint in the current execution. The host controller 
makes the simplifying assumption that software properly initializes this field (regardless of location of queue 
head in the schedules or other run time parameters). The valid values are:

Value Meaning

00b Reserved. A zero in this field yields undefined results.

01b One transaction to be issued for this endpoint per micro-frame.

10b Two transactions to be issued for this endpoint per micro-frame.

11b Three transactions to be issued for this endpoint per micro-frame.

29-23 Port Number. This field is ignored by the host controller unless the EPS field indicates a full- or low-speed device. 
The value is the port number identifier on the USB 2.0 Hub (for hub at device address Hub Addr below), below 
which the full- or low-speed device associated with this endpoint is attached. This information is used in the 
split-transaction protocol.

22-16 Hub Addr. This field is ignored by the host controller unless the EPS field indicates a full-or low-speed device. 
The value is the USB device address of the USB 2.0 Hub below which the full- or low-speed device associated 
with this endpoint is attached. This field is used in the split-transaction protocol.

15-8 Split Completion Mask (μFrame C-Mask). This field is ignored by the host controller unless the EPS field 
indicates this device is a low- or full-speed device and this queue head is in the periodic list. This field (along 
with the Active and SplitX-state fields) is used to determine during which micro-frames the host controller should 
execute a complete-split transaction. When the criteria for using this field are met, a zero value in this field has 
undefined behavior. This field is used by the host controller to match against the three low-order bits of the 
FRINDEX register. If the FRINDEX register bits decode to a position where the μFrame C- Mask field is a one, 
then this queue head is a candidate for transaction execution. There may be more than one bit in this mask set.

7-0 Interrupt Schedule Mask (μFrame S-mask). This field is used for all endpoint speeds. Software should set this 
field to a zero when the queue head is on the asynchronous schedule. A non-zero value in this field indicates an 
interrupt endpoint. The host controller uses the value of the three low-order bits of the FRINDEX register as an 
index into a bit position in this bit vector. If the μFrame S-mask field has a one at the indexed bit position then 
this queue head is a candidate for transaction execution. If the EPS field indicates the endpoint is a high-speed 
endpoint, then the transaction executed is determined by the PID_Code field contained in the execution area. 
This field is also used to support split transaction types: Interrupt (IN/OUT). This condition is true when this field 
is non-zero and the EPS field indicates this is either a full- or low-speed device. A zero value in this field, in 
combination with existing in the periodic frame list has undefined results.

34.6.2.6.3 Transfer overlay-queue head

The nine DWords in this area represent a transaction working space for the host controller. The general operational model is that 
the host controller can detect whether the overlay area contains a description of an active transfer. If it does not contain an active 
transfer, then it follows the Queue Head Horizontal Link Pointer to the next queue head. The host controller will never follow the 
Next Transfer Queue Element or Alternate Queue Element pointers unless it is actively attempting to advance the queue. For the 
duration of the transfer, the host controller keeps the incremental status of the transfer in the overlay area. When the transfer is 
complete, the results are written back to the original queue element.

The DWord3 of a Queue Head contains a pointer to the source qTD currently associated with the overlay. The host controller uses 
this pointer to write back the overlay area into the source qTD after the transfer is complete.

The following table describes the current qTD link pointer field descriptions.
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Table 381. Current qTD Link Pointer

Bit Description

31-5 Current Element Transaction Descriptor Link Pointer. This field contains the address Of the current transaction 
being processed in this queue and corresponds to memory address signals [31:5], respectively.

4-0 Reserved (R). These bits are ignored by the host controller when using the value as an address to write data. 
The actual value may vary depending on the usage.

The DWords 4-11 of a queue head are the transaction overlay area. This area has the same base structure as a Queue 
Element Transfer Descriptor. The queue head utilizes the reserved fields of the page pointers to implement tracking the state of 
split transactions.

This area is characterized as an overlay because when the queue is advanced to the next queue element, the source queue 
element is merged onto this area. This area serves as execution cache for the transfer.

The table below describes the Host-controller rules for bits in overlay.

Table 382. Host-Controller Rules for Bits in Overlay (DWords 5, 6, 8 and 9)

DWord Bit Description

5 4-1 Nak Counter (NakCnt)μRW. This field is a counter the host controller decrements whenever a 
transaction for the endpoint associated with this queue head results in a Nak or Nyet response. This 
counter is reloaded from RL before a transaction is executed during the first pass of the reclamation 
list (relative to an Asynchronous List Restart condition). It is also loaded from RL during an overlay.

6 31 Data Toggle. The Data Toggle Control controls whether the host controller preserves this bit when 
an overlay operation is performed.

6 15 Interrupt On Complete (IOC). The IOC control bit is always inherited from the source qTD when the 
overlay operation is performed.

6 11-10 Error Counter (C_ERR). This two-bit field is copied from the qTD during the overlay and written back 
during queue advancement.

6 0 Ping State (P)/ERR. If the EPS field indicates a high-speed endpoint, then this field should be 
preserved during the overlay operation.

8 7-0 Split-transaction Complete-split Progress (C-prog-mask). This field is initialized to zero during any 
overlay. This field is used to track the progress of an interrupt split-transaction.

9 4-0 Split-transaction Frame Tag (Frame Tag). This field is initialized to zero during any overlay. This 
field is used to track the progress of an interrupt split-transaction.

9 11-5 S-bytes. Software must ensure that the S-bytes field in a qTD is zero before activating the qTD. 
This field is used to keep track of the number of bytes sent or received during an IN or OUT 
split transaction.

34.6.2.7 Periodic frame span traversal node (FSTN)
This data structure is to be used only for managing Full- and Low-speed transactions that span a Host-frame boundary. See 
Host controller operational model for FSTNs for full operational details. Software must not use an FSTN in the Asynchronous 
Schedule. An FSTN in the Asynchronous schedule results in undefined behavior. Software must not use the FSTN feature 
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with a host controller whose USB_HCIVERSION register indicates a revision implementation below 0096h. FSTNs are not 
defined for implementations before 0.96 and their use yields undefined results.

Table 383. Frame Span Traversal Node Structure Layout

3
1

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

1
1

1
0

9 8 7 6 5 4 3 2 1 0 Addr

Normal Path Link Pointer 0 Typ T 03- 
00

Back Path Link Pointer 0 Typ1 T 07- 
04

1. Must be set to indicate a queue head

       Host Controller Read/Write            Host Controller Read Only     

34.6.2.7.1 FSTN normal path pointer
The first DWord of an FSTN contains a link pointer to the next schedule object. This object can be of any valid periodic 
schedule data type.

The following table describes the FSTN normal path pointer fields.

Table 384. FSTN Normal Path Pointer Field Descriptions

Bit Description

31-5 Normal Path Link Pointer (NPLP). This field contains the address of the next data object to be processed in the 
periodic list and corresponds to memory address signals [31:5], respectively.

4-3 Reserved

2-1 QH/(s)iTD/FSTN Select (Typ). This field indicates to the Host Controller whether the item referenced is an 
iTD/siTD, a QH or an FSTN. This allows the Host Controller to perform the proper type of processing on the item 
after it is fetched. Value encodings are:

Value Meaning

00b iTD (isochronous transfer descriptor)

01b QH (queue head)

10b siTD (split transaction isochronous transfer descriptor)

11b FSTN (Frame Span Traversal Node)

0 Terminate (T).

1 = Link Pointer field is not valid. 0 = Link Pointer is valid.

34.6.2.7.2 FSTN back path link pointer
The second DWord of an FTSN node contains a link pointer to a queue head. If the T-bit in this pointer is zero, then this FSTN 
is a Save-Place indicator. Its Typ field must be set by software to indicate the target data structure is a queue head. If the T-bit 
in this pointer is set to one, then this FSTN is the Restore indicator. When the T-bit is one, the host controller ignores the Typ 
field.
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The following table describes the FSTN back path link pointer fields.

Table 385. FSTN Back Path Link Pointer Field Descriptions

Bit Description

31-5 Back Path Link Pointer (BPLP). This field contains the address of a Queue Head. This field corresponds to 
memory address signals [31:5], respectively.

4-3 Reserved

2-1 Typ. Software must ensure this field is set to indicate the target data structure is a Queue Head. Any other value 
in this field yields undefined results.

0 Terminate (T). 1=Link Pointer field is not valid (that is the host controller must not use bits [31:5] as a valid 
memory address). This value also indicates that this FSTN is a Restore indicator.

0=Link Pointer is valid (that is the host controller may use bits [31:5] (in combination with the 
CTRLDSSEGMENT register if applicable) as a valid memory address). This value also indicates that this 
FSTN is a Save-Place indicator.

34.6.3 Device data structures
This section defines the interface data structures used to communicate control, status, and data between Device Controller 
Driver (DCD) Software and the Device Controller. The data structure definitions in this chapter support a 32-bit memory buffer 
address space. The interface consists of device Queue Heads and Transfer Descriptors.

 
Software must ensure that no interface data structure reachable by the Device Controller spans a 4K-
page boundary.

  NOTE  

The data structures defined in the chapter are (from the device controller's perspective) a mix of read-only and read/ writable fields. 
The device controller must preserve the read-only fields on all data structure writes.

The figure below shows the organization of the EndPoint Queue Head.
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       Endpoint QH 1 - Out     

       Endpoint QH 0 - In     

       Endpoint QH 0 - Out     

       Endpoint       
Transfer       

Descriptor     

       Up to       
32 elements     

       ENDPOINTLISTADDR     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer       
Buffer     

       Transfer Buffer Pointer     

       Transfer       
Buffer       
Pointer     

       Transfer       
Buffer       
Pointer     

       Transfer Buffer       
Pointer     

       Endpoint Queue Heads     

Figure 265. EndPoint Queue Head Organization

Endpoint queue heads are arranged in an array in a continuous area of memory pointed to by the USB.ENDPOINTLISTADDR 
pointer. The even-numbered device queue heads in the list support receive endpoints (OUT/SETUP) and the odd-numbered 
queue heads in the list are used for transmit endpoints (IN/INTERRUPT). That is, the device queue heads in the list with even 
offset support receiver endpoints (OUT) and the queue heads in the list with odd offset are used for transmit endpoint(IN). The 
device controller will index into this array based upon the endpoint number received from the USB bus. All information necessary 
to respond to transactions for all primed transfers is contained in this list so the Device Controller can readily respond to incoming 
requests without having to traverse a linked list.

 
The Endpoint Queue Head List must be aligned to a 2k boundary.

  NOTE  

34.6.3.1 Endpoint queue head (dQH)
The device Endpoint Queue Head (dQH) is where all transfers for a given endpoint are managed. The dQH is a 48-byte data 
structure, but must be aligned on 64-byte boundaries.During priming of an endpoint, the dTD (device transfer descriptor) is 
copied into the overlay area of the dQH, which starts at the nextTD pointer DWord and continues through the end of the 
buffer pointers DWords. After a transfer is complete, the dTD status DWord is updated in the dTD pointed to by the currentTD 
pointer. While a packet is in progress, the overlay area of the dQH is used as a staging area for the dTD so that the Device 
Controller can access needed information with little minimal latency.

Table 386. Endpoint Queue Head (dQH)
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Mult zlt 0 Maximum Packet Length io
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Table continues on the next page...
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Table 386. Endpoint Queue Head (dQH) (continued)

Next dTD Pointer 0 T
1

0 Total Bytes io
c

0 MultO 0 Status

Buffer Pointer (Page 0) Current Offset

Buffer Pointer (Page 1) Reserved

Buffer Pointer (Page 2) Reserved

Buffer Pointer (Page 3) Reserved

Buffer Pointer (Page 4)1 Reserved

Reserved

Set-up Buffer Bytes 3…0

Set-up Buffer Bytes 7…4

1. Transfer overlay starts at T and continues through Buffer Pointer (Page 4).

       Host Controller Read/Write            Host Controller Read Only     

34.6.3.1.1 Endpoint capabilities/characteristics

This DWord specifies static information about the endpoint, in other words, this information does not change over the lifetime of the 
endpoint. Device Controller software should not attempt to modify this information while the corresponding endpoint is enabled.

Table 387 describes the endpoint capabilities.

Table 387. Endpoint Capabilities/Characteristics

Bit Description

31-30 Mult. This field is used to indicate the number of packets executed per transaction description as given by 
the following:

00 - Execute N Transactions as demonstrated by the USB variable length packet protocol where N is computed 
using the Maximum Packet Length (dQH) and the Total Bytes field (dTD)

01 Execute 1 Transaction. 10 Execute 2 Transactions. 11 Execute 3 Transactions.

Table continues on the next page...
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Table 387. Endpoint Capabilities/Characteristics (continued)

 
Non-ISO endpoints must set Mult="00". ISO endpoints must set Mult="01", "10", or "11" 
as needed.

  NOTE  

29 Zero Length Termination Select. This bit is used to indicate when a zero length packet is used to terminate 
transfers where to total transfer length is a multiple. This bit is not relevant for Isochronous

0 - Enable zero length packet to terminate transfers equal to a multiple of the Maximum Packet Length. (default).

1 - Disable the zero length packet on transfers that are equal in length to a multiple Maximum Packet Length.

28-27 Reserved. These bit reserved for future use and should be set to zero.

26-16 Maximum Packet Length. This directly corresponds to the maximum packet size of the associated endpoint 
(wMaxPacketSize). The maximum value this field may contain is 0x400 (1024).

15 Interrupt On Setup (IOS). This bit is used on control type endpoints to indicate if USBINT is set in response to a 
setup being received.

14-0 Reserved. Bits reserved for future use and should be set to zero.

34.6.3.1.2 Transfer overlay-endpoint queue head
The seven DWords in the overlay area represent a transaction working space for the device controller. The general 
operational model is that the device controller can detect whether the overlay area contains a description of an active transfer. 
If it does not contain an active transfer, then it will not read the associated endpoint.

After an endpoint is readied, the dTD will be copied into this queue head overlay area by the device controller. Until a transfer is 
expired, software must not write the queue head overlay area or the associated transfer descriptor. When the transfer is complete, 
the device controller will write the results back to the original transfer descriptor and advance the queue.

See dTD for a description of the overlay fields.

34.6.3.1.3 Current dTD pointer
The current dTD pointer is used by the device controller to locate the transfer in progress. This word is for Device Controller 
(hardware) use only and should not be modified by DCD software.

The following table describes the dTD Pointer.

Table 388. Next dTD Pointer

Bit Description

31-5 Current dTD. This field is a pointer to the dTD that is represented in the transfer overlay area. This field will be 
modified by the Device Controller to next dTD pointer during endpoint priming or queue advance.

4-0 Reserved. Bit reserved for future use and should be set to zero.

34.6.3.1.4 Set-up buffer
The set-up buffer is dedicated storage for the 8-byte data that follows a set-up PID.
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Each endpoint has a TX and an RX dQH associated with it, and only the RX queue head is used for receiving setup 
data packets.

  NOTE  

The following table describes the Multiple Mode Control.

Table 389. Multiple Mode Control (HCCPARAMS)

DWord Bits Description

1 31-0 Setup Buffer 0. This buffer contains bytes 3 to 0 of an incoming setup buffer packet and is written 
by the device controller to be read by software.

2 31-0 Setup Buffer 1. This buffer contains bytes 7 to 4 of an incoming setup buffer packet and is written 
by the device controller to be read by software.

34.6.3.2 Endpoint transfer descriptor (dTD)
The dTD describes to the device controller the location and quantity of data to be sent/received for a given transfer. The 
DCD should not attempt to modify any field in an active dTD except the Next Like Pointer, which should only be modified as 
described in section Managing transfers with transfer descriptors.

Table below shows the Endpoint Transfer Descriptor (dTD).

Table 390. Endpoint Transfer Descriptor (dTD)

3
1

3
0

2
9

2
8

2
7

2
6

2
5

2
4

2
3

2
2

2
1

2
0

1
9

1
8

1
7

1
6

15 1
4
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11 10 9 8 7 6 5 4 3 2 1 0

Next Link Pointer 0 T

0 Total Bytes io
c

0 MultO 0 Status

Buffer Pointer (Page 0) Current Offset

Buffer Pointer (Page 1) 0 Frame Number

Buffer Pointer (Page 2) Reserved

Buffer Pointer (Page 3) Reserved

Buffer Pointer (Page 4) Reserved

       Host Controller Read/Write            Host Controller Read Only     

The following table describes the dTD Pointer.
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Table 391. Next dTD Pointer

Bit Description

31-5 Next Transfer Element Pointer. This field contains the physical memory address of the next dTD to be processed. 
The field corresponds to memory address signals [31:5], respectively.

4-1 Reserved. Bits reserved for future use and should be set to zero.

0 Terminate (T). 1=pointer is invalid. 0=Pointer is valid (points to a valid Transfer Element Descriptor). This bit 
indicates to the Device Controller that there are no more valid entries in the queue.

The following table describes the dTD Token.

Table 392. dTD Token

Bit Description

31 Reserved. Bit reserved for future use and should be set to zero.

30-16 Total Bytes. This field specifies the total number of bytes to be moved with this transfer descriptor. This field is 
decremented by the number of bytes actually moved during the transaction and only on the successful completion 
of the transaction.

The maximum value software may store in the field is 5*4K (5000H). This is the maximum number of bytes 5 page 
pointers can access. Although it is possible to create a transfer up to 20K this assumes the 1st offset into the first 
page is 0. When the offset cannot be predetermined, crossing past the 5th page can be guaranteed by limiting 
the total bytes to 16K**. Therefore, the maximum recommended transfer is 16K (4000H).

If the value of the field is zero when the host controller fetches this transfer descriptor (and the active bit is set), 
the device controller executes a zero-length transaction and retires the transfer descriptor.

It is not a requirement for IN transfers that Total Bytes To Transfer be an even multiple of Maximum Packet 
Length. If software builds such a transfer descriptor for an IN transfer, the last transaction will always be less that 
Maximum Packet Length.

15 Interrupt On Complete (IOC). This bit is used to indicate if USBINT is to be set in response to device controller 
being finished with this dTD.

14-12 Reserved. Bits reserved for future use and should be set to zero.

11-10 Multiplier Override (MultO). This field can be used for transmit ISO's (that is, ISO-IN) to override the multiplier in 
the QH. This field must be zero for all packet types that are not transmit-ISO.

Example:

if QH.multiplier = 3; Maximum packet size = 8; Total Bytes = 15; MultiO = 0 [default]

Three packets are sent: {Data2(8); Data1(7); Data0(0)}

if QH.multiplier = 3; Maximum packet size = 8; Total Bytes = 15; MultiO = 2

Two packets are sent: {Data1(8); Data0(7)}

For maximal efficiency, software should compute MultO = greatest integer of (Total Bytes / Max. Packet Size) 
except for the case when Total Bytes = 0; then MultO should be 1.

Note: Non-ISO and Non-TX endpoints must set MultO = "00".

Table continues on the next page...
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Table 392. dTD Token (continued)

9-8 Reserved. Bits reserved for future use and should be set to zero.

7-0 Status. This field is used by the Device Controller to communicate individual command execution states back to 
the Device Controller software. This field contains the status of the last transaction performed on this qTD. The 
bit encodings are:

Bit Status Field Description

7 Active.

6 Halted.

5 Data Buffer Error.

3 Transaction Error.

4, 2, 0 Reserved.

The table below describes the dTD Buffer Page Pointer List.

Table 393. dTD Buffer Page Pointer List

Bit Description

31-12 Buffer Pointer. Selects the page offset in memory for the packet buffer. Non virtual memory systems will typically 
set the buffer pointers to a series of incrementing integers.

0,11-0 Current Offset. Offset into the 4kb buffer where the packet is to begin.

1,10-0 Frame Number. Written by the device controller to indicate the frame number in which a packet finishes. This is 
typically be used to correlate relative completion times of packets on an ISO endpoint.

34.7 Register descriptions
There are two kinds of registers in the USB module: USB core (USBC) registers and USB non-core (USBNC) registers.

USBC registers are used to control USB core functions, and more independent of USB features. Each USB controller core has 
its own core registers.

USBNC registers are additional to USBC registers, and more dependent on USB features. i.MX series products vary in 
non-core registers.

For detailed descriptions of USBC registers, refer to Register interface.

Section USBNC memory map describes only the USBNC registers.

 
• For reserved bits, preserve the value when writing (read its reset value, then write this value back).

  NOTE  

34.7.1 USBC memory map

 
This module does not generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

34.7.1.1 USBC register descriptions
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34.7.1.1.1 USBC memory map

USB_OTG1 base address: 2990_0000h

USB_OTG2 base address: 2992_0000h

USB_XBARC base address: 2994_0000h

Offset Register Width

(In bits)

Access Reset value

0h Identification register (ID) 32 R E401_FA05h

4h Hardware General (HWGENERAL) 32 R 0000_0015h

8h Host Hardware Parameters (HWHOST) 32 R 1002_0001h

Ch Device Hardware Parameters (HWDEVICE) 32 R 0000_0011h

10h TX Buffer Hardware Parameters (HWTXBUF) 32 R 8008_0B08h

14h RX Buffer Hardware Parameters (HWRXBUF) 32 R 0000_0808h

80h General Purpose Timer #0 Load (GPTIMER0LD) 32 RW 0000_0000h

84h General Purpose Timer #0 Controller (GPTIMER0CTRL) 32 RW 0000_0000h

88h General Purpose Timer #1 Load (GPTIMER1LD) 32 RW 0000_0000h

8Ch General Purpose Timer #1 Controller (GPTIMER1CTRL) 32 RW 0000_0000h

90h System Bus Config (SBUSCFG) 32 RW 0000_0002h

100h Capability Registers Length (CAPLENGTH) 8 R 40h

102h Host Controller Interface Version (HCIVERSION) 16 R 0100h

104h Host Controller Structural Parameters (HCSPARAMS) 32 R 0001_0011h

108h Host Controller Capability Parameters (HCCPARAMS) 32 R 0000_0006h

120h Device Controller Interface Version (DCIVERSION) 16 R 0001h

124h Device Controller Capability Parameters (DCCPARAMS) 32 R 0000_0188h

140h USB Command Register (USBCMD) 32 RW 0008_0000h

144h USB Status Register (USBSTS) 32 RW 0000_0000h

148h Interrupt Enable Register (USBINTR) 32 RW 0000_0000h

14Ch USB Frame Index (FRINDEX) 32 RW 0000_0000h

154h Device Address (DEVICEADDR) 32 RW 0000_0000h

154h Frame List Base Address (PERIODICLISTBASE) 32 RW 0000_0000h

158h Next Asynch. Address (ASYNCLISTADDR) 32 RW 0000_0000h

158h Endpoint List Address (ENDPTLISTADDR) 32 RW 0000_0000h

160h Programmable Burst Size (BURSTSIZE) 32 RW 0000_0000h

164h TX FIFO Fill Tuning (TXFILLTUNING) 32 RW 0000_0808h

178h Endpoint NAK (ENDPTNAK) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

17Ch Endpoint NAK Enable (ENDPTNAKEN) 32 RW 0000_0000h

180h Configure Flag Register (CONFIGFLAG) 32 R 0000_0001h

184h Port Status & Control (PORTSC1) 32 RW 1000_0000h

1A4h On-The-Go Status & control (OTGSC) 32 RW 0000_1120h

1A8h USB Device Mode (USBMODE) 32 RW 0000_0000h

1ACh Endpoint Setup Status (ENDPTSETUPSTAT) 32 RW 0000_0000h

1B0h Endpoint Prime (ENDPTPRIME) 32 RW 0000_0000h

1B4h Endpoint Flush (ENDPTFLUSH) 32 RW 0000_0000h

1B8h Endpoint Status (ENDPTSTAT) 32 R 0000_0000h

1BCh Endpoint Complete (ENDPTCOMPLETE) 32 RW 0000_0000h

1C0h Endpoint Control0 (ENDPTCTRL0) 32 RW 0080_0080h

1C4h Endpoint Control 1 (ENDPTCTRL1) 32 RW 0000_0000h

1C8h Endpoint Control 2 (ENDPTCTRL2) 32 RW 0000_0000h

1CCh Endpoint Control 3 (ENDPTCTRL3) 32 RW 0000_0000h

1D0h Endpoint Control 4 (ENDPTCTRL4) 32 RW 0000_0000h

1D4h Endpoint Control 5 (ENDPTCTRL5) 32 RW 0000_0000h

1D8h Endpoint Control 6 (ENDPTCTRL6) 32 RW 0000_0000h

1DCh Endpoint Control 7 (ENDPTCTRL7) 32 RW 0000_0000h

34.7.1.1.2 Identification register (ID)

Offset

Register Offset

ID 0h

Function

The ID register identifies the USB 2.0 High-Speed core and its revision.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

REVISION 

W

Reset 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

NID 
Reserved 

ID 

W

Reset 1 1 1 1 1 0 1 0 0 0 0 0 0 1 0 1

Fields

Field Function

31-24

—

-

Reserved

23-16

REVISION

REVISION

Revision number of the controller core.

15-14

—

-

Reserved

13-8

NID

NID

Complement version of ID

7-6

—

-

Reserved

5-0

ID

ID

Configuration number.

This number is set to 0x05 and indicates that the peripheral is USB 2.0 High-Speed core.

34.7.1.1.3 Hardware General (HWGENERAL)

Offset

Register Offset

HWGENERAL 4h

Function

General hardware parameters as defined in System Level Issues and Core Configuration.
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The reset value could vary from instance to instance. Please see the detail in bit field description and ignore reset 
value in summary table in this case!

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

SM PHYM PHYW 
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1

Fields

Field Function

31-11

—

-

Reserved

10-9

SM

SM

Serial interface mode capability

00b - No Serial Engine, always use parallel signalling.

01b - Serial Engine present, always use serial signalling for FS/LS.

10b - Software programmable - Reset to use parallel signalling for FS/LS

11b - Software programmable - Reset to use serial signalling for FS/LS

8-6

PHYM

PHYM

Transceiver type

000b - UTMI/UMTI+

001b - ULPI DDR

010b - ULPI

011b - Serial Only

100b - Software programmable - reset to UTMI/UTMI+

101b - Software programmable - reset to ULPI DDR

110b - Software programmable - reset to ULPI

111b - Software programmable - reset to Serial

5-4 PHYW

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHYW Data width of the transceiver connected to the controller core.

00b - 8 bit wide data bus (Software non-programmable)

01b - 16 bit wide data bus (Software non-programmable)

10b - Reset to 8 bit wide data bus (Software programmable)

11b - Reset to 16 bit wide data bus (Software programmable)

3-0

—

-

Reserved

34.7.1.1.4 Host Hardware Parameters (HWHOST)

Offset

Register Offset

HWHOST 8h

Function
Host Hardware Parameters defined in configuration file.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

NPORT HC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-4

—

-

Reserved

3-1 NPORT

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPORT The Number of downstream ports supported by the host controller is (NPORT+1).

 
When these bits value is '000', it indicates a single-port host controller.

  NOTE  

0

HC

HC

Host Capable.

Indicating whether host operation mode is supported or not.

0b - Not supported

1b - Supported

34.7.1.1.5 Device Hardware Parameters (HWDEVICE)

Offset

Register Offset

HWDEVICE Ch

Function

 
This register is only available in OTG core.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DEVEP DC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

Fields

Field Function

31-6 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

5-1

DEVEP

DEVEP

Device Endpoint Number

0

DC

DC

Device Capable.

Indicating whether device operation mode is supported or not.

0b - Not supported

1b - Supported

34.7.1.1.6 TX Buffer Hardware Parameters (HWTXBUF)

Offset

Register Offset

HWTXBUF 10h

Function
TX Buffer Hardware Parameters defined in configuration file.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

TXCHANADD 

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

TXBURST 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0

Fields

Field Function

31-24

—

-

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-16

TXCHANADD

TXCHANADD

TX FIFO Buffer size is: (2^TXCHANADD) * 4 Bytes.

These bits are set to '08h', so buffer size is 256*4 Bytes.

For the OTG controller operating in device mode, this is the FIFO buffer size per endpoint. As the OTG 
controller has 8 TX endpoint, there are 8 of these buffers.

For the OTG controller operating in host mode, or for Host-only controller, the entire buffer memory is used 
as a single TX buffer. Therefore, there is only 1 of this buffer

15-8

—

-

Reserved

7-0

TXBURST

TXBURST

Default burst size for memory to TX buffer transfer.

This is reset value of TXPBURST bits in USB core register USB_n_BURSTSIZE.

Please see BURSTSIZE .

34.7.1.1.7 RX Buffer Hardware Parameters (HWRXBUF)

Offset

Register Offset

HWRXBUF 14h

Function
RX Buffer Hardware Parameters defined in configuration file.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXADD RXBURST 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
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Fields

Field Function

31-16

—

-

Reserved

15-8

RXADD

RXADD

Buffer total size for all receive endpoints is (2^RXADD).

RX Buffer size is: (2^RXADD) * 4 Bytes.

These bits are set to '08h', so buffer size is 256*4 Bytes.

There is a single Receive FIFO buffer in the USB controller. The buffer is shared for all endpoints for the 
OTG controller in device mode.

7-0

RXBURST

RXBURST

Default burst size for memory to RX buffer transfer.

This is reset value of RXPBURST bits in USB core register USB_n_BURSTSIZE.

Please see BURSTSIZE .

34.7.1.1.8 General Purpose Timer #0 Load (GPTIMER0LD)

Offset

Register Offset

GPTIMER0LD 80h

Function

This register controls load value of the count timer in register n_GPTIMER0CTRL. Please see GPTIMER0CTRL .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved GPTLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPTLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

-

Reserved

23-0

GPTLD

GPTLD

General Purpose Timer Load Value

These bit fields are loaded to GPTCNT bits when GPTRST bit is set '1b'.

This value represents the time in microseconds minus 1 for the timer duration.

Example: for a one millisecond timer, load 1000-1=999 or 0x0003E7.

 
Max value is 0xFFFFFF or 16.777215 seconds.

  NOTE  

34.7.1.1.9 General Purpose Timer #0 Controller (GPTIMER0CTRL)

Offset

Register Offset

GPTIMER0CTRL 84h

Function

This register contains the control for this countdown timer and a data field can be queried to determine the running count value. 
This timer has granularity on 1 us and can be programmed to a little over 16 seconds. There are two counter modes which are 
described in the register table below. When the timer counter value transitions to zero, an interrupt could be generated if enable.

Interrupt status bit is TI0 bit in n_USBSTS register (See USBSTS ), interrupt enable bit is TIE0 bit in n_USBINTR register. (See 
USBINTR .)

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R GPTR
UN 

GPTR
ST 

Reserved 
GPTM
ODE 

GPTCNT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPTCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

GPTRUN

GPTRUN

General Purpose Timer Run

GPTCNT bits are not effected when setting or clearing this bit.

0b - Stop counting

1b - Run

30

GPTRST

GPTRST

General Purpose Timer Reset

0b - No action

1b - Load counter value from GPTLD bits in n_GPTIMER0LD

29-25

—

-

Reserved

24

GPTMODE

GPTMODE

General Purpose Timer Mode

In one shot mode, the timer will count down to zero, generate an interrupt, and stop until the counter is reset 
by software;

In repeat mode, the timer will count down to zero, generate an interrupt and automatically reload the counter 
value from GPTLD bits to start again.

0b - One Shot Mode

1b - Repeat Mode

23-0

GPTCNT

GPTCNT

General Purpose Timer Counter.

This field is the count value of the countdown timer.

34.7.1.1.10 General Purpose Timer #1 Load (GPTIMER1LD)

Offset

Register Offset

GPTIMER1LD 88h

Function

This register controls load value of the count timer in register n_GPTIMER1CTRL. Please see GPTIMER1CTRL .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved GPTLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPTLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-0

GPTLD

GPTLD

General Purpose Timer Load Value

These bit fields are loaded to GPTCNT bits when GPTRST bit is set '1b'.

This value represents the time in microseconds minus 1 for the timer duration.

Example: for a one millisecond timer, load 1000-1=999 or 0x0003E7.

 
Max value is 0xFFFFFF or 16.777215 seconds.

  NOTE  

34.7.1.1.11 General Purpose Timer #1 Controller (GPTIMER1CTRL)

Offset

Register Offset

GPTIMER1CTRL 8Ch

Function

This register contains the control for this countdown timer and a data field can be queried to determine the running count value. 
This timer has granularity on 1 us and can be programmed to a little over 16 seconds. There are two counter modes which are 
described in the register table below. When the timer counter value transitions to zero, an interrupt could be generated if enable.

Interrupt status bit is TI1 bit in USB_n_USBSTS register (See USBSTS ), interrupt enable bit is TIE1 bit in n_USBINTR register 
(See USBINTR ).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R GPTR
UN 

GPTR
ST 

Reserved 
GPTM
ODE 

GPTCNT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPTCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

GPTRUN

GPTRUN

General Purpose Timer Run

GPTCNT bits are not effected when setting or clearing this bit.

0b - Stop counting

1b - Run

30

GPTRST

GPTRST

General Purpose Timer Reset

0b - No action

1b - Load counter value from GPTLD bits in USB_n_GPTIMER0LD

29-25

—

-

Reserved

24

GPTMODE

GPTMODE

General Purpose Timer Mode

In one shot mode, the timer will count down to zero, generate an interrupt, and stop until the counter is 
reset by software. In repeat mode, the timer will count down to zero, generate an interrupt and automatically 
reload the counter value from GPTLD bits to start again.

0b - One Shot Mode

1b - Repeat Mode

23-0

GPTCNT

GPTCNT

General Purpose Timer Counter.

This field is the count value of the countdown timer.
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34.7.1.1.12 System Bus Config (SBUSCFG)

Offset

Register Offset

SBUSCFG 90h

Function
This register defines the system bus configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AHBBRST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-3

—

-

Reserved

2-0

AHBBRST

AHBBRST

AHB master interface Burst configuration

These bits control AHB master transfer type sequence (or priority).

 
This register overrides n_BURSTSIZE register when its value is not zero.

  NOTE  

000b - Incremental burst of unspecified length only

001b - INCR4 burst, then single transfer

010b - INCR8 burst, INCR4 burst, then single transfer

011b - INCR16 burst, INCR8 burst, INCR4 burst, then single transfer

100b - Reserved, don't use

101b - INCR4 burst, then incremental burst of unspecified length

110b - INCR8 burst, INCR4 burst, then incremental burst of unspecified length

111b - INCR16 burst, INCR8 burst, INCR4 burst, then incremental burst of unspecified length
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34.7.1.1.13 Capability Registers Length (CAPLENGTH)

Offset

Register Offset

CAPLENGTH 100h

Function

The Capability Registers Length register contains the address offset to the Operational registers relative to the 
CAPLENGTH register.

Diagram

Bits 7 6 5 4 3 2 1 0

R CAPLENGTH 

W

Reset 0 1 0 0 0 0 0 0

Fields

Field Function

7-0

CAPLENGTH

CAPLENGTH

These bits are used as an offset to add to register base to find the beginning of the Operational Register. 
Default value is '40h'.

34.7.1.1.14 Host Controller Interface Version (HCIVERSION)

Offset

Register Offset

HCIVERSION 102h

Function

This is a 2-byte register containing a BCD encoding of the EHCI revision number supported by this host controller. The most 
significant byte of this register represents a major revision and the least significant byte is the minor revision.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HCIVERSION 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

15-0

HCIVERSION

HCIVERSION

Host Controller Interface Version Number

Default value is '10h', which means EHCI rev1.0.

34.7.1.1.15 Host Controller Structural Parameters (HCSPARAMS)

Offset

Register Offset

HCSPARAMS 104h

Function

The following figure shows the port steering logic capabilities of Host Control Structural Parameters (n_HCSPARAMS).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

N_TT N_PTT 
Reserved 

PI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R N_CC N_PCC 
Reserved 

PPC N_PORTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

Fields

Field Function

31-28 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

27-24

N_TT

N_TT

Number of Transaction Translators (N_TT). Default value '0000b'

This field indicates the number of embedded transaction translators associated with the USB2.0 
host controller.

These bits would be set to '0001b' for Multi-Port Host, and '0000b' for Single-Port Host.

23-20

N_PTT

N_PTT

Number of Ports per Transaction Translator (N_PTT). Default value '0000b'

This field indicates the number of ports assigned to each transaction translator within the USB2.0 
host controller.

These bits would be set to equal N_PORTS for Multi-Port Host, and '0000b' for Single-Port Host.

19-17

—

-

Reserved

16

PI

PI

Port Indicators (P INDICATOR)

This bit indicates whether the ports support port indicator control. When set to one, the port status and 
control registers include a read/writeable field for controlling the state of the port indicator

This bit is "1b" in all controller core.

15-12

N_CC

N_CC

Number of Companion Controller (N_CC).

This field indicates the number of companion controllers associated with this USB2.0 host controller.

These bits are '0000b' in all controller core.

0000b - There is no internal Companion Controller and port-ownership hand-off is not supported.

0001b - There are internal companion controller(s) and port-ownership hand-offs is supported.

11-8

N_PCC

N_PCC

Number of Ports per Companion Controller

This field indicates the number of ports supported per internal Companion Controller. It is used to indicate 
the port routing configuration to the system software.

For example, if N_PORTS has a value of 6 and N_CC has a value of 2 then N_PCC could have a value of 3. 
The convention is that the first N_PCC ports are assumed to be routed to companion controller 1, the next 
N_PCC ports to companion controller 2, etc. In the previous example, the N_PCC could have been 4, where 
the first 4 are routed to companion controller 1 and the last two are routed to companion controller 2. The 
number in this field must be consistent with N_PORTS and N_CC.

These bits are '0000b' in all controller core.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-5

—

-

Reserved

4

PPC

PPC

Port Power Control

This field indicates whether the host controller implementation includes port power control. A one indicates 
the ports have port power switches. A zero indicates the ports do not have port power switches. The value 
of this field affects the functionality of the Port Power field in each port status and control register

3-0

N_PORTS

N_PORTS

Number of downstream ports. This field specifies the number of physical downstream ports implemented 
on this host controller. The value of this field determines how many port registers are addressable in the 
Operational Register.

Valid values are in the range of 1h to Fh. A zero in this field is undefined.

These bits are always set to '0001b' because all controller cores are Single-Port Host.

34.7.1.1.16 Host Controller Capability Parameters (HCCPARAMS)

Offset

Register Offset

HCCPARAMS 108h

Function

This register identifies multiple mode control (time-base bit functionality), addressing capability.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EECP IST Reserv
ed 

ASP PFL ADC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
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Fields

Field Function

31-16

—

-

Reserved

15-8

EECP

EECP

EHCI Extended Capabilities Pointer.

This field indicates the existence of a capabilities list. A value of 00h indicates no extended capabilities 
are implemented. A non-zero value in this register indicates the offset in PCI configuration space of the 
first EHCI extended capability. The pointer value must be 40h or greater if implemented to maintain the 
consistency of the PCI header defined for this class of device.

 
These bits are set '00h' in all controller core.

  NOTE  

7-4

IST

IST

Isochronous Scheduling Threshold.

This field indicates, relative to the current position of the executing host controller, where software can 
reliably update the isochronous schedule. When bit [7] is zero, the value of the least significant 3 bits 
indicates the number of micro-frames a host controller can hold a set of isochronous data structures (one or 
more) before flushing the state. When bit [7] is a one, then host software assumes the host controller may 
cache an isochronous data structure for an entire frame.

These bits are set '00h' in all controller core.

3

—

-

Reserved

2

ASP

ASP

Asynchronous Schedule Park Capability

If this bit is set to a one, then the host controller supports the park feature for high-speed queue heads in 
the Asynchronous Schedule. The feature can be disabled or enabled and set to a specific level by using 
the Asynchronous Schedule Park Mode Enable and Asynchronous Schedule Park Mode Count fields in the 
USBCMD register.

 
ASP bit reset value: '00b' for OTG controller core, '11b' for Host-only controller core.

  NOTE  

1

PFL

PFL

Programmable Frame List Flag

If this bit is set to zero, then the system software must use a frame list length of 1024 elements with this host 
controller. The USBCMD register Frame List Size field is a read-only register and must be set to zero.

If set to a one, then the system software can specify and use a smaller frame list and configure the host 
controller via the USBCMD register Frame List Size field. The frame list must always be aligned on a 
4K-page boundary. This requirement ensures that the frame list is always physically contiguous.

This bit is set '1b' in all controller core.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

ADC

ADC

64-bit Addressing Capability

This bit is set '0b' in all controller core, no 64-bit addressing capability is supported.

34.7.1.1.17 Device Controller Interface Version (DCIVERSION)

Offset

Register Offset

DCIVERSION 120h

Function

This register indicates the two-byte BCD encoding of the device controller interface version number.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DCIVERSION 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

15-0

DCIVERSION

DCIVERSION

Device Controller Interface Version Number

Default value is '01h', which means rev0.1.

34.7.1.1.18 Device Controller Capability Parameters (DCCPARAMS)

Offset

Register Offset

DCCPARAMS 124h

Function

These fields describe the overall device capability of the controller.
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This register is only available in OTG controller core.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HC DC 
Reserved 

DEN 

W

Reset 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0

Fields

Field Function

31-9

—

-

Reserved

8

HC

HC

Host Capable

When this bit is 1, this controller is capable of operating as an EHCI compatible USB 2.0 host controller.

7

DC

DC

Device Capable

When this bit is 1, this controller is capable of operating as a USB 2.0 device.

6-5

—

-

Reserved

4-0

DEN

DEN

Device Endpoint Number

This field indicates the number of endpoints built into the device controller. If this controller is not device 
capable, then this field will be zero. Valid values are 0 - 15.

34.7.1.1.19 USB Command Register (USBCMD)

Offset

Register Offset

USBCMD 140h
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Function

The Command Register indicates the command to be executed by the serial bus host/device controller. Writing to the register 
causes a command to be executed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ITC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FS_2 

ATDT
W 

SUTW 
Reserv

ed 
ASPE 

Reserv
ed 

ASP 
Reserv

ed 
IAA ASE PSE FS_1 RST RS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

ITC

ITC

Interrupt Threshold Control -Read/Write.

The system software uses this field to set the maximum rate at which the host/device controller will 
issue interrupts. ITC contains the maximum interrupt interval measured in micro-frames. Valid values are 
shown below.

Value Maximum Interrupt Interval

0000_0000b - Immediate (no threshold)

0000_0001b - 1 micro-frame

0000_0010b - 2 micro-frames

0000_0100b - 4 micro-frames

0000_1000b - 8 micro-frames

0001_0000b - 16 micro-frames

0010_0000b - 32 micro-frames

0100_0000b - 64 micro-frames

15

FS_2

FS_2

Frame List Size - (Read/Write or Read Only). [host mode only]

This field is Read/Write only if Programmable Frame List Flag in the HCCPARAMS registers is set to one.

This field specifies the size of the frame list that controls which bits in the Frame Index Register should be 
used for the Frame List Current index.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field is made up from USBCMD bits 15, 3 and 2.

  NOTE  

Value Meaning

0b000 - 1024 elements (4096 bytes) Default value

0b001 - 512 elements (2048 bytes)

0b010 - 256 elements (1024 bytes)

0b011 - 128 elements (512 bytes)

0b100 - 64 elements (256 bytes)

0b101 - 32 elements (128 bytes)

0b110 - 16 elements (64 bytes)

0b111 - 8 elements (32 bytes)

14

ATDTW

ATDTW

Add dTD TripWire - Read/Write. [device mode only]

This bit is used as a semaphore to ensure proper addition of a new dTD to an active (primed) endpoint's 
linked list. This bit is set and cleared by software.

This bit would also be cleared by hardware when state machine is hazard region for which adding a dTD to 
a primed endpoint may go unrecognized.

13

SUTW

SUTW

Setup TripWire - Read/Write. [device mode only]

This bit is used as a semaphore to ensure that the setup data payload of 8 bytes is extracted from a 
QH by the DCD without being corrupted. If the setup lockout mode is off (SLOM bit in USB core register 
n_USBMODE, see USBMODE ) then there is a hazard when new setup data arrives while the DCD is 
copying the setup data payload from the QH for a previous setup packet. This bit is set and cleared 
by software.

This bit would also be cleared by hardware when a hazard detected.

12

—

-

Reserved

11

ASPE

ASPE

Asynchronous Schedule Park Mode Enable - Read/Write.

If the Asynchronous Park Capability bit in the HCCPARAMS register is a one, then this bit defaults to a 1h 
and is R/W. Otherwise the bit must be a zero and is RO. Software uses this bit to enable or disable Park 
mode. When this bit is one, Park mode is enabled. When this bit is a zero, Park mode is disabled.

 
ASPE bit reset value: '0b' for OTG controller .

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

10

—

-

Reserved

9-8

ASP

ASP

Asynchronous Schedule Park Mode Count - Read/Write.

If the Asynchronous Park Capability bit in the HCCPARAMS register is a one, then this field defaults to 3h 
and is R/W. Otherwise it defaults to zero and is Read-Only. It contains a count of the number of successive 
transactions the host controller is allowed to execute from a high-speed queue head on the Asynchronous 
schedule before continuing traversal of the Asynchronous schedule. Valid values are 1h to 3h. Software 
must not write a zero to this bit when Park Mode Enable is a one as this will result in undefined behavior.

This field is set to 3h in all controller core.

7

—

-

Reserved

6

IAA

IAA

Interrupt on Async Advance Doorbell - Read/Write.

This bit is used as a doorbell by software to tell the host controller to issue an interrupt the next time it 
advances asynchronous schedule. Software must write a 1 to this bit to ring the doorbell.

When the host controller has evicted all appropriate cached schedule states, it sets the Interrupt on Async 
Advance status bit in the USBSTS register. If the Interrupt on Sync Advance Enable bit in the USBINTR 
register is one, then the host controller will assert an interrupt at the next interrupt threshold.

The host controller sets this bit to zero after it has set the Interrupt on Sync Advance status bit in the USBSTS 
register to one. Software should not write a one to this bit when the asynchronous schedule is inactive. Doing 
so will yield undefined results.

This bit is only used in host mode. Writing a one to this bit when device mode is selected will have 
undefined results.

5

ASE

ASE

Asynchronous Schedule Enable - Read/Write. Default 0b.

This bit controls whether the host controller skips processing the Asynchronous Schedule.

Only the host controller uses this bit.

Values Meaning

0b - Do not process the Asynchronous Schedule.

1b - Use the ASYNCLISTADDR register to access the Asynchronous Schedule.

4

PSE

PSE

Periodic Schedule Enable- Read/Write. Default 0b.

This bit controls whether the host controller skips processing the Periodic Schedule.

Only the host controller uses this bit.

Table continues on the next page...
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Table continued from the previous page...

Field Function

Values Meaning

0b - Do not process the Periodic Schedule

1b - Use the PERIODICLISTBASE register to access the Periodic Schedule.

3-2

FS_1

FS_1

See description at bit 15

1

RST

RST

Controller Reset (RESET) - Read/Write. Software uses this bit to reset the controller. This bit is set to zero by 
the Host/Device Controller when the reset process is complete. Software cannot terminate the reset process 
early by writing a zero to this register.

Host operation mode:

When software writes a one to this bit, the Controller resets its internal pipelines, timers, counters, state 
machines etc. to their initial value. Any transaction currently in progress on USB is immediately terminated. 
A USB reset is not driven on downstream ports. Software should not set this bit to a one when the HCHalted 
bit in the USBSTS register is a zero. Attempting to reset an actively running host controller will result in 
undefined behavior.

Device operation mode:

When software writes a one to this bit, the Controller resets its internal pipelines, timers, counters, state 
machines etc. to their initial value. Writing a one to this bit when the device is in the attached state is not 
recommended, because the effect on an attached host is undefined. In order to ensure that the device is not 
in an attached state before initiating a device controller reset, all primed endpoints should be flushed and 
the USBCMD Run/Stop bit should be set to 0.

0

RS

RS

Run/Stop (RS) - Read/Write. Default 0b. 1=Run. 0=Stop.

Host operation mode:

When set to '1b', the Controller proceeds with the execution of the schedule. The Controller continues 
execution as long as this bit is set to a one. When this bit is set to 0, the Host Controller completes the current 
transaction on the USB and then halts. The HC Halted bit in the status register indicates when the Controller 
has finished the transaction and has entered the stopped state. Software should not write a one to this field 
unless the controller is in the Halted state (that is, HCHalted in the USBSTS register is a one).

Device operation mode:

Writing a one to this bit will cause the controller to enable a pull-up on D+ and initiate an attach event. 
This control bit is not directly connected to the pull-up enable, as the pull-up will become disabled upon 
transitioning into high-speed mode. Software should use this bit to prevent an attach event before the 
controller has been properly initialized. Writing a 0 to this will cause a detach event.
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34.7.1.1.20 USB Status Register (USBSTS)

Offset

Register Offset

USBSTS 144h

Function

This register indicates various states of the Host/Device Controller and any pending interrupts. This register does not indicate 
status resulting from a transaction on the serial bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TI1 TI0 Reserved 

NAKI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AS PS RCL HCH 

Reserv
ed 

ULPII 
Reserv

ed 
SLI SRI URI AAI SEI FRI PCI UEI UI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

-

Reserved

25

TI1

TI1

General Purpose Timer Interrupt 1(GPTINT1)--R/WC.

This bit is set when the counter in the GPTIMER1CTRL register transitions to zero, writing a one to this bit 
will clear it.

24

TI0

TI0

General Purpose Timer Interrupt 0(GPTINT0)--R/WC.

This bit is set when the counter in the GPTIMER0CTRL register transitions to zero, writing a one to this bit 
clears it.

23-17

—

-

Reserved

16 NAKI

Table continues on the next page...
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Table continued from the previous page...

Field Function

NAKI NAK Interrupt Bit--RO.

This bit is set by hardware when for a particular endpoint both the TX/RX Endpoint NAK bit and 
corresponding TX/RX Endpoint NAK Enable bit are set. This bit is automatically cleared by hardware when 
all Enabled TX/RX Endpoint NAK bits are cleared.

15

AS

AS

Asynchronous Schedule Status - Read Only.

This bit reports the current real status of the Asynchronous Schedule. When set to zero the asynchronous 
schedule status is disabled and if set to one the status is enabled. The Host Controller is not required to 
immediately disable or enable the Asynchronous Schedule when software transitions the Asynchronous 
Schedule Enable bit in the USBCMD register. When this bit and the Asynchronous Schedule Enable bit are 
the same value, the Asynchronous Schedule is either enabled (1) or disabled (0).

Only used in the host operation mode.

14

PS

PS

Periodic Schedule Status - Read Only.

This bit reports the current real status of the Periodic Schedule. When set to zero the periodic schedule is 
disabled, and if set to one the status is enabled. The Host Controller is not required to immediately disable or 
enable the Periodic Schedule when software transitions the Periodic Schedule Enable bit in the USBCMD 
register. When this bit and the Periodic Schedule Enable bit are the same value, the Periodic Schedule is 
either enabled (1) or disabled (0).

Only used in the host operation mode.

13

RCL

RCL

Reclamation - Read Only.

This is a read-only status bit used to detect an empty asynchronous schedule.

Only used in the host operation mode.

12

HCH

HCH

HCHaIted - Read Only.

This bit is a zero whenever the Run/Stop bit is a one. The Controller sets this bit to one after it has stopped 
executing because of the Run/Stop bit being set to 0, either by software or by the Controller hardware (for 
example, an internal error).

Only used in the host operation mode.

Default value is '0b' for OTG core .

This is because OTG core is not operating as host in default. Please see CM bit in 
USB_n_USBMODE register.

 
HCH bit reset value: '0b' for OTG controller core .

  NOTE  

11 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

10

ULPII

ULPII

ULPI Interrupt - R/WC.

This bit will be set '1b' by hardware when there is an event completion in ULPI viewport.

This bit is usable only if the controller support UPLI interface mode.

9

—

-

Reserved

8

SLI

SLI

DCSuspend - R/WC.

When a controller enters a suspend state from an active state, this bit will be set to a one. The device 
controller clears the bit upon exiting from a suspend state.

Only used in device operation mode.

7

SRI

SRI

SOF Received - R/WC.

When the device controller detects a Start Of (micro) Frame, this bit will be set to a one. When a SOF is 
extremely late, the device controller will automatically set this bit to indicate that an SOF was expected. 
Therefore, this bit will be set roughly every 1ms in device FS mode and every 125ms in HS mode and will 
be synchronized to the actual SOF that is received.

Because the device controller is initialized to FS before connect, this bit will be set at an interval of 1ms 
during the prelude to connect and chirp.

In host mode, this bit will be set every 125us and can be used by host controller driver as a time base.

Software writes a 1 to this bit to clear it.

6

URI

URI

USB Reset Received - R/WC.

When the device controller detects a USB Reset and enters the default state, this bit will be set to a one. 
Software can write a 1 to this bit to clear the USB Reset Received status bit.

Only used in device operation mode.

5

AAI

AAI

Interrupt on Async Advance - R/WC.

System software can force the host controller to issue an interrupt the next time the host controller 
advances the asynchronous schedule by writing a one to the Interrupt on Async Advance Doorbell bit in the 
n_USBCMD register. This status bit indicates the assertion of that interrupt source.

Only used in host operation mode.

4 SEI

Table continues on the next page...
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Table continued from the previous page...

Field Function

SEI System Error- R/WC.

This bit is will be set to '1b' when an Error response is seen to a read on the system interface.

3

FRI

FRI

Frame List Rollover - R/WC.

The Host Controller sets this bit to a one when the Frame List Index rolls over from its maximum value to 
zero. The exact value at which the rollover occurs depends on the frame list size. For example. If the frame 
list size (as programmed in the Frame List Size field of the USB_n_USBCMD register) is 1024, the Frame 
Index Register rolls over every time FRINDEX [13] toggles. Similarly, if the size is 512, the Host Controller 
sets this bit to a one every time FHINDEX [12] toggles.

Only used in host operation mode.

2

PCI

PCI

Port Change Detect - R/WC.

The Host Controller sets this bit to a one when on any port a Connect Status occurs, a Port Enable/Disable 
Change occurs, or the Force Port Resume bit is set as the result of a J-K transition on the suspended port.

The Device Controller sets this bit to a one when the port controller enters the full or high-speed operational 
state. When the port controller exits the full or high-speed operation states due to Reset or Suspend events, 
the notification mechanisms are the USB Reset Received bit and the DCSuspend bits respectively.

1

UEI

UEI

USB Error Interrupt (USBERRINT) - R/WC.

When completion of a USB transaction results in an error condition, this bit is set by the Host/Device 
Controller. This bit is set along with the USBINT bit, if the TD on which the error interrupt occurred also had 
its interrupt on complete (IOC) bit set.

The device controller detects resume signaling only.

0

UI

UI

USB Interrupt (USBINT) - R/WC.

This bit is set by the Host/Device Controller when the cause of an interrupt is a completion of a USB 
transaction where the Transfer Descriptor (TD) has an interrupt on complete (IOC) bit set.

This bit is also set by the Host/Device Controller when a short packet is detected. A short packet is when 
the actual number of bytes received was less than the expected number of bytes.

34.7.1.1.21 Interrupt Enable Register (USBINTR)

Offset

Register Offset

USBINTR 148h
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Function

The interrupts to software are enabled with this register. An interrupt is generated when a bit is set and the corresponding interrupt 
source is active. The USB Status register (n_USBSTS) still shows interrupt sources even if they are disabled by the n_USBINTR 
register, allowing polling of interrupt events by the software.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TIE1 TIE0 Reserved UPIE UAIE 

Reserv
ed 

NAKE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ULPIE 

Reserv
ed 

SLE SRE URE AAE SEE FRE PCE UEE UE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

-

Reserved

25

TIE1

TIE1

General Purpose Timer #1 Interrupt Enable

When this bit is one and the TI1 bit in n_USBSTS register is a one the controller will issue an interrupt.

24

TIE0

TIE0

General Purpose Timer #0 Interrupt Enable

When this bit is one and the TI0 bit in n_USBSTS register is a one the controller will issue an interrupt.

23-20

—

-

Reserved

19

UPIE

UPIE

USB Host Periodic Interrupt Enable

When this bit is one, and the UPI bit in the n_USBSTS register is one, host controller will issue an interrupt 
at the next interrupt threshold.

18

UAIE

UAIE

USB Host Asynchronous Interrupt Enable

When this bit is one, and the UAI bit in the n_USBSTS register is one, host controller will issue an interrupt 
at the next interrupt threshold.

Table continues on the next page...
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Table continued from the previous page...

Field Function

17

—

-

Reserved

16

NAKE

NAKE

NAK Interrupt Enable

When this bit is one and the NAKI bit in n_USBSTS register is a one the controller will issue an interrupt.

15-11

—

-

These bits are reserved and should be set to zero.

10

ULPIE

ULPIE

ULPI Interrupt Enable

When this bit is one and the UPLII bit in n_USBSTS register is a one the controller will issue an interrupt.

This bit is usable only if the controller support UPLI interface mode.

9

—

-

Reserved

8

SLE

SLE

Sleep Interrupt Enable

When this bit is one and the SLI bit in n_n_USBSTS register is a one the controller will issue an interrupt.

Only used in device operation mode.

7

SRE

SRE

SOF Received Interrupt Enable

When this bit is one and the SRI bit in n_USBSTS register is a one the controller will issue an interrupt.

6

URE

URE

USB Reset Interrupt Enable

When this bit is one and the URI bit in n_USBSTS register is a one the controller will issue an interrupt.

Only used in device operation mode.

5

AAE

AAE

Async Advance Interrupt Enable

When this bit is one and the AAI bit in n_USBSTS register is a one the controller will issue an interrupt.

Only used in host operation mode.

4

SEE

SEE

System Error Interrupt Enable

When this bit is one and the SEI bit in n_USBSTS register is a one the controller will issue an interrupt.

Table continues on the next page...
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Field Function

Only used in host operation mode.

3

FRE

FRE

Frame List Rollover Interrupt Enable

When this bit is one and the FRI bit in n_USBSTS register is a one the controller will issue an interrupt.

Only used in host operation mode.

2

PCE

PCE

Port Change Detect Interrupt Enable

When this bit is one and the PCI bit in n_USBSTS register is a one the controller will issue an interrupt.

1

UEE

UEE

USB Error Interrupt Enable

When this bit is one and the UEI bit in n_USBSTS register is a one the controller will issue an interrupt.

0

UE

UE

USB Interrupt Enable

When this bit is one and the UI bit in n_USBSTS register is a one the controller will issue an interrupt.

34.7.1.1.22 USB Frame Index (FRINDEX)

Offset

Register Offset

FRINDEX 14Ch

Function

This register is used by the host controller to index the periodic frame list. The register updates every 125 microseconds (once 
each micro-frame). Bits [N: 3] are used to select a particular entry in the Periodic Frame List during periodic schedule execution. 
The number of bits used for the index depends on the size of the frame list as set by system software in the Frame List Size field 
in the n_USBCMD register.

This register must be written as a DWord. Byte writes produce undefined results. This register cannot be written unless the Host 
Controller is in the 'Halted' state as indicated by the HCHalted bit. A write to this register while the Run/Stop hit is set to a one 
produces undefined results. Writes to this register also affect the SOF value.

In device mode this register is read only and, the device controller updates the FRINDEX [13:3] register from the frame number 
indicated by the SOF marker. Whenever a SOF is received by the USB bus, FRINDEX [13:3] will be checked against the SOF 
marker. If FRINDEX [13:3] is different from the SOF marker, FRINDEX [13:3] will be set to the SOF value and FRINDEX [2:0] will 
be set to zero (that is, SOF for 1 ms frame). If FRINDEX [13:3] is equal to the SOF value, FRINDEX [2:0] will be increment (that 
is, SOF for 125 us micro-frame.).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved FRINDEX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-14

—

-

Reserved

13-0

FRINDEX

FRINDEX

Frame Index.

The value, in this register, increments at the end of each time frame (micro-frame). Bits [N: 3] are used for 
the Frame List current index. This means that each location of the frame list is accessed 8 times (frames or 
micro-frames) before moving to the next index.

The following illustrates values of N based on the value of the Frame List Size field in the USBCMD register, 
when used in host mode.

USBCMD [Frame List Size] Number Elements N

In device mode the value is the current frame number of the last frame transmitted. It is not used as an index.

In either mode bits 2:0 indicate the current microframe.

The bit field values description below is represented as (Frame List Size) Number Elements N.

00_0000_0000_0000b - (1024) 12

00_0000_0000_0001b - (512) 11

00_0000_0000_0010b - (256) 10

00_0000_0000_0011b - (128) 9

00_0000_0000_0100b - (64) 8

00_0000_0000_0101b - (32) 7

00_0000_0000_0110b - (16) 6

00_0000_0000_0111b - (8) 5
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34.7.1.1.23 Device Address (DEVICEADDR)

Offset

Register Offset

DEVICEADDR 154h

Function

Device Controller only

The upper seven bits of this register represent the device address. After any controller reset or a USB reset, the device address is 
set to the default address (0). The default address will match all incoming addresses. Software shall reprogram the address after 
receiving a SET_ADDRESS descriptor.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
USBADR 

USBA
DRA 

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

USBADR

USBADR

Device Address.

These bits correspond to the USB device address

24

USBADRA

USBADRA

Device Address Advance. Default=0.

When this bit is '0', any writes to USBADR are instantaneous. When this bit is written to a '1' at the same time 
or before USBADR is written, the write to the USBADR field is staged and held in a hidden register. After 
an IN occurs on endpoint 0 and is ACKed, USBADR will be loaded from the holding register.

Hardware will automatically clear this bit on the following conditions:

1) IN is ACKed to endpoint 0. (USBADR is updated from staging register).

2) OUT/SETUP occur to endpoint 0. (USBADR is not updated).

3) Device Reset occurs (USBADR is reset to 0).

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
After the status phase of the SET_ADDRESS descriptor, the DCD has 2 ms to program the 
USBADR field. This mechanism will ensure this specification is met when the DCD can not 
write of the device address within 2ms from the SET_ADDRESS status phase. If the DCD 
writes the USBADR with USBADRA=1 after the SET_ADDRESS data phase (before the 
prime of the status phase), the USBADR will be programmed instantly at the correct time 
and meet the 2ms USB requirement.

  NOTE  

23-0

—

-

Reserved

34.7.1.1.24 Frame List Base Address (PERIODICLISTBASE)

Offset

Register Offset

PERIODICLISTBASE 154h

Function

Host Controller only

This 32-bit register contains the beginning address of the Periodic Frame List in the system memory. HCD loads this register prior 
to starting the schedule execution by the Host Controller. The memory structure referenced by this physical memory pointer is 
assumed to be 4-Kbyte aligned. The contents of this register are combined with the Frame Index Register (USB_n_FRINDEX) to 
enable the Host Controller to step through the Periodic Frame List in sequence.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BASEADR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BASEADR Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-12

BASEADR

BASEADR

Base Address (Low).

These bits correspond to memory address signals [31:12], respectively.

Only used by the host controller.

11-0

—

-

Reserved

34.7.1.1.25 Next Asynch. Address (ASYNCLISTADDR)

Offset

Register Offset

ASYNCLISTADDR 158h

Function

Host Controller only

This 32-bit register contains the address of the next asynchronous queue head to be executed by the host. Bits [4:0] of this register 
cannot be modified by the system software and will always return a zero when read.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ASYBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ASYBASE Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

ASYBASE

ASYBASE

Link Pointer Low (LPL).

Table continues on the next page...
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Table continued from the previous page...

Field Function

These bits correspond to memory address signals [31:5], respectively. This field may only reference a 
Queue Head (QH).

Only used by the host controller.

4-0

—

-

Reserved

34.7.1.1.26 Endpoint List Address (ENDPTLISTADDR)

Offset

Register Offset

ENDPTLISTADDR 158h

Function

Device Controller only

In device mode, this register contains the address of the top of the endpoint list in system memory. Bits [10:0] of this register cannot 
be modified by the system software and will always return a zero when read.

The memory structure referenced by this physical memory pointer is assumed 64-byte.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
EPBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EPBASE Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

EPBASE

EPBASE

Endpoint List Pointer(Low). These bits correspond to memory address signals [31:11], respectively. This 
field will reference a list of up to 32 Queue Head (QH) (that is, one queue head per endpoint & direction).

Table continues on the next page...
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Table continued from the previous page...

Field Function

10-0

—

-

Reserved

34.7.1.1.27 Programmable Burst Size (BURSTSIZE)

Offset

Register Offset

BURSTSIZE 160h

Function

This register is used to control the burst size used during data movement on the AHB master interface. This register is ignored if 
AHBBRST bits in SBUSCFG register is non-zero value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

TXPB
URST W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TXPBURST RXPBURST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

-

Reserved

16-8

TXPBURST

TXPBURST

Programmable TX Burst Size.

Default value is determined by TXBURST bits in n_HWTXBUF.

This register represents the maximum length of a the burst in 32-bit words while moving data from system 
memory to the USB bus.

Table continues on the next page...
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Field Function

7-0

RXPBURST

RXPBURST

Programmable RX Burst Size.

Default value is determined by TXBURST bits in n_HWRXBUF.

This register represents the maximum length of a the burst in 32-bit words while moving data from the USB 
bus to system memory.

34.7.1.1.28 TX FIFO Fill Tuning (TXFILLTUNING)

Offset

Register Offset

TXFILLTUNING 164h

Function

The fields in this register control performance tuning associated with how the host controller posts data to the TX latency FIFO 
before moving the data onto the USB bus. The specific areas of performance include the how much data to post into the FIFO and 
an estimate for how long that operation should take in the target system.

Definitions:

T 0 = Standard packet overhead

T 1 = Time to send data payload

T ff = Time to fetch packet into TX FIFO up to specified level.

T s = Total Packet Flight Time (send-only) packet

T s = T 0 + T 1
T p = Total Packet Time (fetch and send) packet

T p = T ff + T 0 + T 1
Upon discovery of a transmit (OUT/SETUP) packet in the data structures, host controller checks to ensure T p remains before the 
end of the [micro]frame. If so it proceeds to pre-fill the TX FIFO. If at anytime during the pre-fill operation the time remaining the 
[micro]frame is < T s then the packet attempt ceases and the packet is tried at a later time. Although this is not an error condition and 
the host controller will eventually recover, a mark will be made the scheduler health counter to note the occurrence of a "back-off" 
event. When a back-off event is detected, the partial packet fetched may need to be discarded from the latency buffer to make 
room for periodic traffic that will begin after the next SOF. Too many back-off events can waste bandwidth and power on the system 
bus and thus should be minimized (not necessarily eliminated). Back-offs can be minimized with use of the n_TSCHHEALTH ( T 
ff ) described below.

 
The reset value could vary from instance to instance. Please see the detail in bit field description and ignore reset 
value in summary table in this case!

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXFIFOTHRES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TXSCHHEALTH TXSCHOH 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-22

—

-

Reserved

21-16

TXFIFOTHRES

TXFIFOTHRES

FIFO Burst Threshold. (Read/Write)

This register controls the number of data bursts that are posted to the TX latency FIFO in host mode before 
the packet begins on to the bus. The minimum value is 2 and this value should be a low as possible to 
maximize USB performance. A higher value can be used in systems with unpredictable latency and/or 
insufficient bandwidth where the FIFO may underrun because the data transferred from the latency FIFO to 
USB occurs before it can be replenished from system memory. This value is ignored if the Stream Disable 
bit in USB_n_USBMODE register is set.

15-13

—

-

Reserved

12-8

TXSCHHEALT
H

TXSCHHEALTH

Scheduler Health Counter. (Read/Write To Clear)

This register increments when the host controller fails to fill the TX latency FIFO to the level programmed by 
TXFIFOTHRES before running out of time to send the packet before the next Start-Of-Frame. This health 
counter measures the number of times this occurs to provide feedback to selecting a proper TXSCHOH. 
Writing to this register will clear the counter and this counter will max. at 31.

7-0

TXSCHOH

TXSCHOH

Scheduler Overhead. (Read/Write) [Default = 0]

This register adds an additional fixed offset to the schedule time estimator described above as Tff. As an 
approximation, the value chosen for this register should limit the number of back-off events captured in the 
TXSCHHEALTH to less than 10 per second in a highly utilized bus. Choosing a value that is too high for this 
register is not desired as it can needlessly reduce USB utilization. The time unit represented in this register 
is 1.267us when a device is connected in High-Speed Mode. The time unit represented in this register is 
6.333us when a device is connected in Low/Full Speed Mode.

Default value is '08h' for OTG controller core .
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34.7.1.1.29 Endpoint NAK (ENDPTNAK)

Offset

Register Offset

ENDPTNAK 178h

Function
Endpoint sends NAK handshake for the IN/OUT/PING token.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved EPTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved EPRN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

EPTN

EPTN

TX Endpoint NAK - R/WC.

Each TX endpoint has 1 bit in this field. The bit is set when the

device sends a NAK handshake on a received IN token for the corresponding endpoint.

Bit [N] - Endpoint #[N], N is 0-7

15-8

—

-

Reserved

7-0

EPRN

EPRN

RX Endpoint NAK - R/WC.

Each RX endpoint has 1 bit in this field. The bit is set when the

device sends a NAK handshake on a received OUT or PING token for the corresponding endpoint.

Bit [N] - Endpoint #[N], N is 0-7
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34.7.1.1.30 Endpoint NAK Enable (ENDPTNAKEN)

Offset

Register Offset

ENDPTNAKEN 17Ch

Function
Endpoint NAK indication enable.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved EPTNE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved EPRNE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

EPTNE

EPTNE

TX Endpoint NAK Enable - R/W.

Each bit is an enable bit for the corresponding TX Endpoint NAK bit. If this bit is set and the corresponding 
TX Endpoint NAK bit is set, the NAK Interrupt bit is set.

Bit [N] - Endpoint #[N], N is 0-7

15-8

—

-

Reserved

7-0

EPRNE

EPRNE

RX Endpoint NAK Enable - R/W.

Each bit is an enable bit for the corresponding RX Endpoint NAK bit. If this bit is set and the corresponding 
RX Endpoint NAK bit is set, the NAK Interrupt bit is set.

Bit [N] - Endpoint #[N], N is 0-7

NXP Semiconductors
USB OTG Controller (USB CTRL)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2033 / 5781



34.7.1.1.31 Configure Flag Register (CONFIGFLAG)

Offset

Register Offset

CONFIGFLAG 180h

Function
This register is not used in this implementation. A read from this register returns a constant of a 00000001h to indicate that all 
port routings default to this host controller.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-1

—

-

Reserved

0

CF

CF

Configure Flag

Host software sets this bit as the last action in its process of configuring the Host Controller. This bit controls 
the default port-routing control logic.

0b - Port routing control logic default-routes each port to an implementation dependent classic 
host controller.

1b - Port routing control logic default-routes all ports to this host controller.

34.7.1.1.32 Port Status & Control (PORTSC1)

Offset

Register Offset

PORTSC1 184h
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Function

Host Controller

A host controller could implement one to eight port status and control registers. The number is determined by N_PORTs bits in 
HWSPARAMs register (please see HCSPARAMS ). Software could read this parameter register to determine how many ports 
need service.

All controller cores on this product are Single-Port, so there is only one port status and control register for each controller core.

This register is only reset by power on reset or controller core reset. The initial conditions of a port are:

• No device connected

• Port disabled

If the port supports power control, this state remains until port power is supplied (by software).

Device Controller

A controller operating in device mode has only port register one (PORTSC1) and it does not support power control in that mode. 
Port control in device mode is only used for status port reset, suspend, and current connect status. It is also used to initiate test 
mode or force signaling and allows software to put the PHY into low power suspend mode and disable the PHY clock.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PTS_1 STS PTW PSPD PTS_2 PFSC PHCD WKOC WKDC WKCN PTC 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIC PO PP LS 

HSP 
PR SUSP FPR OCC 

OCA 
PEC PE CSC 

CCS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

PTS_1

PTS_1

Bit field {bit25, bit31, bit30}:

"000b" UTMI/UTMI+

"001b" Reserved

"010b" ULPI

"011b" Serial/USB 1.1 PHY/IC-USB (FS Only)

"100b" HSIC

Parallel Transceiver Select (bit25, bit31, bit30).

For OTG core, it's Read-Only.

For Host1/Host2/Host3 core, it's Read/Write.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
All USB port interface modes are listed in this field description, but not all are supported. For 
detail feature of each controller core, please see Features . The behaviour is unknown when 
unsupported interface mode is selected.

  NOTE  

29

STS

STS

Serial Transceiver Select

1 Serial Interface Engine is selected

0 Parallel Interface signals is selected

Serial Interface Engine can be used in combination with UTMI+/ULPI physical interface to provide FS/LS 
signaling instead of the parallel interface signals.

When this bit is set '1b', serial interface engine will be used instead of parallel interface signals.

This bit has no effect unless PTS bits is set to select UTMI+/ULPI interface.

The Serial/USB1.1 PHY/IC-USB will use the serial interface engine for FS/LS signaling regardless of this 
bit value.

28

PTW

PTW

Parallel Transceiver Width

This bit has no effect if serial interface engine is used.

0b - Select the 8-bit UTMI interface [60MHz]

1b - Select the 16-bit UTMI interface [30MHz]

27-26

PSPD

PSPD

Port Speed - Read Only.

This register field indicates the speed at which the port is operating.

00b - Full Speed

01b - Low Speed

10b - High Speed

11b - Undefined

25

PTS_2

PTS_2

See description at bits 31-30

24

PFSC

PFSC

Port Force Full Speed Connect - Read/Write. Default = 0b.

When this bit is set to '1b', the port will be forced to only connect at Full Speed, It disables the chirp sequence 
that allows the port to identify itself as High Speed.

0b - Normal operation

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Forced to full speed

23

PHCD

PHCD

PHY Low Power Suspend - Clock Disable (PLPSCD) - Read/Write. Default = 0b.

When this bit is set to '1b', the PHY clock is disabled. Reading this bit will indicate the status of the PHY clock.

 
The PHY clock cannot be disabled if it is being used as the system clock.

  NOTE  

In device mode, The PHY can be put into Low Power Suspend when the device is not running (USBCMD 
Run/Stop=0b) or the host has signalled suspend (PORTSC1 SUSPEND=1b). PHY Low power suspend will 
be cleared automatically when the host initials resume. Before forcing a resume from the device, the device 
controller driver must clear this bit.

In host mode, the PHY can be put into Low Power Suspend when the downstream device has been put into 
suspend mode or when no downstream device is connected. Low power suspend is completely under the 
control of software.

0b - Enable PHY clock

1b - Disable PHY clock

22

WKOC

WKOC

Wake on Over-current Enable (WKOC_E) - Read/Write. Default = 0b.

Writing this bit to a one enables the port to be sensitive to over-current conditions as wake-up events.

This field is zero if Port Power( PORTSC1 ) is zero.

21

WKDC

WKDC

Wake on Disconnect Enable (WKDSCNNT_E) - Read/Write. Default=0b. Writing this bit to a one enables 
the port to be sensitive to device disconnects as wake-up events.

This field is zero if Port Power( PORTSC1 ) is zero or in device mode.

20

WKCN

WKCN

Wake on Connect Enable (WKCNNT_E) - Read/Write. Default=0b.

Writing this bit to a one enables the port to be sensitive to device connects as wake-up events.

This field is zero if Port Power( PORTSC1 ) is zero or in device mode.

19-16

PTC

PTC

Port Test Control - Read/Write. Default = 0000b.

Refer to Port test mode for the operational model for using these test modes and the USB Specification 
Revision 2.0, Chapter 7 for details on each test mode.

The FORCE_ENABLE_FS and FORCE ENABLE_LS are extensions to the test mode support specified 
in the EHCI specification. Writing the PTC field to any of the FORCE_ENABLE_{HS/FS/LS} values will 
force the port into the connected and enabled state at the selected speed. Writing the PTC field back to 
TEST_MODE_DISABLE will allow the port state machines to progress normally from that point.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
Low speed operations are not supported as a peripheral device.

  NOTE  

Any other value than zero indicates that the port is operating in test mode.

Value Specific Test

0000b - TEST_MODE_DISABLE

0001b - J_STATE

0010b - K_STATE

0011b - SE0 (host) / NAK (device)

0100b - Packet

0101b - FORCE_ENABLE_HS

0110b - FORCE_ENABLE_FS

0111b - FORCE_ENABLE_LS

1000b-1111b - Reserved

15-14

PIC

PIC

Port Indicator Control - Read/Write. Default = Ob.

Writing to this field has no effect if the P_INDICATOR bit in the HCSPARAMS register is a zero.

Refer to the USB Specification Revision 2.0 for a description on how these bits are to be used.

This field is zero if Port Power is zero.

Bit Value Meaning

00b - Port indicators are off

01b - Amber

10b - Green

11b - Undefined

13

PO

PO

Port Owner-Read/Write. Default = 0.

This bit unconditionally goes to a 0 when the configured bit in the CONFIGFLAG register makes a 0 to 1 
transition. This bit unconditionally goes to 1 whenever the Configured bit is zero System software uses this 
field to release ownership of the port to a selected host controller (in the event that the attached device is not 
a high-speed device). Software writes a one to this bit when the attached device is not a high-speed device. 
A one in this bit means that an internal companion controller owns and controls the port.

Port owner handoff is not supported in all controller cores, therefore this bit will always be 0.

12

PP

PP

Port Power (PP)-Read/Write or Read Only.

Table continues on the next page...
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Table continued from the previous page...

Field Function

The function of this bit depends on the value of the Port Power Switching (PPC) field in the HCSPARAMS 
register. The behavior is as follows:

PPC

PP Operation

0

1b Read Only - Host controller does not have port power control switches. Each port is hard-wired to power.

1

1b/0b - Read/Write. OTG controller requires port power control switches. This bit represents the current 
setting of the switch (0=off, 1=on). When power is not available on a port (that is, PP equals a 0), the port 
is non-functional and will not report attaches, detaches, etc. 

When an over-current condition is detected on a powered port and PPC is a one, the PP bit in each affected 
port may be transitional by the host controller driver from a one to a zero (removing power from the port).

This feature is implemented in all controller cores (PPC = 1).

11-10

LS

LS

Line Status-Read Only. These bits reflect the current logical levels of the D+ (bit 11) and D- (bit 10) 
signal lines.

In host mode, the use of linestate by the host controller driver is not necessary (unlike EHCI), because the 
port controller state machine and the port routing manage the connection of LS and FS.

In device mode, the use of linestate by the device controller driver is not necessary.

The encoding of the bits are:

Bits [11:10] Meaning

00b - SE0

01b - K-state

10b - J-state

11b - Undefined

9

HSP

HSP

High-Speed Port - Read Only. Default = 0b.

When the bit is one, the host/device connected to the port is in high-speed mode and if set to zero, the 
host/device connected to the port is not in a high-speed mode.

 
HSP is redundant with PSPD(bit 27, 26) but remained for compatibility.

  NOTE  

8

PR

PR

Port Reset - Read/Write or Read Only. Default = 0b.

In Host Mode: Read/Write. 1=Port is in Reset. 0=Port is not in Reset. Default 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

When software writes a one to this bit the bus-reset sequence as defined in the USB Specification Revision 
2.0 is started. This bit will automatically change to zero after the reset sequence is complete. This behavior is 
different from EHCI where the host controller driver is required to set this bit to a zero after the reset duration 
is timed in the driver.

In Device Mode: This bit is a read only status bit. Device reset from the USB bus is also indicated in the 
USBSTS register.

This field is zero if Port Power( PORTSC1 ) is zero.

7

SUSP

SUSP

Suspend - Read/Write or Read Only. Default = 0b.

1=Port in suspend state. 0=Port not in suspend state.

In Host Mode: Read/Write.

Port Enabled Bit and Suspend bit of this register define the port states as follows:

Bits [Port Enabled, Suspend] Port State

0x Disable

10 Enable

11 Suspend

When in suspend state, downstream propagation of data is blocked on this port, except for port reset. The 
blocking occurs at the end of the current transaction if a transaction was in progress when this bit was written 
to 1. In the suspend state, the port is sensitive to resume detection. Note that the bit status does not change 
until the port is suspended and that there may be a delay in suspending a port if there is a transaction 
currently in progress on the USB.

The host controller will unconditionally set this bit to zero when software sets the Force Port Resume bit to 
zero. The host controller ignores a write of zero to this bit.

If host software sets this bit to a one when the port is not enabled (that is, Port enabled bit is a zero) the 
results are undefined.

This field is zero if Port Power( PORTSC1 ) is zero in host mode.

In Device Mode: Read Only.

In device mode this bit is a read only status bit.

6

FPR

FPR

Force Port Resume -Read/Write. 1= Resume detected/driven on port. 0=No resume (K-state) detected/
driven on port. Default = 0.

In Host Mode:

Software sets this bit to one to drive resume signaling. The Host Controller sets this bit to one if a J-to-K 
transition is detected while the port is in the Suspend state. When this bit transitions to a one because a 
J-to-K transition is detected, the Port Change Detect bit in the USBSTS register is also set to one. This bit 
will automatically change to zero after the resume sequence is complete. This behavior is different from 
EHCI where the host controller driver is required to set this bit to a zero after the resume duration is timed 
in the driver.

Table continues on the next page...
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Table continued from the previous page...

Field Function

Note that when the Host controller owns the port, the resume sequence follows the defined sequence 
documented in the USB Specification Revision 2.0. The resume signaling (Full-speed 'K') is driven on the 
port as long as this bit remains a one. This bit will remain a one until the port has switched to the high-speed 
idle. Writing a zero has no effect because the port controller will time the resume operation, clear the bit the 
port control state switches to HS or FS idle.

This field is zero if Port Power( PORTSC1 ) is zero in host mode.

This bit is not-EHCI compatible.

In Device mode:

After the device has been in Suspend State for 5ms or more, software must set this bit to one to drive resume 
signaling before clearing. The Device Controller will set this bit to one if a J-to-K transition is detected while 
the port is in the Suspend state. The bit will be cleared when the device returns to normal operation. Also, 
when this bit will be cleared because a K-to-J transition detected, the Port Change Detect bit in the USBSTS 
register is also set to one.

5

OCC

OCC

Over-current Change-R/WC. Default=0.

This bit is set '1b' by hardware when there is a change to Over-current Active. Software can clear this bit by 
writing a one to this bit position.

4

OCA

OCA

Over-current Active-Read Only. Default 0.

This bit will automatically transition from one to zero when the over current condition is removed.

0b - This port does not have an over-current condition.

1b - This port currently has an over-current condition

3

PEC

PEC

Port Enable/Disable Change-R/WC. 1=Port enabled/disabled status has changed. 0=No change. Default 
= 0.

In Host Mode:

For the root hub, this bit is set to a one only when a port is disabled due to disconnect on the port or due to 
the appropriate conditions existing at the EOF2 point (See Chapter 11 of the USB Specification). Software 
clears this by writing a one to it.

This field is zero if Port Power( PORTSC1 ) is zero.

In Device mode:

The device port is always enabled, so this bit is always '0b'.

2

PE

PE

Port Enabled/Disabled-Read/Write. 1=Enable. 0=Disable. Default 0.

In Host Mode:

Table continues on the next page...
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Table continued from the previous page...

Field Function

Ports can only be enabled by the host controller as a part of the reset and enable. Software cannot enable a 
port by writing a one to this field. Ports can be disabled by either a fault condition (disconnect event or other 
fault condition) or by the host software. Note that the bit status does not change until the port state actually 
changes. There may be a delay in disabling or enabling a port due to other host controller and bus events.

When the port is disabled, (0b) downstream propagation of data is blocked except for reset.

This field is zero if Port Power( PORTSC1 ) is zero in host mode.

In Device Mode:

The device port is always enabled, so this bit is always '1b'.

1

CSC

CSC

Connect Status Change-R/WC. 1 =Change in Current Connect Status. 0=No change. Default 0.

In Host Mode:

Indicates a change has occurred in the port's Current Connect Status. The host/device controller sets this bit 
for all changes to the port device connect status, even if system software has not cleared an existing connect 
status change. For example, the insertion status changes twice before system software has cleared the 
changed condition, hub hardware will be 'setting' an already-set bit (that is, the bit will remain set). Software 
clears this bit by writing a one to it.

This field is zero if Port Power( PORTSC1 ) is zero in host mode.

In Device Mode:

This bit is undefined in device controller mode.

0

CCS

CCS

Current Connect Status-Read Only.

In Host Mode:

1=Device is present on port. 0=No device is present. Default = 0. This value reflects the current state of 
the port, and may not correspond directly to the event that caused the Connect Status Change bit (Bit 1) to 
be set.

This field is zero if Port Power( PORTSC1 ) is zero in host mode.

In Device Mode:

1=Attached. 0=Not Attached. Default=0. A one indicates that the device successfully attached and is 
operating in either high speed or full speed as indicated by the High Speed Port bit in this register. A zero 
indicates that the device did not attach successfully or was forcibly disconnected by the software writing a 
zero to the Run bit in the USBCMD register. It does not state the device being disconnected or suspended.

34.7.1.1.33 On-The-Go Status & control (OTGSC)

Offset

Register Offset

OTGSC 1A4h
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Function

This register is available only in OTG controller core. It has four sections:

• OTG Interrupt enables (Read/Write)

• OTG Interrupt status (Read/Write to Clear)

• OTG Status inputs (Read Only)

• OTG Controls (Read/Write)

The status inputs are debounced using a 1 ms time constant. Values on the status inputs that do not persist for more than 1 ms 
does not cause an update of the status input register, or cause an OTG interrupt.

See also USBMODE register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

DPIE 
EN_
1MS 

BSEIE BSVIE ASVIE AVVIE IDIE 
Reserv

ed 
DPIS 

STAT
US_...

BSEIS BSVIS ASVIS AVVIS IDIS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

DPS 
TOG_
1MS 

BSE BSV ASV AVV ID 
Reserved IDPU DP OT 

Reserv
ed 

VC VD 
W

Reset 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0

Fields

Field Function

31

—

-

Reserved

30

DPIE

DPIE

Data Pulse Interrupt Enable

29

EN_1MS

EN_1MS

1 millisecond timer Interrupt Enable - Read/Write

28

BSEIE

BSEIE

B Session End Interrupt Enable - Read/Write.

Setting this bit enables the B session end interrupt.

27

BSVIE

BSVIE

B Session Valid Interrupt Enable - Read/Write.

Setting this bit enables the B session valid interrupt.

Table continues on the next page...
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Table continued from the previous page...

Field Function

26

ASVIE

ASVIE

A Session Valid Interrupt Enable - Read/Write.

Setting this bit enables the A session valid interrupt.

25

AVVIE

AVVIE

A VBus Valid Interrupt Enable - Read/Write.

Setting this bit enables the A VBus valid interrupt.

24

IDIE

IDIE

USB ID Interrupt Enable - Read/Write.

Setting this bit enables the USB ID interrupt.

23

—

-

Reserved

22

DPIS

DPIS

Data Pulse Interrupt Status - Read/Write to Clear.

This bit is set when data bus pulsing occurs on DP or DM. Data bus pulsing is only detected when 
USBMODE.CM = Host (11) and PORTSC1(0)[PP] = 0.

Software must write a one to clear this bit.

21

STATUS_1MS

STATUS_1MS

1 millisecond timer Interrupt Status - Read/Write to Clear.

This bit is set once every millisecond.

Software must write a one to clear this bit.

20

BSEIS

BSEIS

B Session End Interrupt Status - Read/Write to Clear.

This bit is set when VBus has fallen below the B session end threshold. Software must write a one to clear 
this bit.

19

BSVIS

BSVIS

B Session Valid Interrupt Status - Read/Write to Clear.

This bit is set when VBus has either risen above or fallen below the B session valid threshold.

Software must write a one to clear this bit.

18

ASVIS

ASVIS

A Session Valid Interrupt Status - Read/Write to Clear.

This bit is set when VBus has either risen above or fallen below the A session valid threshold.

Table continues on the next page...
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Field Function

Software must write a one to clear this bit.

17

AVVIS

AVVIS

A VBus Valid Interrupt Status - Read/Write to Clear.

This bit is set when VBus has either risen above or fallen below the VBus valid threshold on an A device.

Software must write a one to clear this bit.

16

IDIS

IDIS

USB ID Interrupt Status - Read/Write.

This bit is set when a change on the ID input has been detected.

Software must write a one to clear this bit.

15

—

-

Reserved

14

DPS

DPS

Data Bus Pulsing Status - Read Only.

A '1' indicates data bus pulsing is being detected on the port.

13

TOG_1MS

TOG_1MS

1 millisecond timer toggle - Read Only.

This bit toggles once per millisecond.

12

BSE

BSE

B Session End - Read Only.

Indicates VBus is below the B session end threshold.

11

BSV

BSV

B Session Valid - Read Only.

Indicates VBus is above the B session valid threshold.

10

ASV

ASV

A Session Valid - Read Only.

Indicates VBus is above the A session valid threshold.

9

AVV

AVV

A VBus Valid - Read Only.

Indicates VBus is above the A VBus valid threshold.

8 ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

ID USB ID - Read Only.

0 = A device, 1 = B device

7-6

—

-

Reserved

5

IDPU

IDPU

ID Pullup - Read/Write

This bit provide control over the ID pull-up resistor; 0 = off, 1 = on [default]. When this bit is 0, the ID input 
will not be sampled.

4

DP

DP

Data Pulsing - Read/Write.

Setting this bit causes the pullup on DP to be asserted for data pulsing during SRP.

3

OT

OT

OTG Termination - Read/Write.

This bit must be set when the OTG device is in device mode, this controls the pulldown on DM.

2

—

-

Reserved

1

VC

VC

VBUS Charge - Read/Write.

Setting this bit causes the VBus line to be charged. This is used for VBus pulsing during SRP.

0

VD

VD

VBUS_Discharge - Read/Write.

Setting this bit causes VBus to discharge through a resistor.

34.7.1.1.34 USB Device Mode (USBMODE)

Offset

Register Offset

USBMODE 1A8h

Function
USB Mode Selection
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

Reserved SDIS SLOM ES CM 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

-

Reserved

15

—

-

Reserved

14-5

—

-

Reserved

4

SDIS

SDIS

Stream Disable Mode. (0 - Inactive [default]; 1 - Active)

Device Mode: Setting to a '1' disables double priming on both RX and TX for low bandwidth systems. This 
mode ensures that when the RX and TX buffers are sufficient to contain an entire packet that the standard 
double buffering scheme is disabled to prevent overruns/underruns in bandwidth limited systems. Note: In 
High Speed Mode, all packets received are responded to with a NYET handshake when stream disable 
is active.

Host Mode: Setting to a '1' ensures that overruns/underruns of the latency FIFO are eliminated for low 
bandwidth systems where the RX and TX buffers are sufficient to contain the entire packet. Enabling stream 
disable also has the effect of ensuring the TX latency is filled to capacity before the packet is launched onto 
the USB.

 
Time duration to pre-fill the FIFO becomes significant when stream disable is active. 
See TXFILLTUNING and TXTTFILLTUNING [MPH Only] to characterize the adjustments 
needed for the scheduler when using this feature.

  NOTE  

 
The use of this feature substantially limits of the overall USB performance that can 
be achieved.

  NOTE  

3 SLOM

Table continues on the next page...
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Field Function

SLOM Setup Lockout Mode. In device mode, this bit controls behavior of the setup lock mechanism. See Control 
endpoint operation model .

0b - Setup Lockouts On (default);

1b - Setup Lockouts Off. DCD requires use of Setup Data Buffer Tripwire in USBCMD.

2

ES

ES

Endian Select - Read/Write. This bit can change the byte alignment of the transfer buffers to match the host 
microprocessor. The bit fields in the microprocessor interface and the data structures are unaffected by the 
value of this bit because they are based upon the 32-bit word.

Bit Meaning

0b - Little Endian [Default]

1b - Big Endian

1-0

CM

CM

Controller Mode - R/WO. Controller mode is defaulted to the proper mode for host only and device only 
implementations. For those designs that contain both host & device capability, the controller defaults to an 
idle state and needs to be initialized to the desired operating mode after reset. For combination host/device 
controllers, this register can only be written once after reset. If it is necessary to switch modes, software must 
reset the controller by writing to the RESET bit in the USBCMD register before reprogramming this register.

For OTG controller core, reset value is '00b'.

00b - Idle [Default for combination host/device]

01b - Reserved

10b - Device Controller [Default for device only controller]

11b - Host Controller [Default for host only controller]

34.7.1.1.35 Endpoint Setup Status (ENDPTSETUPSTAT)

Offset

Register Offset

ENDPTSETUPSTAT 1ACh

Function
Endpoint Setup Status
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ENDPTSETUPSTAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

-

Reserved

15-0

ENDPTSETUP
STAT

ENDPTSETUPSTAT

Setup Endpoint Status. For every setup transaction that is received, a corresponding bit in this register is 
set to one. Software must clear or acknowledge the setup transfer by writing a one to a respective bit after 
it has read the setup data from Queue head. The response to a setup packet as in the order of operations 
and total response time is crucial to limit bus time outs while the setup lock our mechanism is engaged. See 
Managing endpoints in the Device Operational Model.

This register is only used in device mode.

34.7.1.1.36 Endpoint Prime (ENDPTPRIME)

Offset

Register Offset

ENDPTPRIME 1B0h

Function

This register is only used in device mode.

When software sets the prime bit for a given endpoint, the device controller loads the transfer descriptor, pointed to by the queue 
head, such that the endpoint is ready to transmit or receive when the host sends a request (IN/OUT token). The endpoint will NAK 
all requests from the host until the endpoint is primed. The controller will automatically re-prime the endpoint with a new transfer 
descriptor when one is found via the next_dtd pointer of the current transfer descriptor. Hence, the prime bit must only be set by 
software when a descriptor is added to the queue head.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PETB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PERB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

PETB

PETB

Prime Endpoint Transmit Buffer - R/WS. For each endpoint a corresponding bit is used to request that 
a buffer is prepared for a transmit operation in order to respond to a USB IN/INTERRUPT transaction. 
Software should write a one to the corresponding bit when posting a new transfer descriptor to an endpoint 
queue head. Hardware automatically uses this bit to begin parsing for a new transfer descriptor from the 
queue head and prepare a transmit buffer. Hardware clears this bit when the associated endpoint(s) is (are) 
successfully primed.

 
These bits are momentarily set by hardware during hardware re-priming operations when 
a dTD is retired, and the dQH is updated.

  NOTE  

PETB[N] - Endpoint #N, N is in 0..7

15-8

—

-

Reserved

7-0

PERB

PERB

Prime Endpoint Receive Buffer - R/WS. For each endpoint, a corresponding bit is used to request a buffer 
prepare for a receive operation for when a USB host initiates a USB OUT transaction. Software should 
write a one to the corresponding bit whenever posting a new transfer descriptor to an endpoint queue 
head. Hardware automatically uses this bit to begin parsing for a new transfer descriptor from the queue 
head and prepare a receive buffer. Hardware clears this bit when the associated endpoint(s) is (are) 
successfully primed.

 
These bits are momentarily set by hardware during hardware re-priming operations when 
a dTD is retired, and the dQH is updated.

  NOTE  

PERB[N] - Endpoint #N, N is in 0..7
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34.7.1.1.37 Endpoint Flush (ENDPTFLUSH)

Offset

Register Offset

ENDPTFLUSH 1B4h

Function

This register is only used in device mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved FETB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved FERB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

FETB

FETB

Flush Endpoint Transmit Buffer - R/WS. Writing one to a bit(s) in this register causes the associated 
endpoint(s) to clear any primed buffers. If a packet is in progress for one of the associated endpoints, then 
that transfer continues until completion. Hardware clears this register after the endpoint flush operation 
is successful.

FETB[N] - Endpoint #N, N is in 0..7

15-8

—

-

Reserved

7-0

FERB

FERB

Flush Endpoint Receive Buffer - R/WS. Writing one to a bit(s) causes the assocUOGiated endpoint(s) to 
clear any primed buffers. If a packet is in progress for one of the associated endpoints, then that transfer 
continues until completion. Hardware clears this register after the endpoint flush operation is successful.

FERB[N] - Endpoint #N, N is in 0..7\
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34.7.1.1.38 Endpoint Status (ENDPTSTAT)

Offset

Register Offset

ENDPTSTAT 1B8h

Function

This register is only used in device mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ETBR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ERBR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23-16

ETBR

ETBR

Endpoint Transmit Buffer Ready -- Read Only. One bit for each endpoint indicates status of the respective 
endpoint buffer. This bit is set to one by the hardware as a response to receiving a command from a 
corresponding bit in the ENDPTPRIME register. There is always a delay between setting a bit in the 
ENDPTPRIME register and endpoint indicating ready. This delay time varies based upon the current USB 
traffic and the number of bits set in the ENDPRIME register. Buffer ready is cleared by USB reset, by the 
USB DMA system, or through the ENDPTFLUSH register.

 
These bits are momentarily cleared by hardware during hardware endpoint re-priming 
operations when a dTD is retired, and the dQH is updated.

  NOTE  

ETBR[N] - Endpoint #N, N is in 0..7

15-8

—

-

Reserved

Table continues on the next page...
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Field Function

7-0

ERBR

ERBR

Endpoint Receive Buffer Ready -- Read Only. One bit for each endpoint indicates status of the respective 
endpoint buffer. This bit is set to a one by the hardware as a response to receiving a command from 
a corresponding bit in the ENDPRIME register. There is always a delay between setting a bit in the 
ENDPRIME register and endpoint indicating ready. This delay time varies based upon the current USB 
traffic and the number of bits set in the ENDPRIME register. Buffer ready is cleared by USB reset, by the 
USB DMA system, or through the ENDPTFLUSH register.

 
These bits are momentarily cleared by hardware during hardware endpoint re-priming 
operations when a dTD is retired, and the dQH is updated.

  NOTE  

ERBR[N] - Endpoint #N, N is in 0..7

34.7.1.1.39 Endpoint Complete (ENDPTCOMPLETE)

Offset

Register Offset

ENDPTCOMPLETE 1BCh

Function

This register is only used in device mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ETCE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ERCE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

23-16

ETCE

ETCE

Endpoint Transmit Complete Event - R/WC. Each bit indicates a transmit event (IN/INTERRUPT) occurred 
and software should read the corresponding endpoint queue to determine the endpoint status. If the 
corresponding IOC bit is set in the Transfer Descriptor, then this bit is set simultaneously with the USBINT . 
Writing one clears the corresponding bit in this register.

ETCE[N] - Endpoint #N, N is in 0..7

15-8

—

-

Reserved

7-0

ERCE

ERCE

Endpoint Receive Complete Event - RW/C. Each bit indicates a received event (OUT/SETUP) occurred 
and software should read the corresponding endpoint queue to determine the transfer status. If the 
corresponding IOC bit is set in the Transfer Descriptor, then this bit is set simultaneously with the USBINT . 
Writing one clears the corresponding bit in this register.

ERCE[N] - Endpoint #N, N is in 0..7

34.7.1.1.40 Endpoint Control0 (ENDPTCTRL0)

Offset

Register Offset

ENDPTCTRL0 1C0h

Function

Every Device implements Endpoint 0 as a control endpoint.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE Reserved TXT 

Reserv
ed 

TXS 
W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE Reserved RXT 

Reserv
ed 

RXS 
W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

1 Enabled

Endpoint0 is always enabled.

22-20

—

-

Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 - Control

Endpoint0 is fixed as a Control End Point.

17

—

-

Reserved

16

TXS

TXS

TX Endpoint Stall - Read/Write

0 End Point OK [Default]

1 End Point Stalled

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. It 
continues returning STALL until the bit is cleared by software or it is automatically cleared upon receipt of 
a new SETUP request.

After receiving a SETUP request, this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

 
There is a slight delay (50 clocks max.) between the endptsetupstat being cleared and 
hardware continuing to clear this bit. In most systems it is unlikely the DCD software will 
observe this delay. However, should the dcd observe that the stall bit is not set after writing 
a one to it then follow this procedure: continually write this stall bit until it is set or until a 
newsetup has been received by checking the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

Table continues on the next page...
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Field Function

1 Enabled

Endpoint0 is always enabled.

6-4

—

-

Reserved

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

Endpoint0 is fixed as a Control End Point.

1

—

-

Reserved

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. It 
continues returning STALL until the bit is cleared by software or it is automatically cleared upon receipt of 
a new SETUP request.

After receiving a SETUP request, this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

 
There is a slight delay (50 clocks max.) between the endptsetupstat being cleared and 
hardware continuing to clear this bit. In most systems it is unlikely the dcd software will 
observe this delay. However, should the dcd observe that the stall bit is not set after writing 
a one to it then follow this procedure: continually write this stall bit until it is set or until a 
newsetup has been received by checking the associated endptsetupstat bit.

  NOTE  

34.7.1.1.41 Endpoint Control 1 (ENDPTCTRL1)

Offset

Register Offset

ENDPTCTRL1 1C4h

Function

This is endpoint control register for endpoint 1 in device operation mode.
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If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20 -

Table continues on the next page...
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Field Function

— Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

Table continues on the next page...
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Field Function

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Table continues on the next page...
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Field Function

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.42 Endpoint Control 2 (ENDPTCTRL2)

Offset

Register Offset

ENDPTCTRL2 1C8h

Function

This is endpoint control register for endpoint 2 in device operation mode.

 
If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20

—

-

Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.43 Endpoint Control 3 (ENDPTCTRL3)

Offset

Register Offset

ENDPTCTRL3 1CCh

Function

This is endpoint control register for endpoint 3 in device operation mode.
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If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

Table continues on the next page...
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Field Function

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Table continues on the next page...
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Field Function

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.44 Endpoint Control 4 (ENDPTCTRL4)

Offset

Register Offset

ENDPTCTRL4 1D0h

Function

This is endpoint control register for endpoint 4 in device operation mode.

 
If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20

—

-

Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

Table continues on the next page...
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Field Function

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

Table continues on the next page...
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Field Function

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.45 Endpoint Control 5 (ENDPTCTRL5)

Offset

Register Offset

ENDPTCTRL5 1D4h

Function

This is endpoint control register for endpoint 5 in device operation mode.
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If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20 -

Table continues on the next page...
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Field Function

— Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

Table continues on the next page...
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Field Function

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Table continues on the next page...
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Field Function

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.46 Endpoint Control 6 (ENDPTCTRL6)

Offset

Register Offset

ENDPTCTRL6 1D8h

Function

This is endpoint control register for endpoint 6 in device operation mode.

 
If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20

—

-

Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

Table continues on the next page...
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Field Function

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

Table continues on the next page...
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Field Function

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpointand this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.1.1.47 Endpoint Control 7 (ENDPTCTRL7)

Offset

Register Offset

ENDPTCTRL7 1DCh

Function

This is endpoint control register for endpoint 7 in device operation mode.
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If one endpoint direction is enabled and the paired endpoint of opposite direction is disabled then the unused 
direction type must be changed from the default control-type to any other type (that is Bulk-type). leaving an 
unconfigured endpoint control causes undefined behavior for the data pid tracking on the active endpoint/direction.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TXE TXR TXI 

Reserv
ed 

TXT TXD TXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXE RXR RXI 

Reserv
ed 

RXT RXD RXS 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

-

Reserved

23

TXE

TXE

TX Endpoint Enable

0 Disabled [Default]

1 Enabled

An Endpoint should be enabled only after it has been configured.

22

TXR

TXR

TX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the Host and device.

21

TXI

TXI

TX Data Toggle Inhibit

0 PID Sequencing Enabled. [Default]

1 PID Sequencing Disabled.

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always transmit DATA0 for a data packet.

20 -

Table continues on the next page...
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Table continued from the previous page...

Field Function

— Reserved

19-18

TXT

TXT

TX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

17

TXD

TXD

TX Endpoint Data Source - Read/Write

0 Dual Port Memory Buffer/DMA Engine [DEFAULT]

Should always be written as 0.

16

TXS

TXS

TX Endpoint Stall - Read/Write

0 End Point OK

1 End Point Stalled

This bit will be cleared automatically upon receipt of a SETUP request if this Endpoint is configured 
as a Control Endpoint and this bit will continue to be cleared by hardware until the associated 
ENDPTSETUPSTAT bit is cleared.

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

15-8

—

-

Reserved

7

RXE

RXE

RX Endpoint Enable

0 Disabled [Default]

1 Enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

An Endpoint should be enabled only after it has been configured.

6

RXR

RXR

RX Data Toggle Reset (WS)

Write 1 - Reset PID Sequence

Whenever a configuration event is received for this Endpoint, software must write a one to this bit in order 
to synchronize the data PID's between the host and device.

5

RXI

RXI

RX Data Toggle Inhibit

0 Disabled [Default]

1 Enabled

This bit is only used for test and should always be written as zero. Writing a one to this bit causes this 
endpoint to ignore the data toggle sequence and always accept data packet regardless of their data PID.

4

—

-

Reserved.

3-2

RXT

RXT

RX Endpoint Type - Read/Write

00 Control

01 Isochronous

10 Bulk

11 Interrupt

1

RXD

RXD

RX Endpoint Data Sink - Read/Write

0 Dual Port Memory Buffer/DMA Engine [Default]

Should always be written as zero.

0

RXS

RXS

RX Endpoint Stall - Read/Write

0 End Point OK. [Default]

1 End Point Stalled

This bit is set automatically upon receipt of a SETUP request if this Endpoint is configured as a Control 
Endpoint and this bit will continue to be cleared by hardware until the associated ENDPTSETUPSTAT bit 
is cleared.

Table continues on the next page...
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Table continued from the previous page...

Field Function

Software can write a one to this bit to force the endpoint to return a STALL handshake to the Host. This 
control will continue to STALL until this bit is either cleared by software or automatically cleared as above 
for control endpoints.

 
[CONTROL ENDPOINT TYPES ONLY]: there is a slight delay (50 clocks max) between 
the ENDPTSETUPSTAT begin cleared and hardware continuing to clear this bit. In most 
systems, it is unlikely the DCD software will observe this delay. However, should the DCD 
observe that the stall bit is not set after writing a one to it then follow this procedure: 
continually write this stall bit until it is set or until a new setup has been received by checking 
the associated endptsetupstat bit.

  NOTE  

34.7.2 USBNC memory map

 
This module does not generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

34.7.2.1 USBNC register descriptions

 
• For reserved bits, please preserve the value when writing (read its reset value, then write this value back)

  NOTE  

34.7.2.1.1 USBNC memory map

USBNC_OTG1 base address: 2990_0200h

USBNC_OTG2 base address: 2992_0200h

USB_XBARNC base address: 2994_0200h

Offset Register Width

(In bits)

Access Reset value

0h USB OTG Control 1 Register (CTRL1) 32 RW 3000_1000h

4h USB OTG Control 2 Register (CTRL2) 32 RW 5F00_0000h

10h USB Host HSIC Control Register (HSIC_CTRL) 32 RW 1000_4084h

34.7.2.1.2 USB OTG Control 1 Register (CTRL1)

Offset

Register Offset

CTRL1 0h
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Function

The USB Control 1 register controls the integration specific features of the USB OTG1 and OTG2 module. These features are not 
directly related to the USB functionality, but control special features, interfacing on the USB ports, as well as power control and 
wake-up functionality.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R WIR 
Reserv

ed WKUP
_DP...

Reserved 
Reserv

ed 
Reserved 

WKUP
_VB...

WKUP
_ID...

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R WKUP
_SW 

WKUP
_SW...

Reserved WIE 
PWR_
POL 

OVER
_CU...

OVER
_CU...

Reserved 
W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

WIR

WIR

Wake-up Interrupt Request

This bit indicates that a wake-up interrupt request is received on the OTG1 port. This bit is cleared by 
disabling the wake-up interrupt (clearing bit "OWIE").

0b - No wake-up interrupt request received

1b - Wake-up Interrupt Request received

30

—

Reserved

29

WKUP_DPDM_
EN

Wake-up on DP/DM change enable

0b - DP/DM changes wake-up to be disabled only when VBUS is 0.

1b - (Default) DP/DM changes wake-up to be enabled, it is for device only.

28-21

—

Reserved

20

—

-

Reserved

19-18

—

-

Reserved

17 WKUP_VBUS_EN

Table continues on the next page...
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Table continued from the previous page...

Field Function

WKUP_VBUS_
EN

Wake-up on VBUS change enable

0b - Disable

1b - Enable

16

WKUP_ID_EN

WKUP_ID_EN

Wake-up on ID change enable

0b - Disable

1b - Enable

15

WKUP_SW

WKUP_SW

Software Wake-up

0b - Inactive

1b - Force wake-up

14

WKUP_SW_EN

WKUP_SW_EN

Software Wake-up Enable

0b - Disable

1b - Enable

13-11

—

-

Reserved

10

WIE

WIE

Wake-up Interrupt Enable

This bit enables or disables the OTG1 wake-up interrupt. Disabling the interrupt also clears the Interrupt 
request bit. Wake-up interrupt enable should be turned off after receiving a wake-up interrupt and turned on 
again prior to going in suspend mode

0b - Interrupt Disabled

1b - Interrupt Enabled

9

PWR_POL

PWR_POL

Power Polarity

This bit should be set according to PMIC Power Pin polarity.

0b - PMIC Power Pin is Low active.

1b - PMIC Power Pin is High active.

8

OVER_CUR_P
OL

OVER_CUR_POL

Polarity of Overcurrent

The polarity of OTG1/OTG2 port overcurrent event

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - High active (high on this signal represents an overcurrent condition)

1b - Low active (low on this signal represents an overcurrent condition)

7

OVER_CUR_DI
S

OVER_CUR_DIS

Disable Overcurrent Detection

0b - Enables overcurrent detection

1b - Disables overcurrent detection

6-0

—

-

Reserved

34.7.2.1.3 USB OTG Control 2 Register (CTRL2)

Offset

Register Offset

CTRL2 4h

Function
The USB Control 2 register controls the integration specific features of the USB module. These features are not directly related 
to the USB functionality, but control special features, interfacing on the USB ports, as well as power control and wakeup 
functionality.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
UTMI_
CL... Reserved 

Reserved Reserved 

W W1C

Reset 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved LOWS
PEE...

AUTU
RES...

VBUS_SOURC
E_SEL W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

UTMI_CLK_VL
D

UTMI_CLK_VLD

Indicate whether the UTMI clock to the USB PHY is valid.

Write 1 to clear

0b - Default

30-28

—

Reserved

27-20

—

Reserved

0001_1110b - Default

19-4

—

Reserved

3

LOWSPEED_E
N

LOWSPEED_EN

Set if AUTURESUME_EN is set and works on low speed.

0b - Default

2

AUTURESUME
_EN

Auto Resume Enable

It is for UTMI PHY host mode only (UH core has no this feature since HSIC PHY does not support auto 
resume). To set USB, it will send resume with 32 KHz clock when it detects remote wakeup from device. 
This feature is useful if device drive a very short remote wakeup (minimul value is 1 ms for USB2 spec) and 
system 24 MHz is off during suspend mode.

0b - Default

1-0

VBUS_SOURC
E_SEL

VBUS_SOURCE_SEL

VBUS source select when detect VBUS wakeup event, it is for UTMI PHY only (UH core has no 
such feature).

00b - vbus_valid

01b - sess_valid

10b - sess_valid

11b - sess_valid

34.7.2.1.4 USB Host HSIC Control Register (HSIC_CTRL)

Offset

Register Offset

HSIC_CTRL 10h
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Function

The USB Host HSIC control register controls Host high speed IC configuration. These features are not directly related to the USB 
functionality, but control special features, interfacing on the USB ports, as well as power control.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CLK_
VLD Reserved 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

HSIC_
EN 

HSIC_
CL...

Reserved 
W

Reset 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0

Fields

Field Function

31

CLK_VLD

CLK_VLD

Indicating whether Host HSIC clock is valid.

0b - Invalid

1b - Valid

30-13

—

-

Reserved

12

HSIC_EN

HSIC_EN

Host HSIC enable

0b - Disabled

1b - Enabled

11

HSIC_CLK_ON

HSIC_CLK_ON

Force Host HSIC module 480M clock on, even when in Host is in suspend mode.

0b - Inactive

1b - Active

10-0

—

-

Reserved
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Chapter 35
USB PHY Controller (USBPHY)
35.1 Chip-specific USBPHY information
Table 394. Reference links to related information

Topic Related module Reference

Full description USBPHY USBPHY

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

35.1.1 Module instances
This device has 2 instances of the USBPHY module: USB0_PHY and USB1_PHY.

 
USB Full Speed mode is the only mode supported with 0.9V UD and 0.9V UD_ARBB.

  NOTE  

35.1.2 SOSC clock gating
When OSC auto-gating feature is enabled in low-power mode, the software needs to make sure that USB PHY is not using OSC 
before RTD enters the low power mode, since the USB usage of SOSC is not preventing the auto-gating of SOSC once low-power 
mode is enabled.

35.2 Overview
USBPHY interfaces with the USB host and device system at a low-speed (LS) rate of 1.5 Mbit/s, full-speed (FS) rate of 12 Mbit/s, 
or USB 2.0 high-speed (HS) rate of 480 Mbit/s. The following sections describe the external and internal interfaces, major blocks, 
and programmable registers that comprise the integrated USBPHY.

35.2.1 Block diagram
The integrated PHY provides a standard USB transceiver macrocell interface (UTMI). The DP and DN pins (as shown in the 
following figure) connect directly to a USB connector.
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Figure 266. Block diagram

35.2.2 Features
• Supports HS and FS in Device mode

• Supports HS, FS, and LS in Host mode

• Complies with the UTMI+ standard, having a 16-bit data interface to the USB controller

• Provides an integrated 480 MHz PLL

• Provides an integrated USBDCD (see the "USB Device Charger Detection Module (USBDCD)" chapter) with features of 
USB Battery Charging Specification, Revision 1.2

35.3 Functional description
This section covers the USBPHY core components.

• The digital portions of USBPHY include the UTMI, digital transmitter, digital receiver, and programmable registers.

• The analog transceiver comprises an analog receiver and analog transmitter, as shown in Figure 267.

35.3.1 UTMI
The UTMI block handles the LineState bits, reset buffering, suspend distribution, transceiver speed selection, transceiver 
termination selection, and clock generation logic for the clocks derived from the PHY's USB PLL.

The PLL in USBPHY supplies a 480 MHz clock to the UTMI digital block that divides the clock to generate the 30 MHz clock 
(UTMI_CLK) used in the interface.

35.3.2 Digital transmitter
The digital transmitter receives a 16-bit transmit data from the USB controller and handles the TX_VALID, TX_VALIDH, and 
TX_READY handshake. Additionally, it contains the transmit serializer that converts 16-bit parallel words, at a frequency of 30 
MHz, to a single bitstream at 480 Mbit/s for HS, 12 Mbit/s for FS, or 1.5 Mbit/s for LS. The digital transmitter does this while 
implementing the bit-stuffing algorithm and NRZI encoder that you use to remove the DC component from the serial bitstream. 
The output of this encoder is sent to the LS, FS, or HS drivers in the analog transceiver section's transmitter block.
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35.3.3 Digital receiver
The digital receiver receives the raw serial bitstream from the LS differential transceiver, FS differential transceiver, and 480 MHz 
sampled data from the HS differential transceiver. As the phase of the USB host transmitter shifts relative to the local PLL, the 
receiver section's HS DLL tracks these changes to give an appropriate sample of the incoming 480 Mbit/s bitstream. Because this 
sample point shifts relative to the PLL phase that the digital logic uses, a rate-matching elastic buffer is provided to cross this clock 
domain boundary.

After the bitstream is in the local clock domain, an NRZI decoder and a bit unstuffer restore the original payload data bitstream 
and pass it to a deserializer and holding register. The RX state machine handles the RX_READY and RX_VALIDH signals, and 
a handshake with the USB controller. The handshake is not interlocked, with no RX_READY signal coming from the controller, 
which must take each 16-bit value that the PHY presents. The RX state machine provides an RX_ACTIVE signal to the controller 
that indicates whether it is inside a valid packet (synchronization detected, for example).

35.3.4 Analog receiver
The following figure illustrates the analog receiver that comprises differential receivers—two single-ended ones, a 9X, and a 
480 MHz HS data sampling module.

HS drive enable
HS current source enable
RPU enable

Switchable 1.5 kΩ
DP pullup resistor

VDDIO
(3.3 V)

Transmitter

HS data drive

LS or FS data drive

Assert SE0

LS or FS driver output enable

FS edge mode select

HS differential receiver

Switchable HS 45 Ω
termination resistors

DP
USB cable

Switchable 15 kΩ
DP and DN
pulldown resistors

Test and discrete
power-down controls

Squelch detector

LS or FS differential receiver

HS disconnect detector

USB plugged-in detector

Single-ended DP receiver

Single-ended DN  receiver

Receiver

DN

Figure 267. Analog transceiver block diagram

35.3.4.1 HS differential receiver

The HS differential receiver is both a differential analog receiver and threshold comparator. Its output is high (1b) if the differential 
signal is greater than a 0 V threshold. Otherwise, its output is low (0b). The purpose of the HS differential receiver is to discriminate 
the ± 400 mV differential voltage resulting from the HS drivers' current flow into the dual 45 Ω terminations found on each pin of 
the differential pair. The envelope or squelch detector (see Squelch detector) ensures that the differential signal has sufficient 
magnitude to be valid. The HS differential receiver tolerates up to 500 mV of common mode offset.
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35.3.4.2 Squelch detector

The squelch detector is a differential analog receiver and threshold comparator. Its output is high (1b) if the differential magnitude 
is less than a nominal 100 mV threshold. Otherwise, its output is low (0b). The purpose of the squelch detector is to invalidate the 
HS differential receiver if the incoming signal is too low for appropriate reception.

35.3.4.3 LS or FS differential receiver

The LS or FS differential receiver is both a differential analog receiver and threshold comparator. The crossover voltage lies 
between 1.3 V and 2.0 V. Its output is 1 if the DP line is above the crossover point and the DN line is below the crossover point. 
The digital receiver section decodes the receiver data into the J or K state, according to the speed.

35.3.4.4 HS disconnect detector

The HS disconnect detector is a differential analog receiver and threshold comparator. Its output is high when the differential 
magnitude is greater than a nominal 575 mV threshold. Otherwise, its output is low.

35.3.4.5 USB plugged-in detector

When operating in Device mode, USBPHY provides the following methods for the local USB device to detect the attachment of 
a cable to a remote USB host or hub. You must deploy only one of these methods at a time when waiting to identify the cable 
attachment event, and disable all methods during USB data communication:

• USB plugged-in detector: This method looks for both DP and DN to be high. A large pair of on-chip pullup resistors 
(200 kΩ) hold both the DP and DN pins high when the USB cable is not attached. The USB plugged-in detector signals a 
0 in this case. When operating in Device mode, the upstream port in the host or hub interface contains a 15 kΩ pulldown 
resistor that could easily override the 200 kΩ pullup resistor. When plugged in, at least one signal in the pair is low, which 
forces the plugged-in detector's output to become high.

CTRL[ENDEVPLUGINDETECT] controls the USB plugged-in detector, and you can observe the results 
through STATUS[DEVPLUGIN_STATUS].

• Data contact detect: This method functions according to USB Battery Charging Specification, Revision 1.2. See the "USB 
Device Charger Detection (USBDCD)" chapter that describes the usage of this method.

• Resistive detection: Described in USB Battery Charging Specification, Revision 1.0, this method enables a 125 kΩ pullup 
resistor on the DP pin and a 375 kΩ pulldown resistor on the DN pin. When no cable is plugged in, the DP pin will 
be high and the DN pin will be low. If the local device has a cable attached to a remote host or hub, due to the 
host 15 kΩ pulldowns both the DP and DN pins will be low. If the local device has a cable attached to a dedicated 
charger with no pullup/pulldown resistors, both the DP and DN pins will be high. This method is enabled through the 
VBUS_DETECT[EN_CHARGER_RESISTOR] bit field. Results can be observed using the single ended receiver status in 
the CHRG_DET_STAT[DP_STATE, DM_STATE] bit fields.

35.3.4.6 Single-ended DP receiver

The single-ended DP receiver output is high whenever the DP input is above its nominal 1.8 V threshold.

35.3.4.7 Single-ended DN receiver

The single-ended DN receiver output is high whenever the DN input is above its nominal 1.8 V threshold.

35.3.5 Analog transmitter
The analog transmitter comprises two differential drivers: one for HS signaling and another for FS signaling. It also contains the 
switchable 1.5 kΩ pullup resistor (see Figure 268).
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35.3.5.1 Switchable HS 45 Ω termination resistors

The HS current mode differential signaling requires a 90 Ω differential termination at each end of the USB cable. This results from 
switching in 45 Ω terminating resistors from each signal line to ground at each end of the cable.

Because each signal is terminated in parallel with 45 Ω at each end, each driver sees a 22.5 Ω load. This load impedance is too low 
for FS signaling levels, generating the need for switchable HS terminating resistors. Switchable trimming resistors are provided 
to tune the actual termination resistance for each device, as shown in Figure 268.

TX[TXCAL45DP], for example, allows one of the trimming resistor values to be placed in parallel with the 45 Ω terminator on the 
DP signal.

35.3.5.2 LS or FS differential driver

The LS or FS differential drivers are essentially a pair of low-impedance pullup and pulldown devices that are switched in a 
differential mode for most LS or FS signaling. One output is driven high while the other output is driven low to signal the "J" state 
or the "K" state. Both outputs are driven low for the LS or FS "SE0" state.

35.3.5.3 HS differential driver

The HS differential driver receives a 17.78 mA current from the constant current source (IREF) and essentially steers it down 
either the DP signal or DN signal, or alternatively to the ground. This current produces an approximately 400 mV drop across the 
22.5 Ω termination that the driver sees when it is steered onto one of the signal lines. The approximately 17.78 mA current source 
is referenced back to the integrated voltage-band-gap (Vbg) circuit.

35.3.5.4 Switchable 1.5 kΩ DP pullup resistor

This chip contains a switchable 1.5 kΩ pullup resistor on the DP signal. You switch the register on to indicate to the host or hub 
controller that an FS-capable device is on the USB cable, powered on, and ready. You switch this resistor off at POR so that the 
host does not recognize a USB device until the processor software enables the announcement of an FS device.

35.3.5.5 Switchable 15 kΩ DP and DN pulldown resistors

This chip contains switchable 15 kΩ pulldown resistors on both DP and DN signals. You enable them in Host mode to indicate to 
the device controller that a host is present.
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Figure 268. USBPHY transmitter block diagram

35.3.6 Charger detection
The USB charger detector is a block that detects whether the upstream-facing device is connected to a down-stream facing 
charger, either a dedicated USB charger or a host charger. The USB charger detector is comprised of two sub-blocks, namely the 
USB data-pin contact detector and the charger detector.

This section details those two sub-blocks and gives the software flow of USB charger detection. This chapter also discusses the 
detection of a USB charger in the case of a dead battery.

35.3.6.1 Charger detect control table

Before we dive into the details of the detectors, we show the logic table of the control signals to give the user an overall picture 
of the charger detector.
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Table 395. Charger detection control table

EN_B CHK_CHRG_B CHK_CONTACT Data pin contact 
detector

Charger detector

0 1 1 Enabled Disabled

0 0 x(don't care) Disabled Enabled

1 x x(don't care) Disabled Disabled

35.3.6.2 Data pin contact detector

According to Battery Charging Specification (rev 1.2), USB plugs and receptacles are designed so the power pins make contact 
before the data pins, when a plug is inserted into a receptacle. Therefore, a time interval is observed by the device between VBUS 
contact, and the contact of the DP and DN pins. The USB data pin contact detector is designed to give the software an indication 
of the contact of the data pins.

To enable the USB data pin contact detector, the user should set the CHK_CONTACT bit of the CHRG_DETECT register to 0x1 
and monitor the PLUG_CONTACT bit status of the CHRG_DETECT_STAT register. If PLUG_CONTACT is 0x1, then it indicates 
that the data pins have make good contacts, otherwise the user should continue to wait until this bit is set.

 
The data pin contact detector only works when EN_B=0 and CHK_CHRG_B=1 are set.

  NOTE  

35.3.6.3 Charger detector

Once the data pins make contact, the user should enable the charger detector by clearing the CHK_CHRG_B bit that is active-low. 
The user should then wait for 40ms and check the CHRG_DETECTED status bit. CHRG_DETECTED=1 means that the device 
is connected to a charger, either a dedicated charger or a charging downstream port (host charger / charging host). To further 
differentiate between a host charger and a dedicated charger, the user is suggested to pull-up DP, signaling a connect event to 
the host. Then the user should monitor the DN line status. If DN=1, then the charger is a dedicated charger; if DN=0, then it is a 
host charger.

35.3.6.4 Charger detection software flow

Upon seeing VBUS, the software should follow the software flow for the charger detection process. The flow chart mentions the 
"enable the vdd3p0 current limiter". Please refer to the related power chapter for details.
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Figure 269. USBPHY charger detection software flow
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35.3.6.5 Dead battery protect

Charger detection descriptions assume that all the power supplies have been on when the device is plugged into a remote host 
(or charger). However, there are cases when the local battery of the portable device has been so depleted that the system could 
not be turned on. In such scenarios, the user may prefer a method of signaling the external power management unit (PMIC) to the 
existence of the USB charger to draw a current larger than 100 mA from the remote host to speed up system boot up or battery 
charging. The charger detector supports this function.

When we have a fully depleted battery, all the power supplies might be off. Upon insertion of the 5 V, the supplies are brought up by 
the external PMIC and the internal regulators. Due to the 100 mA inrush current limit of the USB spec, we cannot draw larger than 
100 mA current, which might be a limit for system boot-up. Since by default, EN_B=0, CHK_CHRG_B=0, and CHK_CONTACT=1, 
the USB charger detector is automatically enabled without any software operation needed, and it can signal the external PMIC 
of the existence of a USB charger through the open-drain output pin CHD_B. This pin should be pulled up to an external voltage 
that is acceptable to the PMIC. If this signal is low, then the PMIC can get that the device is connected to a charger. In this case, 
the PMIC can draw more than 100 mA current from the USB.

It should be noted that this function requires cooperation between the chip and the external PMIC. It is suggested that the user 
consult NXP for such use cases.

35.3.7 Low-Power mode
USBPHY includes a low-power mode (Suspend mode) to save power consumption.

When the USB bus is idle, you can place the transceiver in Low-Power mode (suspend it), after which the clocks to USBPHY can 
be stopped. The 32 kHz low-power clock must remain active because you need it for wake-up detection.

The USB HS controller monitors USBPHY's entry and exit into Low-Power mode:

• If USB.PORTSC1[SUSP] is 1, the UTMI interface is driven to the FS or LS state.

• If USB.PORTSC1[PHCD] is 1, the UTMI signal "SuspendM" goes low.

• If CTRL[ENAUTOCLR_PHY_PWD] and CTRL[ENAUTOCLR_CLKGATE] are 1, the UTMI clock and PHY transmitter are 
automatically enabled when the "SuspendM" signal goes high.

USBPHY enters Low-Power mode under the control of the driver software. See the "Universal Serial Bus Controller (USB)" 
chapter for details.

35.3.8 Clocking
The following table describes the clock sources for USBPHY. See the chip's clocking chapter for clock setting, configuration, and 
gating information.

Table 396. USBPHY clocks

Clock name Description

Peripheral clock Free running IPS bus clock for register configuration

Peripheral access clock Gated IPS bus clock

35.3.9 Reset

Table 397. USBPHY resets

Reset How it works

Chip USBPHY's logic and registers are reset to their default 
states.

Table continues on the next page...
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Table 397. USBPHY resets (continued)

Reset How it works

UTMI UTMI_RESET signal from the USB controller resets the UTMI 
state machines, FIFO, and so on.

Software A soft reset (SFTRST) of USBPHY's USBPHY 
Powerdown (PWD), USBPHY Transmitter Control 
(TX), USBPHY Receiver Control (RX), USBPHY 
General Control (CTRL), STATUS[OTGID_STATUS], 
DEBUG0_STATUS[UTMI_RXERROR_FAIL_COUNT], 
USBPHY Debug (DEBUG), and UTMI Debug Status 1 
(DEBUG1) registers and fields takes place when you write 
1 to CTRL[SFTRST]. This also resets state machines in the 
PHY. Write 0 to CTRL[SFTRST] to release the PHY from reset.

 
A soft reset can take multiple clock 
periods to complete; therefore, do not 
write 1 to CTRL[CLKGATE] when writing 
1 to CTRL[SFTRST]. The reset process 
gates the clocks automatically.

  NOTE  

35.3.10 Interrupts

Table 398. USBPHY interrupts

Flag or event Interrupt enable Description

CTRL[DEVPLUGIN_IRQ] CTRL[ENIRQDEVPLUGIN] Indicates nonstandard resistive plugged-
in detection

CTRL[RESUME_IRQ] CTRL[ENIRQRESUMEDETECT] Indicates that the host is sending a "resume" 
signal after a "suspend" signal

CTRL[WAKEUP_IRQ] CTRL[ENIRQWAKEUP] Indicates that the USB controller has stopped 
driving the "SuspendM" signal in its active-
low state to the PHY

CTRL[OTG_ID_CHG_IRQ] CTRL[ENOTG_ID_CHG_IRQ] Indicates that the value of the OTG ID pin 
has changed

CTRL[HOSTDISCONDETECT_IRQ] CTRL[ENIRQHOSTDISCON] Indicates that the host has detected 
disconnection of the device in HS mode

USBDCD interrupt USBDCD interrupt enable See the "Interrupts" section in the 
"USB Device Charger Detection Module 
(USBDCD)" chapter for details

DP changes USB.CTRL1[WKUP_DPDM_EN] Wake-up on DP changes—only for the 
USB device

DN changes USB.CTRL1[WKUP_DPDM_EN] Wake-up on DN changes—only for the 
USB device

ID changes USB.CTRL1[WKUP_ID_EN] Wake-up on ID changes

Table continues on the next page...
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Table 398. USBPHY interrupts (continued)

Flag or event Interrupt enable Description

VBUS valid USB.CTRL1[WKUP_VBUS_EN] Wake-up on VBUS valid

Session valid USB.CTRL1[WKUP_VBUS_EN] Wake-up on session valid

35.4 External signals
Table 399. USBPHY external signals

Signal Description Direction

DP D+ pin I/O

DN D- pin I/O

USB_ID ID pin Input

VBUS VBUS pin Power

35.5 Initialization
Perform the following procedure to initialize the internal 480 MHz USB PLL clock:

1. Enable the reference clock for USB PLL.

2. Enable the USBPHY PLL regulator.

3. Release the PHY from reset.

4. Power up the PLL.

5. Configure PLL_SIC[PLL_DIV_SEL] appropriately, according to the selected external reference. The system oscillator 
ranges from 16 MHz to 32 MHz.

35.6 Application information

35.6.1 Recommended register configuration for USB certification
USBPHY has programmability to adjust several transceiver parameters. You can:

• Adjust the TX HS driver termination impedance, FS driver output impedance, and HS driver output currents by using 
USBPHY Transmitter Control (TX).

— The ability to override the default parametric trim bit fields using the TX Register has to be enabled by setting bit 
fields in the TRIM_OVERRIDE_EN Register.

• Enable and configure the TX HS driver pre-emphasis feature through bitfields of the ANACTRL register.

• Adjust the HS RX thresholds for the envelope detector or squelch comparator and the host disconnect comparator by 
using USBPHY Receiver Control (RX).

The default values of the transceiver parametric trim fields are centered with no changes needed for USB certification testing when 
the chip is used with boards optimized for signal integrity on the HS USB port.

It may be useful to make changes to the parametric trim fields in cases where external components are inserted between the USB 
DP and DN pins, or compromises are made on USB DP and DN signal routing.

Depending on the board layout, to pass the certification, you must trim the register repeatedly until the eye diagram meets the 
requirements of the template.
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35.6.2 Register macro usage
A read-modify-write (RMW) operation involves updating a field without disrupting the contents of the remaining fields in the 
register. In this operation, the CPU reads the register, modifies the target field, and then writes the results back to the register. 
Because of the initial register read, this is an expensive operation in terms of CPU cycles.

To address this issue, you can implement some USBPHY registers as a group, including registers that can be used to either set, 
clear, or toggle (SCT) individual fields of the primary register. When writing to an SCT register, all fields that are 1 perform the 
associated operation on the primary register, while all fields that are 0 are not affected. The SCT registers always read back 0, and 
must have the write-only access type. You cannot implement SCT registers if the primary register has a read-only access type.

With this architecture, you can update one or more fields using only register writes. First, all bits of the target fields are cleared by 
a write to the associated clear register, and then the desired value of the target fields is written to the set register. This sequence 
of two writes is referred to as a clear-set (CS) operation.

A CS operation does have a potential drawback—whenever a field is modified, USBPHY sees a value of 0 before you write the final 
value. For most fields, passing through the 0 state is not a problem. Nonetheless, this behavior is something you must consider 
when using a CS operation.

Also, you do not require a CS operation for fields that are 1-bit wide. While the CS operation works in this case, it is more 
appropriate to set or clear the target bit (that is, one write instead of two). A simple set or clear operation is also atomic, while a 
CS operation is not.

 
All macros for SCT are not atomic. For registers that do not provide hardware support for this functionality, these 
macros are implemented as a sequence of RMW operations. You must remember this when an atomic operation is 
required because an unexpected behavior may take place if an interrupt occurs during a critical update sequence.

  NOTE  

35.7 USBPHY register descriptions
USBPHY does not generate transfer errors when accessing unimplemented registers in its register space.

Also, the SCT feature is implemented for some registers (see Register macro usage for information about this feature).

35.7.1 USBPHY memory map
USB0_PHY base address: 2991_0000h

USB1_PHY base address: 2993_0000h

Offset Register Width

(In bits)

Access Reset value

0h USBPHY Powerdown (PWD) 32 RW 001E_1C00h

4h USBPHY Powerdown (PWD_SET) 32 RW 001E_1C00h

8h USBPHY Powerdown (PWD_CLR) 32 RW 001E_1C00h

Ch USBPHY Powerdown (PWD_TOG) 32 RW 001E_1C00h

10h USBPHY Transmitter Control (TX) 32 RW 1008_0807h

14h USBPHY Transmitter Control (TX_SET) 32 RW 1008_0807h

18h USBPHY Transmitter Control (TX_CLR) 32 RW 1008_0807h

1Ch USBPHY Transmitter Control (TX_TOG) 32 RW 1008_0807h

20h USBPHY Receiver Control (RX) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

24h USBPHY Receiver Control (RX_SET) 32 RW 0000_0000h

28h USBPHY Receiver Control (RX_CLR) 32 RW 0000_0000h

2Ch USBPHY Receiver Control (RX_TOG) 32 RW 0000_0000h

30h USBPHY General Control (CTRL) 32 RW See section

34h USBPHY General Control (CTRL_SET) 32 RW See section

38h USBPHY General Control (CTRL_CLR) 32 RW See section

3Ch USBPHY General Control (CTRL_TOG) 32 RW See section

40h USBPHY Status (STATUS) 32 R See section

50h USBPHY Debug (DEBUG) 32 RW 7F18_0000h

54h USBPHY Debug (DEBUG_SET) 32 RW 7F18_0000h

58h USBPHY Debug (DEBUG_CLR) 32 RW 7F18_0000h

5Ch USBPHY Debug (DEBUG_TOG) 32 RW 7F18_0000h

60h UTMI Debug Status 0 (DEBUG0_STATUS) 32 R 0000_0000h

70h UTMI Debug Status 1 (DEBUG1) 32 RW 0000_1000h

74h UTMI Debug Status 1 (DEBUG1_SET) 32 RW 0000_1000h

78h UTMI Debug Status 1 (DEBUG1_CLR) 32 RW 0000_1000h

7Ch UTMI Debug Status 1 (DEBUG1_TOG) 32 RW 0000_1000h

80h USBPHY Version (VERSION) 32 R 0403_0000h

A0h USBPHY PLL Control and Status (PLL_SIC) 32 RW 00D1_2000h

A4h USBPHY PLL Control and Status (PLL_SIC_SET) 32 RW 00D1_2000h

A8h USBPHY PLL Control and Status (PLL_SIC_CLR) 32 RW 00D1_2000h

ACh USBPHY PLL Control and Status (PLL_SIC_TOG) 32 RW 00D1_2000h

C0h USBPHY VBUS Detect Control (USB1_VBUS_DETECT) 32 RW 0070_0004h

C4h USBPHY VBUS Detect Control (USB1_VBUS_DETECT_SET) 32 RW 0070_0004h

C8h USBPHY VBUS Detect Control (USB1_VBUS_DETECT_CLR) 32 RW 0070_0004h

CCh USBPHY VBUS Detect Control (USB1_VBUS_DETECT_TOG) 32 RW 0070_0004h

D0h USBPHY VBUS Detector Status (USB1_VBUS_DET_STAT) 32 R 0000_0001h

E0h USBPHY Charger Detect Control (USB1_CHRG_DETECT) 32 RW 8018_0000h

E4h USBPHY Charger Detect Control (USB1_CHRG_DETECT_SET) 32 RW 8018_0000h

E8h USBPHY Charger Detect Control (USB1_CHRG_DETECT_CLR) 32 RW 8018_0000h

ECh USBPHY Charger Detect Control (USB1_CHRG_DETECT_TOG) 32 RW 8018_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

F0h USBPHY Charger Detect Status (USB1_CHRG_DET_STAT) 32 R 0000_0000h

100h USBPHY Analog Control (ANACTRL) 32 RW 8200_0402h

104h USBPHY Analog Control (ANACTRL_SET) 32 RW 8200_0402h

108h USBPHY Analog Control (ANACTRL_CLR) 32 RW 8200_0402h

10Ch USBPHY Analog Control (ANACTRL_TOG) 32 RW 8200_0402h

110h USBPHY Loopback Control and Status (USB1_LOOPBACK) 32 RW 0055_0000h

114h USBPHY Loopback Control and Status (USB1_LOOPBACK_SET) 32 RW 0055_0000h

118h USBPHY Loopback Control and Status (USB1_LOOPBACK_CLR) 32 RW 0055_0000h

11Ch USBPHY Loopback Control and Status (USB1_LOOPBACK_TOG) 32 RW 0055_0000h

120h USBPHY Loopback Packet Number Selection 
(USB1_LOOPBACK_HSFSCNT)

32 RW 0004_0010h

124h USBPHY Loopback Packet Number Selection 
(USB1_LOOPBACK_HSFSCNT_SET)

32 RW 0004_0010h

128h USBPHY Loopback Packet Number Selection 
(USB1_LOOPBACK_HSFSCNT_CLR)

32 RW 0004_0010h

12Ch USBPHY Loopback Packet Number Selection 
(USB1_LOOPBACK_HSFSCNT_TOG)

32 RW 0004_0010h

130h USBPHY Trim Override Enable (TRIM_OVERRIDE_EN) 32 RW 0000_007Fh

134h USBPHY Trim Override Enable (TRIM_OVERRIDE_EN_SET) 32 RW 0000_007Fh

138h USBPHY Trim Override Enable (TRIM_OVERRIDE_EN_CLR) 32 RW 0000_007Fh

13Ch USBPHY Trim Override Enable (TRIM_OVERRIDE_EN_TOG) 32 RW 0000_007Fh

35.7.2 USBPHY Powerdown (PWD)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

PWD 0h USBPHY Powerdown

PWD_SET 4h Writing 1 to a bit in this register ensures that the 
corresponding bit in PWD is 1

PWD_CLR 8h Writing 1 to a bit in this register ensures that the 
corresponding bit in PWD is 0

PWD_TOG Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in PWD
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Function

Provides an overall control of the PHY power state.

You must enable the PHY clocks before programming this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RXPW
DRX 

RXPW
DDI...

RXPW
D1P...

RXPW
DENV 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

TXPW
DV2I 

TXPW
DIB...

TXPW
DFS 

Reserved 
W

Reset 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20

RXPWDRX

Receiver Powerdown

Disables the HS RX differential receiver, HS envelope detector, and HS host disconnect comparator along 
with their RX current mirror bias circuits. The overall control of the RX current bias block is shared with the 
battery charge circuit, but this field powers down the other aforementioned RX circuits (the entire USBPHY 
receiver block) unconditionally, except for the FS differential receiver.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Enable for normal operation

1b - Disable or power down RX circuits

19

RXPWDDIFF

HS Receiver Powerdown

Disables the USB HS RX differential receiver that is used for data reception in HS operation.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Enable for normal operation

1b - Disable or power down

Table continues on the next page...
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Table continued from the previous page...

Field Function

18

RXPWD1PT1

FS Receiver Powerdown

Disables the USB FS RX differential receiver that is used for data reception in both FS and LS operations. 
This field does not affect the bias and operation of the FS differential receiver.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Enable for normal operation

1b - Disable or power down

17

RXPWDENV

Receiver Envelope Powerdown

Disables the USB HS RX envelope detector that generates the squelch signal to qualify the HS RX data. 
The host disconnect comparator is used in Host mode to check for a disconnection from the remote device.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Enable for normal operation

1b - Disable or power down

16-13

—

Reserved

12

TXPWDV2I

USBPHY TX V-I Converter and Current Mirror Powerdown

Disables the USBPHY TX V-I converter that provides currents used in the HS TX drivers. The converter 
depends on both USBPHY's bias module and the bias current block.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Enable for normal operation

1b - Disable or power down

11

TXPWDIBIAS

Transmitter Bias Powerdown

Disables the USBPHY current bias block for the transmitter that provides mirrored currents to track 
USBPHY's bias module reference current generator for several functions in the TX, RX, and detector 
sections. Control of the current bias block is shared with the battery charge circuit. Writing 1 to this field does 
not power down the circuit unless the value of the corresponding field in the battery charge control is also 1 
for power down. The field must be 1 only when the USB is in the Suspend bus state. This effectively powers 
down the entire USB transmit path.

Table continues on the next page...

NXP Semiconductors
USB PHY Controller (USBPHY)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2102 / 5781



Table continued from the previous page...

Field Function

The field must become 1 only when the USB is in Suspend mode. This effectively powers down the entire 
USB transmit path.

This field becomes 0 automatically in case of a wake-up event when USB is suspended while 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

 
These circuits are shared with the battery charge circuit. Writing 1 to this field does not 
power down these circuits, unless the corresponding field in the battery charger is also 
configured as 1 for a power down.

  NOTE  

0b - Enable for normal operation

1b - Disable or power down

10

TXPWDFS

FS Transmitter Powerdown

Disables the USB FS TX drivers that must have their bias enabled during USB data communication, 
including resume and bus reset signaling. They are used in HS, FS, and LS because pulldown of the FS TX 
drivers provides local HS termination. If this field is 1, it turns off the current starvation sources and puts the 
drivers into high-impedance output.

This field becomes 0 in case of a wake-up event if USB is suspended when 
CTRL[ENAUTOCLR_PHY_PWD] is 1.

Additionally, this field becomes 1 automatically at the falling edge of the signal from the USB controller that 
drives CTRL[UTMI_SUSPENDM] to enter the Suspend state.

0b - Provide bias to enable for normal operation

1b - Disable or power down

9-0

—

Reserved

35.7.3 USBPHY Transmitter Control (TX)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TX 10h USBPHY Transmitter Control

TX_SET 14h Writing 1 to a bit in this register ensures that the 
corresponding bit in TX is 1

TX_CLR 18h Writing 1 to a bit in this register ensures that the 
corresponding bit in TX is 0

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

TX_TOG 1Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TX

Function

Allows adjustment of transmit parametric values.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved Reserved 

Reserv
ed 

Reserv
ed 

TXCAL45DP 
W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

Reserv
ed 

TXCAL45DN Reserved D_CAL 
W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1

Fields

Field Function

31-29

—

Reserved

28-24

—

The value of this reserved bit must remain 10000b.

23-22

—

Reserved

21

—

The value of this reserved bit must remain 0b.

20

—

Reserved

19-16

TXCAL45DP

Transmit Calculation 45 Ω DP

Specifies the trim value of the 45 Ω DP resistance.

Decode to trim the nominal 45 Ω series termination resistance to the DP output pin.

Resistance is centered at value 0111b, with the maximum resistance being 0000b.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0000b - +19.95%

0001b - +17.35%

0010b - +14.85%

0011b - +12.46%

0100b - +9.07%

0101b - +5.87%

0110b - +2.85%

0111b - 0%

1000b - –2.70%

1001b - –5.25%

1010b - –7.67%

1011b - –9.98%

1100b - –12.17%

1101b - –14.25%

1110b - –18.14%

1111b - –21.68%

15-14

—

Reserved

13

—

The value of this reserved bit must remain 0b.

12

—

Reserved

11-8

TXCAL45DN

Transmit Calculation 45 Ω DN

Specifies the trim value of the 45 Ω DN resistance.

Decode to trim the nominal 45 Ω series termination resistance to the DN output pin.

The resistance is centered at value 0110b, with the maximum resistance being 0000b.

0000b - +19.95%

0001b - +17.35%

0010b - +14.85%

0011b - +12.46%

0100b - +9.07%

0101b - +5.87%

Table continues on the next page...
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Table continued from the previous page...

Field Function

0110b - +2.85%

0111b - 0%

1000b - –2.70%

1001b - –5.25%

1010b - –7.67%

1011b - –9.98%

1100b - –12.17%

1101b - –14.25%

1110b - –18.14%

1111b - –21.68%

7-4

—

The value of this reserved bit must remain 0b.

3-0

D_CAL

HS Transmit Output Current Trim

Specifies the HS transmit output current trim value.

Decode to trim the nominal 17.78 mA current source for the HS transmit drivers on the DP and DN pins. This 
current is directly proportional to the amplitude of the HS TX eye diagram.

0000b - +20.30%

0001b - +17.60%

0010b - +14.80%

0011b - +12.60%

0100b - +8.79%

0101b - +6.04%

0110b - +2.75%

0111b - 0%

1000b - –2.75%

1001b - –5.49%

1010b - –7.69%

1011b - –10.40%

1100b - –12.60%

1101b - –14.30%

1110b - –18.10%

1111b - –22.00%

NXP Semiconductors
USB PHY Controller (USBPHY)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2106 / 5781



35.7.4 USBPHY Receiver Control (RX)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

RX 20h USBPHY Receiver Control

RX_SET 24h Writing 1 to a bit in this register ensures that the 
corresponding bit in RX is 1

RX_CLR 28h Writing 1 to a bit in this register ensures that the 
corresponding bit in RX is 0

RX_TOG 2Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in RX

Function

Allows adjustment of receive parametric values.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RXDB
YPA...

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DISCONADJ 

Reserv
ed 

ENVADJ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22

RXDBYPASS

Differential Receiver Bypass

Bypasses the FS differential receiver.

If this field is 0, normal operation continues.

If this field is 1, the output of the DP single-ended receiver is used instead of the FS differential receiver.

0b - Operate normally

1b - Bypass

Table continues on the next page...
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Table continued from the previous page...

Field Function

21-7

—

Reserved

6-4

DISCONADJ

Disconnect Adjustment

Adjusts the trip point (trip-level voltage) for the disconnect detector.

000b - 0.56875 V

001b - 0.55000 V

010b - 0.58125 V

011b - 0.60000 V

1xxb - Reserved

3

—

Reserved

2-0

ENVADJ

Envelope Adjustment

Adjusts the trip point for the envelope detector. The field values are trip-level voltages in nominal DC 
settings to indicate the effect of changing these fields. AC values measured during compliance testing are 
a bit higher.

000b - 0.1000 V

001b - 0.1125 V

010b - 0.1250 V

011b - 0.0875 V

1xxb - Reserved

35.7.5 USBPHY General Control (CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

CTRL 30h USBPHY General Control

CTRL_SET 34h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 1

CTRL_CLR 38h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 0

CTRL_TOG 3Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in CTRL
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Function

Handles OTG and host controls.

This register also includes interrupt enables, connectivity detect enables, and results.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SFTR
ST 

CLKG
ATE 

UTMI_
SU... HOST

_FO...

OTG_I
D_... Reserved 

FSDLL
_R...

Reserved 
Reserv

ed 
ENAU
TOC...

ENAU
TOC...

AUTO
RES...

WAKE
UP_...

ENIRQ
WA...

W

Reset 1 1 0 0 u 0 0 0 0 0 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ENUT
MIL...

ENUT
MIL...

Reserv
ed 

DEVP
LUG...

ENIRQ
DE...

RESU
ME_...

ENIRQ
RE...

RESU
MEI...

ENOT
GID...

OTG_I
D_...

DEVP
LUG...

ENDE
VPL...

HOST
DIS...

ENIRQ
HO...

ENHO
STD...

ENOT
G_I...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

SFTRST

Software Reset

Soft-resets USBPHY Powerdown (PWD), USBPHY Transmitter Control (TX), USBPHY Receiver Control 
(RX), and USBPHY General Control (CTRL).

0b - Release from reset

1b - Reset

30

CLKGATE

Clock Gating

Gates UTMI clocks. Write 1 to this field to save power when the USB is not actively used. Retain the 
configuration state when the clock is gated.

 
This field can automatically become 0 in case of a wake-up event when USB is suspended, 
if ENAUTOCLR_CLKGATE is 1.

  NOTE  

0b - Run clocks

1b - Gate clocks

29

UTMI_SUSPEN
DM

UTMI Suspend Mode

Indicates a power-down state. UTMI_SUSPENDM is negative logic, as the UTMI specification requires it 
to be.

If this field is 0, all powerdown fields in USBPHY Powerdown (PWD) are enabled.

If this field is 1, the USB controller enters Suspend mode.

0b - Not suspended

1b - Suspended

Table continues on the next page...
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Table continued from the previous page...

Field Function

28

HOST_FORCE
_LS_SE0

FS EOP LS Timing

Works with DEBUG[HOST_RESUME_DEBUG] and forces the next FS packet that is transmitted to have 
an EOP with LS timing.

This field is used in Host mode for the resume sequence. After the packet is transferred, the field becomes 0. 
You can use this function to force the LS SE0 or use UTMI_SUSPENDM to trigger this event when existing 
the Suspend state.

0b - Do not force the next FS packet

1b - Force the next FS packet

27

OTG_ID_VALU
E

ID Value

Indicates the results of the USB_ID pin while monitoring the cable plugged into the Micro- or Mini-
AB receptacle.

If this field is 0, the ID resistance is less than Ra_Plug_ID, indicating host (A) side.

If this field is 1, the ID resistance is greater than Rb_Plug_ID, indicating device (B) side.

The functioning of this field is similar to that of STATUS[OTGID_STATUS]; however, this field includes 
debounce and system clock synchronization logic to filter the glitches on the USB ID pad.

0b - Lesser ID resistance than Ra_Plug_ID

1b - Greater ID resistance than Rb_Plug_ID

26-25

—

Reserved

24

FSDLL_RST_E
N

FSDLL Reset Enable

Enables resetting of the FSDLL lock detection logic at the end of each TX packet.

0b - Disable

1b - Enable

23-22

—

Reserved

21

—

Reserved

20

ENAUTOCLR_
PHY_PWD

PHY PWD Auto Clear Enable

Enables automatic writing of 0 to the fields in USBPHY Powerdown (PWD) in case of a wake-up event while 
USB is suspended. You must write 1 to this field if auto wake-up is required without software interaction.

0b - Disable

1b - Enable

19 Clock Gating Auto Clear Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

ENAUTOCLR_
CLKGATE

Enables automatic writing of 0 to CLKGATE in case of a wake-up event while USB is suspended. You must 
write 1 to this field if auto wake-up is required without software interaction.

0b - Disable

1b - Enable

18

AUTORESUME
_EN

Auto Resume Enable

Enables the auto resume feature.

If this field is 1, USBPHY uses a 32 kHz clock to send resume signaling to respond to the USB device remote 
wakeup (for Host mode only). The field functionality is useful when PLL is off and the reference clock is 
powered down.

0b - Disable

1b - Enable

17

WAKEUP_IRQ

Wake-Up Interrupt

Specifies whether a wake-up event exists. Reset this field by writing 1 to the clear address space, and not 
by a general write.

0b - No wake-up event exists

1b - Wake-up event exists

16

ENIRQWAKEU
P

Wake-Up Interrupt Enable

Enables interrupts for wake-up events.

0b - Disable

1b - Enable

15

ENUTMILEVEL
3

UTMI Level 3 Enable

Enables UTMI+ level 3 operation for USBPHY. You must write 1 to this field if an embedded host use case 
needs to support an external FS hub with an LS device connected.

0b - Disable

1b - Enable

14

ENUTMILEVEL
2

UTMI Level 2 Enable

Enables UTMI+ level 2 operation for USBPHY. You must write 1 to this field if an embedded host use case 
needs to support an LS device.

0b - Disable

1b - Enable

13

—

The value of this reserved bit must remain 0b.

12 Device Plug-In Interrupt

Table continues on the next page...
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Table continued from the previous page...

Field Function

DEVPLUGIN_I
RQ

Indicates that the device is connected. Reset this field by writing 1 to the SCT clear address space, and not 
by a general write.

0b - Not connected

1b - Connected

11

ENIRQDEVPLU
GIN

Device Plug-In Interrupt Enable

Enables an interrupt for the detection of connectivity to the USB line.

0b - Disable

1b - Enable

10

RESUME_IRQ

Interrupt Resume

Specifies whether the host is sending a wake-up signal after suspend signaling.

This field also becomes 1 after a reset during Suspend mode. Use this field to wake up the USB device from 
Suspend mode for either the host resume or host reset case. You must reset this field by writing 1 to the 
clear address space, and not by a general write.

0b - No resume interrupt

1b - Resume interrupt

9

ENIRQRESUM
EDETECT

Resume Detection Interrupt Enable

Enables an interrupt for detection of a non-J state on the USB line. You must write 1 to this field only after 
the USB device has entered Suspend mode.

0b - Disable

1b - Enable

8

RESUMEIRQS
TICKY

RESUME_IRQ Sticky

Specifies until when RESUME_IRQ remains 1 during the resume or reset state signaling period.

0b - Remains 1 during the wake-up period

1b - Remains 1 until you write 0 to it

7

ENOTGIDDETE
CT

Enable Internal OTG ID Detector

Enables the circuit to detect resistance of the Mini-AB ID pin.

0b - Disable

1b - Enable

6

OTG_ID_CHG_I
RQ

OTG ID Change Interrupt

Indicates that the value of the OTG ID pin has changed.

0b - No ID change interrupt

1b - ID change interrupt

5 Device Plug-In Polarity

Table continues on the next page...
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Table continued from the previous page...

Field Function

DEVPLUGIN_P
OLARITY

Specifies whether to trip the interrupt when the USB device is plugged in or when it is unplugged.

If this field is 0, it trips the interrupt when the USB cable from the host to the device is plugged in.

If this field is 1, it trips the interrupt if the USB cable from the host to the device is unplugged.

0b - Plugged in

1b - Unplugged

4

ENDEVPLUGIN
DETECT

Nonstandard Resistive Plugged-In Detection Enable

Controls connection of nominal 200 kΩ pullup resistors with both the DP and DN pins as a method of 
detecting, in Device mode, when a USB cable is attached.

STATUS[DEVPLUGIN_STATUS] reports the results of this detection method.

0b - Disable

1b - Enable

3

HOSTDISCON
DETECT_IRQ

Host Disconnect Detection Interrupt

Specifies whether the device is disconnected in HS Host mode. Reset this field by writing 1 to the SCT clear 
address space, and not by a general write.

0b - Connected

1b - Disconnected

2

ENIRQHOSTDI
SCON

Host Disconnect Interrupt Enable

Enables an interrupt for detection of device disconnection when in HS Host mode. You must write 1 to this 
field after writing 1 to ENDEVPLUGINDETECT.

0b - Disable

1b - Enable

1

ENHOSTDISC
ONDETECT

Host Disconnect Detection Enable

Enables the HS disconnect detector for Host mode. This signal allows the override of detection enabling, 
which the UTMI controller normally performs. The UTMI controller enables this circuit whenever the host 
sends a start-of-frame packet.

Write 1 to this field when an HS device is connected. This is suggested during a bus reset.

Ensure that this field is not 1 at the end of resume signaling; otherwise, a wrong disconnect status may 
be detected.

0b - Disable

1b - Enable

0

ENOTG_ID_CH
G_IRQ

ID Change Interrupt Enable

Enables the interrupt for ID change.

0b - Disable

1b - Enable
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35.7.6 USBPHY Status (STATUS)

Offset

Register Offset

STATUS 40h

Function

Holds results of IRQ and other detects.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

RESU
ME_... Reserv

ed 

OTGID
_S... Reserv

ed 

DEVP
LUG... Reserved 

HOST
DIS... Reserved 

W

Reset 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10

RESUME_STA
TUS

Resume Status

Indicates whether the line state is in J state. This field provides a valid indication of resume signaling only 
when operating in FS or HS mode, after being in the Suspend bus state. This status field may toggle 
during USB data packet communication. Also, it does not indicate resume signaling when operating as a 
host that is directly attached to an LS device.

0b - Is in J state

1b - Is not in J state

9

—

Reserved

8

OTGID_STATU
S

OTG ID Status

Indicates the results of the USB_ID pin on the USB cable plugged into the local Micro-AB or Mini-
AB receptacle.

Table continues on the next page...
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Field Function

If this field is 0, the ID resistance to ground is less than Ra_Plug_ID, indicating host (A) side.

If this field is 1, the ID resistance is greater than Rb_Plug_ID, indicating device (B) side.

0b - Lesser ID resistance

1b - Greater ID resistance

7

—

Reserved

6

DEVPLUGIN_S
TATUS

Status Indicator for Nonstandard Resistive Plugged-In Detection

Indicates whether the device is connected on the DP and DN lines using the nonstandard resistive 
plugged-in detection method that CTRL[ENDEVPLUGINDETECT] controls.

When a USB cable attached to a remote host is attached to the local device, the 15 kΩ host pulldowns 
override the high value resistors used in this detection method.

0b - No attachment detected

1b - Cable attachment detected

5-4

—

Reserved

3

HOSTDISCON
DETECT_STAT

US

Host Disconnect Detection Status

Detects at the local host (downstream) port that the USB cable is disconnected when in HS mode.

0b - Do not detect

1b - Detect

2-0

—

Reserved

35.7.7 USBPHY Debug (DEBUG)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DEBUG 50h USBPHY Debug

DEBUG_SET 54h Writing 1 to a bit in this register ensures that the 
corresponding bit in DEBUG is 1

DEBUG_CLR 58h Writing 1 to a bit in this register ensures that the 
corresponding bit in DEBUG is 0

DEBUG_TOG 5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in DEBUG
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Function

Debugs USBPHY.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

CLKG
ATE 

HOST
_RE...

SQUELCHRESETLENGTH 
ENSQ
UEL...

Reserved SQUELCHRESETCOUNT 
W

Reset 0 1 1 1 1 1 1 1 0 0 0 1 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ENTX2
RX...

TX2RXCOUNT Reserved 
ENHSTPULLD

OWN 
HSTPULLDOW

N 
Reserv

ed 
OTGID

PI...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

CLKGATE

Clock Gating

Gates the test clocks.

To save power while the USB is not being actively used, retain the value of 1 in this field. The configuration 
state is maintained when the clock is gated.

0b - Run clocks

1b - Gate clocks

29

HOST_RESUM
E_DEBUG

Host Resume

Selects the method used to generate the LS SE0 at the end of host resume signaling.

The default method triggers from a change to the UTMI_SUSPENDM signal from the USB controller to 
the PHY.

The other method depends on programming CTRL[HOST_FORCE_LS_SE0] at an appropriate time.

If this field is 0, it generates LS SE0 at the end of host resume based on CTRL[HOST_FORCE_LS_SE0].

If this field is 1, it generates LS SE0 at the end of host resume based on the state 
of CTRL[UTMI_SUSPENDM].

0b - Based on CTRL[HOST_FORCE_LS_SE0]

1b - Based on CTRL[UTMI_SUSPENDM]

28-25

SQUELCHRES
ETLENGTH

Squelch Reset Length

Indicates the number of 480 MHz clock intervals used for the delay time.

Table continues on the next page...
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Field Function

The changes you make to this field are used only for a specific HS RX debug mode that 
ENSQUELCHRESET enables.

This field adjusts the delay time between the detection of valid HS RX data and release of squelch for that 
debug mode. The field value indicates the number of 480 MHz clock intervals used for the delay time.

24

ENSQUELCHR
ESET

Enable Squelch Reset

Enables squelch reset.

Let the value of this field be 1 to allow normal operation of the squelch state machine for qualification of HS 
receive data. Writing 0 to this field freezes the functional mode squelch state machine in its reset state, and 
must be done only for a specific HS RX debug mode.

0b - Disable

1b - Enable

23-21

—

Reserved

20-16

SQUELCHRES
ETCOUNT

Squelch Reset Count

Adjusts the delay time, in 480 MHz clock intervals, between the detection of squelch to the reset of HS 
RX state machines. Any changes that you make to this field must only be used for a specific HS RX 
debug mode.

15-13

—

Reserved

12

ENTX2RXCOU
NT

Enable Countdown from TX to RX Packets for Debug

Enables a countdown to transition between the TX and RX packets for debug.

0b - Disable

1b - Enable

11-8

TX2RXCOUNT

Set Countdown Delay Value from TX to RX Packets for Debug

Specifies the delay between the end of transmit to the beginning of receive packets for debug. This is a 
Johnson counter value and therefore counts to 8.

7-6

—

Reserved

5-4

ENHSTPULLD
OWN

Enable Host Pulldown Overdrive Mode

Selects whether to override the control of DP and DN pins.

This field selects Host Pulldown Overdrive mode. Write 1b to bit 5 to override the control of the DP 15 kΩ 
pulldown, which the USB controller normally performs. Write 1b to bit 4 to override the control of the DN 
15 kΩ pulldown, which the USB controller normally performs. Write 00b to both the bits to disable Host 
Pulldown Overdrive mode and return the control of the pulldown resistors to the USB controller.

Table continues on the next page...
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Field Function

When in Host Pulldown Overdrive mode, HSTPULLDOWN further controls the connection of 
the individual pulldown resistors. Both pulldown resistors are also unconditionally enabled when 
ANACTRL[DEV_PULLDOWN] becomes 1 without considering the value of this field.

00b - Disable Host Pulldown Overdrive mode

01b - Override the control of DN 15 kΩ pulldown

10b - Override the control of DP 15 kΩ pulldown

11b - Override the control of DP and DN 15 kΩ pulldown

3-2

HSTPULLDOW
N

Select DP and DN Pulldown Resistors in Host Pulldown Overdrive Mode

Selects whether to connect pulldown resistors on the DP and DN pins if Host Pulldown Overdrive mode is 
enabled through ENHSTPULLDOWN.

Write 1b to bit 3 of this field to connect the 15 kΩ pulldown on the DP line, and write 1b to bit 2 to connect 
the 15 kΩ pulldown on the DN line. Write 00b to both the bits to disconnect the resistors in Host Pulldown 
Override mode.

00b - Disconnect the resistors

01b - Connect 15 kΩ pulldown on DN

10b - Connect 15 kΩ pulldown on DP

11b - Connect 15 kΩ pulldown on DP and DN

1

—

Reserved

0

OTGIDPIOLOC
K

Hold OTG_ID

Holds OTG ID value.

After the OTG ID status is acquired from STATUS[OTGID_STATUS], use this field to hold the OTG ID value. 
This is to save power for the comparators that are used to determine the ID status.

35.7.8 UTMI Debug Status 0 (DEBUG0_STATUS)

Offset

Register Offset

DEBUG0_STATUS 60h

Function

Holds multiple views for counters and status of state machines.

This field works with DEBUG1[DBG_ADDRESS] to select the function to view. The default settings used to count errors are 
described in this register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SQUELCH_COUNT UTMI_RXERROR_FAIL_COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LOOP_BACK_FAIL_COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

SQUELCH_CO
UNT

Squelch Count

Indicates the running count of the squelch reset instead of the normal end for HS RX.

25-16

UTMI_RXERRO
R_FAIL_COUN

T

UTMI Receive Error Fail Count

Indicates the running count of UTMI_RXERROR.

15-0

LOOP_BACK_F
AIL_COUNT

Loopback Fail Count

Indicates the running count of the failed pseudo-random generator loopback.

Each time it enters Test mode, the counter goes to 900D and counts up for every detected packet failure in 
digital and analog loopback tests.

35.7.9 UTMI Debug Status 1 (DEBUG1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DEBUG1 70h UTMI Debug Status 1

DEBUG1_SET 74h Writing 1 to a bit in this register ensures that the 
corresponding bit in DEBUG1 is 1

DEBUG1_CLR 78h Writing 1 to a bit in this register ensures that the 
corresponding bit in DEBUG1 is 0

DEBUG1_TOG 7Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in DEBUG1
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Function

Selects the muxing of USBPHY Debug (DEBUG) to be indicated in UTMI Debug Status 0 (DEBUG0_STATUS).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

USB2_REFBIA
S_TST 

USB2_REFBIAS_VBGAD
J 

USB2_
RE...

USB2_
RE...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R USB2_
RE...

ENTAILADJVD Reserved 
W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-21

USB2_REFBIA
S_TST

Bias Current Control Adjustment

Specifies the main current trim for the USBPHY bias module current reference generator.

Use this field to trim the PHY's current reference 
when TRIM_OVERRIDE_EN[TRIM_REFBIAS_TST_OVERRIDE] is 1. If 
TRIM_OVERRIDE_EN[TRIM_REFBIAS_TST_OVERRIDE] becomes 0, the current trim values in 
TRIM_OVERRIDE_EN[TRIM_USB2_REFBIAS_TST] are used instead.

00b - ≈ 10 μA reference current; nominal

01b - ≈ 0.9x compared to nominal

10b - ≈ 0.8x compared to nominal

11b - ≈ 1.1x compared to nominal

20-18

USB2_REFBIA
S_VBGADJ

Bandgap Voltage Adjustment

Specifies the voltage adjustment trim on USBPHY bias module bandgap generator.

Use this field to trim the PHY's bandgap voltage 
when TRIM_OVERRIDE_EN[TRIM_REFBIAS_VBGADJ_OVERRIDE] is 1. If 
TRIM_OVERRIDE_EN[TRIM_REFBIAS_VBGADJ_OVERRIDE] becomes 0, the voltage trim values in 
TRIM_OVERRIDE_EN[TRIM_USB2_REFBIAS_VBGADJ] are used instead.

000b - Nominal bandgap voltage; flattest temperature coefficient

001b - ≈ +10 mV compared to nominal

010b - ≈ +20 mV compared to nominal

011b - ≈ +30 mV compared to nominal; most-positive temperature coefficient

Table continues on the next page...
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Field Function

100b - ≈ -10 mV compared to nominal

101b - ≈ -20 mV compared to nominal

110b - ≈ -30 mV compared to nominal

111b - ≈ -40 mV compared to nominal; most-negative temperature coefficient

17

USB2_REFBIA
S_LOWPWR

Reference Bias Low Power Configuration

Configures the bias currents in the bandgap reference amplifier in the USBPHY bias module.

If this field is 0, the bandgap amplifier for a nominal bias current is configured.

If this field is 1, the bandgap amplifier for 50% of the nominal bias current is configured.

The field must remain 0 for normal operation. Writing 1 is only intended for lab characterization purposes.

0b - Nominal bias current

1b - 50% of nominal bias current

16

USB2_REFBIA
S_PWDVBGUP

Bandgap Voltage Status Comparator Powerdown

Disables the VBGUP comparator to save its bias current after the bandgap voltage is valid and stable.

The VBGUP comparator monitors the USBPHY bias module bandgap voltage to check that the voltage is 
in the valid range.

If this field is 1, MISC[VBGUP] is also forced to become 1. You cannot detect a bandgap voltage problem if 
this field is 1, and the PHY does not automatically restore the VBGUP comparator if such a problem occurs. 
Therefore, it is not recommended to make changes to this field.

0b - Enable

1b - Disable

15

USB2_REFBIA
S_SELFBIASO

FF

Self-Bias Off for Reference Bias Amplifiers and Comparators

Selects the local bias sources to use for the amplifiers and comparators in the USBPHY bias module.

If this field is 0, self-bias is used for bias reference amplifier and comparator circuits.

If this field is 1, the current reference bias is used for amplifier and comparator circuits.

Self-bias is required at reference generator startup. After the bandgap voltage and reference current 
generator are stable, bias from the reference generator's own regulated currents can be used instead. 
You must let the value of this field be 0 during a ramp of the 1.8 V power domain and during any 
time that the USBPHY bias reference circuit transitions from the disabled to enabled state. Switching to 
the current reference bias after the bandgap voltage is stable may somehow improve bandgap voltage 
stability, but could cause problems if the 1.8 V power is interrupted. You must monitor MISC[VBGUP]; 
intervention is mandatory if the value of this field changes. You must also note the interaction of 
USB2_REFBIAS_PWDVBGUP and MISC[VBGUP].

0b - Self-bias

1b - Current reference bias

14-13 HS RX Squelch Rise Time Delay Trim

Table continues on the next page...
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Field Function

ENTAILADJVD Adjusts the squelch rise time delay for the squelch signal, from the HS RX envelope detector, when 
TRIM_OVERRIDE_EN[TRIM_ENV_TAIL_ADJ_VD_OVERRIDE] is 1.

If TRIM_OVERRIDE_EN[TRIM_ENV_TAIL_ADJ_VD_OVERRIDE] becomes 0, the squelch rise time trim 
values in TRIM_OVERRIDE_EN[TRIM_USB_REG_ENV_TAIL_ADJ_VD] are used instead.

00b - Squelch rising edge delay is nominal

01b - +20% delay compared to nominal

10b - -20% delay compared to nominal

11b - -40% delay compared to nominal

12-0

—

The value of this reserved bit must remain 0b.

35.7.10 USBPHY Version (VERSION)

Offset

Register Offset

VERSION 80h

Function

Indicates the version of USBPHY.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STEP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Major

Table continues on the next page...
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Field Function

MAJOR Indicates the "Major" field of the USBPHY version.

23-16

MINOR

Minor

Indicates the "Minor" field of the USBPHY version.

15-0

STEP

Step

Indicates the stepping of the USBPHY version.

35.7.11 USBPHY PLL Control and Status (PLL_SIC)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

PLL_SIC A0h USBPHY PLL Control and Status

PLL_SIC_SET A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in PLL_SIC is 1

PLL_SIC_CLR A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in PLL_SIC is 0

PLL_SIC_TOG ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in PLL_SIC

Function

Configures the 480 MHz USBPHY PLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PLL_
LOCK Reserved PLL_DIV_SEL 

PLL_R
EG...

REFBI
AS...

REFBI
AS...

Reserv
ed 

Reserv
ed 

PLL_B
YP...

W

Reset 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PLL_E
NA...

PLL_P
OW...

Reserv
ed 

Reserv
ed 

Reserv
ed 

Reserv
ed 

Reserv
ed 

PLL_E
N_...

Reserv
ed 

PLL_POSTDIV Reserved 
W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PLL_LOCK

PLL Lock

Indicates the current status of the USB PLL lock.

0b - Not locked

1b - Locked

30-25

—

Reserved

24-22

PLL_DIV_SEL

PLL Divider Selection

Controls the USB PLL feedback loop divider. The valid range for divider values is 13–240. (Fout = Fin × 
div_select). The USB PLL produces a 480 MHz output clock. This field allows the use of different frequency 
signals for the PLL reference clock input connected to the OSCCLK signal from the system oscillator. If 
TRIM_OVERRIDE_EN[TRIM_DIV_SEL_OVERRIDE] is 1, the USB PLL uses this register value.

000b - Divide by 13

001b - Divide by 15

010b - Divide by 16

011b - Divide by 20

100b - Divide by 22

101b - Divide by 25

110b - Divide by 30

111b - Divide by 240

21

PLL_REG_ENA
BLE

PLL Regulator Enable

Enables the USB PLL regulator. You must set this field to 15 μs before selecting PLL_POWER to avoid 
glitches on the PLL output clock.

0b - Disable

1b - Enable

20

REFBIAS_PWD

Reference Bias Powerdown

Enables reference bias powerdown.

This field is used only when REFBIAS_PWD_SEL is 1.

0b - Disable

1b - Enable

19

REFBIAS_PWD
_SEL

Reference Bias Powerdown Selection

Selects PLL_POWER or REFBIAS_PWD to control the reference bias.

0b - PLL_POWER

1b - REFBIAS_PWD

Table continues on the next page...
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Field Function

18

—

Reserved

17

—

The value of this reserved bit must remain 0b.

16

PLL_BYPASS

PLL Bypass

Bypasses the USB PLL.

0b - Do not bypass

1b - Bypass

15-14

—

Reserved

13

PLL_ENABLE

PLL Enable

Enables the clock output from the USB PLL (the PLL powerup control also controls the PLL output enable 
signal). USBPHY disables the PLL output before PLL powerdown, and enables the PLL output after PLL 
powerup. You must only set it when initializing the PLL.

0b - Disable

1b - Enable

12

PLL_POWER

PLL Power

Enables the USB PLL (USBPHY also controls PLL powerup and powers it down when the USB is 
suspended and not in use).

0b - Disable

1b - Enable

11

—

The value of this reserved bit must remain 0b for normal operation.

10

—

The value of this reserved bit must remain 0b.

9

—

The value of this reserved bit must remain 0b.

8

—

The value of this reserved bit must remain 0b.

7

—

The value of this reserved bit must remain 0b.
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Field Function

6

PLL_EN_USB_
CLKS

PLL USB Clocks Enable

Enables the USB clock output from USBPHY PLL.

0b - Disable

1b - Enable

5

—

The value of this reserved bit must remain 0b.

4-2

PLL_POSTDIV

PLL Post-Divider Output Value Configuration

Specifies the integer divide values for PLL post divider.

000b - Disable the output of PLL post divider

001b - Divide value is 1

010b - Divide value is 2

011b - Divide value is 3

100b - Divide value is 4

101b - Divide value is 5

110b - Divide value is 6

111b - Reserved

1-0

—

Reserved

35.7.12 USBPHY VBUS Detect Control (USB1_VBUS_DETECT)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

USB1_VBUS_DETECT C0h USBPHY VBUS Detect Control

USB1_VBUS_DETECT_
SET

C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_VBUS_DETECT is 1

USB1_VBUS_DETECT_
CLR

C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_VBUS_DETECT is 0

USB1_VBUS_DETECT_
TOG

CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in USB1_VBUS_DETECT

Function

Defines controls for USB VBUS detect and some additional out-of-band signaling functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EN_C
HAR...

0 Reserv
ed 

DISCH
AR...

0
PWRUP_CMPS 

Reserv
ed 

VBUS
VAL...

0

W

Reset 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ID_OV
ER...

ID_OV
ER...

VBUS_SOURC
E_SEL 

VBUS
VAL...

VBUS
VAL...

AVALI
D_...

BVALI
D_...

SESS
END...

VBUS_
OV...

VBUSVALID_THRESH 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31

EN_CHARGER
_RESISTOR

Charger Resistor Enable

Enables a nominal 125 kΩ pullup on DP and a nominal 375 kΩ pulldown on DN. This allows resistive battery 
charger detection according to USB Battery Charging Specification Revision 1.0, which is now obsolete.

With this method, you perform the detection of the DN and DP pin states by using 
USB1_CHRG_DET_STAT[DN_STATE] and USB1_CHRG_DET_STAT[DP_STATE], respectively.

This field must remain 0 for normal USB data communication, or when using the USBHSDCD module 
for battery charger detection, according to USB Battery Charger Specification Revision 1.2 or any other 
detection mechanism for USB cable plugin.

0b - Disable

1b - Enable

30-28

—

Reserved

27

—

Reserved

26

DISCHARGE_V
BUS

VBUS Discharge Resistor Controller

Enables (controls) a nominal 22 kΩ resistor between the USB1_VBUS pin and the ground that can be used 
to accelerate the fall of the VBUS signal at the end of a session.

0b - Disable

1b - Enable

25-23

—

Reserved

22-20

PWRUP_CMPS

VBUS_VALID Comparator Enable

Enables (powers up) the comparator used for the VBUS_VALID detector.

Table continues on the next page...
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Field Function

You can reset this field to 0 to save power if the internal VBUS_VALID comparator is not used. The default 
value is 111b.

000b - Disable the VBUS_VALID comparator

001b - Enable the SESS_VALID comparator

010b - Enable 3V detection

19

—

Reserved

18

VBUSVALID_T
O_SESSVALID

VBUS_VALID Comparator Selection

Controls the comparator that is used to report the VBUS_VALID results of the VBUS_VALID comparator and 
session valid comparators, in USB1_VBUS_DETECT[ID_OVERRIDE_EN].

If this field is 0, the VBUS_VALID comparator for the VBUS_VALID results is used.

If this field is 1, the session end comparator for the VBUS_VALID results is used. The session end threshold 
is > 0.8 V and < 4.0 V.

The VBUS_VALID comparator is the most accurate and has a programmable threshold that 
VBUSVALID_THRESH defines. The session valid comparator may be useful in systems using nonstandard 
VBUS voltages.

The mux selection in this field happens before any VBUS_VALID selection controlled by VBUSVALID_SEL 
and VBUS_SOURCE_SEL.

0b - VBUS_VALID comparator for the VBUS_VALID results

1b - Session end comparator for the VBUS_VALID results

17-13

—

Reserved

12

ID_OVERRIDE

ID Pin Status Local Override Value

Specifies the ID pin status local override value.

If ID_OVERRIDE_EN is 1, the value of this field is used for the IDDIG signal and also reported in 
STATUS[OTGID_STATUS]. This field has no impact if ID_OVERRIDE_EN becomes 0. See the description 
of STATUS[OTGID_STATUS] to understand the state assignment convention of the ID pin value.

11

ID_OVERRIDE_
EN

Enable Local ID Pin Status Override

Allows local override of the ID pin detection status.

If this field is 0, USBPHY's ID pin detector for ID status is used.

If this field is 1, the value of ID_OVERRIDE is used for the reported ID pin status.

0b - Do not allow override

1b - Allow override

10-9 VBUS_VALID Source Selection
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Field Function

VBUS_SOURC
E_SEL

Selects the source of the VBUS_VALID signal reported to the USB controller.

If this field is 0b, by default, the VBUS_VALID comparator results for the signal reported to the USB controller 
are used.

If this field is 1b or 10b, the session valid comparator results for the signal reported to the USB controller 
are used.

The VBUS_VALID source selections in this field take effect only if both VBUSVALID_SEL and 
VBUS_OVERRIDE_EN are 0.

This field does not impact the value of USB1_VBUS_DET_STAT[VBUS_VALID].

00b - VBUS_VALID comparator results

01b - Session valid comparator results

10b - Session valid comparator result

11b - Reserved; do not use

8

VBUSVALID_S
EL

VBUS_VALID Source Selection

Selects the source of the VBUS_VALID signal reported to the USB controller.

If this field is 0, by default, the VBUS_VALID comparator results for the signal reported to the USB controller 
are used.

If this field is 1, the VBUS_VALID_3V detector results for the signal reported to the USB controller are used.

The VBUS_VALID source selection in this field only takes effect if VBUS_VALID is 0 .

This field does not impact the value of USB1_VBUS_DET_STAT[VBUS_VALID].

0b - VBUS_VALID comparator results

1b - VBUS_VALID_3V detector results

7

VBUSVALID_O
VERRIDE

Override Value for the VBUS_VALID Signal

Provides the value of USB1_VBUS_DET_STAT[VBUS_VALID] reported to the USB controller if the value 
of VBUS_OVERRIDE_EN is 1.

This field does not impact the value of USB1_VBUS_DET_STAT[VBUS_VALID].

0b - Overridden to 0

1b - Overridden to 1

6

AVALID_OVER
RIDE

Override Value for A-Device Session Valid

Provides the value for USB1_VBUS_DET_STAT[AVALID] if the value of VBUS_OVERRIDE_EN is 1.

0b - Overridden to 0

1b - Overridden to 1

5

BVALID_OVER
RIDE

Override Value for B-Device Session Valid

Provides the value for USB1_VBUS_DET_STAT[BVALID] if the value of VBUS_OVERRIDE_EN is 1.

Table continues on the next page...
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Field Function

0b - Overridden to 0

1b - Overridden to 1

4

SESSEND_OV
ERRIDE

Override Value for SESSEND

Provides the value for USB1_VBUS_DET_STAT[SESSEND] if the value of VBUS_OVERRIDE_EN is 1.

0b - Overridden to 0

1b - Overridden to 1

3

VBUS_OVERRI
DE_EN

VBUS Detect Signal Override Enable

Allows you to override the results from VBUS_VALID and session valid comparators using the values 
in USB1_VBUS_DETECT[7:4].

If this field is 0, by default, the results of the internal VBUS_VALID and session valid comparators for 
VBUS_VALID, AVALID, BVALID, and SESSEND are used.

If this field is 1, the override values for VBUS_VALID, AVALID, BVALID, and SESSEND are used.

The VBUS_VALID, AVALID, BVALID, and SESSEND signals sent to the USB controller are affected by 
these bit selections.

The values reported for USB1_VBUS_DET_STAT[AVALID], USB1_VBUS_DET_STAT[BVALID], 
and USB1_VBUS_DET_STAT[SESSEND] are also affected but the value of 
USB1_VBUS_DET_STAT[VBUS_VALID] is not affected.

This override method may be useful if you do not perform VBUS detection using the internal VBUS_VALID 
or session end comparators.

0b - Results of VBUS_VALID and session valid comparators for VBUS_VALID, AVALID, BVALID, 
and SESSEND

1b - Override values for VBUS_VALID, AVALID, BVALID, and SESSEND

2-0

VBUSVALID_T
HRESH

VBUSVALID Threshold

Sets the threshold for the VBUSVALID comparator, which is the most accurate method to determine the 
presence of 5 V, and includes hysteresis to minimize the need for software debounce of the detection. This 
comparator has ~50 mV of hysteresis to prevent chattering at the comparator trip point.

000b - 4.0 V

001b - 4.1 V

010b - 4.2 V

011b - 4.3 V

100b - 4.4 V

101b - 4.5 V

110b - 4.6 V

111b - 4.7 V
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35.7.13 USBPHY VBUS Detector Status (USB1_VBUS_DET_STAT)

Offset

Register Offset

USB1_VBUS_DET_STA
T

D0h

Function

Allows status observation for USB VBUS detect functions.

The APB clock synchronizes the values reported in this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VBUS_
VA...

VBUS_
VA...

AVALI
D 

BVALI
D 

SESS
END 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-5

—

Reserved

4

VBUS_VALID_3
V

VBUS_VALID_3V Detector Status

Indicates the status of the VBUS_VALID_3V detector.

If this field is 0, the VBUS voltage is below the VBUS_VALID_3V threshold.

If this field is 1, the VBUS voltage is above the VBUS_VALID_3V threshold.

The VBUS_VALID_3V detector has a lower threshold for the voltage on the USB1_VBUS pin than either the 
session valid or VBUS_VALID comparators.

This signal may be useful for applications using a nonstandard VBUS voltage.

0b - Below threshold

1b - Above threshold

3 VBUS Voltage Status

Table continues on the next page...
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Field Function

VBUS_VALID Indicates the result of VBUS_VALID detection for the USB1_VBUS pin.

If this field is 0, the VBUS voltage is below the comparator threshold.

If this field is 1, the VBUS voltage is above the comparator threshold.

USB1_VBUS_DETECT[VBUSVALID_TO_SESSVALID] selects the VBUS_VALID comparator used.

You cannot overwrite the VBUS_VALID source, which is not affected by the values of 
USB1_VBUS_DETECT[VBUSVALID_OVERRIDE] and USB1_VBUS_DETECT[VBUS_OVERRIDE_EN].

0b - Below threshold

1b - Above threshold

2

AVALID

A-Device Session Valid Status

Indicates A-device session valid status that the session valid comparator determines.

If this field is 0, the VBUS voltage is below the session valid threshold.

If this field is 1, the VBUS voltage is above the session valid threshold.

The voltage on the USB1_VBUS pin determines the default value of this field.

You can overwrite this field by using USB1_VBUS_DETECT[AVALID_OVERRIDE] 
and USB1_VBUS_DETECT[VBUS_OVERRIDE_EN].

0b - Below threshold

1b - Above threshold

1

BVALID

B-Device Session Valid Status

Indicates B-device session valid status that the session valid comparator determines.

If this field is 0, the VBUS voltage is below the session valid threshold.

If this field is 1, the VBUS voltage is above the session valid threshold.

The voltage on the USB1_VBUS pin determines the default value of this field.

You can overwrite this field by using USB1_VBUS_DETECT[BVALID_OVERRIDE] 
and USB1_VBUS_DETECT[VBUS_OVERRIDE_EN].

0b - Below threshold

1b - Above threshold

0

SESSEND

Session End Indicator

Indicates session end status, the value inverted from the session valid comparator.

If this field is 0, the VBUS voltage is above the session valid threshold.

If this field is 1, the VBUS voltage is below the session valid threshold.

The voltage on the USB1_VBUS pin determines the default value of this field.

You can overwrite this field by using USB1_VBUS_DETECT[SESSEND_OVERRIDE] 
and USB1_VBUS_DETECT[VBUS_OVERRIDE_EN].
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Field Function

0b - Above threshold

1b - Below threshold

35.7.14 USBPHY Charger Detect Control (USB1_CHRG_DETECT)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

USB1_CHRG_DETECT E0h USBPHY Charger Detect Control

USB1_CHRG_DETECT_
SET

E4h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_CHRG_DETECT is 1

USB1_CHRG_DETECT_
CLR

E8h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_CHRG_DETECT is 0

USB1_CHRG_DETECT_
TOG

ECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in USB1_CHRG_DETECT

Function

Defines controls for USB battery charging detection functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DCDS
EL 

Reserved 
BGR_
BIAS 

Reserved 
W

Reset 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PULLU
P_...

Reserv
ed 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

DCDSEL

DCD Selection

Selects the control source for battery charging detection.
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Field Function

If this field is 0, USBPHY Charger Detect Control (USB1_CHRG_DETECT) controls the BC 1.2 functionality.

If this field is 1, fields and state machines in USBHSDCD control the BC 1.2 functionality (see the "USB 
Device Charger Detection Module (USBDCD)" chapter for more information).

You can control several of the USBPHY analog circuits associated with the USB battery charging v1.2 
functions by either using control fields in USBPHY Charger Detect Control (USB1_CHRG_DETECT) or by 
using the USBHSDCD module's registers.

Use of USBHSDCD is recommended for software simplification, for device mode charger detection because 
USBHSDCD can auto-sequence through the detection states.

0b - Fields in the USB1_CHRG_DETECT register

1b - Fields and state machines in the USBHSDCD module

30-24

—

Reserved

23

BGR_BIAS

BGR Bias

Selects the bias method deployed for the voltage and current sources used for the analog circuits associated 
with USB battery charging detection in the USBHSDCD instantiation of USBDCD (see the "USB Device 
Charger Detection Module (USBDCD)" chapter for more information).

If this field is 0, by default, the local bias powered from VBUS for 10 μA reference is used.

If this field is 1, the bandgap bias powered from VREGIN0 or VREGIN1 for 10 μA reference is used.

The VDP_SRC and VDN_SRC bias is generated from the USB1_VBUS voltage, independent of the value of 
this field.

0b - Local bias

1b - Bandgap bias

22-3

—

Reserved

2

PULLUP_DP

DP Pullup Resistor Enable Override Control

Enables FS Device mode operation that is normally controlled using the UTMI bus signals that the USB 
controller sends to USBPHY.

If this field is 1, the pullup resistor is enabled independently of the UTMI signals to the PHY. The USB 
software stack uses this capability during charger type detection, according to the obsolete USB Battery 
Charging Specification Revision 1.1.

For USB battery charging detection and normal USB data communication (associated with the USB battery 
charging v1.2), retain 0 as the value of this field.

0b - Disable

1b - Enable

1 Reserved

Table continues on the next page...
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Field Function

—

0

—

This value of this bit must remain 0b to avoid interference with USB battery charging detection.

35.7.15 USBPHY Charger Detect Status (USB1_CHRG_DET_STAT)

Offset

Register Offset

USB1_CHRG_DET_STA
T

F0h

Function

Indicates the USBPHY charger detect status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SECD
ET_...

DP_ST
ATE 

DN_ST
ATE 

CHRG
_DE...

PLUG_
CO...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4

SECDET_DCP

Battery Charging Secondary Detection Phase Output

Indicates the type of charging port detected—charging downstream port (CDP) or downstream charging 
port (DCP)—during the USB battery charging secondary detection phase, using the USBHSDCD module.

Table continues on the next page...
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Field Function

0b - CDP detected

1b - DCP detected

3

DP_STATE

DP State

Indicates the single-ended receiver output for the DP pin, from charger detection circuits.

0b - < 0.8 V

1b - > 2.0 V

2

DN_STATE

DN State

Indicates the single-ended receiver output for the DN pin, from charger detection circuits.

0b - < 0.8 V

1b - > 2.0 V

1

CHRG_DETEC
TED

Battery Charging Primary Detection Phase Output

Indicates whether a standard downstream port (SDP) or charging port is detected during the USB battery 
charging primary detection phase.

0b - SDP detected

1b - Charging port detected

0

PLUG_CONTA
CT

Battery Charging Data Contact Detection Phase Output

Indicates whether an attached USB cable is detected between the remote host and the local device during 
the data contact detection phase, according to USB Battery Charging Specification Revision 1.2 (using the 
USBHSDCD module).

0b - Not detected

1b - Detected

35.7.16 USBPHY Analog Control (ANACTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

ANACTRL 100h USBPHY Analog Control

ANACTRL_SET 104h Writing 1 to a bit in this register ensures that the 
corresponding bit in ANACTRL is 1

ANACTRL_CLR 108h Writing 1 to a bit in this register ensures that the 
corresponding bit in ANACTRL is 0

ANACTRL_TOG 10Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in ANACTRL
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Function

Includes fields for adding pre-emphasis to the USB HS TX output drivers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed W

Reset 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DEV_P
UL...

Reserved 
Reserv

ed W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31

—

Reserved

30-28

—

Reserved

27

—

This field must remain at value 0b.

26

—

This field must remain at value 0b.

25

—

This field must remain at value 1b.

24

—

This field must remain at value 0b.

23

—

This field must remain at value 0b.

22

—

This field must remain at value 0b.

21

—

This field must remain at value 0b.
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Field Function

20

—

This field must remain at value 0b.

19

—

This field must remain at value 0b.

18

—

This field must remain at value 0b.

17

—

This field must remain at value 0b.

16

—

This field must remain at value 0b.

15-11

—

Reserved

10

DEV_PULLDO
WN

Device Pulldown

Enables the 15 kΩ pulldown resistors on both DP and DN pins in Device mode. You can use this feature 
in Device mode, while the USB cable is disconnected, to retain the data pins at known values, avoiding 
unnecessary interrupts from single-ended receivers.

This field must be reset to 0 during normal USB data communication in Device mode, or during battery 
charger detection, using the USBHSDCD module.

0b - Disable

1b - Enable

9-1

—

Reserved

0

—

The value of this reserved bit must remain 0b for normal operation.

35.7.17 USBPHY Loopback Control and Status (USB1_LOOPBACK)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

USB1_LOOPBACK 110h USBPHY Loopback Control and Status

Table continues on the next page...
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Register Offset Description

USB1_LOOPBACK_SET 114h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_LOOPBACK is 1

USB1_LOOPBACK_CLR 118h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_LOOPBACK is 0

USB1_LOOPBACK_TO
G

11Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in USB1_LOOPBACK

Function

Controls loopback testing for USBPHY. Loopback mode is for test purposes only; you cannot use it for normal USB 
data communication.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TSTPKT 

W

Reset 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TSTI_
HS...

0
UTMO
_DI...

UTMO
_DI... TSTI_

TX...
TSTI_
TX...

TSTI_
TX...

TSTI_
TX...

UTMI_
DI...

UTMI_
DI...

UTMI_
TE...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

TSTPKT

Testing Packet

Selects the packet data byte used for USB loopback testing in Pulse mode.

Pulse mode is selected if you write 01b to UTMI_DIG_TST0 and UTMI_DIG_TST1.

The default value produces a data inversion at each unit interval.

15

TSTI_HSFS_M
ODE_EN

Loopback Test HS-FS Mode Enable

Enables the loopback test to dynamically change the packet speed. It sends a number of HS packets 
determined by USB1_LOOPBACK_HSFSCNT[TSTI_HS_NUMBER], followed by a number of FS packets 
determined by USB1_LOOPBACK_HSFSCNT[TSTI_FS_NUMBER].

Table continues on the next page...
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Field Function

0b - Disable

1b - Enable

14-9

—

Reserved

8

UTMO_DIG_TS
T1

UTMO Digital Test 1

Indicates USB loopback test results.

Test results are only valid when UTMI_TESTSTART is 1.

0b - Not passing

1b - Passing

7

UTMO_DIG_TS
T0

UTMO Digital Test 0

Indicates USB loopback test results.

Test results are only valid when UTMI_TESTSTART is 1.

0b - Passing

1b - Not passing

6

TSTI_TX_HIZ

Loopback Test Transmit Hi-Z

Enables TX Hi-Z for USB loopback test.

0b - Disable

1b - Enable

5

TSTI_TX_EN

Loopback Test Transmit Enable

Enables TX for USB loopback test.

0b - Disable

1b - Enable

4

TSTI_TX_LS_M
ODE

Loopback Test LS Mode

Selects the TX mode.

0b - HS or FS (defined by TSTI1_TX_HS)

1b - LS

3

TSTI_TX_HS_M
ODE

Loopback Test HS Mode

Selects HS or FS mode for USB loopback testing.

0b - FS

1b - HS

2 UTMI Digital Test 1

Table continues on the next page...
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Field Function

UTMI_DIG_TST
1

Selects the mode for USB loopback test 1.

If this field is 0, Pulse mode for the loopback test is selected. This field remains 0 when UTMI_DIG_TST0 is 1.

If this field is 1, Pseudorandom mode for the loopback test is selected. This field becomes 1 when 
UTMI_DIG_TST0 is 0.

0b - Pulse mode

1b - Pseudorandom mode

1

UTMI_DIG_TST
0

UTMI Digital Test 0

Selects the mode for USB loopback test 0.

If this field is 0, Pseudorandom mode for the loopback test is selected. This field remains 0 when 
UTMI_DIG_TST1 is 1.

If this field is 1, Pulse mode for the loopback test is selected. This field becomes 1 when UTMI_DIG_TST1 
is 0.

0b - Pseudorandom mode

1b - Pulse mode

0

UTMI_TESTST
ART

UTMI Test Start

Enables the USB loopback test.

0b - Disable

1b - Enable

35.7.18 USBPHY Loopback Packet Number Selection (USB1_LOOPBACK_HSFSCNT)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

USB1_LOOPBACK_HSF
SCNT

120h USBPHY Loopback Packet Number Selection

USB1_LOOPBACK_HSF
SCNT_SET

124h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_LOOPBACK_HSFSCNT 
is 1

USB1_LOOPBACK_HSF
SCNT_CLR

128h Writing 1 to a bit in this register ensures that the 
corresponding bit in USB1_LOOPBACK_HSFSCNT 
is 0

USB1_LOOPBACK_HSF
SCNT_TOG

12Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
USB1_LOOPBACK_HSFSCNT
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Function

Selects the packet counts used for the specific loopback test mode that dynamically alternates the transmit speed.

See USBPHY Loopback Control and Status (USB1_LOOPBACK) for other configuration of this mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSTI_FS_NUMBER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TSTI_HS_NUMBER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-16

TSTI_FS_NUM
BER

Loopback Test FS Packet Number

Specifies the FS packet number, used when USB1_LOOPBACK[TSTI_HSFS_MODE_EN] is 1.

15-0

TSTI_HS_NUM
BER

Loopback Test HS Packet Number

Specifies the HS packet number, used when USB1_LOOPBACK[TSTI_HSFS_MODE_EN] is 1.

35.7.19 USBPHY Trim Override Enable (TRIM_OVERRIDE_EN)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TRIM_OVERRIDE_EN 130h USBPHY Trim Override Enable

TRIM_OVERRIDE_EN_S
ET

134h Writing 1 to a bit in this register ensures that the 
corresponding bit in TRIM_OVERRIDE_EN is 1

TRIM_OVERRIDE_EN_
CLR

138h Writing 1 to a bit in this register ensures that the 
corresponding bit in TRIM_OVERRIDE_EN is 0

TRIM_OVERRIDE_EN_T
OG

13Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TRIM_OVERRIDE_EN

Function

Allows observation of the default IFR settings of the PHY parameters for the following fields:
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• TRIM_USBPHY_TX_CAL45DN

• TRIM_USBPHY_TX_CAL45DP

• TRIM_USBPHY_TX_D_CAL

• TRIM_USB_REG_ENV_TAIL_ADJ_VD

• TRIM_PLL_CTRL0_DIV_SEL

Additional fields also determine whether you can overwrite those values by using the settings defined in USBPHY Transmitter 
Control (TX), UTMI Debug Status 1 (DEBUG1), and USBPHY PLL Control and Status (PLL_SIC).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TRIM_USBPHY_TX_CAL45DN TRIM_USBPHY_TX_CAL45DP TRIM_USBPHY_TX_D_CAL 
TRIM_USB_RE

G_EN...
TRIM_PLL_CT

RL0_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRIM_
PL...

TRIM_USB2_R
EFBI...

TRIM_USB2_REFBIAS_
VBGADJ Reserved 

TRIM_
RE...

TRIM_
RE...

TRIM_
TX...

TRIM_
TX...

TRIM_
TX...

TRIM_
EN...

TRIM_
DI...

W

Reset 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

Fields

Field Function

31-28

TRIM_USBPHY
_TX_CAL45DN

DN Series Termination Resistance Trim Bits from Outside USBPHY

Trims the termination resistance if TRIM_TX_CAL45DN_OVERRIDE is 0. If 
TRIM_TX_CAL45DN_OVERRIDE is 1, the resistance trim values in TXCAL45DN are used instead.

Decode to trim the nominal 45 Ω series termination resistance to the DN output pin, with values loaded using 
signals outside USBPHY.

The methods used to load the read-only values into this field during reset and boot are chip-specific.

The maximum resistance is at value 0000b and minimum resistance is at value 1111b (resistance is 
centered at value 0111b). For USBPHY, each incrementally increasing trim value decreases the target 
resistance by approximately 3.5%, compared to the next lower value.

Trimming this resistance impacts both the overshoot and undershoot of the FS TX output and the amplitude 
of the HS TX output. The methods used to load the read-only values into this field during reset and boot 
are chip-specific.

27-24

TRIM_USBPHY
_TX_CAL45DP

DP Series Termination Resistance Trim Bits from Outside USBPHY

Trims the termination resistance when TRIM_TX_CAL45DP_OVERRIDE is 0. If 
TRIM_TX_CAL45DP_OVERRIDE is 1, the resistance trim values in TX[TXCAL45DP] are used instead.

Decode to trim the nominal 45 Ω series termination resistance to the DP output pin, with values loaded using 
signals outside USBPHY.

Table continues on the next page...
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Field Function

The methods used to load the read-only values into this field during reset and boot are chip-specific.

The maximum resistance is 0000b and minimum resistance is 1111b (the resistance is centered at 
value 0111b). For USBPHY, each incrementally increasing trim value decreases the target resistance by 
approximately 3.5%, compared to the next lower value.

Trimming this resistance impacts both the overshoot and undershoot of the FS TX output and amplitude 
of the HS TX output. The methods used to load the read-only values into this field during reset and boot 
are chip-specific.

23-20

TRIM_USBPHY
_TX_D_CAL

HS TX Output Current Trim Bits from Outside USBPHY

Trims the output current if TRIM_TX_D_CAL_OVERRIDE is 0. In this case, the current trim values in 
TX[D_CAL] are used instead.

Decode to trim the nominal 17.78 mA current source for the HS TX drivers on DP and DN, with values 
loaded using signals from outside the PHY. This current is directly proportional to the amplitude of the HS 
TX eye diagram.

The methods used to load the read-only values into this field during reset and boot are chip-specific.

0000b - Maximum current; approximately 19% above nominal

0111b - Nominal

1111b - Minimum current; approximately 19% below nominal

19-18

TRIM_USB_RE
G_ENV_TAIL_A

DJ_VD

HS RX Squelch Rise Time Delay Trim Bits from Outside USBPHY

Allows you to adjust the squelch rise time if TRIM_ENV_TAIL_ADJ_VD_OVERRIDE is 0. In this case, the 
squelch rise time trim values in DEBUG1[ENTAILADJVD] are used instead.

This field defines the delay adjustment for the rise time of the squelch signal from the HS RX envelope 
detector, with values loaded using signals from outside the PHY.

The methods used to load the read-only values into this field during reset and boot are chip-specific. See 
DEBUG1[ENTAILADJVD] to understand the available trims.

17-15

TRIM_PLL_CT
RL0_DIV_SEL

PLL Divider Value Configuration Bits from Outside USBPHY

Controls the PLL feedback loop divider if TRIM_DIV_SEL_OVERRIDE is 0.

USBPHY's PLL produces a 480 MHz output clock. This field allows the use of different frequency signals 
for the PLL reference clock input connected to the OSCCLK signal from the system oscillator, with values 
loaded from outside USBPHY.

If TRIM_DIV_SEL_OVERRIDE is 0, the PLL divider values in PLL_SIC[PLL_DIV_SEL] are used instead.

See the field value descriptions for PLL_SIC[PLL_DIV_SEL] to understand the available input 
frequency settings.

The methods used to load the read-only values into this field during reset and boot are chip-specific.

14-13

TRIM_USB2_R
EFBIAS_TST

Bias Current Control Adjustment Bits from Outside USBPHY

Trims the PHY's current reference when TRIM_REFBIAS_TST_OVERRIDE is 0. If 
TRIM_REFBIAS_TST_OVERRIDE is 1, the current trim values in DEBUG1[USB2_REFBIAS_TST] are 
used instead.
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Field Function

This field defines the main current trim for the USBPHY bias module current reference generator, with 
values loaded using signals from outside the PHY.

12-10

TRIM_USB2_R
EFBIAS_VBGA

DJ

Bandgap Voltage Adjustment Bits from Outside USBPHY

Trims the PHY's bandgap voltage if TRIM_REFBIAS_VBGADJ_OVERRIDE is 0. In this case, the voltage 
trim values in DEBUG1[USB2_REFBIAS_VBGADJ] are used instead.

This field defines voltage adjustment trim on the USBPHY bias module bandgap generator, with values 
loaded using signals from outside the PHY.

9-7

—

The value of this reserved bit must remain 0b.

6

TRIM_REFBIAS
_TST_OVERRI

DE

Override Enable for Bias Current Control

Enables override for bias current control.

If this field is 1, the value of DEBUG1[USB2_REFBIAS_TST] is used.

0b - Disable

1b - Enable

5

TRIM_REFBIAS
_VBGADJ_OVE

RRIDE

Override Enable for Bandgap Voltage Adjustment

Enables override for bandgap voltage adjustment.

If this field is 1, the value of DEBUG1[USB2_REFBIAS_VBGADJ] is used.

0b - Disable

1b - Enable

4

TRIM_TX_CAL4
5DN_OVERRID

E

Override Enable for DN Series Termination Trim

Enables override for the DN series termination trim.

If this field is 1, the value of TX[TXCAL45DN] is used.

0b - Disable

1b - Enable

3

TRIM_TX_CAL4
5DP_OVERRID

E

Override Enable for DP Series Termination Trim

Enables override for the DP series termination trim.

If this field is 1, the value of TX[TXCAL45DP] is used.

0b - Disable

1b - Enable

2

TRIM_TX_D_C
AL_OVERRIDE

Override Enable for the HS TX Output Current Trim

Enables override for HS TX output current trim.

If this field is 1, the value of TX[D_CAL] is used.
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Field Function

0b - Disable

1b - Enable

1

TRIM_ENV_TAI
L_ADJ_VD_OV

ERRIDE

Override Enable for HS RX Squelch Rise Time Delay Trim

Enables override for the HS RX squelch rise time delay trim.

If this field is 1, the value of DEBUG1[ENTAILADJVD] is used.

0b - Disable

1b - Enable

0

TRIM_DIV_SEL
_OVERRIDE

Override Enable for PLL Divider Value

Enables override for the PLL divider value.

If this field is 1, the value of PLL_SIC[PLL_DIV_SEL] is used.

0b - Disable

1b - Enable
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Chapter 36
AHB Address Remap
36.1 Chip-specific AHB ADDR Remap information
Table 400. Reference links to related information

Topic Related module Reference

Full description ADDR_REMAP ADDR_REMAP

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

36.1.1 Module instances
This device has 2 instances of the AHB ADDR Remap module; one in application domain and the other in real-time domain.

36.2 Overview

This module performs a simple address "remapping" or "translation" function for system AHB accesses targeted for external SPI 
memories for specific bus master(s). This functionality is provided to simplify the software (SW) creation and build process for 
systems that support "over the air" (OTA) code updates.

36.3 Functional description

36.3.1 Hardware Module Partition and Connectivity
The AHB_ADDR_REMAP module is located as a system crossbar switch slave module and "upstream" of the {T,X}RDC memory 
region checker which in turn is upstream from the actual FlexSPI external memory controller. So, the memory access bus 
connections are:

CPU → Crossbar Slave → AHB_ADDR_REMAP → *RDC MRCn > FlexSPI

The AHB_ADDR_REMAP module supports a very small programming model including the register containing the address 
remap constant. Due to its "tiny" programming model address space, the AHB_ADDR_REMAP slave peripheral space is shared 
with the FlexSPI's programming model with the remap module controlling and managing the shared IPS address space and 
bus transactions.

For a 4 KB address space peripheral "slot", the offset addresses {0x000-0x7FF, 0xC00-0xFFF} are mapped to the FlexSPI while 
addresses 0x800 - 0xBFF are allocated to the AHB_ADDR_REMAP module.

The design also supports a 64KB peripheral slot size under control of the Verilog parameter IPS_SLOT_IS_64K.

As the AHB_ADDR_REMAP module provides an address translation function, its major bus connections form a "bridge" for 
the system AHB bus eventually routed to the FlexSPI external memory controller. Likewise, the module bridges the slave IPS 
peripheral bus so that it can process programming model accesses targeted for it and forward transactions targeted for the 
FlexSPI programming model.

The resulting connectivity for the AHB_ADDR_REMAP is 2 major input bus connections and 2 output bus connections where 
the terminology "master input" (i_mx_h<name>, i_mx_ips_<name>) generally reflects the bus connection into the module and the 
"slave output" (o_sx_h<name>, o_sx_ips_<name>) are associated with connections sourced from the module.
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|  ||  |       |  ||       |  |

>
>

>

>
>

>
> >

>

>
i_sx_ips_{rdata,xfr_{wait,err}}

o_sx_ips_module_en

i_sx_h{ready,resp0}

o_sx_h<addr_attr>

i_mx_h<addr_attr>

o_mx_h{ready,resp0}

i_mx_ips_<addr_attr,wdata>
o_mx_ips_{rdata,xfr_{wait,err}}

AHB_ADDR_REMAP

Note the AHB_ADDR_REMAP module only connects to the AHB address, attribute and bus control (ready, resp0) signals, that 
is, the AHB read and write data are not connected to this module.

For the IPS bus, the AHB_ADDR_REMAP module is fully connected to the slave peripheral bus to manage accesses to its 
programming model. It also sources the ips_module_en to the FlexSPI and inputs the FlexSPI ips_rdata[31:0] bus to merge with 
the AHB_ADDR_REMAP programming model read data bus.

36.3.2 Hardware Module Functionality
The AHB_ADDR_REMAP module essentially provides a 1-entry address translation "look-aside buffer" (aka µTLB). For accesses 
which "hit" in this "micro-TLB", the AHB_ADDR_REMAP module sources the remapped/translated address in the AHB address 
phase to support a zero wait-state response.

In the case of a µTLB "miss" with the remap function enabled for the address, the module calculates the targeted "physical" 
address by summing the original "virtual" address from the master AHB bus plus the programming model's remap address 
constant during the initial address phase bus cycle. At the end of the AHB address phase cycle, the original "virtual" address 
is captured in the REMAP_TAG register (and marked as "valid") and the resulting "physical" address is loaded into the 
REMAP_DATA register. In the next cycle, the registered physical address is sourced from the REMAP_DATA register creating a 
1-cycle AHB bus stall (o_mx_hready = 0) to service the TLB miss event. The remap address is a modulo-128 byte offset so for 
purely sequential 64-bit accesses, there will be 1 µTLB miss for every 16 sequential accesses.

The address remapping is enabled based on the master number of the incoming AHB transfer, the state of REMAP_CR[ENB] and 
2 design parameters: REMAP_HMASTER and HMASTER_MASK. The REMAP_HMASTER defines the number of AHB master 
to be remapped and HMASTER_MASK provides the ability to mask specific bits of the master number in this comparison. As 
an example, consider the configuration where REMAP_HMASTER = 0 to enable remapping on this specific master. If there is 
another master number, for example, “1” as another master to be remapped, then HMASTER_MASK would be set to 1. This allows 
HMASTER = 0 and HMASTER = 1 to be remapped – as an example, this might be a processor and debug accesses on its behalf.

Special considerations are applied to burst transfers. For the fixed-length WRAP{4,8,16} and INCR{4,8,16} bursts, the AHB 
addresses, as a function of the starting address, are known and are calculated in the cycle before they actually appear as an AHB 
address phase. Accordingly, there are never any misses after the initial access.

Finally, unspecified INCR bursts are unique in multiple aspects. The "length" of the burst is undefined and the AHB protocol 
provides numerous "exceptions" to the bus behavior during this specific burst - these exceptions are related to address phase 
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"changes" during a bus stall, special rules about address "retraction" and other conditions. Accordingly, the INCRs are remapped 
to appear as simple NONSEQUENTIAL, SINGLE transfers.

36.4 Application Information

Consider the following use case. In many systems, application code is stored in an external SPI memory. The code typically 
assumes it is based at "address zero" so the SW linked memory image reflects this assumption in the resulting binary object file 
loaded into the memory. For devices that support OTA updates, a significant complication occurs when a new code image is 
downloaded to the device. Typically, the new code image will be linked into a formerly-unused external memory address space 
(as the original image is also needed for rollback considerations) and the complication occurs for the application code and how it 
references the new memory image - the application code must be rewritten as the original "based at address zero" assumption 
is no longer valid.

The preferred solution with the "based at address zero" assumption can be retained if all addresses are remapped/translated to 
the new memory image by adding a fixed constant to all access addresses.

Consider the following memory layout example. In the i.MX 8ULP device, there is a FlexSPI0 external memory controller with the 
address space mapped to a base address of 0x1400_0000. This is "address zero" for the software application code. At reset, 
the address remap function is disabled so the addresses generated by the CPU are used directly. Further, assume that the 
second application code image is mapped to FlexSPI0 address offset of 68 KB, that is, the second "base address" is defined 
as FlexSPI0 base address + 68KB, 0x1400_0000 + 0x0001_1000 (68K) = 0x1401_1000. When this code image is active, the 
translated address constant is defined as 0x0001_1000 so the entire code image is "remapped" by this constant. The result is 
the application code retains the "based at address zero" concept but the physical addresses sent to the FlexSPI0 control are 
remapped to the correct physical address:

CPU "Virtual" + Remap Address = FlexSPI0 "Physical" // Application SW View
 0x1400_0000     0x0001_1000        0x1401_1000     // offset = 0x0000_0000
 0x1400_1000     0x0001_1000        0x1401_2000     // offset = 0x0000_1000
      ...
 0x1401_0000     0x0001_1000        0x1402_1000     // offset = 0x0001_0000
      ...
 0x1401_0FFF     0x0001_1000        0x1402_1FFF     // offset = 0x0001_0FFF
                
            

36.5 Memory map and register definition

The AHB_ADDR_REMAP module supports a small 32-bit programming model. There is a write-only Control Register that contains 
the remap address constant and 3 control bits, a read-only Status Register that is the same physical register as the Control 
Register, the read-only virtual address Tag Register and the read-only physical address Data Register of the last "hit" event. These 
registers can only be accessed by Secure Privileged mode accesses on the IPS slave peripheral bus. Attempted accesses in any 
other mode are error terminated.

36.5.1 AHB_ADDR_REMAP register descriptions

36.5.1.1 ahb_addr_remap memory map

ADDR_REMAP0 base address: 2803_9800h

ADDR_REMAP1 base address: 2981_0800h
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Offset Register Width

(In bits)

Access Reset value

800h Control (CR) 32 RW 0000_0000h

804h Status tag (SR) 32 R 0000_0000h

808h Virtual tag (TAG) 32 R 0000_0000h

80Ch Physical Address Data (DATA) 32 R 0000_0000h

36.5.1.2 Control (CR)

Offset

Register Offset

CR 800h

Function

Reads of CR return all zeroes; writes of CR update the implemented fields.

 
The CR can only be written while the AHB master bus inputs are quiescent. Stated differently, writes to the CR 
register while AHB master bus is processing bus transactions could lead to incoherent and incorrect processing. 
It is expected the CR register is written once during system startup and remains static until the next reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W RADDR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed W RADDR LK INV ENB 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

27-7

RADDR

Remap address.

It is added to the AHB system "virtual address" to form the "physical address" for the external 
FlexSPI memory.

The address remap function is defined in terms of the VADDR (virtual address) and PADDR 
(physical address):

PADDR[31:0] = {VADDR[31:28], (VADDR[27:7] + RADDR[27:7]), VADDR[6:0]}

 
The AMBA-AHB bus specification defines that incrementing burst transfers cannot cross 
any 1 KB address boundary. Accordingly, the RADDR field must be set to a 0-modulo-1KB 
(or greater) value so the remap logic does not introduce any illegal boundary crossings.

  NOTE  

6-4

—

Reserved

3

LK

Sticky lock bit.

Once set, it disables any subsequent writes to the CR register until the next reset except for writes to assert 
the INV field which can be performed at any time the AHB master bus inputs are quiescent.

2

INV

Invalidate Tag register.

The register bit always appears on SR reads as a logical zero and the invalidation is only performed if 
the register write occurred as the Secure Privilege bus transaction. The state of the LK bit does not affect 
any invalidation of the TAG register.

1

—

Reserved

0

ENB

Enable Remap.

0b - The module is disabled and all input AHB addresses & attributes are simply routed to the 
output AHB address & attributes buses.

1b - All AHB addresses from the designed bus master (typically a processor core) are remapped 
using the constant offset defined by the CR[RADDR] field. AHB accesses from other bus masters 
are simply passed through the module as if it was disabled.

36.5.1.3 Status tag (SR)

Offset

Register Offset

SR 804h

Function

The SR register is the "read version" of the CR; see the CR description for details on the register fields. Writes of SR are ignored.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RADDR 
Reserved 

LK INV Reserv
ed 

ENB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-7

RADDR

Remap address.

It is added to the AHB system "virtual address" to form the "physical address" for the external 
FlexSPI memory.

The address remap function is defined in terms of the VADDR (virtual address) and PADDR 
(physical address):

PADDR[31:0] = {VADDR[31:28], (VADDR[27:7] + RADDR[27:7]), VADDR[6:0]}

 
The AMBA-AHB bus specification defines that incrementing burst transfers cannot cross 
any 1 KB address boundary. Accordingly, the RADDR field must be set to a 0-modulo-1KB 
(or greater) value so the remap logic does not introduce any illegal boundary crossings.

  NOTE  

6-4

—

Reserved

3

LK

Sticky lock bit.

Once set, it disables any subsequent writes to the CR register until the next reset except for writes to assert 
the INV field which can be performed at any time the AHB master bus inputs are quiescent.

2

INV

Invalidate Tag register.

The register bit always appears on SR reads as a logical zero and the invalidation is only performed if 
the register write occurred as the Secure Privilege bus transaction. The state of the LK bit does not affect 
any invalidation of the TAG register.

1

—

Reserved

Table continues on the next page...

NXP Semiconductors
AHB Address Remap

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2152 / 5781



Table continued from the previous page...

Field Function

0

ENB

Enable Remap.

0b - The module is disabled and all input AHB addresses & attributes are simply routed to the 
output AHB address & attributes buses.

1b - All AHB addresses from the designed bus master (typically a processor core) are remapped 
using the constant offset defined by the CR[RADDR] field. AHB accesses from other bus masters 
are simply passed through the module as if it was disabled.

36.5.1.4 Virtual tag (TAG)

Offset

Register Offset

TAG 808h

Function
This read-only register contains the currently-remapped virtual address.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VADDR 
Reserved 

VLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

VADDR

This bit indicates the virtual address.

6-1

—

Reserved

0 This bit indicates the validity of the entry.

Table continues on the next page...
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Table continued from the previous page...

Field Function

VLD 0b - Disabled.

1b - Enabled.

36.5.1.5 Physical Address Data (DATA)

Offset

Register Offset

DATA 80Ch

Function
This read-only register contains the last virtual-to-physical address translation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VADDRH PADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PADDR VADDRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

VADDRH

This bit indicates the high portion of the virtual address.

27-7

PADDR

This bit indicates the physical address.

6-0

VADDRL

This bit indicates the low portion of the virtual address.
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Chapter 37
Improved Inter-Integrated Circuit (I3C)
37.1 Chip-specific I3C information
Table 401. Reference links to related information

Topic Related module Reference

Full description I3C I3C

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

37.1.1 Module instances
This device has three instances of the I3C module: I3C0 (RTD), I3C1 (Fusion), and I3C2 (APD).

37.1.2 Unsupported features
The following features/operations are not supported on I3C slave mode of this device. Any/all of the features mentioned below 
throughout the chapter must be ignored.

• In-Band interrupt (IBI)

• Hot join (HJ)

• Master request

37.2 Overview
The MIPI Alliance Improved Inter-Integrated Circuit (MIPI I3C) brings major improvements in use and power over I2C, and 
provides an alternative to SPI for mid-speed applications. The I3C bus is designed to support future sensor interface architectures, 
widely expected in Internet-of-Things applications.

The I3C bus is intended to be used by microcontrollers (MCU) and application processors (AP) to connect to sensors, actuators, 
and other MCUs (as slaves). Connecting an MCU to other MCUs and connecting an AP to an MCU are considered to be the major 
use cases.

The I3C bus protocol supports:

• In-band interrupts: interrupts can go from Slave to Master without extra wires, such that the Master knows which Slave sent 
the interrupt.

• Common Command Codes (CCC)

• Dynamic addressing

• Multi-master / multi-drop

• Hot-Join

• I2C compatibility

37.2.1 Features
I3C module:
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• 2-wire multi-drop bus capable of 12 MHz clock speeds, with up to 11 devices.

— Uses standard pads (I2C uses special pads) with 4 mA drive

— Slave addresses are dynamically assigned, and slaves do not require a static address. However, slaves may have 
an I2C static address assigned at start-up, so that the slave can operate naturally on an I2C bus.

— Slaves may use the inbound SCL clock as the peripheral clock, which means that devices can have slow or 
inaccurate clocks internally.

— Simple slaves can have no internal clock; for example, like a temperature sensor.

— For reads from a slave, the slave normally ends the read, but the I3C master can also terminate the read. For I2C 
and SPI, the master must know the length of the data that is being read, but for I3C the master does not have to 
know the length of the data being read.

• In-Band interrupts (IBI) are allowed, which allow slaves to notify a master.

— Can be both equivalent to a separate GPIO, but can also be directly data-bearing.

— In-Band interrupts are prioritized, so that if multiple Slaves want to interrupt a master at the same time, then the 
order is resolved. dynamic addresses are used to establish the priority of the slaves, which means that the master 
controls the priority of the slaves.

— Interrupts can be started even when the master is not active on the bus, and yet no free-running clock is needed (for 
that situation).

— A time-stamping option allows the resolution of an initial event, not just when an interrupt gets through

• Built-in commands are in separate space, so that these commands do not collide with normal Master to Slave messages.

— Controls bus behavior, modes and states, low-power state, inquiries, and more

— Has additional room for new built-in commands to be used by other groups

• Organized forms of multi-master modes:

— Secondary masters that can use clean handoffs between different Masters

• Hot-join onto I3C bus allows devices to connect to the bus later than when the bus starts.

— Enables a device or module to get onto the I3C bus, because it woke up after power-up, or was physically inserted 
onto the I3C bus.

— Also provides a clean method for notification when new devices or modules get onto the I3C bus.

• Capable of using both I2C and I3C buses:

— I3C supports specific legacy I2C devices on the bus

— I3C Slave devices can operate on I2C buses

— Supports bridging to I2C, SPI, UART, and other buses

• Higher data rate modes are optionally available

— Only the master and the specific slave have to support the higher data rate; the other slaves are able to ignore the 
higher data rate.

— Has an HDR-DDR mode (High Data Rate - Double Data Rate), which is about 2x the data rate of SDR (so about 20 
Mbps)

• Slaves can be as small as 2 K gates (or less), which allows the I3C to be fully state-machine driven, as well as using a 
processor (to control the I3C).

• Masters can be as small as 2.5 K gates, but rely on the processor to handle the I3C.

The I3C peripheral supports the full I3C feature set, except for the ternary data rates (HDR-TSP, HDR-TSL).
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37.3 Functional description
The following sections describe functional details of the I3C module.

37.3.1 Operating modes

This section describes all functional operation modes of the I3C module.

37.3.1.1 Master vs. slave roles for I3C

The I3C protocol defines 5 roles for devices on the I3C bus:

• Main Master: controls the I3C bus

• Secondary Master: controls the I3C with permission from the Main Master, and returns control of the bus back to the Main 
Master when it (Secondary Master) has finished with its tasks

• Slave: responds to commands from any I3C master

• Peer-to-Peer Slave: can read or write to other peer-to-peer slaves without any help from the I3C master

• I2C Slave: responds to commands from any I3C master

The I3C peripheral contains both a master and slave component, and can be parameterized to be either master or slave, or both 
master and slave. However, if the I3C is chosen to be a master, then the I3C peripheral should generally support slave mode, to 
make handoffs to multiple masters easier to do.

In general, any I3C master should be able to be a master or a slave, because a master becomes a slave when giving over control 
to another master. The only exception to this rule would be when using a point-to-point master or when using a master that never 
shares mastership.

Master requirements

Master mode uses software that supports the various requirements of the master (including as a Secondary Master):

• Special handling of Enter Dynamic Address Assignments (ENTDAA): assigning dynamic addresses to each slave. This is a 
process that is supported by the I3C peripheral, but requires the software to make choices.

• Building up a table of slaves and their capabilities, which is used to control what kinds of actions and commands may be sent 
to the slaves.

• Handling requests such as In-band interrupts, peer-to-peer slave, and master request (handoff).

• Adjusting clock speed or write-to-read timing to match the slave’s limitations. This can be done in hardware using dividers and 
uneven duty cycles, but the software must make the decisions.

• Adjusting the maximum data length.

• Being a slave after a master handoff to another master

Additionally, a master needs 3 pins normally, unless a very precise, high strength pullup is included in the SDA pad. The 3-pin 
model allows 1 pad/pin to enable a system-provided pullup, which is sized to system requirements.

The master needs a reasonably accurate clock, normally capable of a frequency that is a multiple of a frequency between 11 MHz 
and 12.5 MHz. For example:

• 24 MHz (multiple of 12 MHz)

• 48 MHz (multiple of 12 MHz)

• 25 MHz (multiple of 12.5 MHz)

• 50 MHz (multiple of 12.5 MHz)

• 33 MHz (multiple of 11 MHz)

• 66 MHz (multiple of 11 MHz)
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Higher ratios can also be used.

Slave requirements

The I3C slave mode is intended to allow a much simpler module to be used, allowing the device implementation to use fewer 
logic circuits when space on the device is limited. For example, when the slave minimum requirements are very small (just I3C 
SDR mode and a few Common Command Code (CCC) commands). Conversely, slave functionality in the module logic can be 
increased, increasing the module's area on the device, but saving software development costs. What is important is that the Slave 
can be scaled for system requirements, by doing more in software or by doing more in hardware. This decision is made when the 
module is integrated into the device.

I3C slave acting as a normal I2C slave on I3C buses

The I3C slave, if assigned an I2C static address, acts like a normal I2C device when the I3C slave first comes up. If the I3C slave 
is placed on an I2C bus with an I2C master, then the I3C slave will simply stay in I2C mode and operate normally. The software 
knows that the I3C slave is in I2C mode, because:

• There has not been a DACHG indicating that a dynamic address was assigned

• The SDYNADDR register contains 0x0

If full I2C support for Fast Mode (FM) and Fast Mode Plus (FM+) is desired, then the pads should also support a 50ns spike filter, 
which must be turned off when the I3C 7’h7E broadcast address is seen (indicating an I3C master). Turning off the spike filters 
can be done by hardware (using the raw net indicating that the address was seen) or can be done by software. A 50ns spike filter 
is not needed for the I3C to operate on an I2C bus; therefore the spike filter is not a requirement for the I3C peripheral.

How a slave re-joins the I3C bus

When a slave powers up or after a hard reset, when the slave tries to rejoin the I3C bus, the slave needs a new Dynamic Address 
(DA). The slave provides ways to rejoin the I3C bus:

• If the dynamic address is lost, then Hot-Join is used.

• If the dynamic address is retained in the peripheral (for example, with SRFFs), then the SCONFIG.OFFLINE bit is used 
(see below).

• If the dynamic address is retained in separate always-on memory, then the SDYNADDR register (as a writable mechanism) 
can be used with the SCONFIG.OFFLINE bit.

When SLVENA is set to 1, the OFFLINE bit of the SCONFIG register may be set. This causes the peripheral to safely rejoin the 
bus, by ensuring that the I3C bus is not in High Data Rate (HDR) mode, using the same approach as S0/S1 exit does: waiting for 
the first of the HDR Exit Pattern, or waiting for 60 µs of SCL and SDA lines not changing.

After using OFFLINE, the I3C peripheral still cannot safely use IBI until it sees a STOP (SSTATUS register), which ensures that 
the next START is safe to use for IBI).

If the application needs to do an IBI right away, then the application should wait for the first STOP (SSTATUS register), or should 
wait for 200 µs of SCL and SDA lines being High. This can be done using the SSTATUS and SINTSET controls.

• If the SSTATUS indicates that the bus is not busy and the peripheral interrupts on START or STOP, then use a timer to 
measure 200 µs. If the timer goes off with no START or STOP, then it is safe to use IBI.

• If a START causes an interrupt, then the timer should be turned off and the application should wait for a STOP.

• If a STOP causes an interrupt, then it is safe to use IBI.

37.3.1.2 Using the I3C Master for I2C and I3C

The I3C Master operates with a set of built-in capabilities mixed with the application flow:

• Built-in Enter Dynamic Address Assignment (ENTDAA) mechanism to simplify assignment of DAs to slaves (when Set 
Dynamic Address from Static Address (SETDASA) is not available).

• Request for START+Address with IBI support, including both I2C and I3C modes
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• SDR Write flow via FIFO, with automatic parity in I3C and ACK/NACK detect in I2C

• SDR Read flow via the FIFO, with an automatic NACK generator for I2C, and optional use of a terminate generator for I3C

• Request for repeated START+Address or STOP when finished with previous, including both I2C and I3C

• Auto-IBI mode which responds immediately to a Slave-initiated IBI; can be used when in sleep or deep sleep

• Special message mode for SDR and DDR to simplify for DMA use

• All SCL, SDA, Pull-up, and High-Keeper controls are automated

• I2C and I3C Frequency and duty cycle configurations from functional clock

Note the MCONFIG register and the MIBIRULES register should be configured before using the Master.

37.3.2 Operations

This section describes the I3C module’s operations.

37.3.2.1 Reading and writing I2C messages using normal method

The normal method:

1. Set up interrupts. Normally:

a. MCTRLDONE: optional

b. COMPLETE: to fire when end of data

c. RXPEND if read; this can be used with the MDATACTRL register to set the FIFO trigger. The alternative is for DMA 
to read out bytes.

d. TXNOTFULL if write; this can be used with the MDATACTRL register to set the FIFO trigger. The alternative is for 
DMA to supply bytes.

e. IBIWON: so the software knows if an IBI has occurred

f. MERRWARN: in case of an error

2. Write the MCTRL register with:

a. REQUEST set to 1 (EmitStartAddr)

b. TYPE set to 1 (I2C)

c. IBIRESP set depending on how you want IBIs handled

d. DIR set to 1 if Read, or set to 0 if Write

e. ADDR set to the static address of the I2C slave

f. If read, then RDTERM may be set for the length, or may be set as the data is read out (for example, set to 1 (with 
REQUEST=0) when you want it to stop next).

3. If Write: Write the MWDATAB register for each byte before the last byte, then write the MWDATABE register for the last byte.

a. This can be done or started before step 1 Set up interrupts

b. If there is more data than the FIFO can hold, use the TXNOTFULL interrupt based on the trigger level, to allow the 
application to provide more, or use DMA.

4. If Read: wait for RXPEND, and then read out data via the MRDATAB register. DMA may also be used

5. On COMPLETE, the message may be ended with a STOP, or a new message started with a repeated START.

a. Write MCTRL with REQUEST of 2 (EmitStop to STOP)

b. Write MCTRL with REQUEST of 1 (EmitStartAddr to start another message).

Note that IBI is not possible in this case.
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37.3.2.2 Reading/writing I3C messages using normal methods (SDR and HDR-DDR)

The normal method for I3C is the same as for I2C with a few differences. Note that Option 2: From stopped and not in HDR-DDR 
mode below is preferred from stopped (bus free condition) when in Single Data Rate mode (SDR) [and not in High Data Rate - 
Double Data Rate mode (HDR-DDR)], because it allows any slave to issue an IBI, it avoids collisions with IBI addresses, and it 
is faster (when MSB of dynamic addresses are always 0).

1. Set up interrupts. Normally:

• MCTRLDONE: optional

• COMPLETE: to fire when end of data

• RXPEND if read; this can be used with the MDATACTRL register to set the FIFO trigger. The alternative is for DMA 
to read out bytes.

• TXNOTFULL if Write; this can be used with the MDATACTRL register to set the FIFO trigger. The alternative is for 
DMA to supply bytes.

• IBIWON: so the software knows if an IBI has occurred

• MERRWARN: in case of an error

2. Write the MCTRL register:

• Option 1: Write the MCTRL register with:

a. REQUEST set to 1 (EmitStartAddr) (cannot have pre-written TX data in the FIFO)

b. TYPE set to 0 (if I3C) or set to 2 (if DDR)

c. IBIRESP set depending on how you want IBIs handled

d. DIR set to 1 (if Read) or set to 0 (if Write)

e. ADDR set to the dynamic address of the I3C slave

f. If read, then optionally RDTERM is set for the maximum length to auto-terminate.

g. If write, then pre-writing the data (MWDATAB or MWDATAW) is preferred, to ensure that there are no time 
delays waiting on the data.

• Option 2: From stopped and not in HDR-DDR mode, write MCTRL register with;

a. REQUEST set to 1 (EmitStartAddr)

b. TYPE set to 0 (I3C)

c. IBIRESP set depending on how you want IBIs to be handled

d. DIR set to 0

e. ADDR set to 0x7E

f. Wait for MCTRLDONE (for example, by interrupt), then proceed with Option 1:. This Option 2 method has 
advantages for IBIs when 7E is emitted on START (but not on repeated STARTs).

 
The Option 2 method would not allow an immediate switch to read; the normal I3C process is to write index, then 
read data. So, if doing a blind read (no index is written), do not use Option 2 method.

  NOTE  

3. If Write: then write the MWDATAB register for each byte before the last byte, then write the MWDATABE register for the 
last byte.

• This can be done or started before step 1 [REQUEST set to 1 (EmitStartAddr)]) of Option 1: Write the MCTRL 
register with:. It should not be before Option 2: From stopped and not in HDR-DDR mode.

• If there is more data than the FIFO can hold, use the TXNOTFULL interrupt based on the trigger level, to allow the 
application to provide more; or use DMA.
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4. If Read: wait for RXPEND, and then read out data using the MRDATAB register. DMA may also be used.

5. On COMPLETE, the message may be ended with STOP, or a new message started with a repeated START.

• Write MCTRL with REQUEST of 2 (EmitStop to STOP)

• Write MCTRL with REQUEST of 1 (EmitStartAddr to start another message).

Note that IBI is not possible in this case.

37.3.2.3 Sending a CCC to one or all I3C slaves

The normal Common Command Code (CCC) method is to use an I3C Write with an address of 0x7E. The 1st byte will be the CCC.

• If Broadcast, then any remaining bytes are the bytes that go with the Common Command Code (CCC). This would end with 
a STOP or a repeated START and 0x7E normally.

• If Direct, then only the CCC byte is sent, followed by a repeated START and the address of the I3C Slave (for SETDASA, this 
is its I2C Static address). This may be repeated with more repeated START and addresses until done. Then, it may end in 
STOP or a repeated START and 0x7E.

 
Each repeated START is just a new EmitStart request. This can be chained by interrupt or pushed by message 
model using DMA.

  NOTE  

37.3.2.4 In-band interrupt (IBI) handling

An in-band interrupt occurs when a slave sends its address after a START, and the slave's address is numerically lower than the 
address that the master sent (and any other slaves trying to send their addresses). When the master sends a 0x7E, the master 
will always lose, which is the intention.

The in-band interrupt (IBI) can happen unexpectedly when any new START (vs. repeated START) is emitted, but the in-band 
interrupt can also be in response to a slave pulling SDA low, which can happen in one of two ways:

• The slave has set the request to AutoIBI mode, and so it happens automatically (the engine emits 0x7E to allow the slave 
to win).

• The application gets the SLVSTART (slave START request) interrupt and so emits 0x7E (normally).

In either of these cases, the application can decide whether to:

• Always accept (ACK) the IBI

• Always reject (NACK) the IBI

• Allow the decision to be made by the application on a case-by-case basis (manual).

How the IBI is handled is configured by the MCTRL.IBIRESP field, which can be set to ACK, NACK, or manual.

• If manual is selected, then the application rewrites it when stopped, pending on an IBI. The application can ACK or NACK 
based on the IBI address (which is in the MSTATUS register). Note that manual mode chooses if there is an IBI byte or not 
when doing ACK.

• If always ACK was selected in the IBIRESP field, then the MIBIRULES register must be configured so that the engine knows 
if bytes will follow.

• If IBI bytes will follow (also known as IBI Mandatory byte), then the COMPLETE bit is not set when IBIWON is set, and 
RXPEND is set for 1 or more bytes. When the last byte is received, then the COMPLETE status is set.

37.3.2.5 Assigning dynamic addresses to I3C devices

If Dynamic Addresses (DAs) are all assigned below 0x40 (7-bit values from 0x3F down to 0x03, except where this is not allowed), 
then the MSB0 bit can be set in the Master In-Band Interrupt Registry and Rules register (MIBIRULES). This optimizes the START 
timing. When dynamic addresses are assigned, the MIBIRULES register should be programmed based on which I3C slave uses 
IBI bytes (known from Bus Capabilities Register (BCR)).
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Any SETDASA (Set Dynamic Address from Static Address) assignments can be done using the normal Common Command Code 
(CCC) model (except when using the static address for the directed part).

There is a built-in mechanism to process the Dynamic Address Assignment (DAA) mode:

1. Set up interrupts. Normally:

• MCTRLDONE: need to know when a slave has sent its ID and BCR/DCR and a new DA is needed.

• COMPLETE: to fire when DAA done (NACKed by all slaves).

• RXPEND to read the IDs of the slaves. The alternative is for DMA to read out bytes.

• IBIWON: so the software knows if an IBI happened, which should not be possible normally.

• MERRWARN: in case of an error

2. Write the MCTRL register with:

• REQUEST set to 4 - ProcessDAA

• IBIRESP set to IBI response, if that is possible (if not the 1st Slave assignment)

3. Wait for the MCTRLDONE interrupt, while reading in ID using the RXPEND interrupt. If MSTATUS indicates in DAA mode 
(STATE=5) and BETWEEN (bit 4=1), then it is waiting for a dynamic address for the slave whose ID was read in.

• Write the dynamic address into MWDATAB using bits 6:0, such as 0x14 for dynamic address=7’h14.

• Write MCTRL REQUEST to 4 (ProcessDAA again). This writes the dynamic address and then move on to the next 
dynamic address.

• If MSTATUS indicates all is done via the COMPLETE bit being set and STATE=0, then all slaves have been assigned.

• If MSTATUS indicates NACK after having written a new dynamic address, then the dynamic address was not accepted 
by the slave. The normal next step is REQUEST set to EmitStop and start over. However, it is also OK to set REQUEST 
to 4 (ProcessDAA again).

37.3.2.6 Using Master Message mode

Master Message mode is really intended for use with DMA, although message mode can also be used by the processor. The 
message mode concept is that all writes are to the same location, including the control and then the data; the read back is from 
an associated location.

 
The data writes for message mode work exactly in the same way as the half-word access registers MWDATAH 
and MRDATAH.

  NOTE  

To send a message via Single Data Rate (SDR), the following steps are used (from DMA or from processor):

1. Write to the MWMSG_SDR register with the control request, which includes the address, I2C vs. I3C, read or write, the 
count of bytes to process, and how to end (on STOP or ready for repeated START).

2. Process the Data:

• If Write: then write the rest of the data to MWMSG, using the DMA trigger (or interrupt) to keep the TX FIFO full. Will 
stop asking when count is down to 0.

• If Read: then a DMA trigger (or interrupt) indicates when the RX FIFO is to be read out via the MRMSG_SDR.

3. In-band interrupt (IBI) behavior is selected in the MCTRL register.

4. Use END type STOP to exit MSG mode. This can be done with the original message, with a 0 length message, or by using 
the MCTRL register.

To send a message via Double Data Rate (DDR), the following steps are used (from DMA or from processor):
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1. Write to the MWMSG_DDR register with the control request, which includes the count of byte-pairs and how to end (on High 
Data Rate (HDR) Exit or ready for HDR Restart).

2. Write the 2nd control data to MWMSG_DDR, which includes the address, read or write, and the 7-bit command value.

3. Process the Data:

• If Write: then write the rest of the data to same register, using the DMA trigger (or interrupt) to keep the TX FIFO full. 
Will stop asking when count is down to 0.

• If Read: then a DMA trigger (or interrupt) indicates when the RX FIFO is to be read out.

4. In-band interrupt (IBI) behavior is selected in the MCTRL register.

5. Use END type Exit to exit DDR MSG mode. This can be done with the original message, with a 0 length message, or by 
using the MCTRL register.

37.3.2.7 Handing off mastership to another slave and getting it back

To hand off mastership, the master either:

• Waits for an Master Request (MR) (an IBIWON interrupt with MSTATUS indicating that an MR is using the IBITYPE field)

• Or pushes the request manually

In either case, the master sends a GETACCMST request. This is a directed GET that tells the slave that the slave is being assigned 
mastership (if the slave wants it). If the slave accepts (and sends back its own dynamic address in bits 7:1 and the negative parity 
of the dynamic address in bit 0), then a STOP should be issued and the MCONFIG.MSTENA field should be set to 2 (switching 
to slave mode).

To gain mastership, the slave sends an MR using the SCTRL register.

• If the MSTENA field is 2, then the GETMSTACC CCC (Common Command Code) will accept

• If the MSTENA field is not 2, then the GETMSTACC CCC will refuse

After mastership has granted, the MSTATUS.NOWMASTER bit is set. The application must enable the NOWMATER bit in the 
MINTSET register, so the application will be interrupted when a mastership transfer happens.

37.4 External signals
This table describes the I3C module signals.

Signal I/O Description

SCL I/O Serial clock

SDA I/O Serial data

PUR O Pull up resistance. There is internal pull up resistance on SDA, which 
is contolled by the I3C master. PUR can be used to actively control 
an external pull up resistance on SDA, if the internal pull up is not 
enough.

37.5 Initialization

37.5.1 Configuration initialization
The configuration is handled once (normally) when initializing the I3C module. Configuration is done using the MCONFIG register, 
which controls the frequencies, duty cycle, optimizations for performance, and other parameters.
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Table 402. Configuration parameters used to initialize the I3C module

Configuration Parameter Description

MSTENA Master Enable Determines whether the I3C peripheral starts in Master mode (ie. the “Main Master” in I3C 
terms) or starts in slave mode (and will switch to Master later).

HKEEP High Keeper Determines how the high-keeper (weak pullup) is to be implemented, depending on the 
device capabilities.

PPBAUD Push-Pull BAUD Sets the push-pull frequency as a divider from the FCLK (alternative clock fed to the 
peripheral). This sets the half-clock period baseline (used at least for the high time of SCL).

• If FCLK = 24 MHz, then a PPBAUD = 0 yields 12 MHz (42.67 ns per half period)

• If FCLK = 50 MHz, then a PPBAUD = 1 yields 12.5 MHz (20+20= 40 ns per half period)

PPLOW Push-Pull Low Changes the duty cycle for push-pull. It indicates how many more FCLKs to use for low. For 
example, a 50 MHz FCLK, a PPBAUD of 1, and a PPLOW of 1, yields 20+20= 40 ns high and 
20+20+20= 60 ns low. This would be equivalent of 10 MHz SCL timing, but maintaining the 
40 ns high needed, so that I2C devices do not see the high periods.

ODBAUD Open Drain BAUD The number of PPBAUD periods to make up one I3C open-drain half-clock baseline. For 
example, if PPBAUD yields 12 MHz (40 ns per PPBAUD period), then 5 PPBAUD can be 
used to get 200 ns. See also ODHPP for details about short high and long low.

ODHPP Open Drain 
High Push-Pull

Optional field that allows for the I3C open drain to be long low and short high. The high 
period of SCL will be the PPBAUD period. This leaves enough time for the pull-up resistor 
to pull the SDA high when SCL is low, but is quick when SCL is high and there are no 
changes happening.

I2CBAUD I2C Baud Indicates how many ODBAUD periods are needed to communicate with I2C devices. For 
example, if ODBAUD gives 200 ns, and the goal is FM+ (Fast Mode, 1 MHz), then the sum 
needs to be 1 us.

If odd vs. even, then I2CBAUD acts differently. For example, if I2CBAUD= 3, it will give 3 
ODBAUD periods low and 2 ODBAUD periods high.

• If I2CBAUD= 4, then it will give 3 ODBAUD periods for low and 3 ODBAUD periods 
for high.

• Also, if I2CBAUD= 3, you get 200*3= 600 ns and 200*2= 400 ns, with the sum 600 + 400 
= 1000ns = 1us.

SKEW Skew The normal SDA skew from SCL is handled by using the time for the SCL to reach its pad and 
come back to the design. This is normally 2 ns to 5 ns (or sometimes worse). If the SKEW is 
too fast, then to add more delay, the SKEW allows specifying the number of FCLKs to insert.

Additonal optimizations:

• Use MIBIRULES.MSB0 to get much faster START header times. If the master application assigns all I3C Dynamic Addresses 
to be less than 0x40 (it does not have MSB set), then this bit (MSB0) can be set. This means that when the master emits 0x7E 
(broadcast) and the 1st bit is not driven low by a slave, the rest of the header can be at push-pull speeds. This is about 2x 
faster (or more, depending on optimizations above).

• Auto-emit 0x7E speeds up the frame when used in conjunction with MSB0, because it allows the processor to be sleeping 
when the frame starts automatically (in response to a slave).

37.6 Application information

This section describes applications supported by the I3C module.
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37.6.1 Using registers when the System clock is much faster than the Functional clock
The Master block has 2 basic clocks:

• System clock: which controls the access into the memory-mapped registers.

• Functional clock (FCLK): which is used to generate the SCL clock rate on the I2C/I3C bus.

Because there are two clocks, requests made to MCTRL and MWMSG_xxx registers have to cross over the clock domains. This 
is also true of data reads and writes, but there are certain aspects of MCTRL that require consideration.

The normal use is to write MCTRL and wait for an interrupt indicating DONE and/or COMPLETE. Once that interrupt arrives, the 
interrupt handler likely writes a new request (like a new message or a STOP).

• When the System clock is less than or equal to 8x faster than the FCLK, there are no special actions needed. The servicing of 
the interrupt takes long enough to ensure that all clock-crossing details are settled. For example, if the FCLK is 25 MHz and 
the system clock is 150 MHz, there are no problems.

• When the System clock is more than 8x faster than FCLK (or if the code is using a polling spin loop on MSTATUS), then special 
considerations may apply:

— The MSTATUS sticky bits for DONE and COMPLETE are set, and optionally an interrupt is triggered.

— To complete the clock crossing, the internal state goes through a handshake process.

— If a new request posts before 2 FCLKs have completed, then the new request may be lost.

◦ For example, if the FCLK is 25 MHz and the System clock is 400 MHz, then 2 FCLKs is 16 beats of the System clock, 
or really 17 beats (since the clocks are not aligned). If the interrupt handler is entered in under 16 clocks and the 
interrupt handler tries to write the MCTRL register immediately, then the new request is lost.

◦ In reality, most processors need around 12 clocks to enter an interrupt handler, and then the handler code needs 
to read MSTATUS and make decisions, so this will not be an issue; but if the processor is very fast, then an extra 
delay is needed.

◦ Likewise, if using a polling spin loop, then the timing from detecting MSTATUS DONE or COMPLETE to writing the 
next MCTRL would need to consider that time required (2 FCLKs).

37.6.2 Master registers summary
The Master registers are integrated with the Slave registers. Other than the configuration registers, the Master registers are above 
all of the Slave registers, starting at 0x80. The mapping is designed to work for both types of registers, and many Master registers 
are just aliases of Slave registers, but with different meanings.

• When Master operation is enabled (MCONFIG.MSTENA = 1), the Master registers should be used.

• When Slave operation is enabled (MCONFIG.MSTENA = 0), the Slave registers should be used.

Offset Type Register Description

0x000 RW MCONFIG Master Configuration Configuration for the master

0x084 RW MCTRL Master Control Master main control. Starts actions on the bus 
(see Using Master Message mode).

0x088 RO and

R/W1C

MSTATUS Master Status Status for the master, including interrupt causes.

0x08C RW MIBIRULES Master In-Band 
Interrupts Register 
and Rules

Rules for IBI use, and registry of Slaves which use 
an IBI byte.

Table continues on the next page...
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Table continued from the previous page...

Offset Type Register Description

0x09C RW MERRWARN Master Errors 
and Warnings

Error and Warning state from the misuse of 
registers and detected errors on the bus. Related 
to MSTATUS.ERRWARN bit.

0x0A0 RW MDMACTRL

(alias)

Master DMA Control DMA control register, if DMA is enabled in the 
I3C module.

Alias of Slave DMACTRL (SDMACTRL).

0x0AC RW MDATACTRL

(alias)

Master Data Control Controls data buffering and indicates the current 
buffer state.

Alias of Slave DATACTRL (SDATACTRL).

This is also controls the FIFO.

0x0B0 WO MWDATAB

(alias)

Master Write Data Byte Write a byte of data, possibly the last byte.

Alias of Slave WDATAB (SWDATAB).

0x0B4 WO MWDATABE

(alias)

Master Write Last 
Data Byte

Write the last byte of data.

Alias of Slave WDATABE (SWDATABE).

0x0B8 WO MWDATAH

(alias)

Master Write Data Half-
Word

Write a half-word of data, possibly the last half-
word of data.

Alias of Slave WDATAH (SWDATAH).

0x0BC WO MWDATAHE

(alias)

Master Write Data Half-
Word as End

Write the last half-word of data.

Alias of Slave WDATAHE (SWDATAHE).

0x0C0 RO MRDATAB

(alias)

Master Read Data Byte Read a byte of data.

Alias of Slave RDATAB (SRDATAB).

0x0C4 RO MRDATAH

(alias)

Master Read Data Half-
Word

Read a half-word of data.

Alias of Slave RDATAH (SRDATAH).

0xD0 WO MWMSG_SDR

(semi-alias)

Master Write 
SDR Message

Set up and push through a message in Single 
Data Rate (SDR) mode. Written with 16b words.

0xD4 RO MRMSG_SDR

(alias)

Master Read 
SDR Message

Read content from Slave in message mode. Read 
as 16b words.

0xD8 WO MWMSG_DDR Master Write 
DDR Message

Set up and push through a message in DDR 
mode. Written with 16b words.

0xDC RO MRMSG_DDR

(alias)

Master Read 
DDR Message

Read content from a slave in Double Data Rate 
(DDR) message mode. Read as 16b words.

Table continues on the next page...
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Table continued from the previous page...

Offset Type Register Description

0xE4 RW MDYNADDR Master Writable 
Dynamic Address

Allows writing its own Dynamic Addresswhen 
switching to slave mode

37.6.3 Slave registers summary

Offset Type Register Description

0x000 RW Reserved Reserved for the master

0x004 RW SCONFIG Configuration Configuration fields to set up before a block 
is activated

0x008 RO SSTATUS Status Status for master and slave. Not all bits used if 
only slave mode is used.

0x00C RW SCTRL Control Control for active use, usually event generation 
(interrupts to the master)

0x010 R/W1S SINTSET Interrupts Set Interrupt enables

0x014 W1C SINTCLR Interrupts Clear Interrupt disables

0x018 RO SINTMASKED Interrupts Masked Mask of sourced interrupts (SSTATUS ANDed 
with SINTSET)

0x01C RW SERRWARN Errors and Warnings Error and Warning state from protocol errors 
and issues. Related to SERRWARN status 
and interrupt.

0x020 RW SDMACTRL DMA Control DMA control register

0x02C RW SDATACTRL Data Control Controls data buffering and indicates the current 
buffer state. This register also controls the FIFO.

0x030 WO SWDATAB Write Data Byte Write a byte of data, including using the 9th bit to 
mark the end (of the last byte)

0x034 WO SWDATABE Write Last Data Byte Write a byte of data, which is the end (of the 
last byte).

0x038 WO SWDATAH Write Data Half-Word Write a half-word of data, using the 16th bit to 
mark as the end (the last byte of a half-word is 
the end).

0x03C WO SWDATAHE Write Data Half-Word 
as End

Write a half-word of data, which is the end (the last 
byte of a half-word is the end).

0x040 RO SRDATAB Read Data Byte Read a byte of data

0x048 RO SRDATAH Read Data Half-Word Read a half-word of data

0x060 RO SCAPABILITIES Capabilities Indicates what is available/supported in this 
module, including master and/or slave, HDR 
modes, and others.

Table continues on the next page...

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2167 / 5781



Table continued from the previous page...

Offset Type Register Description

0x064 RO SDYNADDR Writable 
Dynamic Address

The dynamic address once assigned; otherwise 
this is 0.

0x068 RO SMAXLIMITS Maximum Limits Indicates the maximum read and write limits set by 
the master (or the original requested limits).

0x06C RW SIDPARTNO ID Part Number Enables the application to write the ID part-
number.

0x070 RW SIDEXT ID Extensions Enables the application to write the ID extension 
of DCR and/or BCR and/or instance.

0x074 RW SVENDORID Vendor ID Enables the application to write the Vendor ID.

0x078 RW STCCLOCK Time Control Clock Enables the application to dynamically set the 
time control clock and accuracy information.

0x07C RO SMSGMAPADDR Message 
Mapped Address

Returns the index of the matching Dynamic 
address or Static address.

0xFFC RO SID Block ID Shows the block ID (module ID) and revision.

37.7 I3C register descriptions
Table 403. Register Types

Type

R Read

RO Read-Only

RW Read/Write

W1C Write 1 to Clear W1S and W1C registers are readable (they can be read).

W1S Write 1 to Set

WO Write-Only

 
Writing a Read-Only (RO) register or reading a Write-Only (WO) register can cause bus errors. This module 
will not check if programmed values in the registers are correct; the application software must ensure that valid 
programmed values are being written.

However, the I3C peripheral will ignore writes to RO registers, and the I3C peripheral will return 0 for reads from 
WO or non-existent registers. It requires all 32-bit regs to be read and written as 32-bit and aligned to 32 bits; 
the peripheral uses the Advanced Peripheral Bus (APB), so the peripheral would not know if partial read or write 
operations (less than 32 bits) are used.

  NOTE  

37.7.1 I3C memory map
I3C0 base address: 2803_D000h

I3C1 base address: 2810_A000h

I3C2 base address: 2936_0000h
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Offset Register Width

(In bits)

Access Reset value

0h Master Configuration Register (MCONFIG) 32 RW See section

4h Slave Configuration Register (SCONFIG) 32 RW See section

8h Slave Status Register (SSTATUS) 32 RW See section

Ch Slave Control Register (SCTRL) 32 RW See section

10h Slave Interrupt Set Register (SINTSET) 32 RW See section

14h Slave Interrupt Clear Register (SINTCLR) 32 RW See section

18h Slave Interrupt Mask Register (SINTMASKED) 32 R See section

1Ch Slave Errors and Warnings Register (SERRWARN) 32 RW See section

20h Slave DMA Control Register (SDMACTRL) 32 RW See section

2Ch Slave Data Control Register (SDATACTRL) 32 RW See section

30h Slave Write Data Byte Register (SWDATAB) 32 RW See section

34h Slave Write Data Byte End (SWDATABE) 32 RW See section

38h Slave Write Data Half-word Register (SWDATAH) 32 RW See section

3Ch Slave Write Data Half-word End Register (SWDATAHE) 32 RW See section

40h Slave Read Data Byte Register (SRDATAB) 32 R See section

48h Slave Read Data Half-word Register (SRDATAH) 32 R See section

60h Slave Capabilities Register (SCAPABILITIES) 32 R E83F_FE78h

64h Slave Dynamic Address Register (SDYNADDR) 32 RW See section

68h Slave Maximum Limits Register (SMAXLIMITS) 32 RW See section

6Ch Slave ID Part Number Register (SIDPARTNO) 32 RW 0000_0000h

70h Slave ID Extension Register (SIDEXT) 32 RW See section

74h Slave Vendor ID Register (SVENDORID) 32 RW See section

78h Slave Time Control Clock Register (STCCLOCK) 32 RW See section

7Ch Slave Message-Mapped Address Register (SMSGMAPADDR) 32 R See section

84h Master Main Control Register (MCTRL) 32 RW See section

88h Master Status Register (MSTATUS) 32 RW See section

8Ch Master In-band Interrupt Registry and Rules Register (MIBIRULES) 32 RW 0000_0000h

90h Master Interrupt Set Register (MINTSET) 32 RW See section

94h Master Interrupt Clear Register (MINTCLR) 32 RW See section

98h Master Interrupt Mask Register (MINTMASKED) 32 R See section

9Ch Master Errors and Warnings Register (MERRWARN) 32 RW See section

A0h Master DMA Control Register (MDMACTRL) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

ACh Master Data Control Register (MDATACTRL) 32 RW See section

B0h Master Write Data Byte Register (MWDATAB) 32 RW See section

B4h Master Write Data Byte End Register (MWDATABE) 32 RW See section

B8h Master Write Data Half-word Register (MWDATAH) 32 RW See section

BCh Master Write Data Byte End Register (MWDATAHE) 32 RW See section

C0h Master Read Data Byte Register (MRDATAB) 32 R See section

C8h Master Read Data Half-word Register (MRDATAH) 32 R See section

CCh Write Byte Data 1 (to bus) (MWDATAB1) 32 RW 0000_0000h

D0h Master Write Message in SDR mode (MWMSG_SDR_CONTROL) 32 RW See section

D0h Master Write Message Data in SDR mode (MWMSG_SDR_DATA) 32 RW 0000_0000h

D4h Master Read Message in SDR mode (MRMSG_SDR) 32 R See section

D8h Master Write Message in DDR mode (MWMSG_DDR_CONTROL) 32 RW See section

D8h Master Write Message Data in DDR mode (MWMSG_DDR_DATA) 32 RW 0000_0000h

DCh Master Read Message in DDR mode (MRMSG_DDR) 32 RW See section

E4h Master Dynamic Address Register (MDYNADDR) 32 RW See section

FFCh Slave Module ID (SID) 32 R See section

37.7.2 Master Configuration Register (MCONFIG)

Offset

Register Offset

MCONFIG 0h

Function
The MCONFIG register controls all Master states when Master operation is enabled. The MCONFIG register should not be 
changed when an active transaction is happening.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
I2CBAUD SKEW 

ODHP
P 

ODBAUD 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PPLOW PPBAUD 

Reserv
ed ODST

OP 
HKEEP DISTO 

Reserv
ed MSTENA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0

Fields

Field Function

31-28

I2CBAUD

I2C baud rate

The I2C low and high times in ODBAUD counts.

• I2CBAUD > 1 is the main count load, and it is count-1. Therefore, for I2CBAUD > 1: I2CBAUD==0 is 
1 ODBAUD beat, and I2CBAUD==1 is 2 ODBAUD beats.

• If I2CBAUD[28] is 1, then low will be 1 extra ODBAUD beat. This means that the I2CBAUD 
field is normally 3, where ODBAUD gives 200 ns; therefore, this means that for I2CBAUD > 1 
I2CBAUD==1, which means 2 ODBAUD. Therefore, (2+1)*200=600ns low, with 2*200=400ns high 
for 1 us period, to match Fast Mode Plus (FM+). For Fast Mode (FM), I2CBAUD is normally 11 
(giving 2.6 us) or is 6 (giving 2.4 us).

27-25

SKEW

Skew

Number of FCLK counts for an SDA change after SCL for I3C push-pull; this is in addition to the 
roundtrip of the SCL line from the pad back to the module (3 ns to 4 ns or more).

• SKEW is normally not needed, so assign SKEW=0.

• SKEW is only used if SDA is not naturally skewing from an SCL change.

• I2C automatically skews SDA (but not PUR) to match I2C rules.

24

ODHPP

Open drain high push-pull

If ODHPP=1, then Open-Drain High should be 1 PPBAUD count for I3C messages; otherwise ODHPP 
should be the same value as ODBAUD. Using an ODHPP that is the same value as ODBAUD is 
commonly used so that I2C devices do not see high.

23-16

ODBAUD

Open drain baud rate

ODBAUD= (number of PPBAUD counts) - 1. ODBAUD should not be 0 (not the same as push-pull). This 
would normally go for 200 ns (see I2CBAUD for I2C counts). When used with ODHPP, this gives 250 ns 
per clock in I3C. Therefore, if PPBAUD gives 12 MHz, then 1 PPBAUD is ½ of 12MHz or 41.67 ns, and 
then to get around 200 ns, use 5-1=4 for ODBAUD.

15-12 Push-Pull low

Table continues on the next page...
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Field Function

PPLOW Adder for push-pull low, to create a duty-cycle with a longer low period, with up to 15 more FCLKs low 
than high. PPLOW=0 means a 50:50 duty cycle.

11-8

PPBAUD

Push-pull baud rate

The FCLK Counter for each push-pull low and normally high period. So, PPBAUD=0 if run at ½ input 
FCLK speed (for example, a 24 MHz FCLK yields a 12 MHz SCL, because each FCLK is SCL Low or 
SCL High). Note the use of duty-cycle via Push-Pull Low (PPLOW). For example, 24 MHz with 50:50 
duty cycle is 12 MHz, but with PPLOW adding 3 more low beats, the push-pull baud rate becomes 4.8 
MHz (from 24 MHz/5 beats).

7

—

Reserved

6

ODSTOP

Open drain stop

If ODSTOP=1, then STOP will be emitted at open-drain speeds even for I3C messages. This can be 
useful for legacy devices, to ensure that the legacy devices see the STOP.

5-4

HKEEP

High-Keeper

Indicates how High-Keeper is to be supported.

 
Your specific device may not support any or all of these High-Keeper methods. Refer to the 
chip-specific section for this module, at the beginning of this chapter.

  NOTE  

00b - NONE. Use PUR (Pull-Up Resistor). Hold SCL High.

01b - WIRED_IN. Wired-in High Keeper controls; use pin_HK (High Keeper) controls.

10b - PASSIVE_SDA. Can Hi-Z (high impedance) for Bus Free (IDLE) and hold.

11b - PASSIVE_ON_SDA_SCL. Can Hi-Z (high impedance) both for Bus Free (IDLE), and can 
Hi-Z SDA for hold.

3

DISTO

Disable Timeout

This timeout detects application errors.

• If DISTO=1, then it disables the timeout (if the timeout is configured).

• If the master has been left in a state other than STOPped for more than 100 us (because 10 KHz is 
the slowest allowed I3C speed), then the timeout will send an MERRWARN (interrupt).

• To prevent the MERRWARN interrupt when doing development or testing, write 1 to DISTO to 
disable the timeout.

• In systems that support timeouts, timeout will be disabled automatically during debug.

2

—

Reserved

1-0

MSTENA

Master enable

Indicates if the master is enabled and what “states” are allowed for it (the master).

Table continues on the next page...
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Field Function

 
The descriptions of the field settings vary by module instance.

  NOTE  

Instance Field value and description

I3C0 00b - MASTER_OFF. Master is off (is not enabled). If MASTER_OFF is 
enabled, then the I3C module can only use slave mode.

01b - MASTER_ON. Master is on (is enabled). When used from start-up, 
this I3C module is master by default (the main master). The module will 
control the bus unless the master is handed off. If the master is handed 
off, then MSTENA must move to 2 after that happens. The handoff 
means emitting GETACCMST and if accepted, the module will emit a 
STOP and set the MSTENA bit to 2 (or 0).

10b - MASTER_CAPABLE. The I3C module is master-capable; however 
the module is operating as a slave now. When used from the start, the 
I3C module will start as a slave, but will be prepared to switch to master 
mode. To switch to master mode, the slave emits an Master Request 
(MR), or gets a GETACCMST CCC command and accepts it (to switch 
on the STOP).

11b - Reserved

I3C1 00b - MASTER_OFF. Master is off (is not enabled). If MASTER_OFF is 
enabled, then the I3C module can only use slave mode.

01b - MASTER_ON. Master is on (is enabled). When used from start-up, 
this I3C module is master by default (the main master). The module will 
control the bus unless the master is handed off. If the master is handed 
off, then MSTENA must move to 2 after that happens. The handoff 
means emitting GETACCMST and if accepted, the module will emit a 
STOP and set the MSTENA bit to 2 (or 0).

10b - Reserved

11b - Reserved

I3C2 00b - MASTER_OFF. Master is off (is not enabled). If MASTER_OFF is 
enabled, then the I3C module can only use slave mode.

01b - MASTER_ON. Master is on (is enabled). When used from start-up, 
this I3C module is master by default (the main master). The module will 
control the bus unless the master is handed off. If the master is handed 
off, then MSTENA must move to 2 after that happens. The handoff 
means emitting GETACCMST and if accepted, the module will emit a 
STOP and set the MSTENA bit to 2 (or 0).

10b - Reserved

11b - Reserved
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37.7.3 Slave Configuration Register (SCONFIG)

Offset

Register Offset

SCONFIG 4h

Function
Contains fields that must be configured before the module is activated.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SADDR 

Reserv
ed BAMATCH 

W

Reset 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved OFFLI
NE 

IDRAN
D 

Reserv
ed 

Reserv
ed 

Reserv
ed DDRO

K 
S0IGN
ORE 

MATC
HSS 

NACK 
SLVE

NA 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-25

SADDR

Static address

SADDR sets the I2C 7-bit static address.

24

—

Reserved

23-16

BAMATCH

Bus available match

This is the Bus Available condition match value for the current slow clock. BAMATCH provides the count 
of the slow clock to count out 1 us (or more), to allow an In-Band Interrupt (IBI) to drive SDA low when 
the master is not doing so. The maximum width and maximum values are controlled by the I3C module.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SCONFIG —
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Field Function

Instance Field supported in Field not supported in

I3C1 — SCONFIG

I3C2 — SCONFIG

15-10

—

Reserved

9

OFFLINE

Offline

If OFFLINE=1 when the slave enable (SCONFIG.SLVENA) is set to 1, then the I3C module will wait for 
either 60 us of bus quiet or a High Data Rate (HDR) Exit Pattern. This ensures that the bus is not in High 
Data Rate (HDR) mode, and so can safely track Single Data Rate (SDR) mode.

8

IDRAND

ID random

• If IDRAND=1, then SIDPARTNO.PARTNO is a random value.

• If IDRAND=0, then SIDPARTNO.PARTNO is a part number and an instance.

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

DDROK

Double Data Rate OK

If DDROK=1, then HDR-DDR messaging is allowed; set the corresponding SIDEXT.BCR bit (Bus 
Characteristics Register bit in Slave ID Extension Register) to say that High Data Rate (HDR) is 
available, and configure the corresponding HDRCAP HDR-DDR bit to allow using Double Data Rate 
(DDR) mode.

 
The DDROK bit must be set before the Slave can connect to the I3C bus; the Slave 
peripheral will indicate to the Master whether it (the slave) can support the feature during 
dynamic address assignment.

  NOTE  

3

S0IGNORE

S0/S1 errors ignore

If S0IGNORE=1, then the slave will not detect S0 or S1 errors, and therefore the slave will not lock up, 
and will wait for an exit pattern. S0IGNORE=1 should only be used when the I3C bus will not use a High 
Data Rate (HDR) mode.

2 Match START or STOP

Table continues on the next page...
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Table continued from the previous page...

Field Function

MATCHSS If MATCHSS=1, then the START and STOP sticky STATUS bits will only be set if SSTATUS.MATCHED 
is set. This allows START and STOP to be used to detect the end of a message to/from this slave.

1

NACK

Not acknowledge

If NACK=1, then the slave will NACK all requests to it, except a Common Command Code (CCC) 
broadcast. NACK=1 should be used with caution, because the master may decide that the slave is 
missing, if NACK is overused.

0

SLVENA

Slave enable

• If SLVENA=1, then a slave can operate on the I2C or I3C bus.

• If SLVENA=0, then a slave will ignore the I2C or I3C bus.

SLVENA should not be set before registers like SCONFIG (SIDPARTNO, SIDEXT, and others) are set, 
because these registers affect the data to/from the master. Slave enable is normally only configured just 
one time before the I3C bus comes up. If slave enable is used at other times, see Hot-Join. In the case 
of Hot-Join, the Hot-Join bit (SCAPABILITIES.IBI_MR_HJ])should be set before setting the slave enable 
bit (SLVENA), so that the device does not see a START or STOP incorrectly.

37.7.4 Slave Status Register (SSTATUS)

Offset

Register Offset

SSTATUS 8h

Function
Not all bits are used if the module only acts as a slave. The Slave Status register is used to indicate both sticky status for 
interrupts, as well as “states” and “modes” related to the I3C bus. The fields are divided into current activity, interrupt maskable 
actions, then states and modes on the bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TIMECTRL ACTSTATE HJDIS 
Reserv

ed 
MRDIS IBIDIS Reserved EVDET 

Reserv
ed EVEN

T 
CHAN
DLED 

HDRM
ATCH 

W

Reset 0 0 0 0 0 u 0 0 0 0 u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERRW
ARN CCC 

DACH
G 

TXNO
TFU...

RX_
PEND STOP 

MATC
HED 

STAR
T 

Reserv
ed 

STHD
R 

STDA
A 

STRE
QWR 

STRE
QRD 

STCC
CH 

STMS
G 

STNO
TST...

W

Reset 0 0 0 1 0 0 0 0 u 0 0 0 0 0 0 0
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Fields

Field Function

31-30

TIMECTRL

Time control

Indicates if time control is currently enabled.

00b - NO_TIME_CONTROL. No time control is enabled

01b - Reserved

10b - ASYNC_MODE. Asynchronous standard mode (0) is enabled

11b - Reserved

29-28

ACTSTATE

Activity state from Common Command Codes (CCC)

00b - NO_LATENCY. Normal bus operations

01b - LATENCY_1MS. 1 ms of latency

10b - LATENCY_100MS. 100 ms of latency

11b - LATENCY_10S. 10 seconds of latency

27

HJDIS

Hot-Join is disabled

HJDIS=1 if Hot-Join is disabled at this time. While Hot-Join is disabled, CTRL requests will be held off 
(not responded to).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SSTATUS —

I3C1 — SSTATUS

I3C2 — SSTATUS

26

—

Reserved

25

MRDIS

Master requests are disabled

MRDIS=1 if Master Requests are disabled at this time. While Master Requests are disabled, CTRL 
requests will be held off (not responded to).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

I3C0 SSTATUS —

I3C1 — SSTATUS

I3C2 — SSTATUS

24

IBIDIS

In-Band Interrupts are disabled

IBIDIS=1 if In-Band Interrupts are disabled at this time. While In-Band Interrupts are disabled, CTRL 
requests will be held off (not responded to).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SSTATUS —

I3C1 — SSTATUS

I3C2 — SSTATUS

23-22

—

Reserved

21-20

EVDET

Event details

Current details of the last (EVENT=1) or pending event.

 
The descriptions of the field settings vary by module instance.

  NOTE  

Instance Field value and description

I3C0 00b - NONE. No event or no pending event

01b - NO_REQUEST. Request not sent yet. Either there was no START 
yet, or is waiting for Bus-Available or Bus-Idle (HJ).

10b - NACKED. Not acknowledged(Request sent and NACKed); the 
module will try again.
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Field Function

Instance Field value and description

11b - ACKED. Acknowledged (Request sent and ACKed), so Done 
(unless the time control data is still being sent).

I3C1 00b - NONE. No event or no pending event

01b - NO_REQUEST. Request not sent yet. Either there was no START 
yet, or is waiting for Bus-Available.

10b - NACKED. Not acknowledged(Request sent and NACKed); the 
module will try again.

11b - ACKED. Acknowledged (Request sent and ACKed), so Done 
(unless the time control data is still being sent).

I3C2 00b - NONE. No event or no pending event

01b - NO_REQUEST. Request not sent yet. Either there was no START 
yet, or is waiting for Bus-Available.

10b - NACKED. Not acknowledged(Request sent and NACKed); the 
module will try again.

11b - ACKED. Acknowledged (Request sent and ACKed), so Done 
(unless the time control data is still being sent).

19

—

Reserved

18

EVENT

Event

For a Slave, a pending In-Band Interrupt (IBI), P2P (peer-to-peer), MR (Master Request), or Hot-Join 
(HJ) has been sent as requested. See the upper status register fields for details. Note that for an in-band 
interrupt, this occurs on the ACK if no IBI byte is present, and after the 1 IBIDATA byte has been sent. 
So, if time control is used, those time control bytes (in IBI) will go out after this EVENT is signaled.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SSTATUS —

I3C1 — SSTATUS

I3C2 — SSTATUS

Table continues on the next page...

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2179 / 5781



Table continued from the previous page...

Field Function

17

CHANDLED

Common-Command-Code handled

A Common Command Code (CCC) is being handled by the module. This is a notification only, but the 
result may be an updated SSTATUS register.

16

HDRMATCH

High Data Rate command match

An HDR command matched this device’s I3C Dynamic Address. The HDR command will be available as 
the 1st byte and RXPEND will be set (whether the command is read or write, the MSb of that command 
byte indicates if it is a read or a write command). If the HDR command is a read, and there are to-bus 
bytes waiting, then the command will be ACKed and the data sent back; otherwise the HDR command 
will be NACKed. Note that when HDRMATCH is set, the ERRWARN bit should be checked, because 
the HPAR error may have be encountered after signaling this HDR command (the parity is after the 
destination address and command).

15

ERRWARN

Error warning

An error or warning has occurred, such as data underrun, data overrun, parity error, HDR-DDR CRC 
error, or other error or warning condition. See the Slave Errors and Warnings Register (SERRWARN).

14

CCC

Common Command Code

A Common-Command-Code (CCC) has been received, and is not handled by the I3C module. There are 
2 types of Common Command Codes:

• Broadcasted CCC, which will then also correspond with RXPEND and the 1st byte will be the CCC 
(command).

• Direct CCC, which may never be directed to this device. If Direct CCC are directed to this device, 
then the TXSEND or RXPEND will be triggered, and the RXPEND will contain the command.

13

DACHG

DACHG

The Slave Dynamic Address has been assigned, re-assigned, or reset (lost) and is now in that state of 
being valid or none.

12

TXNOTFULL

Transmit buffer is not full

TXNOTFULL=1 when the To-bus buffer/FIFO can accept more data to go out. For all but External FIFO, 
this uses SDATACTRL.TXTRIG, which defaults to not-full. If DMA is enabled for TX, then it will also be 
signaled to provide more data.

11

RX_PEND

Received message pending

Receiving a message from master, which is not being handled by the I3C module (not a Common 
Command Code (CCC), so is internally processed by the module). For all but External FIFO, this uses 
SDATACTRL.RXTRIG, which defaults to not-empty. If DMA is enabled for RX, then DMA will be signaled 
as well. RX_PEND will self-clear if data is read (from FIFO and non-FIFO sources).

10

STOP

Stop

The STOP bit is from a stopped state being detected, meaning that a STOP state was present on the 
bus since the bus was last cleared. The STNOTSTOP state will also indicate if the I3C module is in stop 
mode.

A fast STOP/START combination may not trigger the STOP status; for that case, START will always be set.

Table continues on the next page...
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Field Function

9

MATCHED

Matched

An incoming header matched this device’s I3C Dynamic or I2C Static address (if any) since the bus was 
last cleared.

8

START

Start

START=1 if a START or repeated START was seen after the START bit was last cleared. This is not 
usually needed, but can be used for wake events.

7

—

Reserved

6

STHDR

Status High Data Rate

STHDR=1 if the I3C bus is in HDR-DDR, HDR-TSP, or HDR-TSL modes, regardless of whether HDR 
mode is supported by this module or not, and regardless of whether the message is to this module or to 
some other module.

5

STDAA

Status Dynamic Address Assignment

STDAA=1 if the I3C bus is in Enter Dynamic Address Assignment (ENTDAA) mode, regardless of 
whether this bus slave has or does not have a Dynamic Address.

4

STREQWR

Status request write

STREQWR=1 if the request (REQ) in process is SDR write data from the master to this bus slave (or all 
I3C slaves), but not in Enter Dynamic Address Assignment (ENTDAA) mode. See Status High Data Rate 
(STHDR) for Double Data Rate (DDR) handling.

3

STREQRD

Status required

STREQRD=1

• if the REQ in process is an SDR read from this slave

• or if an In-Band Interrupt (IBI) is being pushed out

Also see Status High Data Rate (STHDR) for Double Data Rate (DDR) handling.

2

STCCCH

Status Common Command Code Handler

STCCCH=1 if a Common Command Code (CCC) message is being handled automatically.

1

STMSG

Status message

STMSG=1 if this bus slave is listening to the bus traffic or responding. If STNOSTOP=1, then STMSG 
will be 0 when a non-matching address is seen, until the next repeated START or STOP occurs.

0

STNOTSTOP

Status not stop

• when the bus is busy (has activity), STNOTSTOP=1

• when the I3C module is in a STOP condition, STNOTSTOP=0

Other SSTATUS bits may also be set when busy. Note that STNOTSTOP can also be true (=1) after an 
S0 or S1 error, where the I3C module is waiting for an Exit Pattern.

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2181 / 5781



37.7.5 Slave Control Register (SCTRL)

Offset

Register Offset

SCTRL Ch

Function
Contains controls for the active use of the I3C bus, like event generation (for example, interrupts to the master). The Slave 
Control register is used to activate various special operations for the Slave, but only if the module is configured to support 
those operations. This includes events such as IBI and GETSTATUS fields (except the Protocol error, which is automatically 
set).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VENDINFO 

Reserved 
ACTSTATE PENDINT 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IBIDATA 

Reserved 
EVENT 

W

Reset 0 0 0 0 0 0 0 0 u u u u u u 0 0

Fields

Field Function

31-24

VENDINFO

Vendor information

Should be set to the Vendor Reserved field that the GETSTATUS CCC will return. The vendor 
information should be maintained by the application, because the master will read this field. If 
VENDINFO is not configured, then the GETSTATUS field will always return 0.

23-22

—

Reserved

21-20

ACTSTATE

Activity state (of slave)

Should be set to the slave’s activity state that the GETSTATUS CCC (command code) will return as 
activity mode. The activity state should be maintained by the application, because the master will read 
this field. If the activity state is not configured, then the GETSTATUS command will always return 0.

19-16

PENDINT

Pending interrupt

Should be set to the pending interrupt that the GETSTATUS CCC (command code) will return. The 
pending interrupt should be maintained by the application, because the master will read this field.
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Field Function

If PENDINT=0 and

• if an IBI interrupt is pending, then the GETSTATUS command will return 1.

• if an IBI interrupt is not pending, then the GETSTATUS field will return 0.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SCTRL —

I3C1 — SCTRL

I3C2 — SCTRL

15-8

IBIDATA

In-Band Interrupt Data

Data byte to go with an In-Band Interrupt (IBI), if the module is enabled for in-band interrupts. If 
SCTRL.IBIDATA is enabled, then in-band interrupts are required.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SCTRL —

I3C1 — SCTRL

I3C2 — SCTRL

7-2

—

Reserved

1-0

EVENT

EVENT

• If EVENT is set to non-0, it will request an event.

• After being requested, SSTATUS.EVENT and SSTATUS.EVDET will show the status as it 
progresses.

• After completion, the EVENT field will automatically return to 0.

• After EVENT is non-0, only 0 can be written to EVENT (to cancel), until the event processing is done 
(finished).

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SCTRL —

I3C1 — SCTRL

I3C2 — SCTRL

00b - NORMAL_MODE. If EVENT is set to 0 after was a non-0 value, event processing will cancel 
if the event processing has not yet started; if event processing has already been started, then 
event processing will not be be cancelled.

01b - IBI. Start an In-Band Interrupt. This will try to push an IBI interrupt onto the I3C bus. If 
data is associated with the IBI, then the data will be read from the SCTRL.IBIDATA field. If time 
control is enabled, then this data will also include any time control-related bytes; additionally, 
the IBIDATA byte will have bit 7 set to 1 automatically (as is required for time control). The IBI 
interrupt will occur after the 1st (mandatory) IBIDATA, if any.

10b - MASTER_REQUEST. Start a Master-Request.

11b - HOT_JOIN_REQUEST. Start a Hot-Join request. A Hot-Join Request should only 
be used when the device is powered on after the I3C bus is already powered up, or 
when the device is connected using hot insertion methods (the device is powered up 
when it is physically inserted onto the powered-up I3C bus). The hot join will wait for 
Bus Idle, and SCTRL.EVENT=HOT_JOIN_REQUEST must be set before the slave enable 
(SCONFIG.SLVENA).

37.7.6 Slave Interrupt Set Register (SINTSET)

Offset

Register Offset

SINTSET 10h

Function
Sets interrupt enables for select STATUS bits. Reading this register (SINTSET) returns the status of the interrupt enables.

• To activate an interrupt enable, write 1 to its field in this register (SINTSET).

• To disable an interrupt enable, write 1 to the appropriate bit in the Interrupt Clear Register (SINTCLR). Writing 0 to the 
interrupt enable in this register (SINTSET) does not disable the interrupt.

The Interrupt registers allow masking interrupt sources, as well as checking which interrupts have activated. The normal method 
is to enable an interrupt, and then once the interrupt fires, the interrupt is either cleared by writing the SSTATUS register or cleared 
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by action on the corresponding data register. The Interrupt is level held, meaning the interrupt stays set until the cause is cleared 
by some method. The module prevents races, so that if a new event comes in, that new event will not be lost.

• SINTSET sets interrupt enables for STATUS bits. Reading the SINTSET register returns the status of the interrupt enables.

• SINTCLR clears interrupt enables for STATUS bits.

• SINTMASKED returns the value of the STATUS bits ANDed with their interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved EVEN
T 

CHAN
DLED 

DDRM
ATC...W

Reset u u u u u u u u u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ERRW
ARN 

CCC 
DACH

G 
TXSE

ND 
RXPE

ND 
STOP 

MATC
HED 

STAR
T 

Reserved 

W

Reset 0 0 0 0 0 0 0 0 u u u u u u u u

Fields

Field Function

31-19

—

Reserved

18

EVENT

Event interrupt enable

17

CHANDLED

Common Command Code (CCC) (that was handled by I3C module) interrupt enable

16

DDRMATCHED

Double Data Rate (DDR) interrupt enable

15

ERRWARN

Error/warning interrupt enable

14

CCC

Common Command Code (CCC) (that was not handled by I3C module) interrupt enable

13

DACHG

Dynamic address change interrupt enable

12

TXSEND

Transmit interrupt enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

11

RXPEND

Receive interrupt enable

10

STOP

Stop interrupt enable

9

MATCHED

Match interrupt enable

8

START

Start interrupt enable

7-0

—

Reserved

37.7.7 Slave Interrupt Clear Register (SINTCLR)

Offset

Register Offset

SINTCLR 14h

Function
Clear interrupt enables for select STATUS bits. To clear an interrupt enable, write 1 to the corresponding bit in this register 
(SINTCLR); writing 0 has no effect.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
EVEN

T 
CHAN
DLED 

DDRM
ATC...

W W1C W1C W1C

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERRW
ARN 

CCC 
DACH

G 
TXSE

ND 
RXPE

ND 
STOP 

MATC
HED 

STAR
T 

Reserved 

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31-19

—

Reserved

18

EVENT

EVENT interrupt enable clear

17

CHANDLED

CHANDLED interrupt enable clear

16

DDRMATCHED

DDRMATCHED interrupt enable clear

15

ERRWARN

ERRWARN interrupt enable clear

14

CCC

CCC interrupt enable clear

13

DACHG

DACHG interrupt enable clear

12

TXSEND

TXSEND interrupt enable clear

11

RXPEND

RXPEND interrupt enable clear

10

STOP

STOP interrupt enable clear

9

MATCHED

MATCHED interrupt enable clear

8

START

START interrupt enable clear

7-0

—

Reserved
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37.7.8 Slave Interrupt Mask Register (SINTMASKED)

Offset

Register Offset

SINTMASKED 18h

Function
Returns the status of enabled interrupts (the value of STATUS ANDed with INTSET).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
EVEN

T 
CHAN
DLED 

DDRM
ATC...

W

Reset u u u u u u u u u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERRW
ARN 

CCC 
DACH

G 
TXSE

ND 
RXPE

ND 
STOP 

MATC
HED 

STAR
T 

Reserved 

W

Reset 0 0 0 1 0 0 0 0 u u u u u u u u

Fields

Field Function

31-19

—

Reserved

18

EVENT

EVENT interrupt mask

17

CHANDLED

CHANDLED interrupt mask

16

DDRMATCHED

DDRMATCHED interrupt mask

15

ERRWARN

ERRWARN interrupt mask

14

CCC

CCC interrupt mask

Table continues on the next page...
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Table continued from the previous page...

Field Function

13

DACHG

DACHG interrupt mask

12

TXSEND

TXSEND interrupt mask

11

RXPEND

RXPEND interrupt mask

10

STOP

STOP interrupt mask

9

MATCHED

MATCHED interrupt mask

8

START

START interrupt mask

7-0

—

Reserved

37.7.9 Slave Errors and Warnings Register (SERRWARN)

Offset

Register Offset

SERRWARN 1Ch

Function
Contains errors and warnings from I3C/I2C protocol, which includes internal issues such as overrun and underrun, detected 
errors and conditions like parity errors, CRC errors, and read terminations by the Master. Related to SSTATUS.ERRWARN bit 
and SINTSET.ERRWARN interrupt.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved OWRI
TE 

OREA
D W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
S0S1 HCRC HPAR SPAR 

Reserved INVST
ART 

TERM 
URUN
NACK 

URUN ORUN 
W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17

OWRITE

Over-write error

The SWDATAB/BE register was written when FULL.

16

OREAD

Over-read error

The SRDATAB register was read for more bytes than were available by the application.

15-12

—

Reserved

11

S0S1

S0 or S1 error

A S0 or S1 error has occurred and the slave is locked and waiting for an HDR Exit Pattern. Writing 1 to 
S0S1 will cause the module to release the lock, but that should be used with great care. Normally, S0S1 
will clear automatically when an Exit Pattern is detected. Therefore, writing 1 to S0S1 should only be 
used under controlled circumstances, to avoid problems. Before starting to operate normally, the module 
will then wait for a START (or repeated START) or STOP.

10

HCRC

HDR-DDR CRC error

HDR-DDR Cyclic Redundancy Check (CRC) error on a message from the master. This calls into 
question the data from the whole DDR command frame. Note that this includes an HDR Restart or 
Exit being issued before an HDR-DDR message from master has finished.

9

HPAR

HDR parity error

HDR Parity error or framing error on a message from the master. Note that the corresponding command 
or data that had the error will normally be in the RX buffer (which can be read using the Slave Read Data 
Byte Register (SRDATAB)).

8

SPAR

SDR parity error

Table continues on the next page...
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Table continued from the previous page...

Field Function

SDR Parity error on a message from the master. This will also set the GETSTATUS Protocol Error sticky 
bit (which is cleared after a GETSTATUS read).

7-5

—

Reserved

4

INVSTART

Invalid start error

Invalid start with SCL falling while SDA=1 is in a STOP condition.

3

TERM

Terminated error

The master terminated a read from a slave when an END was not set (on the same or previous read).

2

URUNNACK

Underrun and Not Acknowledged (NACKed) error

The internal to-bus buffer/FIFO was underrun in the read header and so the module NACKed the 
header.

1

URUN

Underrun error

The internal to-bus buffer/FIFO was underrun during data read (the application did not provide the data 
fast enough). The END bit or register should be used if that was the last one.

0

ORUN

Overrun error

The internal from-bus buffer/FIFO was overrun (too many characters are coming in and cannot be 
processed by the the user application fast enough).

37.7.10 Slave DMA Control Register (SDMACTRL)

Offset

Register Offset

SDMACTRL 20h

Function
The DMA Control register allows for DMA to be used for inbound messages and outbound messages. The DMA Control 
register is limited in value for Slave use, because the Slave has to be reactive to what happens. Two common use models:

• From-bus collection to avoid being overrun: The SCONFIG.MATCHSS bit is set, and then the processor enables the 
interrupts for START, and STOP, as well as enabling the DMA to collect the data. The START or STOP interrupt will only 
occur after a message is directed to the Slave (MATCHED bit set), and the DMA copied data can then be examined.

• To-bus for larger reads: Because I3C and I2C reads are preceded by a write that indicates what will be read (or in 
response to an IBI from the Slave), the DMA can be used to push through the data.

— For I3C, the last value needs to be handled by the processor, unless the DMA moves wider words and is able to set 
the END bit (i.e., 16-bit values when in byte mode or 32-bit values when in half-word mode).

— For I2C, the last value is determined by the Master, so the DMA may end early or may run out when the Master still 
wants more.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
DMAWIDTH DMATB DMAFB 

W

Reset u u u u u u u u u u 0 1 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-4

DMAWIDTH

Width of DMA operations

The width of DMA operations, if configured to allow half-word data access.

00b - BYTE

01b - BYTE_AGAIN

10b - HALF_WORD: Half word (16 bits). This will make sure that 2 bytes are free/available in the 
FIFO.

11b - Reserved

3-2

DMATB

DMA Write (To-bus) trigger

If enabled with 1 or 2, DMATB will start a request DMA on a TX trigger; see the Slave Data Control 
Register (SDATACTRL). DMATB will request until full unless the DMA is set up as a trigger.

DMATB will cancel on MSTATUS.ERRWARN.

00b - NOT_USED. DMA is not used

01b - ENABLE_ONE_FRAME. DMA is enabled for 1 Frame (ended by DMA or terminated). 
DMATB auto-clears on a STOP or START (see the Match START or STOP bit 
(SCONFIG.MATCHSS).

10b - ENABLE. DMA is enabled until turned off. Normally, ENABLE should only be used with 
Master Message mode.

1-0

DMAFB

DMA Read (From-bus) trigger

If enabled with 1 or 2, DMAFB will request DMA on RX trigger (see Slave Data Control Register 
(SDATACTRL)). It will request until empty unless the DMA is set up as a trigger.

DMAFB will cancel on SSTATUS.ERRWARN.

00b - DMA not used

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - DMA is enabled for 1 frame. Auto-clears on STOP or repeated START. See the Match 
START or STOP bit (SCONFIG.MATCHSS).

10b - DMA enable. DMA is enabled until it is turned off.

37.7.11 Slave Data Control Register (SDATACTRL)

Offset

Register Offset

SDATACTRL 2Ch

Function
Controls data buffering and FIFO behavior.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RXEM
PTY 

TXFUL
L 

Reserv
ed 

RXCOUNT Reserved TXCOUNT 

W

Reset 1 0 u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RXTRIG TXTRIG 

Reserv
ed 

W
UNLO

CK 
FLUS
HFB 

FLUS
HTB 

Reset u u u u u u u u 0 0 1 1 u 0 0 0

Fields

Field Function

31

RXEMPTY

RX is empty

0b - RX is not empty

1b - RX is empty

30

TXFULL

TX is full

0b - TX is not full

1b - TX is full

29 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

28-24

RXCOUNT

Count of bytes in RX

23-21

—

Reserved

20-16

TXCOUNT

Count of bytes in TX

15-8

—

Reserved

7-6

RXTRIG

Trigger level for RX FIFO fullness

Affects interrupts and DMA (if enabled).

00b - Trigger on not empty

01b - Trigger on ¼ or more full

10b - Trigger on ½ or more full

11b - Trigger on 3/4 or more full

5-4

TXTRIG

Trigger level for TX FIFO emptiness

Affects interrupts and DMA (if enabled). The default is Trigger on 1 less than full or less (=3).

00b - Trigger on empty

01b - Trigger on ¼ full or less

10b - Trigger on ½ full or less

11b - Trigger on 1 less than full or less (Default)

3

UNLOCK

Unlock

• If 0 is written to UNLOCK, then the RXTRIG and TXTRIG fields cannot be changed on a write.

• If 1 is written to UNLOCK, then the RXTRIG and TXTRIG fields can be changed on a write.

2

—

Reserved

1

FLUSHFB

Flushes the from-bus buffer/FIFO

Not normally used.

0

FLUSHTB

Flush the to-bus buffer/FIFO

Used when the master terminates a to-bus (read) message prematurely.
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37.7.12 Slave Write Data Byte Register (SWDATAB)

Offset

Register Offset

SWDATAB 30h

Function
Write a byte of data, using the 9th bit to mark as the end (the last byte of the message). This register allows writing a byte to 
the bus (to Master) unless an external FIFO is used. This takes a byte and an end-of-data (last) marker bit. A byte should not 
be written unless there is room, as indicated by the TXNOTFULL bit being set in the SSTATUS register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W
END_
ALSO 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 

W END DATA 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-17

—

Reserved

16

END_ALSO

End also

• If END_ALSO=1, then this bit marks the last byte of the message

• If END_ALSO=0, then there are more bytes in the message

END_ALSO is required to be used in I3C, but is optional in I2C.

For HDR-DDR (Double Data Rate), the byte with the END_ALSO must be an even byte (2nd, 4th, 6th, etc.) 
because DDR uses byte-pairs.

15-9

—

Reserved

8

END

End

• If END=1, then this bit marks the last byte of the message

Table continues on the next page...
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Table continued from the previous page...

Field Function

• If END=0, then there are more bytes in the message

END is required to be used in I3C, but is optional in I2C.

For HDR-DDR (Double Data Rate), the byte with the END must be an even byte (2nd, 4th, 6th, etc.) because 
DDR uses byte-pairs.

7-0

DATA

The data byte to send to the master

37.7.13 Slave Write Data Byte End (SWDATABE)

Offset

Register Offset

SWDATABE 34h

Function
Write a byte of data, which is the end (the last byte of the message). Write a byte just like SWDATAB, but mark as end-of-data 
(last byte). For HDR-DDR, the byte with the END must be an even (2nd, 4th, 6th, etc) because DDR uses byte-pairs. A byte 
should not be written unless there is room, as indicated by the TXNOTFULL bit being set in the SSTATUS register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 

W DATA 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-8

—

Reserved

7-0

DATA

The data byte to send to the master
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37.7.14 Slave Write Data Half-word Register (SWDATAH)

Offset

Register Offset

SWDATAH 38h

Function
Write a half-word of data, using the 16th bit to mark as the end (the last byte of the half-word is the end). This register allows 
writing a half-word (pair of bytes) to the bus unless an external FIFO is used. This takes a half-word, which will send out the 
Low byte and then the High byte. An end-of-data (last) marker bit is allowed (or must be 0). A half-word should not be written 
unless there is room for both, as indicated by use of TX FIFO level trigger or TXCOUNT available space in the SDATACTRL 
register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W END 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA1 DATA0 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-17

—

Reserved

16

END

End of message

• If END=1, then END bit marks the last byte of the message

• If END=0, then there are more bytes in the message

For this register, this always marks DATA1 as the end. END is required to be used in I3C, but is optional 
in I2C.

For HDR-DDR (Double Data Rate), the byte with the END must be an even byte (2nd, 4th, 6th, etc.) because 
DDR uses byte-pairs.

15-8

DATA1

The 2nd byte to send to the master

7-0 The 1st byte to send to the master

Table continues on the next page...
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Table continued from the previous page...

Field Function

DATA0

37.7.15 Slave Write Data Half-word End Register (SWDATAHE)

Offset

Register Offset

SWDATAHE 3Ch

Function
Write a half-word of data, which is the end (the last byte of the half-word is the end). Write a half-word (byte pair) just like 
MWDATAH, but mark the 2nd bytes as end-of-data (last byte). For HDR-DDR, the byte with the END must be an even (2nd, 
4th, 6th, etc) because DDR uses byte-pairs. A half-word should not be written unless there is room for both, as indicated by 
use of TX FIFO level trigger or TXCOUNT available space in the SDATACTRL register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA1 DATA0 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-16

—

Reserved

15-8

DATA1

The 2nd byte to send to the master

7-0

DATA0

The 1st byte to send to the master
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37.7.16 Slave Read Data Byte Register (SRDATAB)

Offset

Register Offset

SRDATAB 40h

Function
Read a byte of data. This register allows reading a byte from the bus (Master). A byte should not be read unless there is data 
waiting, as indicated by the RXPEND bit being set in the SSTATUS register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved DATA0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

DATA0

Byte read from the master

37.7.17 Slave Read Data Half-word Register (SRDATAH)

Offset

Register Offset

SRDATAH 48h

Function
Read a half-word of data. This register allows reading a half-word (byte pair) written by the Slave on an SDR Read or DAA 
or DDR. This is only used when using MCTRL to start the message. If MWMSG_SDR or MWMSG_DDR is used to start a 
message, that interface must be used exclusively. A half-word should not be read unless there is at least 2 bytes of data 
waiting, as indicated the RX FIFO level trigger or RXCOUNT available space in the SDATACTRL register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MSB LSB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

MSB

The 2nd byte read from the slave

7-0

LSB

The 1st byte read from the slave

37.7.18 Slave Capabilities Register (SCAPABILITIES)

Offset

Register Offset

SCAPABILITIES 60h

Function
Indicates which features are available and supported in this I3C module, including master and/or slave capabilities, HDR 
modes, and others.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DMA INT FIFORX FIFOTX EXTFIFO 
Reserv

ed 
TIMEC

TRL 
IBI_MR_HJ 

W

Reset 1 1 1 0 1 0 0 0 0 0 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CCCHANDLE SADDR 
MAST

ER 
HDRSUPP IDREG IDENA 

W

Reset 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 0

Fields

Field Function

31

DMA

DMA

0b - DMA is not supported

1b - DMA is supported

30

INT

Interrupt

0b - Interrupts are not supported

1b - Interrupts are supported.

29-28

FIFORX

FIFO receive

Indicates if RX (from-bus) is enabled and what size it is.

00b - FIFO_2BYTE. 2 (or 3)-byte RX FIFO, the default FIFO receive value (FIFORX)

01b - FIFO_4BYTE. 4-byte RX FIFO

10b - FIFO_8BYTE. 8-byte RX FIFO

11b - FIFO_16BYTE. 16-byte RX FIFO

27-26

FIFOTX

FIFO transmit

Indicates if TX (to-bus) is enabled and what size it is.

00b - FIFO_2BYTE. 2-byte TX FIFO, the default FIFO transmit value (FIFOTX)

01b - FIFO_4BYTE. 4-byte TX FIFO

10b - FIFO_8BYTE. 8-byte TX FIFO

11b - FIFO_16BYTE. 16-byte TX FIFO

25-23

EXTFIFO

External FIFO

Indicates whether External FIFOs are enabled. If External FIFOs are not enabled, then check FIFOTX 
and FIFORX for the internal FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

001b - STD_EXT_FIFO:. Standard available/free external FIFO

011b - Reserved

22

—

Reserved

21

TIMECTRL

Time control

Specifies if any time-control type is supported or not.

0b - NO_TIME_CONTROL_TYPE. No time control is enabled

1b - NO_TIME_CONTROL_TYPE. ATLEAST1_TIME_CONTROL: at least one time-control type is 
supported

20-16

IBI_MR_HJ

In-Band Interrupts, Master Requests, Hot Join events

Indicates which events (In-Band Interrupts, Master Requests, Hot Join) are to be allowed. For example, 
if this field is set to 00011b, it means that IBI (bit 0) and IBI_HAS_DATA (bit 1) functionality are both 
enabled.

• Bit 0: IBI: supports the application generating an In-Band Interrupt (IBI)

• Bit 1: IBI_HAS_DATA: when bit 0=1, the In-Band Interrupt (IBI) has data from the SCTRL register

• Bit 2: MASTER_REQUEST: supports the application generating a Master Request for a secondary 
master or a Peer-to-Peer

• Bit 3: HOT_JOIN: supports the application generating Hot-Join

• Bit 4: BAMATCH_FOR_BUS: use the BAMATCH register for bus-available timing

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 SCAPABILITIES —

I3C1 — SCAPABILITIES

I3C2 — SCAPABILITIES

15-12

CCCHANDLE

Common Command Codes (CCC) handling

Indicates who handles Common Command Codes (CCC) between I3C module and the user application.

• Bit 0: BLOCK_HANDLE: the block (I3C module) handles events, activities, status, HDR, and if 
enabled for it, ID and static address related things

• Bit 1: MAX_READ_WRITE: the block handles maximum read and write lengths, and max data speed

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Bit 2: PENDINT_ACTSTATE: GETSTATUS CCC (command code) will return the SCTRL register’s 
Pending interrupt (PENDINT) and activity state (ACTSTATE) fields

• Bit 3: VENDINFO: GETSTATUS CCC will return the SCTRL register’s VENDINFO (vendor info) bits

11-10

SADDR

Static address

Indicates how the static address is handled.

00b - NO_STATIC. No static address

01b - STATIC. Static address is fixed in hardware

10b - HW_CONTROL. Hardware controls the static address dynamically (for example, from the 
pin strap)

11b - CONFIG. SCONFIG register supplies the static address

9

MASTER

Master

Specifies if a master capability is supported or not.

0b - MASTERNOTSUPPORTED. Master capability is not supported.

1b - MASTERSUPPORTED. Master capability is supported.

8-6

HDRSUPP

HDR support

Indicates which High Data Rate (HDR) modes are supported.

• Bit 0: DDR: Double Data Rate

• Bit 1: TSP: Ternary Symbol for pure bus (no I2C devices) - NOT SUPPORTED

• Bit 2: TSL: Ternary Symbol for legacy-inclusive-bus - NOT SUPPORTED

5-2

IDREG

ID register

Bits indicate what is in the registers vs. what is in the hardware.

• Bit 0: ID_INSTANCE: ID Instance is a register, and is used if there is no PARTNO register.

• Bit 1: IDRAND: an ID Random field is available

• Bit 2: DCR: a Device Characteristic Register (DCR) is available

• Bit 3: BCR: a Bus Characteristics Register (BCR) is available

1-0

IDENA

ID 48b handler

Indicates who handles the ID 48b value.

00b - APPLICATION. Application handles ID 48b

01b - HW. Hardware handles ID 48b

10b - HW_BUT. In hardware but the I3C module instance handles ID 48b.

11b - PARTNO. A part number register (PARTNO) handles ID 48b
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37.7.19 Slave Dynamic Address Register (SDYNADDR)

Offset

Register Offset

SDYNADDR 64h

Function

Contains the dynamic address after being assigned; otherwise =0.

The Slave Dynamic Address register is filled in with the assigned address once the Master has assigned it via SETDASA 
or ENTDAA CCC commands. It will clear if the RESETDAA CCC is used. The current validity state is also indicated via the 
SSTATUS.DAVALID bit, which can be used to interrupt the processor

If configured to allow write, this is normally only used to restore the DA after a power-down (an ultra-low power state that 
loses power to peripherals but retains the DA somewhere else). This is not needed if state-retention flops are used for the DA. 
This mechanism only allows writes when Slave is disabled (and it will be ignored otherwise). If the Master uses RSTDAA or 
SETNEWDA, then it will over-ride this mechanism and cede (yield) to the master-assigned DA. Note that when when enabling the 
Slave, the SCONFIG.OFFLINE bit should also be set. This will wait for evidence that the bus is not in I3C HDR mode; and will exit 
when an HDR Exit pattern is seen or when 60 usec has expired. This makes it safe to monitor START and STOP. If the application 
needs to do an IBI, then the application should either wait for a STOP (see STATUS) or make sure that 200 usec have gone by 
with no activity (no START or STOP) before the app emits the IBI.

The MAPIDX/MAPSA model allows writing additional DAs (and SAs) into a list (the number in the list is pre-configured); any DA 
or SA with DAVALID=0 are never matched. The additional DAs may be based on the bridge target CCC, or done by a move 
(read current DA and then copy into upper map, then invalidate the 0 map) when matching ENTDAA over and over. Any mapped 
location can be invalidated by writing the MAPIDX and DAVALID=0. The mapped ones are not reset by the RSTDA CCC. See 
the SMSGMAPADDR register.

To copy the base DA to the mapped set, the configuration has to be set up to allow it, otherwise they are distinct mechanisms.

• If used for the copy model, then a special reset feature is allowed. In this case, the SDYNADDR register is written with 
KEY=CB19 and the rest 0. This will clear the DA and then self-clear.

• If used in I3C mode, a base DA is required, so the last one should not be cleared (or writing one with DAVALID=1 
is necessary).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
KEY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
DADDR 

DAVAL
ID W

MAPS
A 

MAPIDX 

Reset u u u u u u u u 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

KEY

Key

Must set to 0xA4D9 to write DADDR field (and set DAVALID bit to 1). Only writable when a slave is not 
enabled (for restoring after power-down sleep with auto-restore). The mapped locations and base may 
be written when a slave is enabled, but care should be taken to not do that when there are transactions 
on the I3C bus. KEY reads back as 1 if overwritten, else KEY is 0 if assigned by the master, including 
when the master changes it. If address mapping is allowed, then writing with KEY=0xCB19 is used to 
clear the base DA.

15-13

—

Reserved

12

MAPSA

Map a Static Address

If MAPSA=1 on a write with MAPIDX!=0, then this sets a static address into the list;, otherwise a dynamic 
address is used.

11-8

MAPIDX

Mapped Dynamic Address

Selects which mapped DA to write to, with MAPIDX=0 meaning the DA is not mapped (which is the 
normal use of write SDYNADDR if allowed). This allows for a list of matching DAs or SAs (I2C static 
addresses). Note that the mechanism is write-only.

7-1

DADDR

Dynamic address

This is the assigned Dynamic Address, when DAVALID is 1.

0

DAVALID

DAVALID

Determines if a Dynamic Address is assigned.

0b - DANOTASSIGNED. A Dynamic Address is not assigned

1b - DAASSIGNED. A Dynamic Address is assigned

37.7.20 Slave Maximum Limits Register (SMAXLIMITS)

Offset

Register Offset

SMAXLIMITS 68h

Function
Indicates the limits set by the master (or the original requested limits). The maximum limits may or may not be enabled in 
the hardware design, including maximum read and write lengths. If those maximum read/write lengths are enabled, then the 
current setting (including default request) shows up in this register (SMAXLIMITS).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
MAXWR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
MAXRD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 u u u u

Fields

Field Function

31-28

—

Reserved

27-16

MAXWR

Maximum write length

The maximum write length must be between 8 to 4095 (saturation). The application should not set the 
maximum write length longer than what the master sets the maximum write length to; the application 
should set the maximum write length to be less than what the master sets the maximum write length to

15-12

—

Reserved

11-0

MAXRD

Maximum read length

The maximum read length must be between 16 to 4095 (saturation). The application should not set the 
maximum read length longer than what the master sets the maximum read length to; the application 
should set the maximum read length to be less than what the master sets the maximum read length to.

37.7.21 Slave ID Part Number Register (SIDPARTNO)

Offset

Register Offset

SIDPARTNO 6Ch

Function
Allows an application to write the ID part-number. The application must write a value into the PARTNO field, because normally, 
0 is not valid.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PARTNO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PARTNO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PARTNO

Part number

37.7.22 Slave ID Extension Register (SIDEXT)

Offset

Register Offset

SIDEXT 70h

Function
Allows an application to write the ID extension of the Device Characteristic Register (DCR) and/or the Bus Characteristics 
Register (BCR).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
BCR 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DCR 

Reserved Reserved 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23-16

BCR

Bus Characteristics Register

Set the Bus Characteristics Register (BCR) if configured for it. This controls features like Peer-to-Peer or 
Secondary Master, slow speed requirements, and others.

15-8

DCR

Device Characteristic Register

Set the Device Characteristic Register (DCR) if configured for it.

7-4

—

Reserved

3-0

—

Reserved

37.7.23 Slave Vendor ID Register (SVENDORID)

Offset

Register Offset

SVENDORID 74h

Function
Allows an application to write the Vendor ID. The default will be set from the constant field and so usually will be the chip 
vendor. If using the chip vendor ID, the PARTNO must then not collide with other uses. The MIPI Vendor ID is available to all 
companies (MIPI membership is not required); to get a vendor ID, make a request at the mipi.org website.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed VID 
W

Reset u 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2208 / 5781



Fields

Field Function

31-15

—

Reserved

14-0

VID

Vendor ID

May be set to the 15-bit MIPI Vendor ID, if used.

37.7.24 Slave Time Control Clock Register (STCCLOCK)

Offset

Register Offset

STCCLOCK 78h

Function
Allows an application to dynamically set the time control clock and accuracy information. The clock frequency and accuracy 
is normally a constant set by the hardware. But if the clock can be adjusted (i.e., divided) or if the accuracy could vary with 
knowable information, then the clock may be set via this register. This register should be updated whenever the clock source 
is changed.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FREQ ACCURACY 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0

Fields

Field Function

31-16

—

Reserved

15-8

FREQ

Clock frequency

Table continues on the next page...
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Table continued from the previous page...

Field Function

Clock frequency in 0.5-MHz steps. For example, 10 MHz is FREQ= 20. Default: set by parameters if 
configured.

7-0

ACCURACY

Clock accuracy

Clock accuracy in 1/10ths of %. For example, 1.5% is 15. Default: set by parameters if configured.

37.7.25 Slave Message-Mapped Address Register (SMSGMAPADDR)

Offset

Register Offset

SMSGMAPADDR 7Ch

Function
Allows an application to dynamically set the time control clock and accuracy information. When the SDYNADDR register is 
used to build a list of extra DAs or SAs to match, then the SMSGMAPADDR register enables the software to determine which 
address was matched when the SSTATUS.MATCHED bit is set. The SMSGMAPADDR register holds the last 3 matches 
(MAPLAST, MAPLASTM1, MAPLASTM2).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved MAPLASTM2 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved MAPLASTM1 Reserved MAPLAST 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0

Fields

Field Function

31-20

—

Reserved

19-16

MAPLASTM2

Previous match index 2

0 for the base address.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-12

—

Reserved

11-8

MAPLASTM1

Previous match index 1

0 for the base address.

7-4

—

Reserved

3-0

MAPLAST

Matched address index

Matched address index for current or last matched message. 0 for the base address. Only valid if 
mapped address list is enabled.

37.7.26 Master Main Control Register (MCTRL)

Offset

Register Offset

MCTRL 84h

Function
Starts activities on the I3C or I2C bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
RDTERM 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR DIR IBIRESP TYPE 

Reserv
ed REQUEST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 u 0 0 0

Fields

Field Function

31-24 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

23-16

RDTERM

Read terminate

The termination counter for reads.

• For I2C, RDTERM controls when to NACK the read.

• For I3C, RDTERM can be use to terminate (end) a read that is too long.

— RDTERM=0 has no effect

— RDTERM=1 will terminate after the next character

— RDTERM=2 will terminate after the next 2 characters

Supports up to 255 characters. If in Double Data Rate (DDR) mode, then RDTERM will terminate the 
read, based on word counts (for DDR) vs. byte counts (for SDR).

15-9

ADDR

ADDR

Address with START for I3C or I2C

8

DIR

DIR

0b - DIRWRITE: Write

1b - DIRREAD: Read

7-6

IBIRESP

In-Band Interrupt (IBI) response

The response to use when you get an In-Band Interrupt (IBI) from START, and to force using a IbiAckNack 
request when completing a manual In-Band Interrupt. Completion of a manual In-Band Interrupt means that 
the slave Dynamic Address (DA) is known, and so the mandatory byte (or not) is specified by the application 
when ACKing.

MIBIRESP register is also used when a message is emitted in Message Mode using the MWMSG_SDR or 
MWMSG_DDR registers.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 MCTRL —

I3C1 — MCTRL

I3C2 — MCTRL

00b - ACK. Acknowledge. A mandatory byte (or not) is decided by the Master In-band Interrupt 
Registry and Rules Register (MIBIRULES). To limit the maximum number of IBI bytes, configure 
the Read Termination field (MCTRL.RDTERM).

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - NACK. Not acknowledge

10b - ACK_WITH_MANDATORY. Acknowledge with mandatory byte (ignores the MIBIRULES 
register). Acknowledge with mandatory byte should not be used, unless only slaves with a 
mandatory byte can cause an In-Band Interrupt.

11b - MANUAL. Stop and wait for a decision using the IBIAckNack request

5-4

TYPE

Bus type with START

00b - I3C. Normally the SDR mode of I3C. For ForceExit, the Exit pattern.

01b - I2C. Normally the Standard I2C protocol.

10b - DDR. (Double Data Rate): Normally the HDR-DDR mode of I3C. Enter DDR mode (7E and 
then ENTHDR0), if the module is not already in DDR mode. The 1st byte written to the TX FIFO 
should be a command, and should already be in the FIFO. To end DDR mode, use ForceExit. For 
ForceExit, the normal IBHR (In-Band Hardware Reset).

11b - For ForcedExit, this is forced IBHR.

3

—

Reserved

2-0

REQUEST

Request

Emits the requested operation when doing in pieces vs. doing by message. The MSTATUS register 
should be checked because the state of the Master must be such that the request makes sense; for 
example, the system cannot do SDR from DDR (but can do DDR from SDR since it enters), cannot use 
an incorrect request if in DAA mode, and other similar situations.

 
The descriptions of the field settings vary by module instance.

  NOTE  

Instance Field value and description

I3C0 000b - NONE. Returns to this when finished with any request. The 
MSTATUS register indicates the master's state. See also AutoIBI mode. 
NONE is only written as 0: when setting RDTERM to 1 (to stop a read in 
progress) or when setting IBI reponse field (IBIRESP) for MSG use.

001b - EMITSTARTADDR. Emit START with address and direction from 
a stopped state or in the middle of a Single Data Rate (SDR) message. 
If from a stopped state (IDLE), then emit start may be prevented by 
an event (like IBI, MR, HJ), in which case the appropriate interrupt is 
signaled; note that Emit START can be resubmitted.

010b - EMITSTOP. Emit a STOP on bus. Must be in Single Data Rate 
(SDR) mode. If in Dynamic Address Assignment (DAA) mode, Emit stop 
will exit DAA mode.
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Table continued from the previous page...

Field Function

Instance Field value and description

011b - IBIACKNACK. Manual In-Band Interrupt (IBI) Acknowledge (ACK) 
or Not Acknowledge (NACK). When IBIRESP has indicated a hold on an 
In-Band Interrupt to allow a manual decision, this request completes it. 
Uses IBIRESP to provide the information.

100b - PROCESSDAA. If not in Dynamic Address Assignment (DAA) 
mode now, will issue START, 7E, ENTDAA, and then will emit 7E/R to 
process first Slave. Will stop just before the new Dynamic Address (DA) 
is to be emitted. The DA is written using MWDATAB bits 6:0 and then 
ProcessDAA is requested again to write the new address, and then starts 
the next; an MSTATUS indicating NACK means DA was not accepted 
(e.g. parity error). If Process DAA is NACKed on the 7E/R, the interrupt 
will indicate so and this will emit a STOP.

101b - Reserved

110b - FORCEEXIT and IBHR. Emit an Exit Pattern from any state, but 
end Double Data Rate (DDR) (including MSGDDR), if in DDR mode 
now. Includes a STOP afterward. If TYPE != 0, then it will perform an 
IBHR (In-Band Hardware Reset). If TYPE=2, then it does a normal reset 
(DEFRST can prevent the reset). If TYPE=3, it does a forced reset (will 
always reset).

111b - AUTOIBI. Hold in a stopped state, but auto-emit START,7E when 
the slave is holding down SDA to get an In-Band Interrupt (IBI). Actual 
In-Band Interrupt handling is defined by IBIRESP.

I3C1 000b - NONE. Returns to this when finished with any request. The 
MSTATUS register indicates the master's state. NONE is only written as 
0: when setting RDTERM to 1 (to stop a read in progress).

001b - EMITSTARTADDR. Emit START with address and direction from 
a stopped state or in the middle of a Single Data Rate (SDR) message.

010b - EMITSTOP. Emit a STOP on bus. Must be in Single Data Rate 
(SDR) mode. If in Dynamic Address Assignment (DAA) mode, Emit stop 
will exit DAA mode.

011b - Reserved

100b - PROCESSDAA. If not in Dynamic Address Assignment (DAA) 
mode now, will issue START, 7E, ENTDAA, and then will emit 7E/R to 
process first Slave. Will stop just before the new Dynamic Address (DA) 
is to be emitted. The DA is written using MWDATAB bits 6:0 and then 
ProcessDAA is requested again to write the new address, and then starts 
the next; an MSTATUS indicating NACK means DA was not accepted 
(e.g. parity error). If Process DAA is NACKed on the 7E/R, the interrupt 
will indicate so and this will emit a STOP.

Table continues on the next page...
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Table continued from the previous page...

Field Function

Instance Field value and description

101b - Reserved

110b - FORCEEXIT and IBHR. Emit an Exit Pattern from any state, but 
end Double Data Rate (DDR) (including MSGDDR), if in DDR mode 
now. Includes a STOP afterward. If TYPE != 0, then it will perform an 
IBHR (In-Band Hardware Reset). If TYPE=2, then it does a normal reset 
(DEFRST can prevent the reset). If TYPE=3, it does a forced reset (will 
always reset).

111b - Reserved

I3C2 000b - NONE. Returns to this when finished with any request. The 
MSTATUS register indicates the master's state. NONE is only written as 
0: when setting RDTERM to 1 (to stop a read in progress).

001b - EMITSTARTADDR. Emit START with address and direction from 
a stopped state or in the middle of a Single Data Rate (SDR) message.

010b - EMITSTOP. Emit a STOP on bus. Must be in Single Data Rate 
(SDR) mode. If in Dynamic Address Assignment (DAA) mode, Emit stop 
will exit DAA mode.

011b - Reserved

100b - PROCESSDAA. If not in Dynamic Address Assignment (DAA) 
mode now, will issue START, 7E, ENTDAA, and then will emit 7E/R to 
process first Slave. Will stop just before the new Dynamic Address (DA) 
is to be emitted. The DA is written using MWDATAB bits 6:0 and then 
ProcessDAA is requested again to write the new address, and then starts 
the next; an MSTATUS indicating NACK means DA was not accepted 
(e.g. parity error). If Process DAA is NACKed on the 7E/R, the interrupt 
will indicate so and this will emit a STOP.

101b - Reserved

110b - FORCEEXIT and IBHR. Emit an Exit Pattern from any state, but 
end Double Data Rate (DDR) (including MSGDDR), if in DDR mode 
now. Includes a STOP afterward. If TYPE != 0, then it will perform an 
IBHR (In-Band Hardware Reset). If TYPE=2, then it does a normal reset 
(DEFRST can prevent the reset). If TYPE=3, it does a forced reset (will 
always reset).

111b - Reserved
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37.7.27 Master Status Register (MSTATUS)

Offset

Register Offset

MSTATUS 88h

Function
Status for the master, including which events caused the interrupts. The peripherals share the IRQ (called Parallel-to-Slave 
status). Because a peripheral can only be in a Master or Slave mode, but not be in both modes at the same time, then only 
one (Slave or Master peripheral) can be the cause of the IRQ. So, if there is an IRQ and the peripheral is a Master, then 
this register (MSTATUS) has the status. If there is an IRQ and the peripheral is a Slave, then the SSTATUS register has the 
status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserv

ed 
IBIADDR Reserved NOWM

AST...

Reserved 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERRW
ARN 

Reserv
ed IBIWO

N 

TXNO
TFU...

RXPE
ND COMP

LETE 
MCTR
LDO...

SLVST
ART 

IBITYPE 
NACK

ED 
BETW
EEN 

Reserv
ed 

STATE 

W

Reset 0 u 0 1 0 0 0 0 0 0 0 0 u 0 0 0

Fields

Field Function

31

—

Reserved

30-24

IBIADDR

IBI address

The address of the In-Band Interrupt (while IBITYPE=1) or the Master Request (MR )(while IBITYPE=2) 
or is 7’h2 if Hot-Join (while IBITYPE=3).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 MSTATUS —

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2216 / 5781



Field Function

Instance Field supported in Field not supported in

I3C1 — MSTATUS

I3C2 — MSTATUS

23-20

—

Reserved

19

NOWMASTER

Now master (now this module is a master)

NOWMASTER=1 if the module is now a master (it was previously a slave, acceptance was requested 
from the previous master and it was accepted). Note that the reverse operation (master becomes a 
slave) does not need an interrupt, because the application is granting it via the Common-Command-
Code status bit MSTATUS.CCC.

18-16

—

Reserved

15

ERRWARN

Error or warning

ERRWARN=1, if an error occurred (like improper register use, overrun or underrun of FIFO/buffer, invalid 
parity or CRC in DDR read, and others). See the Master Errors and Warnings Register (MERRWARN).

14

—

Reserved

13

IBIWON

In-Band Interrupt (IBI) won

IBIWON is set to 1 if IBI or MR or HJ won the arbitration on a header address, regardless of whether it 
was NACKed or ACKed.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 MSTATUS —

I3C1 — MSTATUS

I3C2 — MSTATUS

12

TXNOTFULL

TX buffer/FIFO not yet full

TXNOTFULL=1 if TX buffer/FIFO or message register can accept another byte or half-word.

Table continues on the next page...
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Table continued from the previous page...

Field Function

11

RXPEND

RXPEND

The receiving message from a slave and byte(s) are in the input buffer/FIFO.

• If using a FIFO, this is one FIFO trigger’s worth.

• If DMA is enabled for RX, then DMA will be signaled.

RXPEND will self-clear when the data is read.

10

COMPLETE

COMPLETE

A message has completed:

• With MWMSG_SDR or MWMSG_DDR, this is count to 0.

• With MCTRL using EmitStartAddr, this is the end of write or read by terminate or end.

• With IBI (AutoIBI or EmitStartAddr), this is the end of IBI data (if any).

9

MCTRLDONE

Master control done

After the module completes an MCTRL request, MCTRLDONE is set to 1 . MCTRLDONE self-clears 
when writing a new control; otherwise write to MCTRLDONE to clear it (MCTRLDONE).

• When MCTRL.REQUEST=EmitStartAddr, MCTRLDONE fires (sets to 1) when the address went out 
(and was ACKed or NACKed or ended in an IBI). However if ACKed, it will then fire COMPLETE 
when the write or read data has completed (finished).

• When MCTRL.REQUEST=ProcessDAA, this fires when the module is ready to emit the Dynamic 
Address (DA) for the slave, or when no more slaves are ACKing. This can be determined using the 
MSTATUS.BETWEEN and MSTATUS.STATE fields.

8

SLVSTART

Slave start

If a slave is/was requesting a START by holding SDA low, SLVSTART is set to 1. Handling will start 
automatically if MCTRL.REQUEST=AutoIBI.

7-6

IBITYPE

In-Band Interrupt (IBI) type

Indicates the type of In-Band Interrupt (IBI) of the last event that won the arbitration (whether the 
interrupt is ACKed or NACKed or pending)

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

I3C0 MSTATUS —

I3C1 — MSTATUS

I3C2 — MSTATUS

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - NONE. cleared when IBI Won bit (MSTATUS.IBIWON) is cleared

01b - IBI. In-Band Interrupt

10b - MR. Master Request

11b - HJ. Hot-Join

5

NACKED

Not acknowledged

If NACKED=1, then the last Start and Address was NACKed (was not ACKed by the addressed slave).

4

BETWEEN

Between

Between messages or Dynamic Address Assignments (DAA)

Active if:

• STATE is MSGSDR, DDR, or DAA, the state is between messages/DAAs and so is expecting a new 
messages/DAAs to start (or STOP or Exit).

• STATE is NORMACT, the module is stuck waiting on the TX FIFO to be not-empty or the RX FIFO 
to be not full.

0b - Inactive. For other cases.

1b - Active. If STATE is MSGSDR, DDR, or DAA; or if STATE is NORMACT.

3

—

Reserved

2-0

STATE

State of the master

Indicates the current master state

 
The descriptions of the field settings vary by module instance.

  NOTE  

Instance Field value and description

I3C0 000b - IDLE. The bus has STOPped.

001b - SLVREQ. (Slave Request state) The bus has STOPped but a 
slave is holding SDA low. If using auto-emit IBI (MCTRL.AutoIBI), then 
the master will not stay in the Slave Request state.

010b - MSGSDR. In Single Data Rate (SDR) Message state (from 
using MWMSG_SDR)

011b - NORMACT. Normal active Single Data Rate (SDR) state (from 
using MCTRL and MWDATAn and MRDATAn registers). The master will 
stay in the NORMACT state until a STOP is issued.

100b - MSGDDR. In Double Data Rate (DDR) Message mode (from 
using MWMSG_DDR or using the normal method with DDR). The master 

Table continues on the next page...
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Table continued from the previous page...

Field Function

Instance Field value and description

will stay in the DDR state, until the master exits using EXIT (emits the 
Exit pattern).

101b - DAA. In Enter Dynamic Address Assignment (ENTDAA) mode

110b - IBIACK. Waiting for an In-Band Interrupt (IBI) ACK/NACK decision

111b - IBIRCV. Receiving an In-Band Interrupt (IBI); this IBIRCV state is 
used after IBI/MR/HJ has won the arbitration, and IBIRCV state is also 
used for IBI mandatory byte (if any) and any bytes that follow.

I3C1 000b - IDLE. The bus has STOPped.

001b - SLVREQ. (Slave Request state) The bus has STOPped but a 
slave is holding SDA low.

010b - MSGSDR. In Single Data Rate (SDR) Message state (from 
using MWMSG_SDR)

011b - NORMACT. Normal active Single Data Rate (SDR) state (from 
using MCTRL and MWDATAn and MRDATAn registers). The master will 
stay in the NORMACT state until a STOP is issued.

100b - MSGDDR. In Double Data Rate (DDR) Message mode (from 
using MWMSG_DDR or using the normal method with DDR). The master 
will stay in the DDR state, until the master exits using EXIT (emits the 
Exit pattern).

101b - DAA. In Enter Dynamic Address Assignment (ENTDAA) mode

110b,111b - Reserved

I3C2 000b - IDLE. The bus has STOPped.

001b - SLVREQ. (Slave Request state) The bus has STOPped but a 
slave is holding SDA low.

010b - MSGSDR. In Single Data Rate (SDR) Message state (from 
using MWMSG_SDR)

011b - NORMACT. Normal active Single Data Rate (SDR) state (from 
using MCTRL and MWDATAn and MRDATAn registers). The master will 
stay in the NORMACT state until a STOP is issued.

100b - MSGDDR. In Double Data Rate (DDR) Message mode (from 
using MWMSG_DDR or using the normal method with DDR). The master 
will stay in the DDR state, until the master exits using EXIT (emits the 
Exit pattern).

101b - DAA. In Enter Dynamic Address Assignment (ENTDAA) mode

110b,111b - Reserved
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37.7.28 Master In-band Interrupt Registry and Rules Register (MIBIRULES)

Offset

Register Offset

MIBIRULES 8Ch

Function
Contains the rules for using In-band Interrupts, and keeps a registry of the slaves who use the IBI byte.

Concerning ADDRn fields: The address is 6 bits, and assuming that IBIRULES.MSB0=1, then each address has its most 
significant bit = 0. This means is that each address is 7 bits (usually written as A7 to A1), and the A7 must be 0. If the application 
does not use that optimal convention, then the Manual method of IBI ACK handling must be used (see MCTRL).

• The default is that the ADDRn values indicate the slaves with a mandatory byte.

• If MIBIRULES.NOBYTE is set, then the ADDRn values indicate slaves that do not have a mandatory IBI byte.

 
A7=0 is only needed for Slaves that use IBI. For legacy I2C devices, A7 can use any valid value, because I2C 
devices cannot cause an IBI.

  NOTE  

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

I3C0 MIBIRULES —

I3C1 — MIBIRULES

I3C2 — MIBIRULES

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R NOBY
TE 

MSB0 ADDR4 ADDR3 ADDR2 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR2 ADDR1 ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

NOBYTE

No IBI byte

• If NOBYTE=1, then the ADDRx fields refer to slaves without a mandatory IBI byte.

• If NOBYTE=0, then the ADDRx fields refer to slaves with a mandatory IBI byte.

30

MSB0

Set Most Significant address Bit to 0

If MSB0=1, then all I3C dynamic addresses will be assigned with the MSb==0 (most significant bit); this 
allows the START header to be optimized.

29-24

ADDR4

ADDR4

Address of slave with or without Mandatory IBI byte. See ADDR0 field description for more details.

23-18

ADDR3

ADDR3

Address of slave with or without Mandatory IBI byte. See ADDR0 field description for more details.

17-12

ADDR2

ADDR2

Address of slave with or without Mandatory IBI byte. See ADDR0 field description for more details.

11-6

ADDR1

ADDR1

Address of slave with or without Mandatory IBI byte. See ADDR0 field description for more details.

5-0

ADDR0

ADDR0

Address of slave with or without Mandatory IBI byte. If 0, then the address does not apply.

37.7.29 Master Interrupt Set Register (MINTSET)

Offset

Register Offset

MINTSET 90h

Function
Set interrupt enables for select bits in MSTATUS. Reading the MINTSET register returns the status of the interrupt enables.

• To activate an interrupt enable, write 1 to it.

• To disable an interrupt enable, write 1 to the appropriate bit in the Interrupt Clear Register (MINTCLR). Writing 0 to the interrupt 
enable in this register (MINTSET) does not disable the interrupt.

The Interrupt registers allow masking interrupt sources, as well as checking which interrupts have activated in the MSTATUS 
register. The normal method is to enable an interrupt and then once that interrupt fires, the interrupt is either cleared (by writing the 
MSTATUS register) or cleared by action (on the corresponding data register). The interrupt is level held, meaning that the interrupt 
stays set until the cause is cleared, by some method. The module prevents races, so that if a new event comes in, that new event 
will not be lost.

These interrupts are parallel to the Slave INTSET/INTCLR set, and only one interrupt set is active depending on state (Master or 
Slave operation).
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• MINTSET: sets interrupt enables for MSTATUS bits. Reading MINTSET register returns the status of the interrupt enables.

• MINTCLR: clears interrupt enables for MSTATUS bits.

• MINTMASKED: returns the value of the MSTATUS bits ANDed with their interrupt enables.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

I3C0 MINTSET —

I3C1 — MINTSET

I3C2 — MINTSET

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved NOWM
AST...

Reserved 

W

Reset u u u u u u u u u u u u 0 u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ERRW
ARN 

Reserv
ed IBIWO

N 
TXNO
TFU...

RXPE
ND 

COMP
LETE 

MCTR
LDO...

SLVST
ART 

Reserved 

W

Reset 0 u 0 0 0 0 0 0 u u u u u u u u

Fields

Field Function

31-20

—

Reserved

19

NOWMASTER

Now master (now this I3C module is a master) interrupt enable

18-16

—

Reserved

15

ERRWARN

Error or warning (ERRWARN) interrupt enable

14 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

13

IBIWON

In-Band Interrupt (IBI) won interrupt enable

12

TXNOTFULL

TX buffer/FIFO is not full interrupt enable

11

RXPEND

RX pending interrupt enable

10

COMPLETE

Completed message interrupt enable

9

MCTRLDONE

Master control done interrupt enable

8

SLVSTART

Slave start interrupt enable

7-0

—

Reserved

37.7.30 Master Interrupt Clear Register (MINTCLR)

Offset

Register Offset

MINTCLR 94h

Function
Clear interrupt enables for select MSTATUS bits. Writing a 1 clears the corresponding interrupt enable; writing a 0 has no 
effect.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

I3C0 MINTCLR —

I3C1 — MINTCLR

Table continues on the next page...
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Table continued from the previous page...

Instance Register supported Register not supported

I3C2 — MINTCLR

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved Reserved 

W
NOWM
AST...

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed 
Reserved 

W
ERRW
ARN 

IBIWO
N 

TXNO
TFU...

RXPE
ND 

COMP
LETE 

MCTR
LDO...

SLVST
ART 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-20

—

Reserved

19

NOWMASTER

NOWMASTER interrupt enable clear

18-16

—

Reserved

15

ERRWARN

ERRWARN interrupt enable clear

14

—

Reserved

13

IBIWON

IBIWON interrupt enable clear

12

TXNOTFULL

TXNOTFULL interrupt enable clear

11 RXPEND interrupt enable clear

Table continues on the next page...
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Table continued from the previous page...

Field Function

RXPEND

10

COMPLETE

COMPLETE interrupt enable clear

9

MCTRLDONE

MCTRLDONE interrupt enable clear

8

SLVSTART

SLVSTART interrupt enable clear

7-0

—

Reserved

37.7.31 Master Interrupt Mask Register (MINTMASKED)

Offset

Register Offset

MINTMASKED 98h

Function
Returns the status of enabled interrupts (the value of MSTATUS ANDed with MINTSET).

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

I3C0 MINTMASKED —

I3C1 — MINTMASKED

I3C2 — MINTMASKED
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
NOWM
AST...

Reserved 

W

Reset u u u u u u u u u u u u 0 u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERRW
ARN 

Reserv
ed 

IBIWO
N 

TXNO
TFU...

RXPE
ND 

COMP
LETE 

MCTR
LDO...

SLVST
ART 

Reserved 

W

Reset 0 u 0 1 0 0 0 0 u u u u u u u u

Fields

Field Function

31-20

—

Reserved

19

NOWMASTER

NOWMASTER interrupt mask

18-16

—

Reserved

15

ERRWARN

ERRWARN interrupt mask

14

—

Reserved

13

IBIWON

IBIWON interrupt mask

12

TXNOTFULL

TXNOTFULL interrupt mask

11

RXPEND

RXPEND interrupt mask

10

COMPLETE

COMPLETE interrupt mask

9 MCTRLDONE interrupt mask

Table continues on the next page...
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Table continued from the previous page...

Field Function

MCTRLDONE

8

SLVSTART

SLVSTART interrupt mask

7-0

—

Reserved

37.7.32 Master Errors and Warnings Register (MERRWARN)

Offset

Register Offset

MERRWARN 9Ch

Function
Contains errors and warnings from I3C/I2C protocol. When any errors or warnings are not 0, then the MSTATUS.ERRWARN 
bit will be set.

Parallel-to-slave ERRWARN:

• In Master mode, use this register (MERRWARN).

• In Slave mode, use the slave register SERRWARN.

The error bits in both registers (MERRWARN and SERRWARN) are similar in meaning.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved TIMEO
UT 

INVRE
Q 

MSGE
RR 

OWRI
TE 

OREA
D W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
HCRC HPAR 

Reserved 
TERM 

WRAB
T 

NACK 

Reserv
ed 

Reserv
ed 

W

Reset u u u u u 0 0 u u u u 0 0 0 u u
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Fields

Field Function

31-21

—

Reserved

20

TIMEOUT

TIMEOUT error

The module has stalled too long in a frame. This happens:

• When the TX FIFO or RX FIFO is not handled and the bus is stuck in the middle of a message,

• When no STOP was issued and between messages,

• When IBI manual is used and no decision was made.

The maximum stall period is 10 KHz or 100 us.

19

INVREQ

Invalid request error

Invalid use of a request:

• Not using IBIAckNack when stopped in manual hold for IBI acknowledge.

• Using other than ForceStop or ForceExit while in a message. Others are OK when the message is 
done.

• Other mismatched uses (for example, IBIAckNack when in normal states).

18

MSGERR

Message error

• Trying to write to or read from MWMSG_SDR register when in a DDR message (double data rate).

• Trying to write to or read from MWMSG_DDR register when in a SDR message (single data rate).

• Trying to read from HRMSG_SDR or HRMSG_DDR registers when no message has yet started.

17

OWRITE

Over-write error

Trying to write to the Master Write Data Byte Register (MWDATAB) when the FIFO is full.

16

OREAD

Over-read error

Trying to read from the Master Read Data Byte Register (MRDATAB) when the FIFO is empty.

15-11

—

Reserved

10

HCRC

High data rate CRC error

A Cyclic Redundancy Check (CRC) error occurred from a Double Data Rate (DDR) read.

9

HPAR

High data rate parity

• Parity error from a Double Data Rate (DDR) read; this includes a bad preamble on a read.

• Does not stop the read, because it is not safe to terminate (because the read data may get mis-
framed).

• Will end on a run of 1 second.

Table continues on the next page...
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Table continued from the previous page...

Field Function

8-5

—

Reserved

4

TERM

Terminate error

• This master terminated a slave read because athe read exceeded the count for the message; only 
valid when using the MWMSG_SDR or MWMSG_DDR register.

• TERM self-clears if the MWMSG_SDR or MWMSG_DDR register is written.

3

WRABT

WRABT (Write abort) error

• The I2C slave NACKed the write data, terminating the message.

• WRABT self-clears if the MCTRL register is written.

For example, the Master is writing in I2C and the Slave NACKed the write.

2

NACK

Not acknowledge (NACK) error

• The slave or slaves NACKed (not acknowledged) the last address.

• If 7E was the address, then all slaves NACKed the last address.

• NACK self-clears if the MCTRL register is written.

1

—

Reserved

0

—

Reserved

37.7.33 Master DMA Control Register (MDMACTRL)

Offset

Register Offset

MDMACTRL A0h

Function

The DMA Control register allows for DMA to be used for inbound and outbound messages. DMA is much more useful for a Master 
than for a Slave, because the Master is directing the bus traffic and actions, so setting up DMA is more natural for a Master. DMA 
can be used with a Master in one of two ways:

• Push or Pull data to go with an MCTRL.REQUEST=EMITSTARTADDR request written by the processor.

• Implementing a message mode, to be completely DMA-controlled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
DMAWIDTH DMATB DMAFB 

W

Reset u u u u u u u u u u 0 1 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-4

DMAWIDTH

DMA width

Specifies the data width of DMA operations.

00b - BYTE

01b - BYTE_AGAIN

10b - HALF_WORD. Half-word (16 bits). This will make sure that 2 bytes are free/available in 
FIFO.

11b - Reserved

3-2

DMATB

DMA to bus

DMA Write (to-bus) trigger. If enabled with DMATB=1 or 2, then the I3C module will start request DMA 
on TX trigger. See the Master Data Control Register (MDATACTRL). The I3C module will request until 
full, unless DMA is set up as a trigger.

DMAFB will cancel on MSTATUS.ERRWARN.

00b - NOT_USED. DMA is not used

01b - ENABLE_ONE_FRAME. DMA is enabled for 1 frame (ended by DMA or Terminated). 
DMATB auto-clears on STOP or START. See MCONFIG.MATCHSS.

10b - ENABLE. DMA is enabled until DMA is turned off. Normally DMA ENABLE should only be 
used in Master Message mode.

1-0

DMAFB

DMA from bus

DMA Read (from-bus) trigger. If enabled with DMAFB=1 or 2, then the I3C module will request DMA on a 
RX trigger (see MDATACTL register). The I3C module will request until empty, unless the DMA is set up 
as a trigger.

DMAFB will cancel on MSTATUS.ERRWARN.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - NOT_USED. DMA is not used

01b - ENABLE_ONE_FRAME. DMA is enabled for 1 frame. DMAFB auto-clears on STOP or 
repeated START. See MCONFIG.MATCHSS.

10b - ENABLE. DMA is enabled until the DMA is turned off.

37.7.34 Master Data Control Register (MDATACTRL)

Offset

Register Offset

MDATACTRL ACh

Function
Controls data buffering and indicates the current buffer state. The MDATACTRL register is the alias of slave DATACTRL 
register (SDATACTRL). The MDATACTRL register is also the FIFO control.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RXEM
PTY 

TXFUL
L 

Reserv
ed 

RXCOUNT Reserved TXCOUNT 

W

Reset 1 0 u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RXTRIG TXTRIG 

Reserv
ed 

W
UNLO

CK 
FLUS
HFB 

FLUS
HTB 

Reset u u u u u u u u 0 0 1 1 u 0 0 0

Fields

Field Function

31

RXEMPTY

RX is empty

• RXEMPTY=1 if RX is empty

• RXEMPTY=0 if RX is not yet empty

30

TXFULL

TX is full

Table continues on the next page...
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Table continued from the previous page...

Field Function

• TXFULL=1 if TX is full

• TXFULL=0 if TX is not yet full

29

—

Reserved

28-24

RXCOUNT

RX byte count

The count of bytes in RX

23-21

—

Reserved

20-16

TXCOUNT

TX byte count

The count of bytes waiting in the TXFIFO. This is how many bytes the application has written to the 
TXFIFO, that have not yet gone onto the I3C bus.

15-8

—

Reserved

7-6

RXTRIG

RX trigger level

Trigger level for RX fullness when using a FIFO. Affects interrupts and DMA (if enabled). The default is 
off, and it triggers on any byte in the RXFIFO (meaning that the RXFIFO is not empty).

5-4

TXTRIG

TX trigger level

Trigger level for TX emptiness when using a FIFO. Affects interrupts and DMA (if enabled). The default is 
3.

3

UNLOCK

Unlock

• If 0 is written to UNLOCK, then the RXTRIG and TXTRIG fields cannot be changed on a write.

• If 1 is written to UNLOCK, then the RXTRIG and TXTRIG fields can be changed on a write.

2

—

Reserved

1

FLUSHFB

Flush from-bus buffer/FIFO

Flushes the from-bus buffer/FIFO. FLUSHFB is not normally used.

0

FLUSHTB

Flush to-bus buffer/FIFO

Flush the to-bus buffer/FIFO. Used when the master terminates a to-bus message (read) prematurely.
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37.7.35 Master Write Data Byte Register (MWDATAB)

Offset

Register Offset

MWDATAB B0h

Function
Write a byte of data, possibly the last byte. The MWDATAB register is the alias of the WDATAB register. The MWDATAB 
register allows writing bytes to send onto the bus. This is only used when using MCTRL to start the message. If 
MWMSG_SDR or MWMSG_DDR is used to start a message, that interface must be used exclusively.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W
END_
ALSO 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 

W END VALUE 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-17

—

Reserved

16

END_ALSO

End of message also

End outbound message normally. Any message has to end, this just indicates that it is the last message 
to go out. This method can be used, and also the MDATABE register.

• If END_ALSO=1, this marks the last byte of the message.

• If END_ALSO=0, it is assumed there are more bytes.

This is required to be used in I3C and is optional in I2C. For HDR-DDR (High Data Rate, Double Data 
Rate), the byte with the END_ALSO must be an even byte (2nd, 4th, 6th, etc) because DDR uses 
byte-pairs.

15-9

—

Reserved

8 End of message

Table continues on the next page...
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Table continued from the previous page...

Field Function

END • If END=1, then the END bit marks the last byte of the message.

• If END=0, then it is assumed there are more bytes.

This is required to be used in I3C and is optional in I2C. For HDR-DDR (High Data Rate, Double Data 
Rate), the byte with the END must be an even byte (2nd, 4th, 6th, etc) because DDR uses byte-pairs.

7-0

VALUE

Data byte

The byte to send to (write to) the master.

• If I3C, the block will compute the parity.

• If I2C, the block will handle the ACK/NACK.

37.7.36 Master Write Data Byte End Register (MWDATABE)

Offset

Register Offset

MWDATABE B4h

Function
The MWDATABE register is the alias of the Slave WDATABE register (SWDATABE). The MWDATABE register allows 
writing the last byte to send onto the bus. This is only used when using MCTRL to start the message. If MWMSG_SDR or 
MWMSG_DDR is used to start a message, that interface must be used exclusively. Note that MWDATAB can also indicate 
END using bit 8.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 

W VALUE 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7-0

VALUE

Data

The last byte to send to (write to) the master.

• If I3C, the block will compute the parity.

• If I2C, the block will handle the ACK/NACK.

37.7.37 Master Write Data Half-word Register (MWDATAH)

Offset

Register Offset

MWDATAH B8h

Function
Write a half-word of data, possibly the last half-word. The MWDATAH register is the alias of the WDATAH register. Thes 
Master Write Data Half-word register allows writing a half-word (pair of bytes) to the bus, unless an external FIFO is used. 
This takes a half-word, which will send out the Low byte and then the High byte. An end-of-data (last) marker bit is allowed 
(or must be 0). A half-word should not be written unless there is room for both, as indicated by use of TX FIFO level trigger or 
TXCOUNT available space in the MDATACTRL register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W END 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA1 DATA0 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-17

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

END

End of message

• If END=1, then END bit marks the last byte of the message.

• If END=0, then there are more bytes in the message.

For this register, this always marks DATA1 as the end. END is required to be used in I3C, but is optional 
in I2C.

For HDR-DDR, the byte with the END must be an even byte (2nd, 4th, 6th, etc.) because DDR uses byte-
pairs.

15-8

DATA1

Data byte 1

The 2nd byte to send to the master.

7-0

DATA0

Data byte 0

The 1st byte to send to the master.

37.7.38 Master Write Data Byte End Register (MWDATAHE)

Offset

Register Offset

MWDATAHE BCh

Function
Write the last half-word of data. The MWDATAHE register is the alias of the Slave WDATAHE register (SWDATAHE). Write 
a half-word (byte pair) just like the MWDATAH register, but mark the 2nd byte as end-of-data (last byte). Note that for 
HDR-DDR, the byte with the END must be an even (2nd, 4th, 6th, etc) because DDR uses byte-pairs. A half-word should not 
be written unless there is room for both half-words, as indicated by use of TX FIFO level trigger or TXCOUNT available space 
in the MDATACTRL register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA1 DATA0 

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31-16

—

Reserved

15-8

DATA1

DATA 1

The 2nd byte to send to the master.

7-0

DATA0

DATA 0

The 1st byte to send to the master.

37.7.39 Master Read Data Byte Register (MRDATAB)

Offset

Register Offset

MRDATAB C0h

Function
Read a byte of data. The MRDATAB register is the alias of the Slave RDATAB register (SRDATAB). The MRDATAB register 
is used to read bytes written by the Slave on an SDR Read or DAA or DDR. This is only used when using MCTRL to start the 
message. If MWMSG_SDR or MWMSG_DDR is used to start a message, that interface must be used exclusively.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved VALUE 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

Table continues on the next page...

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2238 / 5781



Table continued from the previous page...

Field Function

7-0

VALUE

VALUE

The byte read from the master (and written by the Slave).

37.7.40 Master Read Data Half-word Register (MRDATAH)

Offset

Register Offset

MRDATAH C8h

Function
Read a half-word of data. The MRDATAH register is the alias of the RDATAH register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MSB LSB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

MSB

MSB

The 2nd byte read from the master.

7-0

LSB

LSB

The 1st byte read from the master.
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37.7.41 Write Byte Data 1 (to bus) (MWDATAB1)

Offset

Register Offset

MWDATAB1 CCh

Function
The MWDATAB1 register allows writing bytes to send onto the bus, and is intended for DMAs, which do not clear the upper 
bits of the word – MWDATAB1 does not have the END bits. MWDATAB1 is only used when using MCTRL to start the 
message. If MWMSG_SDR or MWMSG_DDR starts a message, that interface must be used exclusively.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W VALUE 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

VALUE

Value

Byte to write out. The block computes the parity if I3C, or handles the ACK/NACK if I2C.

37.7.42 Master Write Message in SDR mode (MWMSG_SDR_CONTROL)

Offset

Register Offset

MWMSG_SDR_CONTR
OL

D0h

Function
Set up and write 16-bit words in Single Data Rate (SDR) mode. The MWMSG_SDR_ register is modal, and has 2 modes: 
control and data.

NXP Semiconductors
Improved Inter-Integrated Circuit (I3C)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2240 / 5781



• On the first write to set up a new message, this register functions as the MWSMSG_SDR_CONTROL register.

• On subsequent writes, this register functions as the MWMSG_SDR_DATA register.

When not in the middle of a message, the MWMSG_SDR_CONTROL register is used to start a new message (or emit a STOP). 
After starting a message, the MWMSG_SDR_DATA register is used until the Length (see LEN field) counts down, or until data 
with END = 1 is used.

The MWMSG_SDR_CONTROL register is written with the 16-bit Control word if currently stopped or past the end of the previous 
message. If MSTATUS.STATE is MSGSDR and MSTAT.BETWEEN is 0, then the register (at this offset address) is functioning as 
the MWMSG_SDR_DATA register; otherwise, this register (at this offset address) is functioning as the MWMSG_SDR_CONTRL 
register, as long as MSTATUS.STATE is not in another mode. The control word contains the byte length (LEN), the address 
(ADDR), the direction (DIR), and how it ends (END). Note that if START and if an event (IBI, MR, HJ) occurs, the MCTRL register’s 
IBIRESP field will be used to determine action, and the corresponding interrupt will occur. The message will be restarted in 
that case. 

The MWMSG_SDR_CONTROL and MWMSG_SDR_DATA registers are oriented to DMA operations; but the 
MWMSG_SDR_CONTROL register can also be written by the processor if desired (instead of using MCTRL and MxDATAB).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W Reserved 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed 

W LEN I2C END ADDR DIR 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-16

—

Reserved

15-11

LEN

Length

The byte length of the message. If LEN=0, then only END is used (and it will not use the address if 
STOPped). LEN=1 should not be used; the minimal LEN size is 2 bytes (LEN=2).

10

I2C

I2C

Specifies if the message is I2C or I3C.

0b - I3C message

1b - I2C message

9 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

8

END

End of SDR message

• If END=1, then the single data rate message ends on STOP.

• If END=0, then the single data rate message ends waiting for a new SDR message (will issue a 
repeated START for a new message).

Sets MSTATUS.COMPLETE when done. This can be happen before LEN bytes are read in I3C if a 
slave ends sooner; or this can happen before LEN bytes are written in I2C if a slave NACKs.

7-1

ADDR

Address to be written to

0

DIR

Direction

0b - Write

1b - Read

37.7.43 Master Write Message Data in SDR mode (MWMSG_SDR_DATA)

Offset

Register Offset

MWMSG_SDR_DATA D0h

Function
This is the 16-bit word to be written in Single Data Rate (SDR) mode. This register also functions as the 
MWMSG_SDR_CONTROL register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W END 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA16B 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-17

—

Reserved

16

END

End of message

• If END=1, then END bit marks the last byte of the message.

• If END=0, then the normal message count is used. The default is to use END=0 and let the header 
count count down normally.

END allows terminating a write earlier than MWMSG_SDR_CONTROL.LEN field does.

15-0

DATA16B

Data

37.7.44 Master Read Message in SDR mode (MRMSG_SDR)

Offset

Register Offset

MRMSG_SDR D4h

Function
Read 16-bit words from a slave in Single Data Rate (SDR) message mode. The MRMSG_SDR register is used to read 16-bit 
words from an active message started with MWMSG_SDR. These words are intended to be read by DMA.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-0

DATA

Data

DATA is the 16-bit word read from the slave.

• If the length (LEN) was an uneven number, then the upper byte will be 0.

• If the slave ends before LEN is finished, then it will treat the read as completed.

• If the slave is not done before LEN is finished and END is not a continuation, then the read will be 
terminated.

37.7.45 Master Write Message in DDR mode (MWMSG_DDR_CONTROL)

Offset

Register Offset

MWMSG_DDR_CONTR
OL

D8h

Function
Set up and write 16-bit words in Double Data Rate (DDR) mode. The MWMSG_DDR_ register is modal, and has 2 modes: 
control and data.

• On the first write to set up a new message, this register functions as the MWSMSG_DDR_CONTROL register.

• On subsequent writes, this register functions as the MWMSG_DDR_DATA register.

When not in the middle of a message, the MWMSG_DDR_CONTROL register is used to start a new message (or emit a STOP). 
After starting a message, the MWMSG_DDR_DATA register is used until the Length (see LEN field) counts down, or until data 
with END=1 is used.

The MWMSG_DDR_CONTROL register is written with the 16-bit Control word if currently stopped or past the end of the previous 
message. If MSTATUS.STATE is MSGDDR and MSTAT.BETWEEN is 0, then the register (at this offset address) is functioning as 
the MWMSG_DDR_DATA register; otherwise, this register (at this offset address) is functioning as the MWMSG_DDR_CONTRL 
register, as long as MSTATUS.STATE is not in another mode. The main control word contains the 16-bit word length, and how it 
ends (stop, ready for next, continuation with more length). Then the 1st data word has the command and address for read or write. 
Note that if START and if an event (IBI, MR, HJ) occurs, then the MCTRL register’s IBIRESP field will be used to determine action, 
and the corresponding interrupt will occur. The message will be restarted in that case. Note that the module handles preamble, 
parity, and CRC.

The MWMSG_DDR_CONTROL and MWMSG_DDR_DATA registers are oriented to DMA operations; but the 
MWMSG_DDR_CONTROL register can also be written by the processor if desired (instead of using MCTRL and MxDATAB).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W Reserved 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed 
Reserved 

W END LEN 

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-16

—

Reserved

15

—

Reserved

14

END

End of message

• If END=1, then the double data rate message ends on HDR Exit.

• If END=0, then the double data rate message ends waiting for a new DDR message (will issue a 
HDR Restart for the new message).

Sets MSTATUS.COMPLETE when done. This can be happen before LEN bytes are read if the slave 
ends sooner.

13-10

—

Reserved

9-0

LEN

Length of message

The length of the message (including the command) in half-words, so up to 2046 bytes. If LEN=0, then 
END is applied only. For Read, +1 for the CRC; for example, to read 4 bytes, use 1+2+1 for CMD + 2 
halves + CRC.

37.7.46 Master Write Message Data in DDR mode (MWMSG_DDR_DATA)

Offset

Register Offset

MWMSG_DDR_DATA D8h
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Function
This is the 16-bit word to be written in Double Data Rate (DDR) mode. This register also functions as the 
MWMSG_DDR_CONTROL register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W END 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DATA16B 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

END

End of message

• If END=1, then END bit marks the last byte of the message.

• If END=0, then the normal message count is used. The default is to use END=0 and let the header 
count count down normally.

END allows terminating a write earlier than MWMSG_DDR_CONTROL.LEN field does.

15-0

DATA16B

Data

37.7.47 Master Read Message in DDR mode (MRMSG_DDR)

Offset

Register Offset

MRMSG_DDR DCh

Function
Read 16-bit words from a slave in Double Data Rate (DDR) message mode. The MRMSG_DDR register is used to read 16-bit 
words from an active message started with MWMSG_DDR. This is intended to be read by DMA.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
CLEN 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

CLEN

Current length

Current length. The DMA would normally only read 16 bits, and so not use the CLEN field. However, 
a processor can read CLEN to determine the current message length (for example, to see what the 
message ended on).

15-0

DATA

Data

DATA is the 16-bit word read from a slave: the 1st byte is the LSB and the 2nd byte is the MSB. The 1st 
byte is in DATA[7:0] and the 2nd byte is in DATA[15:8].

• If the slave ends before the entire length of the message (MWMSG_DDR.LEN) is read, then the 
module will consider the DATA read as completed. In I3C, the slave can indicate the end of 
message (the last byte); otherwise, the master would terminate the message if the message is 
more than the master will accept.

• If the slave has not yet finished sending DATA before the entire length of the message 
(MWMSG_DDR.LEN) is read and END is not a continuation, then the DATA read will be terminated.

37.7.48 Master Dynamic Address Register (MDYNADDR)

Offset

Register Offset

MDYNADDR E4h

Function
Allows an I3C module to write its own Dynamic Address when the I3C module changes from master mode to slave mode.

If this device is the Main Master (the Master at bus initialization), then this device may use this mechanism to assign itself its own 
Dynamic Address, for cases where the device hands off control to a secondary Master, and so becomes a Slave itself. This should 
be written before switching to Slave mode and should not be changed once in Slave mode (it is not clock safe for that). It should 
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only be written with a valid address value in DADDR if DAVALID=1. Note that the Main master will also use DEFSLVS to define 
the slave addresses, including itself; this is how secondary Masters know this address. If the Master is not the Main Master, then 
this should not be used. If this peripheral needs to retain its DA for use during power cycle (when this peripheral is Slave), then 
the Slave DYNADDR register (SDYNADDR) should be used.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
DADDR 

DAVAL
ID W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-1

DADDR

Dynamic address

The assigned Dynamic Address when DAVALID is 1.

0

DAVALID

Dynamic address valid

DAVALID=1 if a Dynamic Address is assigned.

37.7.49 Slave Module ID (SID)

Offset

Register Offset

SID FFCh

Function
Allows software to detect the module and its version information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ID 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ID 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

ID

ID

The ID meaning is specific to each use of the I3C module.
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Chapter 38
Trigger Multiplexing (TRIGMUX)
38.1 Chip-specific TRGMUX information
Table 404. Reference links to related information

Topic Related module Reference

Full description TRGMUX TRGMUX

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

38.1.1 Module instances
This device has two instances of the TRGMUX module: TRGMUX0 and TRGMUX1.

38.1.2 TRIGMUX input and output triggers
The following table shows the TRIGMUX0 input trigger sources in this device.

Mux Select Source Module Source Function Pretrigger

0 - Disabled Reserved

SYSTEM Trigger Inputs

1 WUU0 Trigger Event N

TIMER Trigger Inputs

2 RTC0 Alarm Event N

3 RTC0 Seconds Match N

4 LPTMR0 Counter Match Y

5 LPTMR1 Counter Match Y

6 - Disabled Reserved

7 - Disabled Reserved

TIMER Trigger Inputs

8 LPIT0 Channel 0 Y

9 LPIT0 Channel 1 Y

10 LPIT0 Channel 2 Y

11 LPIT0 Channel 3 Y

12 TPM0 Channel 0 Y

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

13 TPM0 Channel 1 Y

14 TPM0 Channel 2 Y

15 TPM0 Channel 3 Y

16 TPM0 Channel 4 Y

17 TPM0 Channel 5 Y

18 TPM0 Overflow N

19 TPM1 Channel 0 Y

20 TPM1 Channel 1 Y

21 - Disabled Reserved

22 - Disabled Reserved

23 - Disabled Reserved

24 - Disabled Reserved

TIMER Trigger Inputs

25 TPM1 Overflow N

26 TPM2 Channel 0 Y

27 TPM2 Channel 1 Y

28 - Disabled Reserved

29 - Disabled Reserved

30 - Disabled Reserved

31 - Disabled Reserved

TIMER Trigger Inputs

32 TPM2 Overflow N

33 TPM3 Channel 0 Y

34 TPM3 Channel 1 Y

35 TPM3 Channel 2 Y

36 TPM3 Channel 3 Y

37 TPM3 Channel 4 Y

38 TPM3 Channel 5 Y

39 TPM3 Overflow N

40 TPM8 Channel 0 Y

41 TPM8 Channel 1 Y

42 TPM8 Channel 2 Y

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

43 TPM8 Channel 3 Y

44 TPM8 Channel 4 Y

45 TPM8 Channel 5 Y

46 TPM8 Overflow N

COMMUNICATION Trigger Inputs

47 FlexIO0 Channel 0 N

48 FlexIO0 Channel 1 N

49 FlexIO0 Channel 2 N

50 FlexIO0 Channel 3 N

51 FlexIO0 Channel 4 N

52 FlexIO0 Channel 5 N

53 FlexIO0 Channel 6 N

54 FlexIO0 Channel 7 N

55 LPI2C0 Master End of Packet N

56 LPI2C0 Slave End of Packet N

57 LPI2C1 Master End of Packet N

58 LPI2C1 Slave End of Packet N

59 LPI2C2 Master End of Packet N

60 LPI2C2 Slave End of Packet N

61 LPI2C3 Master End of Packet N

62 LPI2C3 Slave End of Packet N

HUMAN MACHINE INTERFACE Trigger Inputs

63 SAI0 Receive Frame Sync N

64 SAI0 Transmit Frame Sync N

65 SAI1 Receive Frame Sync N

66 SAI1 Transmit Frame Sync N

67 SAI2 Receive Frame Sync N

68 SAI2 Transmit Frame Sync N

69 SAI3 Receive Frame Sync N

70 SAI3 Transmit Frame Sync N

71 SAI6 Receive Frame Sync N

72 SAI6 Transmit Frame Sync N

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

73 SAI7 Receive Frame Sync N

74 SAI7 Transmit Frame Sync N

COMMUNICATION Trigger Inputs

75 LPSPI0 End of Frame N

76 LPSPI0 Received Data Word N

77 LPSPI1 End of Frame N

78 LPSPI1 Received Data Word N

79 LPSPI2 End of Frame N

80 LPSPI2 Received Data Word N

81 LPSPI3 End of Frame N

82 LPSPI3 Received Data Word N

83 LPUART0 Received Data Word N

84 LPUART0 Transmitted Data Word N

85 LPUART0 Receive Line Idle N

86 LPUART1 Received Data Word N

87 LPUART1 Transmitted Data Word N

88 LPUART1 Receive Line Idle N

89 LPUART2 Received Data Word N

90 LPUART2 Transmitted Data Word N

91 LPUART2 Receive Line Idle N

92 LPUART3 Received Data Word N

93 LPUART3 Transmitted Data Word N

94 LPUART3 Receive Line Idle N

95 USB0 Start of Frame N

96 USB1 Start of Frame N

SYSTEM Trigger Inputs

97 GPIOA Pin event trigger 2 N

98 GPIOA Pin event trigger 3 N

99 GPIOB Pin event trigger 2 N

100 GPIOB Pin event trigger 3 N

101 GPIOC Pin event trigger 2 N

102 GPIOC Pin event trigger 3 N

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

103 GPIOD Pin event trigger 2 N

104 GPIOD Pin event trigger 3 N

105 GPIOE Pin event trigger 2 N

106 GPIOE Pin event trigger 3 N

107 GPIOF Pin event trigger 2 N

108 GPIOF Pin event trigger 3 N

ANALOG Trigger Inputs

109 ADC0 Trigger Output0 N

110 ADC0 Trigger Output1 N

111 ADC0 Trigger Output2 N

112 ADC0 Trigger Output3 N

113 ADC1 Trigger Output0 N

114 ADC1 Trigger Output1 N

115 ADC1 Trigger Output2 N

116 ADC1 Trigger Output3 N

117 CMP0 Comparator Output N

118 CMP1 Comparator Output N

119 Reserved Reserved Reserved

120 Reserved Reserved Reserved

121 Reserved Reserved Reserved

122 Reserved Reserved Reserved

123 Reserved Reserved Reserved

124 Reserved Reserved Reserved

125 Reserved Reserved Reserved

126 Reserved Reserved Reserved

127 Reserved Reserved Reserved

The following table shows the TRIGMUX0 output trigger sources in this device.

Destination 
Module Trigger Output 3 Trigger Output 2 Trigger Output 1 Trigger Output 0

LPIT0 Trigger Trigger Trigger Trigger

Table continues on the next page...
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Table continued from the previous page...

Destination 
Module Trigger Output 3 Trigger Output 2 Trigger Output 1 Trigger Output 0

TPM0
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM1
Reserved Reserved

Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM2
Reserved Reserved

Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM3
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM8
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

COMMUNICATION Trigger Outputs

FlexIO0 Trigger Trigger Trigger Trigger

LPI2C0 Reserved Reserved Reserved Host Request

LPI2C1 Reserved Reserved Reserved Host Request

LPI2C2 Reserved Reserved Reserved Host Request

LPI2C3 Reserved Reserved Reserved Host Request

LPSPI0 Reserved Reserved Reserved Host Request

LPSPI1 Reserved Reserved Reserved Host Request

LPSPI2 Reserved Reserved Reserved Host Request

LPSPI3 Reserved Reserved Reserved Host Request

LPUART0 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART1 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART2 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART3 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

ANALOG Trigger Outputs

ADC0 Trigger Trigger Trigger Trigger

ADC1 Trigger Trigger Trigger Trigger

Table continues on the next page...
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Table continued from the previous page...

Destination 
Module Trigger Output 3 Trigger Output 2 Trigger Output 1 Trigger Output 0

CMP0 Reserved Reserved Reserved Window, Trigger

CMP1 Reserved Reserved Reserved Window, Trigger

DAC0 Reserved Reserved Reserved Trigger

DAC1 Reserved Reserved Reserved Trigger

The following table shows the TRIGMUX1 input trigger sources in this device.

Mux Select Source Module Source Function Pretrigger

0 - Disabled Reserved

SYSTEM Trigger Inputs

1 WUU1 Trigger Event N

TIMER Trigger Inputs

2 RTC0 Alarm Event N

3 RTC0 Seconds Match N

4 LPIT1 Channel 0 Y

5 LPIT1 Channel 1 Y

6 LPIT1 Channel 2 Y

7 LPIT1 Channel 3 Y

8 TPM4 Channel 0 Y

9 TPM4 Channel 1 Y

10 TPM4 Channel 2 Y

11 TPM4 Channel 3 Y

12 TPM4 Channel 4 Y

13 TPM4 Channel 5 Y

14 TPM4 Overflow N

15 TPM5 Channel 0 Y

16 TPM5 Channel 1 Y

17 - Disabled Reserved

18 - Disabled Reserved

19 - Disabled Reserved

20 - Disabled Reserved

TIMER Trigger Inputs

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

21 TPM5 Overflow N

22 TPM6 Channel 0 Y

23 TPM6 Channel 1 Y

24 - Disabled Reserved

25 - Disabled Reserved

26 - Disabled Reserved

27 - Disabled Reserved

TIMER Trigger Inputs

28 TPM6 Overflow N

29 TPM7 Channel 0 Y

30 TPM7 Channel 1 Y

31 TPM7 Channel 2 Y

32 TPM7 Channel 3 Y

33 TPM7 Channel 4 Y

34 TPM7 Channel 5 Y

35 TPM7 Overflow N

36 TPM8 Channel 0 Y

37 TPM8 Channel 1 Y

38 TPM8 Channel 2 Y

39 TPM8 Channel 3 Y

40 TPM8 Channel 4 Y

41 TPM8 Channel 5 Y

42 TPM8 Overflow N

COMMUNICATION Trigger Inputs

43 FlexIO1 Channel 0 N

44 FlexIO1 Channel 1 N

45 FlexIO1 Channel 2 N

46 FlexIO1 Channel 3 N

47 FlexIO1 Channel 4 N

48 FlexIO1 Channel 5 N

49 FlexIO1 Channel 6 N

50 FlexIO1 Channel 7 N

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

51 LPI2C4 Master End of Packet N

52 LPI2C4 Slave End of Packet N

53 LPI2C5 Master End of Packet N

54 LPI2C5 Slave End of Packet N

55 LPI2C6 Master End of Packet N

56 LPI2C6 Slave End of Packet N

57 LPI2C7 Master End of Packet N

58 LPI2C7 Slave End of Packet N

HUMAN MACHINE INTERFACE Trigger Inputs

59 SAI4 Receive Frame Sync N

60 SAI4 Transmit Frame Sync N

61 SAI5 Receive Frame Sync N

62 SAI5 Transmit Frame Sync N

63 SAI6 Receive Frame Sync N

64 SAI6 Transmit Frame Sync N

65 SAI7 Receive Frame Sync N

66 SAI7 Transmit Frame Sync N

COMMUNICATION Trigger Inputs

67 LPSPI4 End of Frame N

68 LPSPI4 Received Data Word N

69 LPSPI5 End of Frame N

70 LPSPI5 Received Data Word N

71 LPUART4 Received Data Word N

72 LPUART4 Transmitted Data Word N

73 LPUART4 Receive Line Idle N

74 LPUART5 Received Data Word N

75 LPUART5 Transmitted Data Word N

76 LPUART5 Receive Line Idle N

77 LPUART6 Received Data Word N

78 LPUART6 Transmitted Data Word N

79 LPUART6 Receive Line Idle N

80 LPUART7 Received Data Word N

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

81 LPUART7 Transmitted Data Word N

82 LPUART7 Receive Line Idle N

83 USB0 Start of Frame N

84 USB1 Start of Frame N

SYSTEM Trigger Inputs

85 GPIOA Pin event trigger 0 N

86 GPIOA Pin event trigger 1 N

87 GPIOB Pin event trigger 0 N

88 GPIOB Pin event trigger 1 N

89 GPIOC Pin event trigger 0 N

90 GPIOC Pin event trigger 1 N

91 GPIOD Pin event trigger 0 N

92 GPIOD Pin event trigger 1 N

93 GPIOE Pin event trigger 0 N

94 GPIOE Pin event trigger 1 N

95 GPIOF Pin event trigger 0 N

96 GPIOF Pin event trigger 1 N

97 Reserved Reserved Reserved

98 Reserved Reserved Reserved

99 Reserved Reserved Reserved

100 Reserved Reserved Reserved

101 Reserved Reserved Reserved

102 Reserved Reserved Reserved

103 Reserved Reserved Reserved

104 Reserved Reserved Reserved

105 Reserved Reserved Reserved

106 Reserved Reserved Reserved

107 Reserved Reserved Reserved

108 Reserved Reserved Reserved

109 Reserved Reserved Reserved

110 Reserved Reserved Reserved

111 Reserved Reserved Reserved

Table continues on the next page...
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Table continued from the previous page...

Mux Select Source Module Source Function Pretrigger

112 Reserved Reserved Reserved

113 Reserved Reserved Reserved

114 Reserved Reserved Reserved

115 Reserved Reserved Reserved

116 Reserved Reserved Reserved

117 Reserved Reserved Reserved

118 Reserved Reserved Reserved

119 Reserved Reserved Reserved

120 Reserved Reserved Reserved

121 Reserved Reserved Reserved

122 Reserved Reserved Reserved

123 Reserved Reserved Reserved

124 Reserved Reserved Reserved

125 Reserved Reserved Reserved

126 Reserved Reserved Reserved

127 Reserved Reserved Reserved

The following table shows the TRIGMUX1 output trigger sources in this device.

Destination 
Module Trigger Output 3 Trigger Output 2 Trigger Output 1 Trigger Output 0

LPIT1 Trigger Trigger Trigger Trigger

TPM4
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM5
Reserved Reserved

Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM6
Reserved Reserved

Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM7
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

TPM8
Reserved

Trigger Input Capture, Trigger
Input Capture, 

Trigger, 
Output Modulation

Table continues on the next page...
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Table continued from the previous page...

Destination 
Module Trigger Output 3 Trigger Output 2 Trigger Output 1 Trigger Output 0

COMMUNICATION Trigger Outputs

FlexIO1 Trigger Trigger Trigger Trigger

LPI2C4 Reserved Reserved Reserved Host Request

LPI2C5 Reserved Reserved Reserved Host Request

LPI2C6 Reserved Reserved Reserved Host Request

LPI2C7 Reserved Reserved Reserved Host Request

LPSPI4 Reserved Reserved Reserved Host Request

LPSPI5 Reserved Reserved Reserved Host Request

LPUART4 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART5 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART6 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

LPUART7 Reserved Reserved Reserved RX Input, CTS Input, 
RX Modulation

38.2 Overview
TRGMUX allows software to configure the trigger inputs for various peripherals.

38.2.1 Block diagram
The block diagram below shows the trigger selection logic of TRGMUX.
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TRGMUX

Trigger input 1
Trigger input 2

Trigger input 6

Trigger input 3

[SELx]

...001

...010

...011

...100

...101

...110

...111

Trigger input 4
Trigger input 5

Trigger input 7

To peripheral
trigger inputs

Trigger disabled
...000

Up to four outputs per peripheral

Trigger input N*

* Up to 255 trigger inputs may be available for SEL0, SEL1, and SEL2. For SEL3, up to 127
   trigger inputs may be available. When the number of trigger inputs is 255, SEL3 is not
   available and becomes reserved. See the chip-specific TRGMUX information for the
   maximum number of trigger inputs supported on this device.

[SEL0] selects the trigger for output 0 
[SEL1] selects the trigger for output 1
[SEL2] selects the trigger for output 2 
[SEL3] selects the trigger for output 3

output x

Figure 270. TRGMUX block diagram

38.2.2 Features
TRGMUX allows software to select the trigger source for peripherals.

Each peripheral has its own dedicated TRGMUX register. See each peripheral's TRGMUX register for details.

38.3 Functional description
The following sections describe functional details of TRGMUX.

38.3.1 Clocking
This module has no clocking considerations.

38.3.2 Interrupts
This module has no interrupts.

38.4 External signals
This module has no external signals.

38.5 Initialization
This module does not require initialization.

38.6 TRGMUX register descriptions
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38.6.1 TRGMUX memory map
The TRGMUX registers contain fields for selecting trigger sources for peripheral modules. TRGMUX registers can be written only 
in supervisor mode.

Table 405. Select Bit Fields

Field Description

SELx This read/write field is used to configure the MUX select for the peripheral trigger inputs.

0h - -

1h - WUU0

2h - RTC0

3h - RTC0

4h - LPTMR0

5h - LPTMR1

6h - -

7h - -

8h - LPIT0

9h - LPIT0

Ah - LPIT0

Bh - LPIT0

Ch - TPM0

Dh - TPM0

Eh - TPM0

Fh - TPM0

10h - TPM0

11h - TPM0

12h - TPM0

13h - TPM1

14h - TPM1

15h - -

16h - -

17h - -

18h - -

19h - TPM1

1Ah - TPM2

1Bh - TPM2

1Ch - -

1Dh - -

Table continues on the next page...
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Table 405. Select Bit Fields

Field Description

1Eh - -

1Fh - -

20h - TPM2

21h - TPM3

22h - TPM3

23h - TPM3

24h - TPM3

25h - TPM3

26h - TPM3

27h - TPM3

28h - TPM8

29h - TPM8

2Ah - TPM8

2Bh - TPM8

2Ch - TPM8

2Dh - TPM8

2Eh - TPM8

2Fh - FlexIO0

30h - FlexIO0

31h - FlexIO0

32h - FlexIO0

33h - FlexIO0

34h - FlexIO0

35h - FlexIO0

36h - FlexIO0

37h - LPI2C0

38h - LPI2C0

39h - LPI2C1

3Ah - LPI2C1

3Bh - LPI2C2

3Ch - LPI2C2

3Dh - LPI2C3

3Eh - LPI2C3

3Fh - SAI0

Table continues on the next page...
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Table 405. Select Bit Fields

Field Description

40h - SAI0

41h - SAI1

42h - SAI1

43h - SAI2

44h - SAI2

45h - SAI3

46h - SAI3

47h - SAI6

48h - SAI6

49h - SAI7

4Ah - SAI7

4Bh - LPSPI0

4Ch - LPSPI0

4Dh - LPSPI1

4Eh - LPSPI1

4Fh - LPSPI2

50h - LPSPI2

51h - LPSPI3

52h - LPSPI3

53h - LPUART0

54h - LPUART0

55h - LPUART0

56h - LPUART1

57h - LPUART1

58h - LPUART1

59h - LPUART2

5Ah - LPUART2

5Bh - LPUART2

5Ch - LPUART3

5Dh - LPUART3

5Eh - LPUART3

5Fh - USB0

60h - USB1

61h - GPIOA

Table continues on the next page...
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Table 405. Select Bit Fields

Field Description

62h - GPIOA

63h - GPIOB

64h - GPIOB

65h - GPIOC

66h - GPIOC

67h - GPIOD

68h - GPIOD

69h - GPIOE

6Ah - GPIOE

6Bh - GPIOF

6Ch - GPIOF

6Dh - ADC0

6Eh - ADC0

6Fh - ADC0

70h - ADC0

71h - ADC1

72h - ADC1

73h - ADC1

74h - ADC1

75h - CMP0

76h - CMP1

77h -

78h -

79h -

7Ah -

7Bh -

7Ch -

7Dh -

7Eh -

7Fh -

TRGMUX0 base address: 2802_7000h
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Offset Register Width

(In bits)

Access Reset value

0h TRGMUX LPIT0 Register (LPIT0) 32 RW 0000_0000h

4h TRGMUX TPM0 Register (TPM0) 32 RW 0000_0000h

8h TRGMUX TPM1 Register (TPM1) 32 RW 0000_0000h

Ch TRGMUX TPM2 Register (TPM2) 32 RW 0000_0000h

10h TRGMUX TPM3 Register (TPM3) 32 RW 0000_0000h

14h TRGMUX TPM8 Register (TPM8) 32 RW 0000_0000h

18h TRGMUX FlexIO0 Register (FlexIO0) 32 RW 0000_0000h

1Ch TRGMUX LPI2C0 Register (LPI2C0) 32 RW 0000_0000h

20h TRGMUX LPI2C1 Register (LPI2C1) 32 RW 0000_0000h

24h TRGMUX LPI2C2 Register (LPI2C2) 32 RW 0000_0000h

28h TRGMUX LPI2C3 Register (LPI2C3) 32 RW 0000_0000h

2Ch TRGMUX LPSPI0 Register (LPSPI0) 32 RW 0000_0000h

30h TRGMUX LPSPI1 Register (LPSPI1) 32 RW 0000_0000h

34h TRGMUX LPSPI2 Register (LPSPI2) 32 RW 0000_0000h

38h TRGMUX LPSPI3 Register (LPSPI3) 32 RW 0000_0000h

3Ch TRGMUX LPUART0 Register (LPUART0) 32 RW 0000_0000h

40h TRGMUX LPUART1 Register (LPUART1) 32 RW 0000_0000h

44h TRGMUX LPUART2 Register (LPUART2) 32 RW 0000_0000h

48h TRGMUX LPUART3 Register (LPUART3) 32 RW 0000_0000h

4Ch TRGMUX ADC0 Register (ADC0) 32 RW 0000_0000h

50h TRGMUX ADC1 Register (ADC1) 32 RW 0000_0000h

54h TRGMUX CMP0 Register (CMP0) 32 RW 0000_0000h

58h TRGMUX CMP1 Register (CMP1) 32 RW 0000_0000h

5Ch TRGMUX DAC0 Register (DAC0) 32 RW 0000_0000h

60h TRGMUX DAC1 Register (DAC1) 32 RW 0000_0000h

38.6.2 TRGMUX LPIT0 Register (LPIT0)

Offset

Register Offset

LPIT0 0h
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Function
Configures the LPIT0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 405.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.3 TRGMUX TPM0 Register (TPM0)

Offset

Register Offset

TPM0 4h

Function
Configures the TPM0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.4 TRGMUX TPM1 Register (TPM1)

Offset

Register Offset

TPM1 8h

Function
Configures the TPM1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.5 TRGMUX TPM2 Register (TPM2)

Offset

Register Offset

TPM2 Ch

Function
Configures the TPM2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.6 TRGMUX TPM3 Register (TPM3)

Offset

Register Offset

TPM3 10h

Function
Configures the TPM3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

Table continues on the next page...
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Field Function

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.7 TRGMUX TPM8 Register (TPM8)

Offset

Register Offset

TPM8 14h

Function
Configures the TPM8 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...

NXP Semiconductors
Trigger Multiplexing (TRIGMUX)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2274 / 5781



Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.8 TRGMUX FlexIO0 Register (FlexIO0)

Offset

Register Offset

FlexIO0 18h

Function
Configures the FlexIO0 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 405.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.9 TRGMUX LPI2C0 Register (LPI2C0)

Offset

Register Offset

LPI2C0 1Ch

Function
Configures the LPI2C0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.10 TRGMUX LPI2C1 Register (LPI2C1)

Offset

Register Offset

LPI2C1 20h

Function
Configures the LPI2C1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.11 TRGMUX LPI2C2 Register (LPI2C2)

Offset

Register Offset

LPI2C2 24h

Function
Configures the LPI2C2 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

NXP Semiconductors
Trigger Multiplexing (TRIGMUX)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2280 / 5781



38.6.12 TRGMUX LPI2C3 Register (LPI2C3)

Offset

Register Offset

LPI2C3 28h

Function
Configures the LPI2C3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.13 TRGMUX LPSPI0 Register (LPSPI0)

Offset

Register Offset

LPSPI0 2Ch

Function
Configures the LPSPI0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.14 TRGMUX LPSPI1 Register (LPSPI1)

Offset

Register Offset

LPSPI1 30h

Function
Configures the LPSPI1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.15 TRGMUX LPSPI2 Register (LPSPI2)

Offset

Register Offset

LPSPI2 34h

Function
Configures the LPSPI2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.16 TRGMUX LPSPI3 Register (LPSPI3)

Offset

Register Offset

LPSPI3 38h

Function
Configures the LPSPI3 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.17 TRGMUX LPUART0 Register (LPUART0)

Offset

Register Offset

LPUART0 3Ch

Function
Configures the LPUART0 module.

NXP Semiconductors
Trigger Multiplexing (TRIGMUX)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2287 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.18 TRGMUX LPUART1 Register (LPUART1)

Offset

Register Offset

LPUART1 40h

Function
Configures the LPUART1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved
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Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.19 TRGMUX LPUART2 Register (LPUART2)

Offset

Register Offset

LPUART2 44h

Function
Configures the LPUART2 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.20 TRGMUX LPUART3 Register (LPUART3)

Offset

Register Offset

LPUART3 48h

Function
Configures the LPUART3 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.21 TRGMUX ADC0 Register (ADC0)

Offset

Register Offset

ADC0 4Ch

Function
Configures the ADC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 405.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved
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Field Function

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.22 TRGMUX ADC1 Register (ADC1)

Offset

Register Offset

ADC1 50h

Function
Configures the ADC1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...

NXP Semiconductors
Trigger Multiplexing (TRIGMUX)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2294 / 5781
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 405.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 405.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 405.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.23 TRGMUX CMP0 Register (CMP0)

Offset

Register Offset

CMP0 54h

Function
Configures the CMP0 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.
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38.6.24 TRGMUX CMP1 Register (CMP1)

Offset

Register Offset

CMP1 58h

Function
Configures the CMP1 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...

NXP Semiconductors
Trigger Multiplexing (TRIGMUX)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2297 / 5781



Table continued from the previous page...

Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.25 TRGMUX DAC0 Register (DAC0)

Offset

Register Offset

DAC0 5Ch

Function
Configures the DAC0 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.6.26 TRGMUX DAC1 Register (DAC1)

Offset

Register Offset

DAC1 60h

Function
Configures the DAC1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 405.

38.7 TRGMUX register descriptions
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38.7.1 TRGMUX memory map
The TRGMUX registers contain fields for selecting trigger sources for peripheral modules. TRGMUX registers can be written only 
in supervisor mode.

Table 406. Select Bit Fields

Field Description

SELx This read/write field is used to configure the MUX select for the peripheral trigger inputs.

0h - -

1h - WUU1

2h - RTC0

3h - RTC0

4h - LPIT1

5h - LPIT1

6h - LPIT1

7h - LPIT1

8h - TPM4

9h - TPM4

Ah - TPM4

Bh - TPM4

Ch - TPM4

Dh - TPM4

Eh - TPM4

Fh - TPM5

10h - TPM5

11h - -

12h - -

13h - -

14h - -

15h - TPM5

16h - TPM6

17h - TPM6

18h - -

19h - -

1Ah - -

1Bh - -

1Ch - TPM6

1Dh - TPM7

Table continues on the next page...
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Table 406. Select Bit Fields

Field Description

1Eh - TPM7

1Fh - TPM7

20h - TPM7

21h - TPM7

22h - TPM7

23h - TPM7

24h - TPM8

25h - TPM8

26h - TPM8

27h - TPM8

28h - TPM8

29h - TPM8

2Ah - TPM8

2Bh - FlexIO1

2Ch - FlexIO1

2Dh - FlexIO1

2Eh - FlexIO1

2Fh - FlexIO1

30h - FlexIO1

31h - FlexIO1

32h - FlexIO1

33h - LPI2C4

34h - LPI2C4

35h - LPI2C5

36h - LPI2C5

37h - LPI2C6

38h - LPI2C6

39h - LPI2C7

3Ah - LPI2C7

3Bh - SAI4

3Ch - SAI4

3Dh - SAI5

3Eh - SAI5

3Fh - SAI6

Table continues on the next page...
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Table 406. Select Bit Fields

Field Description

40h - SAI6

41h - SAI7

42h - SAI7

43h - LPSPI4

44h - LPSPI4

45h - LPSPI5

46h - LPSPI5

47h - LPUART4

48h - LPUART4

49h - LPUART4

4Ah - LPUART5

4Bh - LPUART5

4Ch - LPUART5

4Dh - LPUART6

4Eh - LPUART6

4Fh - LPUART6

50h - LPUART7

51h - LPUART7

52h - LPUART7

53h - USB0

54h - USB1

55h - GPIOA

56h - GPIOA

57h - GPIOB

58h - GPIOB

59h - GPIOC

5Ah - GPIOC

5Bh - GPIOD

5Ch - GPIOD

5Dh - GPIOE

5Eh - GPIOE

5Fh - GPIOF

60h - GPIOF

61h -

Table continues on the next page...
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Table 406. Select Bit Fields

Field Description

62h -

63h -

64h -

65h -

66h -

67h -

68h -

69h -

6Ah -

6Bh -

6Ch -

6Dh -

6Eh -

6Fh -

70h -

71h -

72h -

73h -

74h -

75h -

76h -

77h -

78h -

79h -

7Ah -

7Bh -

7Ch -

7Dh -

7Eh -

7Fh -

TRGMUX1 base address: 2925_0000h
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Offset Register Width

(In bits)

Access Reset value

0h TRGMUX LPIT1 Register (LPIT1) 32 RW 0000_0000h

4h TRGMUX TPM4 Register (TPM4) 32 RW 0000_0000h

8h TRGMUX TPM5 Register (TPM5) 32 RW 0000_0000h

Ch TRGMUX TPM6 Register (TPM6) 32 RW 0000_0000h

10h TRGMUX TPM7 Register (TPM7) 32 RW 0000_0000h

14h TRGMUX TPM8 Register (TPM8) 32 RW 0000_0000h

18h TRGMUX FlexIO1 Register (FlexIO1) 32 RW 0000_0000h

1Ch TRGMUX LPI2C4 Register (LPI2C4) 32 RW 0000_0000h

20h TRGMUX LPI2C5 Register (LPI2C5) 32 RW 0000_0000h

24h TRGMUX LPI2C6 Register (LPI2C6) 32 RW 0000_0000h

28h TRGMUX LPI2C7 Register (LPI2C7) 32 RW 0000_0000h

2Ch TRGMUX LPSPI4 Register (LPSPI4) 32 RW 0000_0000h

30h TRGMUX LPSPI5 Register (LPSPI5) 32 RW 0000_0000h

34h TRGMUX LPUART4 Register (LPUART4) 32 RW 0000_0000h

38h TRGMUX LPUART5 Register (LPUART5) 32 RW 0000_0000h

3Ch TRGMUX LPUART6 Register (LPUART6) 32 RW 0000_0000h

40h TRGMUX LPUART7 Register (LPUART7) 32 RW 0000_0000h

38.7.2 TRGMUX LPIT1 Register (LPIT1)

Offset

Register Offset

LPIT1 0h

Function
Configures the LPIT1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 406.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 406.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.3 TRGMUX TPM4 Register (TPM4)

Offset

Register Offset

TPM4 4h

Function
Configures the TPM4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 406.

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.4 TRGMUX TPM5 Register (TPM5)

Offset

Register Offset

TPM5 8h

Function
Configures the TPM5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.5 TRGMUX TPM6 Register (TPM6)

Offset

Register Offset

TPM6 Ch

Function
Configures the TPM6 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.6 TRGMUX TPM7 Register (TPM7)

Offset

Register Offset

TPM7 10h

Function
Configures the TPM7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 406.

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.7 TRGMUX TPM8 Register (TPM8)

Offset

Register Offset

TPM8 14h

Function
Configures the TPM8 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 406.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.8 TRGMUX FlexIO1 Register (FlexIO1)

Offset

Register Offset

FlexIO1 18h

Function
Configures the FlexIO1 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK SEL3 

0
SEL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SEL1 

0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

SEL3

TRGMUX Source Select 3

Configures the MUX source select for output 3. For the field setting definitions, see Table 406.

23

—

Reserved

22-16

SEL2

TRGMUX Source Select 2

Configures the MUX source select for output 2. For the field setting definitions, see Table 406.

15

—

Reserved

14-8

SEL1

TRGMUX Source Select 1

Configures the MUX source select for output 1. For the field setting definitions, see Table 406.

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.9 TRGMUX LPI2C4 Register (LPI2C4)

Offset

Register Offset

LPI2C4 1Ch

Function
Configures the LPI2C4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.10 TRGMUX LPI2C5 Register (LPI2C5)

Offset

Register Offset

LPI2C5 20h

Function
Configures the LPI2C5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.11 TRGMUX LPI2C6 Register (LPI2C6)

Offset

Register Offset

LPI2C6 24h

Function
Configures the LPI2C6 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.12 TRGMUX LPI2C7 Register (LPI2C7)

Offset

Register Offset

LPI2C7 28h

Function
Configures the LPI2C7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.13 TRGMUX LPSPI4 Register (LPSPI4)

Offset

Register Offset

LPSPI4 2Ch

Function
Configures the LPSPI4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.14 TRGMUX LPSPI5 Register (LPSPI5)

Offset

Register Offset

LPSPI5 30h

Function
Configures the LPSPI5 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.15 TRGMUX LPUART4 Register (LPUART4)

Offset

Register Offset

LPUART4 34h

Function
Configures the LPUART4 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.16 TRGMUX LPUART5 Register (LPUART5)

Offset

Register Offset

LPUART5 38h

Function
Configures the LPUART5 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.

38.7.17 TRGMUX LPUART6 Register (LPUART6)

Offset

Register Offset

LPUART6 3Ch

Function
Configures the LPUART6 module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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38.7.18 TRGMUX LPUART7 Register (LPUART7)

Offset

Register Offset

LPUART7 40h

Function
Configures the LPUART7 module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

TRGMUX Register Lock

Specifies whether the register can be written or not. The LK field can only be written once after any system 
reset. Once LK is set, the SELx bits in this TRGMUX register cannot be changed until the next system reset 
clears LK.

0b - Register can be written.

1b - Register cannot be written until the next system Reset.

30-24

—

Reserved

23

—

Reserved

22-16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Field Function

14-8

—

Reserved

7

—

Reserved

6-0

SEL0

TRGMUX Source Select 1

Configures the MUX source select for output 0. For the field setting definitions, see Table 406.
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Chapter 39
Miscellaneous Control Module (MCM)
39.1 Chip-specific MCM information
Table 407. Reference links to related information

Topic Related module Reference

Full description MCM MCM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

39.1.1 Module instances
This device has one instance of the MCM module.

39.1.2 MCM IRQ interrupt
On this device, MCM IRQ doesn't generate any interrupt in the real-time domain (RTD).

39.2 Overview
MCM provides many miscellaneous control functions.

39.2.1 Features
• Error status and interrupts for the core's floating-point unit (FPU)

39.3 Functional description

39.3.1 Clocking
This module has no clocking considerations.

39.4 External signals
This module has no external signals.

39.5 Memory map and register descriptions
The memory map and register descriptions below describe the registers using byte addresses.

39.5.1 MCM register descriptions

39.5.1.1 MCM memory map

MCM base address: E008_0000h
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Offset Register Width

(In bits)

Access Reset value

Ch Core Platform Control (CPCR) 32 RW See section

34h Core Platform Control 2 (CPCR2) 32 R 0000_6060h

400h Local Memory Descriptor 0 (LMDR0) 32 RW 8904_0000h

404h Local Memory Descriptor 1 (LMDR1) 32 RW 8A04_2000h

408h Local Memory Descriptor 2 (LMDR2) 32 RW 8684_4000h

40Ch Local Memory Descriptor 3 (LMDR3) 32 RW 8604_6000h

39.5.1.2 Core Platform Control (CPCR)

Offset

Register Offset

CPCR Ch

Function

The Core Platform Control Register (CPCR) configures the arbitration.

 
Bits 8-0 are undefined after reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Reserved 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

CBRR Reserved 
W

Reset 0 0 0 0 0 0 0 u u u u u u u u u

Fields

Field Function

31-24

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-17

—

Reserved

16

—

Reserved

15-11

—

Reserved

10

—

Reserved

9

CBRR

Crossbar Round-robin Arbitration Enable

This field configures the crossbar slave ports to fixed-priority or round-robin arbitration.

0b - Fixed-priority arbitration

1b - Round-robin arbitration

8-0

—

Reserved

39.5.1.3 Core Platform Control 2 (CPCR2)

Offset

Register Offset

CPCR2 34h

Function

Configures the cache-related properties.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SBCS 0 CBCS 0

W

Reset 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0
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Fields

Field Function

31-22

—

Reserved

21-20

—

Reserved

19-18

—

Reserved

17-16

—

Reserved

15-12

SBCS

System Bus Cache Size

0000b - 0 KB

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

11-8

—

Reserved

7-4

CBCS

Code Bus Cache Size

0000b - 0 KB

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

3-0

—

Reserved
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39.5.1.4 Local Memory Descriptor 0 (LMDR0)

Offset

Register Offset

LMDR0 400h

Function

Indicates static information about the attached memories, as well as configurable controls (where appropriate).

 
See the chip-specific MCM information for this register's mapping to the LMEMs.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R V Reserv
ed 

Reserv
ed 

LMSZ
H 

LMSZ 
Reserved 

DPW 
RO 

W

Reset 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MT Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

V

Valid

Indicates the validity (presence) of the local memory.

0b - Not present

1b - Present

30

—

Reserved

29

—

Reserved

28

LMSZH

LMEM Size Hole

Specifies the capacity of local memories.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This field is used for local memories that are not fully populated, including a memory hole in the upper 25% 
of the address range.

0b - LMEM has a power-of-2 capacity

1b - LMEM has a capacity of 0.75 × LMSZ

27-24

LMSZ

LMEM Size

Indicates an encoded value of the local memory size. The capacity of the memory is:

Size (bytes) = 2(9+LMSZ)

when LMSZ is nonzero. LMSZ = 0 indicates that the memory is not present.

0000b - No memory

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

0111b - 64 KB

1000b - 128 KB

1001b - 256 KB

1010b - 512 KB

1011b - 1024 KB

1100b - 2048 KB

1101b - 4096 KB

1110b - 8192 KB

1111b - 16384 KB

23-20

—

Reserved

19-17

DPW

LMEM Data Path Width

Indicates the width of the local memory.

000b-001b - Reserved

010b - 32 bits

011b - 64 bits

100b-111b - Reserved

16 Read-Only

Table continues on the next page...
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Table continued from the previous page...

Field Function

RO Controls the writes to the LMDRn[7:0] bits. After you write 1 to this field, MCM ignores attempted writes to 
the corresponding LMDRn[7:0] until the next reset clears the flag.

0b - Writes allowed

1b - Writes ignored

15-13

MT

Memory Type

Indicates the type of the local memory.

000b - SRAM_L

001b - SRAM_U

010b - PC Cache

011b - PS Cache

12

—

Reserved

11-8

—

Reserved

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

—

Reserved

2

—

Reserved

1-0

—

Reserved
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39.5.1.5 Local Memory Descriptor 1 (LMDR1)

Offset

Register Offset

LMDR1 404h

Function

Indicates static information about the attached memories, as well as configurable controls (where appropriate).

 
See the chip-specific MCM information for this register's mapping to the LMEMs.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R V Reserv
ed 

Reserv
ed 

LMSZ
H 

LMSZ 
Reserved 

DPW 
RO 

W

Reset 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MT Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserved 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

V

Valid

Indicates the validity (presence) of the local memory.

0b - Not present

1b - Present

30

—

Reserved

29

—

Reserved

28

LMSZH

LMEM Size Hole

Specifies the capacity of local memories.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This field is used for local memories that are not fully populated, including a memory hole in the upper 25% 
of the address range.

0b - LMEM has a power-of-2 capacity

1b - LMEM has a capacity of 0.75 × LMSZ

27-24

LMSZ

LMEM Size

Indicates an encoded value of the local memory size. The capacity of the memory is:

Size (bytes) = 2(9+LMSZ)

when LMSZ is nonzero. LMSZ = 0 indicates that the memory is not present.

0000b - No memory

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

0111b - 64 KB

1000b - 128 KB

1001b - 256 KB

1010b - 512 KB

1011b - 1024 KB

1100b - 2048 KB

1101b - 4096 KB

1110b - 8192 KB

1111b - 16384 KB

23-20

—

Reserved

19-17

DPW

LMEM Data Path Width

Indicates the width of the local memory.

000b-001b - Reserved

010b - 32 bits

011b - 64 bits

100b-111b - Reserved

16 Read-Only

Table continues on the next page...
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Field Function

RO Controls the writes to the LMDRn[7:0] bits. After you write 1 to this field, MCM ignores attempted writes to 
the corresponding LMDRn[7:0] until the next reset clears the flag.

0b - Writes allowed

1b - Writes ignored

15-13

MT

Memory Type

Indicates the type of the local memory.

000b - SRAM_L

001b - SRAM_U

010b - PC Cache

011b - PS Cache

12

—

Reserved

11-8

—

Reserved

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

—

Reserved

2

—

Reserved

1-0

—

Reserved
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39.5.1.6 Local Memory Descriptor 2 (LMDR2)

Offset

Register Offset

LMDR2 408h

Function

Indicates static information about the attached memories, as well as configurable controls (where appropriate).

 
See the chip-specific MCM information for this register's mapping to the LMEMs.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R V Reserv
ed 

Reserv
ed 

LMSZ
H 

LMSZ WY DPW 
RO 

W

Reset 1 0 0 0 0 1 1 0 1 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MT Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserved 

W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

V

Valid

Indicates the validity (presence) of the local memory.

0b - Not present

1b - Present

30

—

Reserved

29

—

Reserved

28

LMSZH

LMEM Size Hole

Specifies the capacity of local memories.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This field is used for local memories that are not fully populated, including a memory hole in the upper 25% 
of the address range.

0b - LMEM has a power-of-2 capacity

1b - LMEM has a capacity of 0.75 × LMSZ

27-24

LMSZ

LMEM Size

Indicates an encoded value of the local memory size. The capacity of the memory is:

Size (bytes) = 2(9+LMSZ)

when LMSZ is nonzero. LMSZ = 0 indicates that the memory is not present.

0000b - No memory

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

0111b - 64 KB

1000b - 128 KB

1001b - 256 KB

1010b - 512 KB

1011b - 1024 KB

1100b - 2048 KB

1101b - 4096 KB

1110b - 8192 KB

1111b - 16384 KB

23-20

WY

Level 1 Cache Ways

0000b - No cache

0010b - 2-way set associative

0100b - 4-way set associative

1000b - 8-way set associative

19-17

DPW

LMEM Data Path Width

Indicates the width of the local memory.

000b-001b - Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

010b - 32 bits

011b - 64 bits

100b-111b - Reserved

16

RO

Read-Only

Controls the writes to the LMDRn[7:0] bits. After you write 1 to this field, MCM ignores attempted writes to 
the corresponding LMDRn[7:0] until the next reset clears the flag.

0b - Writes allowed

1b - Writes ignored

15-13

MT

Memory Type

Indicates the type of the local memory.

000b - SRAM_L

001b - SRAM_U

010b - PC Cache

011b - PS Cache

12

—

Reserved

11-8

—

Reserved

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

—

Reserved

2

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

—

Reserved

39.5.1.7 Local Memory Descriptor 3 (LMDR3)

Offset

Register Offset

LMDR3 40Ch

Function

Indicates static information about the attached memories, as well as configurable controls (where appropriate).

 
See the chip-specific MCM information for this register's mapping to the LMEMs.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R V Reserv
ed 

Reserv
ed 

LMSZ
H 

LMSZ WY DPW 
RO 

W

Reset 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MT Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserv

ed 
Reserved 

W

Reset 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

V

Valid

Indicates the validity (presence) of the local memory.

0b - Not present

1b - Present

30 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

29

—

Reserved

28

LMSZH

LMEM Size Hole

Specifies the capacity of local memories.

This field is used for local memories that are not fully populated, including a memory hole in the upper 25% 
of the address range.

0b - LMEM has a power-of-2 capacity

1b - LMEM has a capacity of 0.75 × LMSZ

27-24

LMSZ

LMEM Size

Indicates an encoded value of the local memory size. The capacity of the memory is:

Size (bytes) = 2(9+LMSZ)

when LMSZ is nonzero. LMSZ = 0 indicates that the memory is not present.

0000b - No memory

0001b - 1 KB

0010b - 2 KB

0011b - 4 KB

0100b - 8 KB

0101b - 16 KB

0110b - 32 KB

0111b - 64 KB

1000b - 128 KB

1001b - 256 KB

1010b - 512 KB

1011b - 1024 KB

1100b - 2048 KB

1101b - 4096 KB

1110b - 8192 KB

1111b - 16384 KB

23-20

WY

Level 1 Cache Ways

0000b - No cache

0010b - 2-way set associative

Table continues on the next page...
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Table continued from the previous page...

Field Function

0100b - 4-way set associative

1000b - 8-way set associative

19-17

DPW

LMEM Data Path Width

Indicates the width of the local memory.

000b-001b - Reserved

010b - 32 bits

011b - 64 bits

100b-111b - Reserved

16

RO

Read-Only

Controls the writes to the LMDRn[7:0] bits. After you write 1 to this field, MCM ignores attempted writes to 
the corresponding LMDRn[7:0] until the next reset clears the flag.

0b - Writes allowed

1b - Writes ignored

15-13

MT

Memory Type

Indicates the type of the local memory.

000b - SRAM_L

001b - SRAM_U

010b - PC Cache

011b - PS Cache

12

—

Reserved

11-8

—

Reserved

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

—

Reserved

2

—

Reserved

1-0

—

Reserved
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Chapter 40
Messaging Unit (MU)
40.1 Chip-specific MU information
Table 408. Reference links to related information

Topic Related module Reference

Full description MU MU

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

40.1.1 Module instances
This device has 4 instances of the MU module: MU0-MU3.

uPower subsystem also has 2 instances of MU.

40.1.2 MU configuration

The Messaging Unit (MU) is a shared peripheral with a 32-bit IP bus interface and interrupt request signals to each host processor. 
The MU exposes a set of registers to each processor which facilitate inter-processor communication via 32-bit words, interrupts 
and flags. Interrupts may be independently masked by each processor to allow polled-mode operation. The single non-maskable 
interrupt cannot be masked in the MU.

Instance number A Side (MUA) B Side (MUB) Domain Description

0 M33 A35 M33 Domain Communicate between M33 
and AD domain

1 M33 Fusion DSP M33 Domain Communicate between M33 
and Fusion domain

2 M33 HiFi4 M33 Domain Communicate between M33 
and HiFi4 domain

3 A35 HiFi4 AD Domain Communicate between AD and 
HiFi4 domain

 
When CA35_0 executes WFE instruction, MU0_A_CSR0 register will not set WAIT bit and will keep RUN bit set.

  NOTE  

 
Registers’ value of MU0_MUA of M33 reset to default value when application domain(A35) watchdog reset 
occurs(such as: execute reboot command on linux or execute reset command on uboot).

  NOTE  

40.1.3 Wait mode entry pending interrupt
When the Application Domain (CA35) exits from reset, a pulse is generated in the ipg_wait that is captured by the MU as 
pending interruption.
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• MU0 instance: After CA35 reset, it is needed to set MU0_A_CSSR0[WAIT] to clear WAIT bit before asserting the 
MU0_A_CIER0[WAITIE] bit.

• MU3 instance: After CA35 reset, it is needed to set MU3_B_CSSR0[WAIT] to clear WAIT bit before asserting the 
MU3_B_CIER0[WAITIE] bit.

40.1.4 WAIT and HALT bit setting in CSR0 register

The MUA_CSR0[WAIT] bit is set in following scenarios:

• when both core CA35_0 and CA35_1 is executing WFI

• CA35_0 is executing WFI, CA35_1 is power down or vice-versa.

The MUA_CSR0[WAIT] bit is not set in following scenarios:

• CA35_0 is in RUN, CA35_1 is executing WFI.

• CA35_0 is executing WFI, CA35_1 is in RUN.

MUA.CSR0[HALT] bit is asserted whenever the CA35_0 or the CA35_1 CPU is halted. As a workaround, use the ARM debug 
register, EDPRSR, of the corresponding CPU to check its RUN or HALT status.

40.1.5 CCR0 register unimplemented bits
This following tables show unimplemented bits of the CCR0 register among the MU0-MU3 instances. See the register section.

MU0[CCR0]

Side A(M33) Side B (A35)

BOOT Not implemented Not implemented

RSTH Implemented Not implemented

CLKE Implemented Implemented

HRM Implemented Implemented

HR Implemented Implemented

NMI Implemented Implemented

MU1[CCR0]

Side A(M33) Side B (FUSION)

BOOT Not implemented Not implemented

RSTH Not implemented Not implemented

CLKE Not implemented Not implemented

HRM Not implemented Implemented

HR Implemented Not implemented

NMI Implemented Implemented

MU2[CCR0]

Table continues on the next page...
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Table continued from the previous page...

Side A (M33) Side B (HIFI4)

BOOT Not implemented Not implemented

RSTH Not implemented Not implemented

CLKE Not implemented Not implemented

HRM Not implemented Implemented

HR Implemented Not implemented

NMI Implemented Implemented

MU3[CCR0]

Side A(A35) Side B(HIFI4)

BOOT Not implemented Not implemented

RSTH Not implemented Not implemented

CLKE Not implemented Not implemented

HRM Not implemented Implemented

HR Implemented Not implemented

NMI Implemented Implemented

40.2 Overview
The Messaging Unit module (MU) enables two processors within the SoC to communicate and coordinate by passing messages 
(e.g. data, status and control) through the MU interface. The MU also provides the ability for one processor to signal the other 
processor using interrupts.

Because the MU manages the messaging between processors potentially using different clocks, the MU must synchronize the 
accesses from one side to the other. The MU accomplishes synchronization using two sets of matching registers (Processor 
A-facing, Processor B-facing).

40.2.1 Block Diagram
The following is the MU Block Diagram:
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Figure 271. MU Block Diagram

40.2.2 Features
The MU includes the following features:

• Memory-Mapped Registers

— The MU is connected as a peripheral under the Peripheral bus on Processor A-side and Processor B-side.

• Synchronized Message Transfers between Cores

— For sending data or messages from one MU-side to the other MU-side, the MUA provides 4 transmit registers and 4 
receive registers, the MUB provides 4 transmit registers and 4 receive registers.

— The transfer of data messages between cores uses transmit empty and receive full flags provided on both sides of 
the MU.

— The update of these transmit and receive flags is accomplished using a synchronization mechanism. There is 
inherent latency between updating the flag on one side and reflecting its status on other side.

— The MU has a 3 bit Flag Data Register, which can be used to send flag data between two MU sides.

• Interprocessor Interrupts

— The MU has 12 interrupt sources on each side (Processor A-side, Processor B-side) that are used for signaling the 
other processor. The interrupts can be used for notification of RX/TX events and general-purpose signaling between 
the processors. There are 4 general-purpose interrupt requests available and 8 RX/TX interrupt sources. Those 
interrupts can also be used for waking up the other core from low-power mode.

— Processor A can initiate a Non-Maskable Interrupt to Processor B

— Processor B can initiate a Non-Maskable Interrupt to Processor A

• Monitor Core Operation Mode
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— The MU can monitor Core Operation Mode including Low Power Mode(RUN, HALT, WAIT, STOP, Power-Down) 
and Reset State(in/out of reset) and save to status register. The corresponding interrupt can be generated and sent 
to other core.

• Flexible Processor Configuration

— The Processor can issue a programmed hardware reset to the other Processor by writing "1" to the HR bit in the 
Core Control Register 0 (CCR0).

— The Boot Source for the Processor can be configured with the BOOT bits in the CCR0 register.

— The Processor can be held in the reset state by configuring the RSTH bit in the CCR0 register.

— The Processor platform clock can be enabled to continue running when the Processor enters Stop Mode, until the 
other Processor also enters Stop Mode. This allows the Processor to continue accessing peripherals on the other 
Processor's bus even when it has entered a Stop Mode.

• MU Reset

— Each Processor can issue a reset to the entire MU, using a control bit (MUR) in each Processor's Control Register 
(CR).

— The MUR bit is a self-clearing bit.

40.3 Functional Description
The Messaging Unit (MU) enables two cores (Processor A or Processor B) to communicate with each other, by passing 
message/data information to each other, and by enabling one core to wake up the other core using interrupts.

The messaging, control, and status registers of the Processor A and Processor B-side for the MU are mapped to the Processor 
A and Processor B memory as a regular peripheral. The Peripheral data bus is 32 bits wide inside the MU module.

The messaging logic is used in conjunction with external memory. There are various messaging methods that can be used to 
implement a messaging protocol. Some of these messages could mean “A message of N words has been written starting at 
offset X in the memory,” or "The previous data block that was sent has been read." Having the messaging logic independent from 
the memory array is not restricted to a predefined hardware protocol. On the other hand, the software needed to manage the 
messaging is short and straightforward.

Most of the messaging mechanisms are symmetric. They are duplicated and are available on both the Processor A-side and the 
Processor B-side. The messaging mechanisms are:

• 4 32-bit transmit registers, which are each reflected in 4 read-only receive registers in the other processor’s side. You 
can use these registers to transfer 32-bit word messages or frame information of messages written to the shared memory 
(number of words, initial address, and message type code).

• A write to a transmit register on the transmitter side clears a “transmitter empty” bit in the Status Register on the 
transmitter side, and sets a “receiver full” bit in the Status Register on the receiver side. The setting of the bit at the 
receiver side can optionally trigger an interrupt at the receiver side (maskable receive interrupt).

• A read of one of the receive registers at the receiver side clears the “receiver full” bit in the Status Register at the receiver 
side, and sets the “transmitter empty” bit in the Status Register on the transmitter side. The setting of the “transmitter 
empty” bit can optionally trigger an interrupt at the transmitter side (maskable transmit interrupt).

• 4 general purpose interrupt request flags are reflected in the General Status Register(GSR) on the receiver side.

• 3-bit flag data is transmitted from FCR register to xFSR register with the SR[FUP] indicator bit.

• If one processor goes into low-power mode and the other processor sends some data to this processor, then the MU 
holds the data so that this processor can access the data after it comes out of low-power mode.

A write to a transmit register signals the receiver side that data is ready for retrieval.

• Writing to the transmit register again without verifying that the data was retrieved is prohibited, because the transmitter 
side has no way of knowing the exact time that the receiver attempts to retrieve the data.

NXP Semiconductors
Messaging Unit (MU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2350 / 5781



• Before attempting to write the transmit register again, the transmitter side should wait for a “Transmitter Empty” interrupt, 
or should poll the “Transmitter Empty” bit in the Transmit Status Register.

A read of a receive register signals the transmitter side that data can be written to that register. In the same way, the receiver 
processor should not read a receive register before receiving a “Receiver Full” interrupt or polling the “Receiver Full” bit in the 
Receive Status Register.

• Reading the receive register again without verifying that the data was written is prohibited, because the receiver side has no 
way of knowing the exact time that the transmitter attempts to write the data.

• Before attempting to read the receive register again, the receiver side should wait for a “Receiver Full” interrupt, or should poll 
the “Receiver Full” bit in the Receive Status Register.

40.3.1 Modes of Operation
Both of the cores (Processor A and Processor B) have operating modes called RUN, HALT, WAIT, STOP and Power-Down. Those 
low power modes are defined at the chip level.

The Processor can be awakened from a low-power mode by any enabled Processor-side MU interrupt, as reflected in the xRSR, 
xTSR, xGSR "status" register (RFn, TEn, GIPn bits are set) and enabled in the xRCR, xTCR, xGIER control register. Using these 
bits, the Processor can actively control when to wake the other Processor.

• If any transmit data register of the other Processor-side is full, because of a write to it (transmit data register); that is, its “empty” 
bit in the xTSR register is cleared while its corresponding receive interrupt is enabled on the Processor-side.

• If any receive data register of the other Processor-side is empty, because of a read on the other Processor -side; that is, its 
“full” bit in the xRSR register is cleared while its corresponding transmit interrupt is enabled on the Processor-side.

• If any general purpose interrupt is set in the xGCR register while the corresponding interrupt is enabled on the Processor-side.

• If the other Processor issues a non-maskable interrupt to the Processor.

While the Processor is in STOP mode (such that the xSR register bits cannot be updated with events), special logic drives the 
enabled Processor interrupts directly from the other Processor-side (instead of from the xSR register). The logic enables the other 
Processor to operate independently while the Processor is in any power mode (including STOP). However, the Processor power 
mode change protocol should be handled with care regarding:

• The interrupts that are enabled on the Processor-side

• The events that could be triggered by the other Processor-side

If the Processor is in STOP mode and an event on the other Processor is triggered, the EP bit (in the xSR register) remains high 
until the Processor wakes up. Before entering STOP mode, the Processor programmer should verify that the EP bit (in the xSR 
register) is cleared. This check is needed to ensure that all pending updates from the other Processor, including the power mode 
change when STOP or WAIT is executed, is updated in the XSR and xCSSR0 registers.

• If the Event Pending bit (EP) is still set to “1”, then the Processor should wait and poll the EP bit until it is cleared, before 
executing the LPM instruction.

• Note that if the other Processor is in Low Power mode, the EP bit may be stuck high. In this case, the other Processor 
clock must be turned ON to get the EP bit cleared before the Processor enters Low Power mode.

• To discover which power mode the other Processor is in, the Processor checks the corresponding bits in the xCSR0 
register.

40.3.2 Event Update Timing
Each processor’s MU messaging side (Processor A or Processor B) has a hardware mechanism to send “event update requests” 
to the other processor’s side. An “event” is considered when any information change should be reflected at the Status Register of 
the receiving processor. The event update latency is the delay between the event being ready at one processor and the resulting 
update at the Status Register of the other processor.

• The minimum event latency is “1 clock of the sending side” + “2 1/2 clocks of the receiving side”. The minimum case is if there 
is no event pending when the new event occurs.
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• The maximum event latency is “6 clocks of the sending side” + “6 1/2 clocks of the receiving side.” The maximum case is 
if the event occurred just after a previous event was sent to the other side. The event update latency varies between the 
above-mentioned minimum and maximum latencies, depending on the time at which the subsequent event is triggered.

40.3.3 Interrupts
The MU controls one processor interrupt requests to the other processor. This section describes all the interrupts that the 
module generates.

Below interrupt sources can be generated individually from the MU to the Processors.

• 4 receive interrupts (asserted when the Processors receive full bits are set and enabled in the xRCR register) for each of the 
receive registers

• 4 transmit interrupts (asserted when the Processor transmit empty bits are set and enabled in the xTCR register) for each of 
the transmit registers

• 4 general purpose interrupts (asserted when the GIP bits are set and enabled in the xGIER register)

• One non-maskable interrupt(asserted when the NMI bit is set in the CCR0 register)

• Core Operation Mode Entry interrupts(asserted when Processor goes into RUN/HALT/WAIT/STOP/PD mode and enabled 
in RUNIE/HALTIE/WAITIE/STOPIE/PDIE register bit)

• Core Reset Assertion interrupts(asserted when Processor goes into of Reset state and enabled in RAIE register bit)

• MU Software/Hardware Reset assertion(asserted when MUR and HR bit are written and enabled in MURIE and HRIE 
register bit)

All the interrupts except NMI are maskable in the Processor Control Register (xTCR, xRCR, xGIER, xCR and xCIER). The MU 
does not assume any internal priority of these interrupts. Multiple interrupts (for example, Receive 0 and Receive 1 interrupts or 
any of the transmit and general purpose interrupts) can be asserted at one time. The priority of these interrupts should be resolved 
by the interrupt controller at the chip level.

When the Processor is in WAIT, STOP mode, triggering any enabled interrupt wakes up the Processor before servicing 
the interrupt.

The General Purpose Interrupt Pending GIPn bits should be cleared by the software (as part of the interrupt service routine) to 
de-assert the request to the interrupt controller.

The non-maskable interrupt should also be cleared by the software, by writing the NIMC bit in the CSSR0 register (as a part of 
the interrupt service routine) in order to de-assert the non-maskable interrupt request.

When a Processor writes to the General Interrupt bit (GIRn), the write event is synchronized to the other Processor to set the 
general interrupt request pending bit (GIPn). When the GIPn bit is set, and if the general purpose interrupt is enabled on the 
receiving Processor side (GIEn bit is set), then the transmitting Processor general purpose interrupt is issued to the receiving 
Processor. The receiving Processor clears this interrupt by writing a “1” on the GIPn bit. The interrupt is de-asserted as soon as 
the GIPn bit is written. The write event of the GIPn bit is synchronized to the other Processor. The synchronized signal clears the 
GIR bit. The software should not write the GIRn bit again until the GIRn bit is cleared.

Before setting a GIRn bit, you must verify that the GIRn bit is cleared, which means that a general interrupt is not pending. 
Generally, setting the GIRn bit while the bit has been set to “1” is ignored, but in some cases it may issue a second interrupt.

40.3.4 Resets
The MU has below reset sources, and each reset has a different function from the MU or system perspective.

• Asynchronous system reset:

— The asynchronous system reset on one MU-side resets the other MU-side, forcing all control and status registers to 
return to their default values, and all internal states to be cleared.

◦ Exceptions to this - MUA-side asynchronous system reset:

▪ MUB_CCR0[HR]
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▪ MUB_CCR0[HRM]

▪ MUB_CCR0[RSTH]

▪ MUB_CCR0[BOOT]

▪ MUB_CR[MURIE]

▪ MUB_SR[MURIP]

▪ MUB_SR[MURS]

▪ MUB_CSSR0/CSR0 registers

◦ Exceptions to this - MUB-side asynchronous system reset:

▪ MUA_CCR0[HR]

▪ MUA_CCR0[HRM]

▪ MUA_CCR0[RSTH]

▪ MUA_CCR0[BOOT]

▪ MUA_CR[MURIE]

▪ MUA_SR[MURIP]

▪ MUA_SR[MURS]

▪ MUA_CSSR0/CSR0 registers

— When the asynchronous system reset on any MU-side is asserted, the MURS bit in CR register is set to "1" until the 
asynchronous system reset ends. Check that the MURS bit is cleared before starting any access to MU.

• Processor hardware reset:

— Writing the CCR0[HR] bit to "1" generates one hardware reset request to the other processor when the CCR0[HRM] bit 
in the other MU-side is cleared.

— The HR bit is asserted and cleared by the software only, so the required assertion length (set by the programmer) should 
be above the data-sheet minimum, based on the frequency ratio between the processors (at the time of assertion).

— If the HR reset bit is not masked, then the MU sends out a hardware reset request to the other processor domain reset 
logic. If the HR reset bit is masked, then the other processor hardware reset request is not issued.

— When one processor hardware reset request is asserted, the CSSR0[HRIP] and CSR0[HRIP] bit in the other MU-side 
is set to "1".

— When one processor goes into reset state, the CSSR0[RAIP] and CSR0[RAIP] bit in the other MU-side is set to "1".

• MU software reset:

— Writing the CR[MUR] bit to "1" causes most of control and status registers to return to their default values and all internal 
states to be cleared.

— The CR[MUR] bit can only be asserted when the other processor is not in STOP and PD(LLS/VLLS) mode. When the 
other processor is in STOP and PD(LLS/VLLS) mode, any attempt to set the MUR bit to "1" is ignored.

— The instruction immediately following assertion of the MUR bit should not write to MU registers. Such a write may be 
overwritten by the reset sequence and the register remains with the reset value. You should monitor the value of the 
SR[MURS] bit to know when the reset sequence on both processors has ended. After the reset sequence on both 
processors has ended, you can attempt a write to MU registers.

 
MUR bit assertion is a delicate operation because it affects the other side’s registers asynchronously. MUR bit 
assertion may cause unpredictable behavior if, for example, the other Processor is concurrently testing an MU 
register bit (TE bit in the other Processor TSR register). Before asserting the MUR bit, you should verify that the 
other Processor is not presently engaged in an MU signalling activity.

  NOTE  
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40.4 External Signals
There are no Messaging Unit signals directly available externally.

40.5 Application Information
The following are some messaging examples:

• Passing short messages: Transmit register(s) can be used to pass short messages from one to 4 words in length for Processor 
A and 4 for Processor B. For example, when a four-word message is desired, only one of the registers needs to have its 
corresponding interrupt enable bit set at the receiver side; the message’s first three words are written to the registers whose 
interrupt is masked, and the fourth word is written to the other register (which triggers an interrupt at the receiver side).

• Passing frame information: Transmit registers can be used to pass frame information for long messages written to the shared 
system memory. Such frame information normally includes a start address, number of words, and perhaps a message 
type code.

• Passing event notices and requests: Events and requests that do not include data words can be signaled from the Processor 
B to the Processor A using the general interrupts, such as acknowledging that a long message was read from the shared 
system memory.

• Passing fixed length data: Formatted data with a fixed length can be written in predetermined locations in the shared memory. 
A processor can use a general interrupt to signal the other processor that the data is ready.

• Passing announcements: The 3 flags can be used by a processor to announce its current program state or other billboard 
messages to the other processor.

40.5.1 Messaging Protocols using Interrupts
The example below describes a four-word messaging sequence sent by the Processor to the other Processor.

In this example, the first, second, and third receive interrupts are disabled, and the fourth receive interrupt is enabled. We write 
registers sequentially for n = 0, 1, 2, 3. For n = 0, 1, 2, the interrupts are disabled, therefore no interrupt goes to the other core 
(although interrupt conditions occur). For n = 3, the interrupt is enabled, and the last Receive Interrupt request is generated.

1. Write Sequence

• The Processor writes the message information sequentially to its Transmit Registers 0, 1, 2.

• When the write to the Transmit Register 3 occurs, the RF3 bit of the xRSR is set after synchronization, and it 
immediately trigger the Receive Full 3 interrupt to the other Processor.

2. Read Sequence

• The other Processor receives the Receive Full 3 interrupt and starts reading the message transferred from the 
receive registers.

• After Receive Register 3 is read, the interrupt bit is cleared.

The following table and diagram describe the messaging model using transmit/receive registers and interrupt messaging protocol.

Table 409. Interrupt Messaging Protocol (Generalized)

Sequence Action Description

1 Processor A Data write A data write to the TRn register by Processor A is immediately 
reflected in the Processor B RRn register.

2 Clear Tx Empty bit and Set Rx Full bit The data write to the TRn register

• Clears the transmitter empty bit (TEn) in the Processor A 
Transmit Status Register

Table continues on the next page...
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Table 409. Interrupt Messaging Protocol (Generalized) (continued)

Sequence Action Description

• Sets the receiver full bit (RFn) in the Processor B Receive 
Status Register

3 Generate Receive Interrupt request The setting of the receiver full bit (RFn) in the Receive Status 
Register generates a Receive Interrupt request to Processor B.

4 Processor B Data read After receiving the Receive Interrupt request, Processor B 
performs a data read of the RRn register.

5 Clear Rx Full bit and Set Tx Empty bit Reading the data out of the RRn register

• Clears the receiver full bit (RFn) in the Processor B 
Receive Status Register

• Sets the transmitter empty bit (TEn) in the Processor A 
Transmit Status Register

6 Generate Transmit Interrupt request The setting of the transmitter empty bit (TEn) in the Transmit 
Status Register generates a Transmit Interrupt request to 
Processor A.
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Figure 272. Messaging Model Using Transmit and Receive Registers

The messaging hardware can be used by software to implement messaging protocols for a wide array of message types. Full 
support is given for both interrupt and polling management schemes.

40.5.2 Messaging Protocols using Event Interrupts
Events and requests that do not include data words can be signaled from the Processor B to the Processor A using the two 
general interrupts.
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Formatted data with a fixed length can be written in predetermined locations in the shared memory. A processor can use a general 
purpose interrupt to signal the other processor that the data is ready.

The 3 flags can be used by a processor to announce to the other processor the program state it is currently in, or to announce 
similar messages.

The following table and diagram describe the event sequence when the Processor triggers an interrupt.

Table 410. General Interrupt Messaging Protocol (Generalized)

Sequence Action Description

1 Processor A sets General Interrupt 
request bit

Processor A sets its associated General Interrupt request bit 
(GIRn = 1) in the General Control Register (GCR).

2 General Interrupt Request Pending 
status bit is set

The General Interrupt Request Pending status bit (GIPn) in the 
General Status Register (GSR) is set to "1".

3 General Interrupt request to 
Processor B is generated

Setting the GIPn bit generates the General Interrupt request to 
Processor B (Interrupt Request Enable bit, GIEn, must be set 
for Processor B).

4 Processor B reads status register The Processor B reads the GIPn bit in the GSR register.

5 Processor B services the interrupt -

6 Processor B sets GIPn bit to 
clear interrupt

The Processor B writes "1" to the corresponding GIPn bit to 
clear the interrupt.

7 GIRn bit is cleared Setting the GIPn bit to "1" clears the General Interrupt request 
bit (GIRn) in the Processor A General Control Register (GCR).
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Figure 273. Messaging Model Using a General Purpose Interrupt
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40.5.3 Exclusive Access to Shared Memory
MU can be used to signal one processor about its current access to the shared memory, so that the data is not overwritten by the 
other processor during the exclusive memory access period.

The following tables describe the signaling protocol that the Processor A uses to inform the Processor B about its current access 
(write) to the shared memory, assuming that the set of bits and registers (GIRn bit, RRn register, TRn register) are reserved to 
support exclusive access to the shared memory protocol.

Table 411. How the Processor A Performs an Exclusive Access to Shared Memory

Sequence Action Description

1 Processor A sends GIRn request 
to Processor B using Processor A 
control register

When the Processor A wants to perform an exclusive access to 
the shared memory, the Processor A sends an GIR0 request to 
the Processor B.

2 Processor A sends an exclusive-
access request using a transmit data 
register (TRn)

The Processor A sends an exclusive-access request 
(command, location, and length of target access) to Processor 
B using a selected transmit data register (TR0).

3 Processor A waits for a dedicated 
interrupt from Processor B

The Processor A waits for a dedicated interrupt (as 
an acknowledgement) triggered by the Processor B 
before proceeding.

4 Processor A accesses 
shared memory

After receiving a dedicated interrupt from the Processor B, 
Processor A proceeds.

Table 412. How the Processor B Scans for Transaction Information

Sequence Action Description

1 Processor B receives an interrupt 
from a receive data register (RRn)

-

2 Processor B reads the receive data 
register (RRn)

-

3 Processor B scans the receive data 
register contents

For transaction information (whether Processor A has 
requested an exclusive-access).

Table 413. How the Processor B Accepts Exclusive Access by Processor A

Sequence Action Description

1 Processor B triggers a 
dedicated interrupt

Processor B acknowledges the Processor A request by 
triggering a dedicated interrupt (ack) to the Processor A.

2 Processor B sends a code message 
to Processor A

Along with the acknowledge interrupt, the Processor B sends 
a code message to the Processor A through the selected 
transmit register (TRn). The message informs the Processor A 
that it can exclusively access the shared memory.
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Table 414. How the Processor B Rejects Exclusive Access by Processor A

Sequence Action Description

1 Processor B ignores Processor A 
request for exclusive access

If the Processor B does not want to give go-ahead permission 
to the Processor A, Processor B ignores the exclusive 
access request.

40.5.4 Packet Data Transfers
The following example describes the packet transfer sequence between the Processor B and Processor A subsystems:

Table 415. Packet Data Transfer Sequence

Action Sequence Description

Processor B requests DMA 1 The Processor B sends a DMA request to initiate the packet 
data transfer.

DMA data transfer 2 DMA acknowledges.

3 DMA starts transferring data from the specified Processor B location 
to the specified shared memory

4 DMA interrupts the Processor B to signal that the packet transfer 
has finished.

Processor B informs Processor A 
that data is in shared memory

5 Using an MU Processor B-side transmit register, the Processor B 
sends a packet information message to the Processor A to inform the 
Processor A of the arrival of new packet data that is stored in shared 
memory. The message contains the command, location, and length of 
packet data information.

Processor A receives interrupt 6 The Processor A receives an interrupt (assuming its corresponding 
Processor A MU-side receive interrupt is enabled), and the 
pending processing task becomes active and processes packet data 
from memory.

Processor A reads data, writes data 7 The Processor A reads or processes packet data from 
shared memory.

8 The Processor A writes the result from packet processing to a 
separate buffer.

Processor A informs Processor B 
that transfer is finished

9 After the processing of the packet data finishes, the Processor A 
informs the Processor B (using the MU Processor A-side transmit 
register, ATRn).

Processor A sends interrupt to 
Processor B (request for more data)

10 The Processor B receives the next interrupt from the Processor A, in 
which the Processor A requests more packet data.
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40.5.5 Free the Processor from Deadlock
During normal operations, one processor may conclude that the other processor is not working or is deadlocked. Using the SR 
register (which indicates the current power mode of the other processor), the following methods are available for the processor 
to use to identify and correct the problem.

Table 416. How to Free the Processor A/B from Deadlock

Processor Mode Technique Description

STOP Processor issues an interrupt If the Processor is in STOP mode, the other Processor 
can wake the Processor out of STOP mode by issuing 
any one of the 12 (general purpose, receive, and 
transmit) interrupts

Normal Processor issues a non-
maskable interrupt

If the Processor is in Normal mode, the other Processor 
can issue an Non-Maskable Interrupt (NMI). The NMI 
routine can be made to execute a diagnostic routine that 
is predefined for such an event.

- Processor issues a hardware reset If the above is not helpful, the Processor can issue a 
hardware reset strobe to the other Processor.

40.6 Register Definition
The MU provides transmit and receive data registers (xTR0-n, xRR0-n) for the communication between Processor A and 
Processor B. Some control and status registers (xCR, xSR) to the Processor A and Processor B sides for control operations (such 
as interrupts and reset), and for status checking of the other MU-side. Figure 274 shows the MU registers schematic.

Processor Other
Processor

Messaging Unit (MU)

xRR0-n

xTR0-n

xCR

xSR

xRR0-n

xTR0-n

xCR

xSR

Figure 274. MU Registers

The detailed MU Register Definition can be found below.
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40.6.1 MUA register descriptions
This section contains the detailed register descriptions for the MUA registers.

 
A read/write access to any illegal location and a write to a read-only register on the Processor A-side or Processor 
B-side of the MU generates a module transfer error acknowledge to the Processor A or Processor B.

  NOTE  

40.6.1.1 MUA memory map

MU0.MUA base address: 2802_2000h

MU1.MUA base address: 2802_3000h

MU2.MUA base address: 2802_4000h

MU3.MUA base address: 2923_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VER) 32 R 0309_000Fh

4h Parameter Register (PAR) 32 R 0304_0404h

8h Control Register (CR) 32 RW 0000_0000h

Ch Status Register (SR) 32 RW See section

10h Core Control Register 0 (CCR0) 32 RW 0000_0004h

14h Core Interrupt Enable Register 0 (CIER0) 32 RW 0000_0000h

18h Core Sticky Status Register 0 (CSSR0) 32 RW See section

1Ch Core Status Register 0 (CSR0) 32 R 0000_0004h

100h Flag Control Register (FCR) 32 RW 0000_0000h

104h Flag Status Register (FSR) 32 R 0000_0000h

110h General Interrupt Enable Register (GIER) 32 RW 0000_0000h

114h General Control Register (GCR) 32 RW 0000_0000h

118h General Status Register (GSR) 32 RW 0000_0000h

120h Transmit Control Register (TCR) 32 RW 0000_0000h

124h Transmit Status Register (TSR) 32 R 0000_000Fh

128h Receive Control Register (RCR) 32 RW 0000_0000h

12Ch Receive Status Register (RSR) 32 R 0000_0000h

200h - 20Ch Transmit Register (TR0 - TR3) 32 RW 0000_0000h

280h - 28Ch Receive Register (RR0 - RR3) 32 R 0000_0000h
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40.6.1.2 Version ID Register (VER)

Offset

Register Offset

VER 0h

Function

Use Version ID register to determine the version ID and feature set number of MUA.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-24

MAJOR

Major Version Number

23-16

MINOR

Minor Version Number

15-0

FEATURE

Feature Set Number

Each bit of the Feature Set Number bitfield specifies a different feature:

• If bit0 = 1: Standard features are implemented

• If bit1 = 1: RAIP/RAIE register bits are implemented

• If bit2 = 1: Core Control and Status Registers are implemented in both MUA and MUB

• If bit3 = 1: Expand TRn/RRn registers number

• Bit4-bit15: Reserved for future use
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40.6.1.3 Parameter Register (PAR)

Offset

Register Offset

PAR 4h

Function
The PAR register defines the number of flags, transmit registers, receive registers, and the number of general interrupt 
requests available for the MU.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FLAG_WIDTH GIR_NUM 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RR_NUM TR_NUM 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24

FLAG_WIDTH

Flag Width

This bitfield specifies the number of flag bits in the Flag Control Register (FCR) and Flag Status Register 
(FSR).

23-16

GIR_NUM

General Interrupt Request Number

This bitfield specifies the number of general interrupt requests available.

15-8

RR_NUM

RR Number

This bitfield specifies the number of receive registers.

7-0

TR_NUM

Transmit Register Number

This bitfield specifies the number of transmit registers.
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40.6.1.4 Control Register (CR)

Offset

Register Offset

CR 8h

Function
The CR register controls the MU reset and MU reset interrupt enable.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MURIE MUR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1

MURIE

MUA Reset Interrupt Enable

• If MURIE bit is set to "1", then MU reset interrupt request is issued to the Processor A when the 
MUA_SR[MURIP] bit is set to "1".

• If MURIE is cleared, then the value of the MURIP bit is ignored and no MU reset interrupt request is 
issued.

• Only system reset can reset MURIE, MU reset(MUR) cannot reset this bit.

0b - Disables Processor A-side MU Reset Interrupt request due to MU reset issued by MUB.

1b - Enables Processor A-side MU Reset Interrupt request due to MU reset issued by MUB.

0

MUR

MU Reset

• Setting MUR bit to "1" resets both the MUA-side and MUB-side, forcing all control and status 
registers to return to their default values (except the HR, HRM, RSTH, BOOT in MUA/B_CCR0 
registers, MURIE in MUA/B_CR registers, MURIP bit and MURS bit in MUA/B_SR registers and the 
MUA/B_CSSR0/CSR0 registers), and all internal states to be cleared.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Before setting the MUR bit to "1", it is advisable to interrupt the Processor B, because setting the 
MUR bit may affect the ongoing Processor B program.

• After setting the MUR bit, monitor the value of the MUA_SR[MURS] bit to know when the reset 
sequence on the Processor B-side has ended.

• MUR bit can only be written as "1" when Processor B is not in STOP and Power-Down mode.

• MUR bit is always read as "0".

• MUR bit is cleared during the MU reset sequence.

0b - Self clearing bit.

1b - Asserts the MU reset.

40.6.1.5 Status Register (SR)

Offset

Register Offset

SR Ch

Function

The SR register shows the status of MU resets and the status of pending events/requests described below.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CEP RFP TEP GIRP FUP EP MURIP MURS 

W W1C

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 u

Fields

Field Function

31-8

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

CEP

Processor B Event Pending Flag

• CEP bit is set to "1" when any core operation mode entry event is detected.

• After the CEP bit is set to "1", checking the CSSR0 bit to decide which core operation mode entry 
event in Processor B occurs.

• CEP bit is cleared when all core operation mode entry events are serviced by writing "1" to CSSR0.

• The reset value of this bit is chip-specific.

0b - No core operation mode entry event pending.

1b - Any core operation mode entry event pending.

6

RFP

MUA Receive Full Pending Flag

• RFP bit is set to "1" when any TRn register is written by MUB to send data to MUA.

• After the RFP bit is set to "1", checking the RSR[RFn] bit to decide the data in which RRn register is 
ready to be read by the MUA.

• RFP bit is cleared when all MUA RRn registers are read, or when the MU is reset.

0b - No TRn register is written by MUB.

1b - Any TRn register is written by MUB.

5

TEP

MUA Transmit Empty Pending

• TEP bit is set to "1" when TCR[TIEn] bit is set and the corresponding RRn register is read by MUB.

• After the TEP bit is set to "1", checking the TSR[TEn] bit to decide the data in which TRn register is 
ready to be written by the MUA.

• TEP bit is cleared when all MUA TRn register are written.

• TEP bit is set to "0" when the MU resets.

0b - RRn register is not read by MUB.

1b - Any RRn register is read by MUB.

4

GIRP

MUA General Interrupt Pending

• GIRP bit is set to "1" when any general interrupt request is sent from the MUB side to the MUA side. 
Reading the GSR[GIPn] bit can know which general interrupt request is received.

• GIRP bit is cleared when all GIPn bits in MUA_GSR register are cleared.

• GIRP bit is cleared when the MU resets.

0b - No general interrupt request is sent from MUB.

1b - Any general interrupt request is sent from MUB.

3

FUP

MUA Flags Update Pending

• FUP bit is set to "1" when the MUA side sends a Flags Update request to the MUB side.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• A Flags Update request is generated when there is a change to the Fn[2:0] bits of the MUA_FCR 
register. No flag update changes are allowed while the FUP bit is set to "1". Any write to the Fn[2:0] 
bits of the MUA_FCR register, while the FUP bit is set to "1", does not generate a Flags Update 
event, and the Fn[2:0] bits stays unchanged.

• Writing the FCR register doesn't set FUP bit immediately if there is any event pending(SR[EP] is 
"1").

• FUP bit is cleared when this Flags Update request is internally acknowledged (the flag is updated) 
from the MUB side, or during MU reset.

0b - No pending update flags(initiated by MUA) are in process

1b - Pending update flags(initiated by MUA) are in process

2

EP

MUA Side Event Pending

• An "event" is any hardware message that is reflected in the status register on the MUB side (for 
example, "transmit register 0 written"). During normal operations, the update mechanism for the EP 
bit works automatically.

• EP bit is set to "1" when the MUA side sends an event update request to the MUB side.

• EP bit is cleared by hardware automatically when the event update acknowledge is received.

• To ensure events have been posted to MUB before entering STOP mode, verify that the EP bit is 
cleared. If EP bit is set to "1", wait and continue to poll the EP bit before entering STOP mode.

• Reading the MUA_SR[EP] bit should be the last access to the MUA and that should be performed 
before entering STOP or WAIT modes; otherwise, the EP bit may be set by subsequent additional 
actions.

• If the MUB is in STOP mode and the MUA event is triggered, the EP bit remains high until the MUB 
wakes up.

• The EP bit is cleared when the MU resets.

0b - The MUA side event is not pending.

1b - The MUA side event is pending.

1

MURIP

MU Reset Interrupt Pending

• MURIP bit signals Processor A that Processor B initiated a MU reset by setting the MUB_CR[MUR] 
bit.

• MURIP bit is set to "1" after Processor B initiated a MU reset. If the interrupt is enabled by the 
MURIE bit, the Processor A MU reset interrupt request is issued when the Processor B set MUR bit 
in MUB_CR.

• Writing "1" to clear the MURIP bit, which also clears MU reset interrupt request.

• Only system reset can reset MURIP. MU reset cannot reset this bit.

0b - Processor B did not issue MU reset.

1b - Processor B issued MU reset.

0 MUA and MUB Reset State

Table continues on the next page...
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Table continued from the previous page...

Field Function

MURS • The MURS bit is set to "1" during any system reset or any MU reset from MUA-side or MUB-side.

• The MURS bit is cleared when the reset sequence on both MUA and MUB side ends. After issuing 
any of the reset events mentioned previously, verify that the MURS bit is cleared before starting any 
access.

0b - MUA and MUB are out of reset.

1b - MUA or MUB is in reset state.

40.6.1.6 Core Control Register 0 (CCR0)

Offset

Register Offset

CCR0 10h

Function

The CCR0 enables the MUA to control the Processor on the MUB-side.

There is also control for Processor A hardware reset mask.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BOOT RSTH CLKE HRM HR NMI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-7

—

Reserved

6-5

BOOT

Slave Processor B Boot Config.

Configures the boot source for Processor B when Processor B is slave core.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00b - Processor Boot option 0

01b - Processor Boot option 1

10b - Processor Boot option 2

11b - Processor Boot option 3

4

RSTH

Processor B Reset Hold

 
Setting this bit does not force the Processor B into reset. It only holds Processor B if it 
resets itself.

  NOTE  

0b - Release Processor B from reset

1b - Hold Processor B in reset

3

CLKE

Processor B clock enable

0b - Processor B platform clock is gated when Processor B enters a stop mode.

1b - Processor B platform clock is kept running after Processor B enters a stop mode, until 
Processor A also enters a stop mode.

2

HRM

Processor A Hardware Reset Mask

0b - The MUB_CCR0[HR] bit is not masked, and the hardware reset to the Processor A is 
enabled.

1b - The MUB_CCR0[HR] bit is masked, and the hardware reset request to the Processor A is 
disabled.

1

HR

Processor B Hardware Reset

• Set HR bit to "1" to start a hardware reset of the Processor B.

• Clear the HR bit to de-assert the Processor B hardware reset input.

• The MUA_CSSR0[HRIP] bit indicates the state of the Processor on MUB-side. As soon as the 
Processor B goes into Reset (MUA HRIP bit is set to "1"), the HR bit can be de-asserted.

• Setting the HR bit does not cause an internal MU reset but is routed outside MU to Processor B 
reset logic

• The HR reset issued by the Processor A to the Processor B can be maskable by the Processor B 
(according to the settings of the MUB_CCR0[HRM] bit).

• The HR bit does not return to the reset value during the MU software reset (MUR).

0b - De-assert Hardware reset to the Processor B.

1b - Assert Hardware reset to the Processor B.

0

NMI

MUB Non-maskable Interrupt Request

• When NMI bit is set to "1", it initiates a Non-Maskable Interrupt to the Processor B.

Table continues on the next page...
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Field Function

• NMI bit is cleared after the MUB_CSSR0[NMIC] bit is written to "1". After the NMI bit is cleared, the 
MUA can initiate another non-maskable interrupt to the MUB.

• The NMI bit is cleared when the MU resets.

0b - Non-maskable interrupt is not issued to the Processor B by the Processor A.

1b - Non-maskable interrupt is issued to the Processor B by the Processor A.

40.6.1.7 Core Interrupt Enable Register 0 (CIER0)

Offset

Register Offset

CIER0 14h

Function
The CIERO register provides control of interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PDIE 

STOPI
E 

WAITI
E 

HALTI
E 

RAIE RUNIE HRIE 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

PDIE

Processor B Power-Down Mode Entry Interrupt Enable

• If PDIE bit is set to "1", then MU Power-Down Mode Entry Interrupt is issued to the Processor A 
when the MUA_CSSR0[PD] bit is set to "1".

Table continues on the next page...
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Field Function

• If PDIE is cleared, then the value of the MUA_CSSR0[PD] bit is ignored and no MU Power-Down 
Mode Entry Interrupt is issued.

• The PDIE bit is cleared when the MU resets.

0b - Disables Processor A Power-Down Mode Entry Interrupt request due to Processor B Power-
Down Mode Entry.

1b - Enables Processor A Power-Down Mode Entry Interrupt request due to Processor B Power-
Down Mode Entry.

6

STOPIE

Processor B Stop Mode Entry Interrupt Enable

• If STOPIE bit is set to "1", then MU Stop Mode Entry Interrupt is issued to the Processor A when the 
MUA_CSSR0[STOP] bit is set to "1".

• If STOPIE bit is cleared, then the value of the MUA_CSSR0[STOP] bit is ignored and no MU Stop 
Mode Entry Interrupt is issued.

• The STOPIE bit is cleared when the MU resets.

0b - Disables Processor A Stop Mode Entry Interrupt request due to Processor B Stop Mode 
Entry.

1b - Enables Processor A Stop Mode Entry Interrupt request due to Processor B Stop Mode 
Entry.

5

WAITIE

Processor B Wait Mode Entry Interrupt Enable

• If WAITIE bit is set to "1", then MU Wait Mode Entry Interrupt is issued to the Processor A when the 
MUA_CSSR0[WAIT] bit is set to "1".

• If WAITIE bit is cleared, then the value of the MUA_CSSR0[WAIT] bit is ignored and no MU Wait 
Mode Entry Interrupt is issued.

• The WAITIE bit is cleared when the MU resets.

0b - Disables Processor A Wait Mode Entry Interrupt request due to Processor B Wait Mode 
Entry.

1b - Enables Processor A Wait Mode Entry Interrupt request due to Processor B Wait Mode 
Entry.

4

HALTIE

Processor B Halt Mode Entry Interrupt Enable

• If HALTIE bit is set to "1", then MU Halt Mode Entry Interrupt is issued to the Processor A when the 
MUA_CSSR0[HALT] bit is set to "1".

• If HALTIE bit is cleared, then the value of the MUA_CSSR0[HALT] bit is ignored and no MU Halt 
Mode Entry Interrupt is issued.

• The HALTIE bit is cleared when the MU resets.

0b - Disables Processor A Halt Mode Entry Interrupt request due to Processor B Halt Mode Entry.

1b - Enables Processor A Halt Mode Entry Interrupt request due to Processor B Halt Mode Entry.

3 Processor B Reset Assertion Interrupt Enable
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Field Function

RAIE • If RAIE bit is set to "1", then MU reset interrupt is issued to the Processor A when the 
MUA_CSSR0[RAIP] bit is set to "1".

• If RAIE bit is cleared, then the value of the MUA_CSSR0[RAIP] bit is ignored and no MU reset 
interrupt is issued.

• The RAIE bit is cleared when the MU resets.

0b - Disables Processor A Reset Assertion Interrupt request due to Processor B reset assertion.

1b - Enables Processor A Reset Assertion Interrupt request due to Processor B reset assertion.

2

RUNIE

Processor B Run Mode Entry Interrupt Enable

• If RUNIE bit is set to "1", then MU Run Mode Entry Interrupt is issued to the Processor A when the 
MUA_CSSR0[RUN] bit is set to "1".

• If RUNIE bit is cleared, then the value of the MUA_CSSR0[RUN] bit is ignored and no MU Run Mode 
Entry Interrupt is issued.

• The RUNIE bit is cleared when the MU resets.

0b - Disables Processor A Run Mode Entry Interrupt request due to Processor B Run Mode Entry.

1b - Enables Processor A Run Mode Entry Interrupt request due to Processor B Run Mode Entry.

1

HRIE

Processor A Hardware Reset Interrupt Enable

• If HRIE bit is set to "1", then MU reset interrupt request is issued to the Processor A when the 
MUA_CSSR0[HRIP] bit is set to "1".

• If HRIE bit is cleared, then the value of the MUA_CSSR0[HRIP] bit is ignored and no MU reset 
interrupt is issued.

• The HRIE bit is cleared when the MU resets.

0b - Disables Processor A Hardware Reset Interrupt request due to Processor B issues HR to 
Processor A.

1b - Enables Processor A Hardware Reset Interrupt request due to Processor B issues HR to 
Processor A.

0

—

Reserved

40.6.1.8 Core Sticky Status Register 0 (CSSR0)

Offset

Register Offset

CSSR0 18h

Function

The CSSR0 register shows the status of interrupts pending (W1C).
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The reset value is chip-specific.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 PD STOP WAIT HALT RAIP RUN HRIP NMIC 

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 u u u u u u u u

Fields

Field Function

31-8

—

Reserved

7

PD

Processor B Power-Down Mode Entry Interrupt Pending

• PD bit signals the Processor A that the Processor B has entered Power-Down mode.

• PD bit is set to "1" after the Processor B enters Power-Down mode. If the interrupt is enabled by the 
PDIE bit, the Processor A Power-Down Mode Entry Interrupt request is issued when the Processor 
B enters Power-Down mode.

• Writing "1" to clear PD bit, which also clears MU Power-Down Mode Entry Interrupt request.

0b - Processor B did not enter Power-Down Mode.

1b - Processor B entered Power-Down Mode

6

STOP

Processor B Stop Mode Entry Interrupt Pending

• STOP bit signals the Processor A that the Processor B has entered Stop mode.

• STOP bit is set to "1" after the Processor B enters Stop mode. If the interrupt is enabled by the 
STOPIE bit, the Processor A Stop Mode Entry Interrupt request is issued when the Processor B 
enters Stop mode.

• Writing "1" to clear STOP bit, which also clears MU Stop Mode Entry Interrupt request.

0b - Processor B did not enter Stop Mode.

1b - Processor B entered Stop Mode

5

WAIT

Processor B Wait Mode Entry Interrupt Pending

• WAIT bit signals the Processor A that the Processor B has entered Wait mode.

Table continues on the next page...
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Field Function

• WAIT bit is set to "1" after the Processor B enters Wait mode. If the interrupt is enabled by the 
WAITIE bit, the Processor A Wait Mode Entry Interrupt request is issued when the Processor B 
enters Wait mode.

• Writing "1" to clear WAIT bit, which also clears MU Wait Mode Entry Interrupt request.

0b - Processor B did not enter Wait Mode.

1b - Processor B entered Wait Mode

4

HALT

Processor B Halt Mode Entry Interrupt Pending

• HALT bit signals the Processor A that the Processor B has entered Halt mode.

• HALT bit is set to "1" after the Processor B enters Halt mode. If the interrupt is enabled by the 
HALTIE bit, the Processor A Halt Mode Entry Interrupt request is issued when the Processor B 
enters Halt mode.

• Writing "1" to clear HALT bit, which also clears MU Halt Mode Entry Interrupt request.

0b - Processor B did not enter Halt Mode.

1b - Processor B entered Halt Mode

3

RAIP

Processor B Reset Asserted Interrupt Pending

• RAIP bit signals the Processor A that the Processor B has entered reset.

• RAIP bit is set to "1" after the Processor B enters reset. If the interrupt is enabled by the CRAIE bit, 
the Processor A reset interrupt request is issued when the Processor B enters reset.

• Writing "1" to clear RAIP bit, which also clears MU reset interrupt request.

• When Processor A comes out of reset, the RAIP bit has value "0". Processor A then monitors the 
reset of Processor B and asserts RAIP if its reset asserts.

0b - Processor B did not enter reset

1b - Processor B entered reset

2

RUN

Processor B Run Mode Entry Interrupt Pending

• RUN bit signals the Processor A that the Processor B has entered Run mode.

• RUN bit is set to "1" after the Processor B enters Run mode. If the interrupt is enabled by the RUNIE 
bit, the Processor A Run Mode Entry Interrupt request is issued when the Processor B enters Run 
mode.

• Writing "1" to clear RUN bit, which also clears MU Run Mode Entry Interrupt request.

0b - Processor B did not enter Run Mode.

1b - Processor B entered Run Mode

1

HRIP

Processor A Hardware Reset Interrupt Pending

• HRIP bit indicates if Processor A had been reset by HR bit in the MUB_CCR0 register.

• HRIP bit is set to "1" if Processor B set the MUB_CCR0[HR] bit to "1" and the MUA_CCR0[HRM] bit 
is cleared.
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Field Function

• Write "1" to clear HRIP.

0b - MUB didn't issue hardware reset to Processor A

1b - MUB had initiated a hardware reset to Processor A through HR bit.

0

NMIC

Processor A Non-Maskable-Interrupt Clear

• NMIC bit is used by the MUA-side Non-Maskable Interrupt service routine to clear the non-maskable 
interrupt from MUB-side.

• Writing NMIC bit as "1" signals the MUB to clear the MUB_CCR0[NMI] bit, thus de-asserting the 
interrupt and enabling the NMI bit to receive another interrupt.

• The NMIC bit is always read as "0", therefore NMIC bit cannot be polled. The NMIC bit can only 
be used as part of the interrupt service routine, in which the NMIC bit should only be written as "1" 
once.

• The NMIC bit is cleared when the MU resets.

0b - Default

1b - Writing "1" clears the MUB_CCR0[NMI] bit.

40.6.1.9 Core Status Register 0 (CSR0)

Offset

Register Offset

CSR0 1Ch

Function
The CSR0 register shows the status of core events.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 PD STOP WAIT HALT RAIP RUN HRIP 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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Fields

Field Function

31-8

—

Reserved

7

PD

Processor B Power-Down Mode Entry

• PD bit signals the Processor A that the Processor B has entered or exited Power-Down Mode.

• PD bit is set to "1" after the Processor B enters Power-Down Mode.

• PD bit is cleared to "0" after the Processor B exits Power-Down Mode.

0b - Processor B did not enter Power-Down Mode.

1b - Processor B entered Power-Down Mode.

6

STOP

Processor B Stop Mode Entry

• STOP bit signals the Processor A that the Processor B has entered or exited Stop Mode.

• STOP bit is set to "1" after the Processor B enters Stop Mode.

• STOP bit is cleared to "0" after the Processor B exits STOP Mode.

0b - Processor B did not enter Stop Mode.

1b - Processor B entered Stop Mode.

5

WAIT

Processor B Wait Mode Entry

• WAIT bit signals the Processor A that the Processor B has entered or exited Wait Mode.

• WAIT bit is set to "1" after the Processor B enters Wait Mode.

• WAIT bit is cleared to "0" after the Processor B exits Wait Mode.

0b - Processor B did not enter Wait Mode.

1b - Processor B entered Wait Mode.

4

HALT

Processor B Halt Mode Entry

• HALT bit signals the Processor A that the Processor B has entered or exited Halt Mode.

• HALT bit is set to "1" after the Processor B enters Halt Mode.

• HALT bit is cleared to "0" after the Processor B exits HALT Mode.

0b - Processor B did not enter Halt Mode.

1b - Processor B entered Halt Mode.

3

RAIP

Processor B Reset Asserted Interrupt Pending

• RAIP bit signals the Processor A that the Processor B has entered or exited reset.

• RAIP bit is set to "1" after the Processor B enters reset.

• RAIP bit is cleared to "0" if the Processor B comes out of reset.

0b - Processor B did not enter reset.

1b - Processor B entered reset.
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Field Function

2

RUN

Processor B Run Mode Entry

• RUN bit signals the Processor A that the Processor B has entered or exited Run Mode.

• RUN bit is set to "1" after the Processor B enters Run Mode.

• RUN bit is cleared to "0" after the Processor B exits Run Mode.

0b - Processor B did not enter Run Mode.

1b - Processor B entered Run Mode.

1

HRIP

Processor A Hardware Reset Interrupt Pending

• HRIP bit indicates if Processor A had been reset by HR bit in the MUB_CCR0 register.

• HRIP bit is set to "1" if Processor B set the MUB_CCR0[HR] bit to "1" and the MUA_CCR0[HRM] bit 
is cleared.

• HRIP bit is cleared to "0" if Processor B clear the MUB_CCR0[HR] bit to "0" or the 
MUA_CCR0[HRM] bit is set to "1".

0b - MUB didn't issue hardware reset to Processor A.

1b - MUB had initiated a hardware reset to Processor A through HR bit.

0

—

Reserved

40.6.1.10 Flag Control Register (FCR)

Offset

Register Offset

FCR 100h

Function
The FCR register contains read-write flags that reflect the MUB_FSR[Fn] bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
F2 F1 F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-3

—

Reserved

2-0

Fn

MUA to MUB Flag n

• n = 0 to 2

• Fn bit is a read-write flag that reflects the MUB_FSR[Fn] bits.

• Fn bits are cleared when the MU resets.

• Write 0 to an Fn bit - Clears the Fn bit in the MUB_FSR register.

• Write 1 to an Fn bit - Sets the Fn bit in the MUB_FSR register.

0b - Clears the Fn bit in the FSR register.

1b - Sets the Fn bit in the FSR register.

40.6.1.11 Flag Status Register (FSR)

Offset

Register Offset

FSR 104h

Function
The FSR register contains flags that reflect the values written to the Fn bit of the MUB_FCR register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 F2 F1 F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-3

—

Reserved

2-0

Fn

MUB to MUA Side Flag n

• n = 0 to 2

• Fn bit is the MUA side flag that reflects the values written to the Fn bit in the MUB_FCR register.

• Every time that the Fn bit in the MUB_FCR register is written, the Fn bit in the MUB FCR register write 
event updates the Fn bit in the MUA_FSR register after the event update latency.

• If a 0 is read from an Fn bit - Fn bit in the MUB_FCR is 0.

• If a 1 is read from an Fn bit - Fn bit in the MUB_FCR is 1.

0b - Fn bit in the MUB FCR register is written 0.

1b - Fn bit in the MUB FCR register is written 1.

40.6.1.12 General Interrupt Enable Register (GIER)

Offset

Register Offset

GIER 110h

Function
The GIER register contains the MUA general purpose interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GIE3 GIE2 GIE1 GIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3-0

GIEn

MUA General Purpose Interrupt Enable n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• If a GIEn bit is set to "1", then a General Interrupt n request is issued to Processor A when the GIPn bit 
in the MUA GSR register is set to "1".

• If GIEn is cleared, then the value of the GIPn bit is ignored and no General Interrupt n request is issued.

• GIEn bit is cleared when the MU resets.

0b - Disables MUA General Interrupt n.

1b - Enables MUA General Interrupt n.

40.6.1.13 General Control Register (GCR)

Offset

Register Offset

GCR 114h

Function
The GCR register contains the MUA general purpose interrupt requests.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GIR3 GIR2 GIR1 GIR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4 Reserved

Table continues on the next page...
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Field Function

—

3-0

GIRn

MUA General Purpose Interrupt Request n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• Writing "1" to the GIRn bit sets the MUB_GSR[GIPn] bit on the MUB-side. If the MUB_GIER[GIEn] 
bit is set to "1" on the MUB-side, a General Purpose Interrupt n request is triggered to Processor B.

• The GIRn bit is cleared if the MUB_GSR[GIPn] bit is cleared by writing "1", thereby signalling the 
MUA that the interrupt was accepted (cleared by the software).

• Writing "0" to the GIRn bit is ignored.

• To ensure proper operations, you must verify that the GIRn bit is cleared (meaning that there is no 
pending interrupt) before setting it (GIRn bit).

• GIRn bit is cleared when the MU resets.

0b - MUA General Interrupt n is not requested to the MUB.

1b - MUA General Interrupt n is requested to the MUB.

40.6.1.14 General Status Register (GSR)

Offset

Register Offset

GSR 118h

Function
The GSR register contains the status of the MUA general interrupt pending requests.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 GIP3 GIP2 GIP1 GIP0 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3-0

GIPn

MUA General Interrupt Request Pending n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• GIPn bit signals the MUA that the MUB_GCR[GIRn] bit was set from "0" to "1". If the 
MUA_GIER[GIEn] bit is set to "1", a General Interrupt n request is issued to Processor A.

• The GIPn bit is cleared by writing "1". Writing "0" is ignored.

• GIPn bit is cleared when the MU resets.

• After GIPn bit is cleared, the General Interrupt n request(if the MUA_GIER[GIEn] bit is set to "1") is 
cleared on the MUA side.

0b - MUA general purpose interrupt n is not pending.

1b - MUA general purpose interrupt n is pending.

40.6.1.15 Transmit Control Register (TCR)

Offset

Register Offset

TCR 120h

Function
The TCR register contains the MUA transmit interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TIE3 TIE2 TIE1 TIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3-0

TIEn

MUA Transmit Interrupt Enable n

• There are 4 Transmit Interrupts (n = 0 to 3)

• If TIEn bit is set to "1", then an MUA Transmit Interrupt n request is issued when the MUA_TSR[TEn] 
bit is set to "1".

• If TIEn bit is cleared, then the value of the TEn bit is ignored and no MUA Transmit Interrupt n 
request is issued.

• TIEn bit is cleared when the MU resets.

0b - Disables MUA Transmit Interrupt n. (default)

1b - Enables MUA Transmit Interrupt n.

40.6.1.16 Transmit Status Register (TSR)

Offset

Register Offset

TSR 124h

Function
The TSR register shows whether the MUA transmit registers are empty or not.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TE3 TE2 TE1 TE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
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Fields

Field Function

31-4

—

Reserved

3-0

TEn

MUA Transmit Register n Empty

• There are 4 Transmit Registers (n = 0 to 3)

• The TEn bit is set to "1" after the MUB RRn register is read on the MUB side.

• After the TEn bit is set to "1", it signals the MUA side that the MUA TRn register is ready 
to be written on the MUA side, and a Transmit n interrupt is issued on the MUA side (if the 
MUA_TCR[TIEn] bit is set to "1").

• TEn bit is cleared after the MUA TRn register is written on the MUA side.

• After TEn bit is cleared, the Transmit n interrupt(if the MUA_TCR[TIEn] bit is set to "1") is cleared on 
the MUA side.

• TEn bit is set to "1" when the MU resets.

0b - MUA TRn register is not empty.

1b - MUA TRn register is empty.

40.6.1.17 Receive Control Register (RCR)

Offset

Register Offset

RCR 128h

Function
The RCR register contains the MUA receive interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RIE3 RIE2 RIE1 RIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3-0

RIEn

MUA Receive Interrupt Enable n

• There are 4 Transmit Interrupts (n = 0 to 3)

• If RIEn bit is set to "1", then an MUA Receive Interrupt n request is issued when the MUA_RSR[RFn] 
bit is set to "1".

• If RIEn bit is cleared, then the value of the RFn bit is ignored and no MUA Receive Interrupt n 
request is issued.

• RIEn bit is cleared when the MU resets.

0b - Disables MUA Receive Interrupt n.

1b - Enables MUA Receive Interrupt n.

40.6.1.18 Receive Status Register (RSR)

Offset

Register Offset

RSR 12Ch

Function
The RSR register shows whether the MUA receive registers are full or not.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 RF3 RF2 RF1 RF0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Messaging Unit (MU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2384 / 5781



Fields

Field Function

31-4

—

Reserved

3-0

RFn

MUA Receive Register n Full

• There are 4 Receive Registers (n = 0 to 3)

• The RFn bit is set to "1" when the MUB TRn register is written on the MUB side.

• After the RFn bit is set to "1", the RFn bit signals the MUA side that new data in the MUA RRn 
register is ready to be read by the MUA, and a Receive n interrupt is issued on the MUA side (if the 
MUA_RCR[RIEn] has been set to "1").

• RFn bit is cleared when the MUA RRn register is read, or when the MU is reset.

• After RFn bit is cleared, the Receive n interrupt(if the MUA_RCR[RIEn] has been set to "1") is 
cleared on the MUA side.

0b - MUA RRn register is not full.

1b - MUA RRn register has received data from MUB TRn register and is ready to be read by the 
MUA.

40.6.1.19 Transmit Register (TR0 - TR3)

Offset

Register Offset

TR0 200h

TR1 204h

TR2 208h

TR3 20Ch

Function
MUA Transmit Data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TR_DATA

MUA Transmit Data

• Data written to the TRn register is reflected in the MUB Receive Register n (RRn). The TRn and 
RRn registers are not double-buffered, a write to the TRn register overrides the data readable at the 
RRn register.

• A write to the transmit register clears the MUA_TSR[TEn] bit on the transmitter side, and sets the 
MUB_RSR[RFn] bit on the receiver side.

• TRn register can be written only when the MUA_TSR[TEn] bit is set to "1".

• Reading the TRn register returns all zeros.

40.6.1.20 Receive Register (RR0 - RR3)

Offset

Register Offset

RR0 280h

RR1 284h

RR2 288h

RR3 28Ch

Function
MUA Receive Data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0 MUA Receive Data

Table continues on the next page...
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Field Function

RR_DATA • Reflects the data written to MUB Transmit Register (TRn).

• Reading the RRn register clears the MUA_RSR[RFn] bit on the receiver side, and sets the 
MUB_TSR[TEn] bit on the transmitter side.

• RRn register can be read only when the MUB_RSR[RFn] bit is set to "1". Reading before 
MUB_RSR[RFn]=1 may result in reading incorrect data. Therefore, polling the MUB_RSR[RFn] bit to 
confirm it is set to "1" before reading RRn is required.

• Writing to the RRn register generates an error response to the MUA.

40.6.2 MUB register descriptions
This section contains the detailed register descriptions for the MUB registers.

 
A read/write access to any illegal location and a write to a read-only register on the Processor A-side or Processor 
B-side of the MU generates a module transfer error acknowledge to the Processor A or Processor B.

  NOTE  

40.6.2.1 MUB memory map

MU0.MUB base address: 2922_0000h

MU1.MUB base address: 2810_0000h

MU2.MUB base address: 2DA1_0000h

MU3.MUB base address: 2DA2_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VER) 32 R 0309_000Fh

4h Parameter Register (PAR) 32 R 0304_0404h

8h Control Register (CR) 32 RW 0000_0000h

Ch Status Register (SR) 32 RW See section

10h Core Control Register 0 (CCR0) 32 RW 0000_0004h

14h Core Interrupt Enable Register 0 (CIER0) 32 RW 0000_0000h

18h Core Sticky Status Register 0 (CSSR0) 32 RW See section

1Ch Core Status Register 0 (CSR0) 32 R 0000_0004h

100h Flag Control Register (FCR) 32 RW 0000_0000h

104h Flag Status Register (FSR) 32 R 0000_0000h

110h General Interrupt Enable Register (GIER) 32 RW 0000_0000h

114h General Control Register (GCR) 32 RW 0000_0000h

118h General Status Register (GSR) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

120h Transmit Control Register (TCR) 32 RW 0000_0000h

124h Transmit Status Register (TSR) 32 R 0000_000Fh

128h Receive Control Register (RCR) 32 RW 0000_0000h

12Ch Receive Status Register (RSR) 32 R 0000_0000h

200h - 20Ch Transmit Register (TR0 - TR3) 32 RW 0000_0000h

280h - 28Ch Receive Register (RR0 - RR3) 32 R 0000_0000h

40.6.2.2 Version ID Register (VER)

Offset

Register Offset

VER 0h

Function

Use Version ID register to determine the version ID and feature set number of MUB.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-24

MAJOR

Major Version Number

23-16 Minor Version Number

Table continues on the next page...
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Table continued from the previous page...

Field Function

MINOR

15-0

FEATURE

Feature Set Number

Each bit of the Feature Set Number bitfield specifies a different feature:

• If bit0 = 1: Standard features are implemented

• If bit1 = 1: RAIP/RAIE register bits are implemented

• If bit2 = 1: Core Control and Status Registers are implemented in both MUA and MUB

• If bit3 = 1: Expand TRn/RRn registers number

• Bit4-bit15: Reserved for future use

40.6.2.3 Parameter Register (PAR)

Offset

Register Offset

PAR 4h

Function
The PAR register defines the number of flags, transmit registers, receive registers, and the number of general interrupt 
requests available for the MU.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FLAG_WIDTH GIR_NUM 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RR_NUM TR_NUM 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24

FLAG_WIDTH

Flag Width

Table continues on the next page...
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Table continued from the previous page...

Field Function

This bitfield specifies the number of flag bits in the Flag Control Register (FCR) and Flag Status Register 
(FSR).

23-16

GIR_NUM

General Interrupt Request Number

This bitfield specifies the number of general interrupt requests available.

15-8

RR_NUM

RR Number

This bitfield specifies the number of receive registers.

7-0

TR_NUM

Transmit Register Number

This bitfield specifies the number of transmit registers.

40.6.2.4 Control Register (CR)

Offset

Register Offset

CR 8h

Function
The CR register controls the MU reset and MU reset interrupt enable.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MURIE MUR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

MURIE

MUB Reset Interrupt Enable

• If MURIE bit is set to "1", then MU reset interrupt request is issued to the Processor B when the 
MUB_SR[MURIP] bit is set to "1".

• If MURIE is cleared, then the value of the MURIP bit is ignored and no MU reset interrupt request is 
issued.

• Only system reset can reset MURIE, MU reset(MUR) cannot reset this bit.

0b - Disables Processor B-side MU Reset Interrupt request due to MU reset issued by MUA.

1b - Enables Processor B-side MU Reset Interrupt request due to MU reset issued by MUA.

0

MUR

MU Reset

• Setting MUR bit to "1" resets both the MUB-side and MUA-side, forcing all control and status 
registers to return to their default values (except the HR, HRM, RSTH, BOOT in MUB/A_CCR0 
registers, MURIE in MUB/A_CR registers, MURIP bit and MURS bit in MUB/A_SR registers and the 
MUB/A_CSSR0/CSR0 registers), and all internal states to be cleared.

• Before setting the MUR bit to "1", it is advisable to interrupt the Processor A, because setting the 
MUR bit may affect the ongoing Processor A program.

• After setting the MUR bit, monitor the value of the MUB_SR[MURS] bit to know when the reset 
sequence on the Processor A-side has ended.

• MUR bit can only be written as "1" when Processor A is not in STOP and Power-Down mode.

• MUR bit is always read as "0".

• MUR bit is cleared during the MU reset sequence.

0b - Self clearing bit.

1b - Asserts the MU reset.

40.6.2.5 Status Register (SR)

Offset

Register Offset

SR Ch

Function

The SR register shows the status of MU resets and the status of pending events/requests described below.

NXP Semiconductors
Messaging Unit (MU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2391 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CEP RFP TEP GIRP FUP EP MURIP MURS 

W W1C

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 u

Fields

Field Function

31-8

—

Reserved

7

CEP

Processor A Event Pending Flag

• CEP bit is set to "1" when any core operation mode entry event is detected.

• After the CEP bit is set to "1", checking the CSSR0 bit to decide which core operation mode entry 
event in Processor A occurs.

• CEP bit is cleared when all core operation mode entry events are serviced by writing "1" to CSSR0.

• The reset value of this bit is chip-specific.

0b - No core operation mode entry event pending.

1b - Any core operation mode entry event pending.

6

RFP

MUB Receive Full Pending Flag

• RFP bit is set to "1" when any TRn register is written by MUA to send data to MUB.

• After the RFP bit is set to "1", checking the RSR[RFn] bit to decide the data in which RRn register is 
ready to be read by the MUB.

• RFP bit is cleared when all MUB RRn registers are read, or when the MU is reset.

0b - No TRn register is written by MUA.

1b - Any TRn register is written by MUA.

5

TEP

MUB Transmit Empty Pending

• TEP bit is set to "1" when TCR[TIEn] bit is set and the corresponding RRn register is read by MUA.

• After the TEP bit is set to "1", checking the TSR[TEn] bit to decide the data in which TRn register is 
ready to be written by the MUB.

• TEP bit is cleared when all MUB TRn register are written.

• TEP bit is set to "0" when the MU resets.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - RRn register is not read by MUA.

1b - Any RRn register is read by MUA.

4

GIRP

MUB General Interrupt Pending

• GIRP bit is set to "1" when any general interrupt request is sent from the MUA side to the MUB side. 
Reading the GSR[GIPn] bit can know which general interrupt request is received.

• GIRP bit is cleared when all GIPn bits in MUB_GSR register are cleared.

• GIRP bit is cleared when the MU resets.

0b - No general interrupt request is sent from MUA.

1b - Any general interrupt request is sent from MUA.

3

FUP

MUB Flags Update Pending

• FUP bit is set to "1" when the MUB side sends a Flags Update request to the MUA side.

• A Flags Update request is generated when there is a change to the Fn[2:0] bits of the MUB_FCR 
register. No flag update changes are allowed while the FUP bit is set to "1". Any write to the Fn[2:0] 
bits of the MUB_FCR register, while the FUP bit is set to "1", does not generate a Flags Update 
event, and the Fn[2:0] bits stays unchanged.

• Writing the FCR register doesn't set FUP bit immediately if there is any event pending(SR[EP] is 
"1").

• FUP bit is cleared when this Flags Update request is internally acknowledged (the flag is updated) 
from the MUA side, or during MU reset.

0b - No pending update flags(initiated by MUB) are in process

1b - Pending update flags(initiated by MUB) are in process

2

EP

MUB Side Event Pending

• An "event" is any hardware message that is reflected in the status register on the MUA side (for 
example, "transmit register 0 written"). During normal operations, the update mechanism for the EP 
bit works automatically.

• EP bit is set to "1" when the MUB side sends an event update request to the MUA side.

• EP bit is cleared by hardware automatically when the event update acknowledge is received.

• To ensure events have been posted to MUA before entering STOP mode, verify that the EP bit is 
cleared. If EP bit is set to "1", wait and continue to poll the EP bit before entering STOP mode.

• Reading the MUB_SR[EP] bit should be the last access to the MUB and that should be performed 
before entering STOP or WAIT modes; otherwise, the EP bit may be set by subsequent additional 
actions.

• If the MUA is in STOP mode and the MUB event is triggered, the EP bit remains high until the MUA 
wakes up.

• The EP bit is cleared when the MU resets.

0b - The MUB side event is not pending.
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NXP Semiconductors
Messaging Unit (MU)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2393 / 5781



Table continued from the previous page...

Field Function

1b - The MUB side event is pending.

1

MURIP

MU Reset Interrupt Pending

• MURIP bit signals Processor B that Processor A initiated a MU reset by setting the MUA_CR[MUR] 
bit.

• MURIP bit is set to "1" after Processor A initiated a MU reset. If the interrupt is enabled by the 
MURIE bit, the Processor B MU reset interrupt request is issued when the Processor A set MUR bit 
in MUA_CR.

• Writing "1" to clear the MURIP bit, which also clears MU reset interrupt request.

• Only system reset can reset MURIP. MU reset cannot reset this bit.

0b - Processor A did not issue MU reset.

1b - Processor A issued MU reset.

0

MURS

MUA and MUB Reset State

• The MURS bit is set to "1" during any system reset or any MU reset from MUA-side or MUB-side.

• The MURS bit is cleared when the reset sequence on both MUA and MUB side ends. After issuing 
any of the reset events mentioned previously, verify that the MURS bit is cleared before starting any 
access.

0b - MUA and MUB are out of reset.

1b - MUA or MUB is in reset state.

40.6.2.6 Core Control Register 0 (CCR0)

Offset

Register Offset

CCR0 10h

Function

The CCR0 enables the MUB to control the Processor on the MUA-side.

There is also control for Processor B hardware reset mask.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BOOT RSTH CLKE HRM HR NMI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-7

—

Reserved

6-5

BOOT

Slave Processor A Boot Config.

Configures the boot source for Processor A when Processor A is slave core.

00b - Processor Boot option 0

01b - Processor Boot option 1

10b - Processor Boot option 2

11b - Processor Boot option 3

4

RSTH

Processor A Reset Hold

 
Setting this bit does not force the Processor A into reset. It only holds Processor A if it 
resets itself.

  NOTE  

0b - Release Processor A from reset

1b - Hold Processor A in reset

3

CLKE

Processor A clock enable

0b - Processor A platform clock is gated when Processor A enters a stop mode.

1b - Processor A platform clock is kept running after Processor A enters a stop mode, until 
Processor B also enters a stop mode.

2

HRM

Processor B Hardware Reset Mask

0b - The MUA_CCR0[HR] bit is not masked, and the hardware reset to the Processor B is 
enabled.

1b - The MUA_CCR0[HR] bit is masked, and the hardware reset request to the Processor B is 
disabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

HR

Processor A Hardware Reset

• Set HR bit to "1" to start a hardware reset of the Processor A.

• Clear the HR bit to de-assert the Processor A hardware reset input.

• The MUB_CSSR0[HRIP] bit indicates the state of the Processor on MUA-side. As soon as the 
Processor A goes into Reset (MUB HRIP bit is set to "1"), the HR bit can be de-asserted.

• Setting the HR bit does not cause an internal MU reset but is routed outside MU to Processor A 
reset logic

• The HR reset issued by the Processor B to the Processor A can be maskable by the Processor A 
(according to the settings of the MUA_CCR0[HRM] bit).

• The HR bit does not return to the reset value during the MU software reset (MUR).

0b - De-assert Hardware reset to the Processor A.

1b - Assert Hardware reset to the Processor A.

0

NMI

MUA Non-maskable Interrupt Request

• When NMI bit is set to "1", it initiates a Non-Maskable Interrupt to the Processor A.

• NMI bit is cleared after the MUA_CSSR0[NMIC] bit is written to "1". After the NMI bit is cleared, the 
MUB can initiate another non-maskable interrupt to the MUA.

• The NMI bit is cleared when the MU resets.

0b - Non-maskable interrupt is not issued to the Processor A by the Processor B.

1b - Non-maskable interrupt is issued to the Processor A by the Processor B.

40.6.2.7 Core Interrupt Enable Register 0 (CIER0)

Offset

Register Offset

CIER0 14h

Function
The CIERO register provides control of interrupt enables.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PDIE 

STOPI
E 

WAITI
E 

HALTI
E 

RAIE RUNIE HRIE 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

PDIE

Processor A Power-Down Mode Entry Interrupt Enable

• If PDIE bit is set to "1", then MU Power-Down Mode Entry Interrupt is issued to the Processor B 
when the MUB_CSSR0[PD] bit is set to "1".

• If PDIE is cleared, then the value of the MUB_CSSR0[PD] bit is ignored and no MU Power-Down 
Mode Entry Interrupt is issued.

• The PDIE bit is cleared when the MU resets.

0b - Disables Processor B Power-Down Mode Entry Interrupt request due to Processor A Power-
Down Mode Entry.

1b - Enables Processor B Power-Down Mode Entry Interrupt request due to Processor A Power-
Down Mode Entry.

6

STOPIE

Processor A Stop Mode Entry Interrupt Enable

• If STOPIE bit is set to "1", then MU Stop Mode Entry Interrupt is issued to the Processor B when the 
MUB_CSSR0[STOP] bit is set to "1".

• If STOPIE bit is cleared, then the value of the MUB_CSSR0[STOP] bit is ignored and no MU Stop 
Mode Entry Interrupt is issued.

• The STOPIE bit is cleared when the MU resets.

0b - Disables Processor B Stop Mode Entry Interrupt request due to Processor A Stop Mode 
Entry.

1b - Enables Processor B Stop Mode Entry Interrupt request due to Processor A Stop Mode 
Entry.

5

WAITIE

Processor A Wait Mode Entry Interrupt Enable

• If WAITIE bit is set to "1", then MU Wait Mode Entry Interrupt is issued to the Processor B when the 
MUB_CSSR0[WAIT] bit is set to "1".
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Field Function

• If WAITIE bit is cleared, then the value of the MUB_CSSR0[WAIT] bit is ignored and no MU Wait 
Mode Entry Interrupt is issued.

• The WAITIE bit is cleared when the MU resets.

0b - Disables Processor B Wait Mode Entry Interrupt request due to Processor A Wait Mode 
Entry.

1b - Enables Processor B Wait Mode Entry Interrupt request due to Processor A Wait Mode 
Entry.

4

HALTIE

Processor A Halt Mode Entry Interrupt Enable

• If HALTIE bit is set to "1", then MU Halt Mode Entry Interrupt is issued to the Processor B when the 
MUB_CSSR0[HALT] bit is set to "1".

• If HALTIE bit is cleared, then the value of the MUB_CSSR0[HALT] bit is ignored and no MU Halt 
Mode Entry Interrupt is issued.

• The HALTIE bit is cleared when the MU resets.

0b - Disables Processor B Halt Mode Entry Interrupt request due to Processor A Halt Mode Entry.

1b - Enables Processor B Halt Mode Entry Interrupt request due to Processor A Halt Mode Entry.

3

RAIE

Processor A Reset Assertion Interrupt Enable

• If RAIE bit is set to "1", then MU reset interrupt is issued to the Processor B when the 
MUB_CSSR0[RAIP] bit is set to "1".

• If RAIE bit is cleared, then the value of the MUB_CSSR0[RAIP] bit is ignored and no MU reset 
interrupt is issued.

• The RAIE bit is cleared when the MU resets.

0b - Disables Processor B Reset Assertion Interrupt request due to Processor A reset assertion.

1b - Enables Processor B Reset Assertion Interrupt request due to Processor A reset assertion.

2

RUNIE

Processor A Run Mode Entry Interrupt Enable

• If RUNIE bit is set to "1", then MU Run Mode Entry Interrupt is issued to the Processor B when the 
MUB_CSSR0[RUN] bit is set to "1".

• If RUNIE bit is cleared, then the value of the MUB_CSSR0[RUN] bit is ignored and no MU Run Mode 
Entry Interrupt is issued.

• The RUNIE bit is cleared when the MU resets.

0b - Disables Processor B Run Mode Entry Interrupt request due to Processor A Run Mode Entry.

1b - Enables Processor B Run Mode Entry Interrupt request due to Processor A Run Mode Entry.

1

HRIE

Processor B Hardware Reset Interrupt Enable

• If HRIE bit is set to "1", then MU reset interrupt request is issued to the Processor B when the 
MUB_CSSR0[HRIP] bit is set to "1".
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Field Function

• If HRIE bit is cleared, then the value of the MUB_CSSR0[HRIP] bit is ignored and no MU reset 
interrupt is issued.

• The HRIE bit is cleared when the MU resets.

0b - Disables Processor B Hardware Reset Interrupt request due to Processor A issues HR to 
Processor B.

1b - Enables Processor B Hardware Reset Interrupt request due to Processor A issues HR to 
Processor B.

0

—

Reserved

40.6.2.8 Core Sticky Status Register 0 (CSSR0)

Offset

Register Offset

CSSR0 18h

Function

The CSSR0 register shows the status of interrupts pending (W1C).

The reset value is chip-specific.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 PD STOP WAIT HALT RAIP RUN HRIP NMIC 

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 u u u u u u u u

Fields

Field Function

31-8 Reserved
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Field Function

—

7

PD

Processor A Power-Down Mode Entry Interrupt Pending

• PD bit signals the Processor B that the Processor A has entered Power-Down mode.

• PD bit is set to "1" after the Processor A enters Power-Down mode. If the interrupt is enabled by the 
PDIE bit, the Processor B Power-Down Mode Entry Interrupt request is issued when the Processor 
A enters Power-Down mode.

• Writing "1" to clear PD bit, which also clears MU Power-Down Mode Entry Interrupt request.

0b - Processor A did not enter Power-Down Mode.

1b - Processor A entered Power-Down Mode

6

STOP

Processor A Stop Mode Entry Interrupt Pending

• STOP bit signals the Processor B that the Processor A has entered Stop mode.

• STOP bit is set to "1" after the Processor A enters Stop mode. If the interrupt is enabled by the 
STOPIE bit, the Processor B Stop Mode Entry Interrupt request is issued when the Processor A 
enters Stop mode.

• Writing "1" to clear STOP bit, which also clears MU Stop Mode Entry Interrupt request.

0b - Processor A did not enter Stop Mode.

1b - Processor A entered Stop Mode

5

WAIT

Processor A Wait Mode Entry Interrupt Pending

• WAIT bit signals the Processor B that the Processor A has entered Wait mode.

• WAIT bit is set to "1" after the Processor A enters Wait mode. If the interrupt is enabled by the 
WAITIE bit, the Processor B Wait Mode Entry Interrupt request is issued when the Processor A 
enters Wait mode.

• Writing "1" to clear WAIT bit, which also clears MU Wait Mode Entry Interrupt request.

0b - Processor A did not enter Wait Mode.

1b - Processor A entered Wait Mode

4

HALT

Processor A Halt Mode Entry Interrupt Pending

• HALT bit signals the Processor B that the Processor A has entered Halt mode.

• HALT bit is set to "1" after the Processor A enters Halt mode. If the interrupt is enabled by the 
HALTIE bit, the Processor B Halt Mode Entry Interrupt request is issued when the Processor A 
enters Halt mode.

• Writing "1" to clear HALT bit, which also clears MU Halt Mode Entry Interrupt request.

0b - Processor A did not enter Halt Mode.

1b - Processor A entered Halt Mode

3 Processor A Reset Asserted Interrupt Pending

Table continues on the next page...
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Table continued from the previous page...

Field Function

RAIP • RAIP bit signals the Processor B that the Processor A has entered reset.

• RAIP bit is set to "1" after the Processor A enters reset. If the interrupt is enabled by the CRAIE bit, 
the Processor B reset interrupt request is issued when the Processor A enters reset.

• Writing "1" to clear RAIP bit, which also clears MU reset interrupt request.

• When Processor B comes out of reset, the RAIP bit has value "0". Processor B then monitors the 
reset of Processor A and asserts RAIP if its reset asserts.

0b - Processor A did not enter reset

1b - Processor A entered reset

2

RUN

Processor A Run Mode Entry Interrupt Pending

• RUN bit signals the Processor B that the Processor A has entered Run mode.

• RUN bit is set to "1" after the Processor A enters Run mode. If the interrupt is enabled by the RUNIE 
bit, the Processor B Run Mode Entry Interrupt request is issued when the Processor A enters Run 
mode.

• Writing "1" to clear RUN bit, which also clears MU Run Mode Entry Interrupt request.

0b - Processor A did not enter Run Mode.

1b - Processor A entered Run Mode

1

HRIP

Processor B Hardware Reset Interrupt Pending

• HRIP bit indicates if Processor B had been reset by HR bit in the MUA_CCR0 register.

• HRIP bit is set to "1" if Processor A set the MUA_CCR0[HR] bit to "1" and the MUB_CCR0[HRM] bit 
is cleared.

• Write "1" to clear HRIP.

0b - MUA didn't issue hardware reset to Processor B

1b - MUA had initiated a hardware reset to Processor B through HR bit.

0

NMIC

Processor B Non-Maskable-Interrupt Clear

• NMIC bit is used by the MUB-side Non-Maskable Interrupt service routine to clear the non-maskable 
interrupt from MUA-side.

• Writing NMIC bit as "1" signals the MUA to clear the MUA_CCR0[NMI] bit, thus de-asserting the 
interrupt and enabling the NMI bit to receive another interrupt.

• The NMIC bit is always read as "0", therefore NMIC bit cannot be polled. The NMIC bit can only 
be used as part of the interrupt service routine, in which the NMIC bit should only be written as "1" 
once.

• The NMIC bit is cleared when the MU resets.

0b - Default

1b - Writing "1" clears the MUA_CCR0[NMI] bit.
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40.6.2.9 Core Status Register 0 (CSR0)

Offset

Register Offset

CSR0 1Ch

Function
The CSR0 register shows the status of core events.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 PD STOP WAIT HALT RAIP RUN HRIP 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-8

—

Reserved

7

PD

Processor A Power-Down Mode Entry

• PD bit signals the Processor B that the Processor A has entered or exited Power-Down Mode.

• PD bit is set to "1" after the Processor A enters Power-Down Mode.

• PD bit is cleared to "0" after the Processor A exits Power-Down Mode.

0b - Processor A did not enter Power-Down Mode.

1b - Processor A entered Power-Down Mode.

6

STOP

Processor A Stop Mode Entry

• STOP bit signals the Processor B that the Processor A has entered or exited Stop Mode.

• STOP bit is set to "1" after the Processor A enters Stop Mode.

• STOP bit is cleared to "0" after the Processor A exits STOP Mode.

0b - Processor A did not enter Stop Mode.

1b - Processor A entered Stop Mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

5

WAIT

Processor A Wait Mode Entry

• WAIT bit signals the Processor B that the Processor A has entered or exited Wait Mode.

• WAIT bit is set to "1" after the Processor A enters Wait Mode.

• WAIT bit is cleared to "0" after the Processor A exits Wait Mode.

0b - Processor A did not enter Wait Mode.

1b - Processor A entered Wait Mode.

4

HALT

Processor A Halt Mode Entry

• HALT bit signals the Processor B that the Processor A has entered or exited Halt Mode.

• HALT bit is set to "1" after the Processor A enters Halt Mode.

• HALT bit is cleared to "0" after the Processor A exits HALT Mode.

0b - Processor A did not enter Halt Mode.

1b - Processor A entered Halt Mode.

3

RAIP

Processor A Reset Asserted Interrupt Pending

• RAIP bit signals the Processor B that the Processor A has entered or exited reset.

• RAIP bit is set to "1" after the Processor A enters reset.

• RAIP bit is cleared to "0" if the Processor A comes out of reset.

0b - Processor A did not enter reset.

1b - Processor A entered reset.

2

RUN

Processor A Run Mode Entry

• RUN bit signals the Processor B that the Processor A has entered or exited Run Mode.

• RUN bit is set to "1" after the Processor A enters Run Mode.

• RUN bit is cleared to "0" after the Processor A exits Run Mode.

0b - Processor A did not enter Run Mode.

1b - Processor A entered Run Mode.

1

HRIP

Processor B Hardware Reset Interrupt Pending

• HRIP bit indicates if Processor B had been reset by HR bit in the MUA_CCR0 register.

• HRIP bit is set to "1" if Processor A set the MUA_CCR0[HR] bit to "1" and the MUB_CCR0[HRM] bit 
is cleared.

• HRIP bit is cleared to "0" if Processor A clear the MUA_CCR0[HR] bit to "0" or the 
MUB_CCR0[HRM] bit is set to "1".

0b - MUA didn't issue hardware reset to Processor B.

1b - MUA had initiated a hardware reset to Processor B through HR bit.

0 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

40.6.2.10 Flag Control Register (FCR)

Offset

Register Offset

FCR 100h

Function
The FCR register contains read-write flags that reflect the MUA_FSR[Fn] bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
F2 F1 F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

Fn

MUB to MUA Flag n

• n = 0 to 2

• Fn bit is a read-write flag that reflects the MUA_FSR[Fn] bits.

• Fn bits are cleared when the MU resets.

• Write 0 to an Fn bit - Clears the Fn bit in the MUA_FSR register.

• Write 1 to an Fn bit - Sets the Fn bit in the MUA_FSR register.

0b - Clears the Fn bit in the FSR register.

1b - Sets the Fn bit in the FSR register.
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40.6.2.11 Flag Status Register (FSR)

Offset

Register Offset

FSR 104h

Function
The FSR register contains flags that reflect the values written to the Fn bit of the MUA_FCR register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 F2 F1 F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

Fn

MUA to MUB Side Flag n

• n = 0 to 2

• Fn bit is the MUB side flag that reflects the values written to the Fn bit in the MUA_FCR register.

• Every time that the Fn bit in the MUA_FCR register is written, the Fn bit in the MUA FCR register write 
event updates the Fn bit in the MUB_FSR register after the event update latency.

• If a 0 is read from an Fn bit - Fn bit in the MUA_FCR is 0.

• If a 1 is read from an Fn bit - Fn bit in the MUA_FCR is 1.

0b - Fn bit in the MUA FCR register is written 0.

1b - Fn bit in the MUA FCR register is written 1.
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40.6.2.12 General Interrupt Enable Register (GIER)

Offset

Register Offset

GIER 110h

Function
The GIER register contains the MUB general purpose interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GIE3 GIE2 GIE1 GIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

GIEn

MUB General Purpose Interrupt Enable n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• If a GIEn bit is set to "1", then a General Interrupt n request is issued to Processor B when the GIPn bit 
in the MUB GSR register is set to "1".

• If GIEn is cleared, then the value of the GIPn bit is ignored and no General Interrupt n request is issued.

• GIEn bit is cleared when the MU resets.

0b - Disables MUB General Interrupt n.

1b - Enables MUB General Interrupt n.
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40.6.2.13 General Control Register (GCR)

Offset

Register Offset

GCR 114h

Function
The GCR register contains the MUB general purpose interrupt requests.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GIR3 GIR2 GIR1 GIR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

GIRn

MUB General Purpose Interrupt Request n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• Writing "1" to the GIRn bit sets the MUA_GSR[GIPn] bit on the MUA-side. If the MUA_GIER[GIEn] 
bit is set to "1" on the MUA-side, a General Purpose Interrupt n request is triggered to Processor A.

• The GIRn bit is cleared if the MUA_GSR[GIPn] bit is cleared by writing "1", thereby signalling the 
MUB that the interrupt was accepted (cleared by the software).

• Writing "0" to the GIRn bit is ignored.

• To ensure proper operations, you must verify that the GIRn bit is cleared (meaning that there is no 
pending interrupt) before setting it (GIRn bit).

• GIRn bit is cleared when the MU resets.

0b - MUB General Interrupt n is not requested to the MUA.

1b - MUB General Interrupt n is requested to the MUA.
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40.6.2.14 General Status Register (GSR)

Offset

Register Offset

GSR 118h

Function
The GSR register contains the status of the MUB general interrupt pending requests.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 GIP3 GIP2 GIP1 GIP0 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

GIPn

MUB General Interrupt Request Pending n

• There are 4 General Purpose Interrupts (n = 0 to 3)

• GIPn bit signals the MUB that the MUA_GCR[GIRn] bit was set from "0" to "1". If the 
MUB_GIER[GIEn] bit is set to "1", a General Interrupt n request is issued to Processor B.

• The GIPn bit is cleared by writing "1". Writing "0" is ignored.

• GIPn bit is cleared when the MU resets.

• After GIPn bit is cleared, the General Interrupt n request(if the MUB_GIER[GIEn] bit is set to "1") is 
cleared on the MUB side.

0b - MUB general purpose interrupt n is not pending.

1b - MUB general purpose interrupt n is pending.
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40.6.2.15 Transmit Control Register (TCR)

Offset

Register Offset

TCR 120h

Function
The TCR register contains the MUB transmit interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TIE3 TIE2 TIE1 TIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

TIEn

MUB Transmit Interrupt Enable n

• There are 4 Transmit Interrupts (n = 0 to 3)

• If TIEn bit is set to "1", then an MUB Transmit Interrupt n request is issued when the MUB_TSR[TEn] 
bit is set to "1".

• If TIEn bit is cleared, then the value of the TEn bit is ignored and no MUB Transmit Interrupt n 
request is issued.

• TIEn bit is cleared when the MU resets.

0b - Disables MUB Transmit Interrupt n. (default)

1b - Enables MUB Transmit Interrupt n.
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40.6.2.16 Transmit Status Register (TSR)

Offset

Register Offset

TSR 124h

Function
The TSR register shows whether the MUB transmit registers are empty or not.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TE3 TE2 TE1 TE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-4

—

Reserved

3-0

TEn

MUB Transmit Register n Empty

• There are 4 Transmit Registers (n = 0 to 3)

• The TEn bit is set to "1" after the MUA RRn register is read on the MUA side.

• After the TEn bit is set to "1", it signals the MUB side that the MUB TRn register is ready 
to be written on the MUB side, and a Transmit n interrupt is issued on the MUB side (if the 
MUB_TCR[TIEn] bit is set to "1").

• TEn bit is cleared after the MUB TRn register is written on the MUB side.

• After TEn bit is cleared, the Transmit n interrupt(if the MUB_TCR[TIEn] bit is set to "1") is cleared on 
the MUB side.

• TEn bit is set to "1" when the MU resets.

0b - MUB TRn register is not empty.

1b - MUB TRn register is empty.
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40.6.2.17 Receive Control Register (RCR)

Offset

Register Offset

RCR 128h

Function
The RCR register contains the MUB receive interrupt enables.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RIE3 RIE2 RIE1 RIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

RIEn

MUB Receive Interrupt Enable n

• There are 4 Transmit Interrupts (n = 0 to 3)

• If RIEn bit is set to "1", then an MUB Receive Interrupt n request is issued when the MUB_RSR[RFn] 
bit is set to "1".

• If RIEn bit is cleared, then the value of the RFn bit is ignored and no MUB Receive Interrupt n 
request is issued.

• RIEn bit is cleared when the MU resets.

0b - Disables MUB Receive Interrupt n.

1b - Enables MUB Receive Interrupt n.
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40.6.2.18 Receive Status Register (RSR)

Offset

Register Offset

RSR 12Ch

Function
The RSR register shows whether the MUB receive registers are full or not.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 RF3 RF2 RF1 RF0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

RFn

MUB Receive Register n Full

• There are 4 Receive Registers (n = 0 to 3)

• The RFn bit is set to "1" when the MUA TRn register is written on the MUA side.

• After the RFn bit is set to "1", the RFn bit signals the MUB side that new data in the MUB RRn 
register is ready to be read by the MUB, and a Receive n interrupt is issued on the MUB side (if the 
MUB_RCR[RIEn] has been set to "1").

• RFn bit is cleared when the MUB RRn register is read, or when the MU is reset.

• After RFn bit is cleared, the Receive n interrupt(if the MUB_RCR[RIEn] has been set to "1") is 
cleared on the MUB side.

0b - MUB RRn register is not full.

1b - MUB RRn register has received data from MUA TRn register and is ready to be read by the 
MUB.
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40.6.2.19 Transmit Register (TR0 - TR3)

Offset

Register Offset

TR0 200h

TR1 204h

TR2 208h

TR3 20Ch

Function
MUB Transmit Data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TR_DATA

MUB Transmit Data

• Data written to the TRn register is reflected in the MUA Receive Register n (RRn). The TRn and 
RRn registers are not double-buffered, a write to the TRn register overrides the data readable at the 
RRn register.

• A write to the transmit register clears the MUB_TSR[TEn] bit on the transmitter side, and sets the 
MUA_RSR[RFn] bit on the receiver side.

• TRn register can be written only when the MUB_TSR[TEn] bit is set to "1".

• Reading the TRn register returns all zeros.
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40.6.2.20 Receive Register (RR0 - RR3)

Offset

Register Offset

RR0 280h

RR1 284h

RR2 288h

RR3 28Ch

Function
MUB Receive Data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RR_DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RR_DATA

MUB Receive Data

• Reflects the data written to MUA Transmit Register (TRn).

• Reading the RRn register clears the MUB_RSR[RFn] bit on the receiver side, and sets the 
MUA_TSR[TEn] bit on the transmitter side.

• RRn register can be read only when the MUA_RSR[RFn] bit is set to "1". Reading before 
MUA_RSR[RFn]=1 may result in reading incorrect data. Therefore, polling the MUA_RSR[RFn] bit to 
confirm it is set to "1" before reading RRn is required.

• Writing to the RRn register generates an error response to the MUB.
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Chapter 41
Enhanced Direct Memory Access (eDMA)
41.1 Chip-specific eDMA information
Table 417. Reference links to related information

Topic Related module Reference

Full description eDMA eDMA

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

41.1.1 Module instances
This device has three instances of the eDMA module: eDMA0, eDMA1, and eDMA2.

 
The instances DMA0-2 and eDMA0-2 are same and are used interchangably throughout the reference manual.

  NOTE  

41.1.2 Direct Memory Access Multiplexer (DMAMUX)

41.1.2.1 DMAMUX0-2 request assignments

The peripheral request line for each channel of the Direct Memory Access Controller 0 (DMA0) is driven from a Direct Memory 
Access Multiplexer (DMAMUX). This is a flexible configuration that allows the user to select the appropriate peripheral to connect 
to each channel of the DMA Controller. The DMAMUX for this device allows up to 128 DMA request signals to be mapped to each 
channel. Because of the mux, there is not a correlation between any of the DMA request sources and a specific DMA channel. 
The DMAMUX is an integrated component of the DMA Controller. This allows each DMA channel and DMA Multiplexer to be 
configured as secure or non-secure on initial configuration of the device and not be changed without the correct permissions. For 
more information, refer to the DMA Controller (DMA) chapter of the reference manual.

The following table shows the DMAMUX0 interrupt service request sources in this device.

Table 418. DMAMUX0 request assignments

DMAMUX 
Number

Alias Source Description

DMA Modules

0 - Channel disabled

SYS Modules

1 WUU0 Wake up event

COM Modules

2 FlexSPI0 Receive request

3 FlexSPI0 Transmit request

Table continues on the next page...
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Table 418. DMAMUX0 request assignments (continued)

DMAMUX 
Number

Alias Source Description

4 FlexSPI1 Receive request

5 FlexSPI1 Transmit request

6 FlexSPI2 Receive request

7 FlexSPI2 Transmit request

SEC Modules

8 SNT Data request

TMR Modules

9 LPTMR0 Low Power Timer

10 LPTMR1 Low Power Timer

- Modules

11 - Reserved

12 - Reserved

TMR Modules

13 TPM0 Channel 0

14 TPM0 Channel 1

15 TPM0 Channel 2

16 TPM0 Channel 3

17 TPM0 Channel 4

18 TPM0 Channel 5

19 TPM0 Overflow

20 TPM1 Channel 0

21 TPM1 Channel 1

22 TPM1 Overflow

23 TPM2 Channel 0

24 TPM2 Channel 1

25 TPM2 Overflow

26 TPM3 Channel 0

27 TPM3 Channel 1

28 TPM3 Channel 2

29 TPM3 Channel 3

30 TPM3 Channel 4

31 TPM3 Channel 5

Table continues on the next page...
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Table 418. DMAMUX0 request assignments (continued)

DMAMUX 
Number

Alias Source Description

32 TPM3 Overflow

- Modules

33 - Reserved

34 - Reserved

35 - Reserved

36 - Reserved

37 - Reserved

38 - Reserved

39 - Reserved

COM Modules

40 CAN DMA request

41 FlexIO0 Shifter 0

42 FlexIO0 Shifter 1

43 FlexIO0 Shifter 2

44 FlexIO0 Shifter 3

45 FlexIO0 Shifter 4

46 FlexIO0 Shifter 5

47 FlexIO0 Shifter 6

48 FlexIO0 Shifter 7

49 LPI2C0 Master/Slave Receive

50 LPI2C0 Master/Slave Transmit

51 LPI2C1 Master/Slave Receive

52 LPI2C1 Master/Slave Transmit

53 LPI2C2 Master/Slave Receive

54 LPI2C2 Master/Slave Transmit

55 LPI2C3 Master/Slave Receive

56 LPI2C3 Master/Slave Transmit

57 I3C0 Master/Slave Receive

58 I3C0 Master/Slave Transmit

59 I3C1 Master/Slave Receive

60 I3C1 Master/Slave Transmit

61 LPSPI0 Receive

Table continues on the next page...
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Table 418. DMAMUX0 request assignments (continued)

DMAMUX 
Number

Alias Source Description

62 LPSPI0 Transmit

63 LPSPI1 Receive

64 LPSPI1 Transmit

65 LPSPI2 Receive

66 LPSPI2 Transmit

67 LPSPI3 Receive

68 LPSPI3 Transmit

69 LPUART0 Receive

70 LPUART0 Transmit

71 LPUART1 Receive

72 LPUART1 Transmit

73 LPUART2 Receive

74 LPUART2 Transmit

75 LPUART3 Receive

76 LPUART3 Transmit

77 SAI0 Receive

78 SAI0 Transmit

79 SAI1 Receive

80 SAI1 Transmit

81 SAI2 Receive

82 SAI2 Transmit

83 SAI3 Receive

84 SAI3 Transmit

- Modules

85 - Reserved

86 - Reserved

87 - Reserved

88 - Reserved

89 - Reserved

90 - Reserved

HMI Modules

91 MICFIL FIFO request

Table continues on the next page...
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Table 418. DMAMUX0 request assignments (continued)

DMAMUX 
Number

Alias Source Description

SYS Modules

92 GPIOA Pin event request 2

93 GPIOA Pin event request 3

94 GPIOB Pin event request 2

95 GPIOB Pin event request 3

96 GPIOC Pin event request 2

97 GPIOC Pin event request 3

- Modules

98 - Reserved

99 - Reserved

100 - Reserved

101 - Reserved

102 - Reserved

103 - Reserved

ANA Modules

104 ADC0 Conversion Complete

105 ADC1 Conversion Complete

106 CMP0 Comparison Event

107 CMP1 Comparison Event

108 DAC0 DAC Request

109 DAC1 DAC Request

- Modules

110 - Reserved

111 - Reserved

112 - Reserved

113 - Reserved

114 - Reserved

115 - Reserved

116 - Reserved

117 - Reserved

Modules

118 - Reserved

Table continues on the next page...
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Table 418. DMAMUX0 request assignments (continued)

DMAMUX 
Number

Alias Source Description

119 - Reserved

120 - Reserved

121 - Reserved

122 - Reserved

123 - Reserved

124 - Reserved

125 - Reserved

126 - Reserved

127 - Reserved

The following table shows the DMAMUX1interrupt service request sources in this device.

Table 419. DMAMUX1 request assignments

DMAMUX 
Number

Alias Source Description

0 − Channel disabled

SYS Modules

1 WUU1 Wake up event

COM Modules

2 FlexSPI0 Receive

3 FlexSPI0 Transmit

4 FlexSPI1 Receive

5 FlexSPI1 Transmit

6 FlexSPI2 Receive

7 FlexSPI2 Transmit

SEC Modules

8 SNT Data request

TMR Modules

9 TPM4 Channel 0

10 TPM4 Channel 1

11 TPM4 Channel 2

12 TPM4 Channel 3

13 TPM4 Channel 4

14 TPM4 Channel 5

Table continues on the next page...
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Table 419. DMAMUX1 request assignments (continued)

DMAMUX 
Number

Alias Source Description

15 TPM4 Overflow

16 TPM5 Channel 0

17 TPM5 Channel 1

18 TPM5 Overflow

19 TPM6 Channel 0

20 TPM6 Channel 1

21 TPM6 Overflow

22 TPM7 Channel 0

23 TPM7 Channel 1

24 TPM7 Channel 2

25 TPM7 Channel 3

26 TPM7 Channel 4

27 TPM7 Channel 5

28 TPM7 Overflow

- Modules

29 - Reserved

30 - Reserved

31 - Reserved

32 - Reserved

33 - Reserved

34 - Reserved

35 - Reserved

36 - Reserved

COM Modules

37 FlexIO1 Shifter 0

38 FlexIO1 Shifter 1

39 FlexIO1 Shifter 2

40 FlexIO1 Shifter 3

41 FlexIO1 Shifter 4

42 FlexIO1 Shifter 5

43 FlexIO1 Shifter 6

44 FlexIO1 Shifter 7

Table continues on the next page...
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Table 419. DMAMUX1 request assignments (continued)

DMAMUX 
Number

Alias Source Description

45 LPI2C4 Master/Slave Receive

46 LPI2C4 Master/Slave Transmit

47 LPI2C5 Master/Slave Receive

48 LPI2C5 Master/Slave Transmit

49 LPI2C6 Master/Slave Receive

50 LPI2C6 Master/Slave Transmit

51 LPI2C7 Master/Slave  Receive

52 LPI2C7 Master/Slave Transmit

53 I3C2 Master/Slave Receive

54 I3C2 Master/Slave Transmit

55 LPUART4 Receive

56 LPUART4 Transmit

57 LPUART5 Receive

58 LPUART5 Transmit

59 LPUART6 Receive

60 LPUART6 Transmit

61 LPUART7 Receive

62 LPUART7 Transmit

63 LPSPI4 Receive

64 LPSPI4 Transmit

65 LPSPI5 Receive

66 LPSPI5 Transmit

67 SAI4 Receive

68 SAI4 Transmit

69 SAI5 Receive

70 SAI5 Transmit

- Modules

71 - Reserved

72 - Reserved

73 - Reserved

74 - Reserved

75 - Reserved

Table continues on the next page...
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Table 419. DMAMUX1 request assignments (continued)

DMAMUX 
Number

Alias Source Description

76 - Reserved

77 - Reserved

78 - Reserved

79 - Reserved

80 - Reserved

81 - Reserved

82 - Reserved

83 - Reserved

84 - Reserved

SYS Modules

85 GPIOE Pin event request 0

86 GPIOE Pin event request 1

87 GPIOF Pin event request 0

88 GPIOF Pin event request 1

COM Modules

89 ENET ENET Timer 0

90 ENET ENET Timer 1

91 ENET ENET Timer 2

92 ENET ENET Timer 3

- Modules

93 - Reserved

94 - Reserved

95 - Reserved

96 - Reserved

97 - Reserved

98 - Reserved

99 - Reserved

100 - Reserved

Modules

101 − Reserved

102 − Reserved

103 − Reserved

Table continues on the next page...
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Table 419. DMAMUX1 request assignments (continued)

DMAMUX 
Number

Alias Source Description

104 − Reserved

105 − Reserved

106 − Reserved

107 − Reserved

108 − Reserved

109 − Reserved

110 − Reserved

111 − Reserved

112 − Reserved

113 − Reserved

114 − Reserved

115 − Reserved

116 − Reserved

117 − Reserved

118 − Reserved

119 − Reserved

120 − Reserved

121 − Reserved

122 − Reserved

123 − Reserved

124 − Reserved

125 − Reserved

126 − Reserved

127 − Reserved

The following table shows the DMAMUX2 interrupt service request sources in this device.

Table 420. DMAMUX2 request assignments

DMAMUX 
Number

Alias Source Description

0 - Channel disabled

TMR Modules

1 TPM8 Channel 0

2 TPM8 Channel 1

Table continues on the next page...
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Table 420. DMAMUX2 request assignments (continued)

DMAMUX 
Number

Alias Source Description

3 TPM8 Channel 2

4 TPM8 Channel 3

5 TPM8 Channel 4

6 TPM8 Channel 5

7 TPM8 Overflow

COM Modules

8 FlexSPI0 Receive

9 FlexSPI0 Transmit

10 FlexSPI1 Receive

11 FlexSPI1 Transmit

12 FlexSPI2 Receive

13 FlexSPI2 Transmit

- Modules

14 - Reserved

COM Modules

15 FlexIO0 Shifter 0

16 FlexIO0 Shifter 1

17 FlexIO0 Shifter 2

18 FlexIO0 Shifter 3

19 FlexIO0 Shifter 4

20 FlexIO0 Shifter 5

21 FlexIO0 Shifter 6

22 FlexIO0 Shifter 7

23 FlexIO1 Shifter 0

24 FlexIO1 Shifter 1

25 FlexIO1 Shifter 2

26 FlexIO1 Shifter 3

27 FlexIO1 Shifter 4

28 FlexIO1 Shifter 5

29 FlexIO1 Shifter 6

30 FlexIO1 Shifter 7

- Modules

Table continues on the next page...
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Table 420. DMAMUX2 request assignments (continued)

DMAMUX 
Number

Alias Source Description

31 - Reserved

32 - Reserved

COM Modules

33 LPI2C3 Master/Slave Receive

34 LPI2C3 Master/Slave Transmit

- Modules

35 - Reserved

36 - Reserved

COM Modules

37 LPI2C5 Master/Slave Receive

38 LPI2C5 Master/Slave Transmit

39 I3C1 Master/Slave Receive

40 I3C1 Master/Slave Transmit

41 I3C2 Master/Slave Receive

42 I3C2 Master/Slave Transmit

- Modules

43 - Reserved

44 - Reserved

COM Modules

45 LPSPI3 Receive

46 LPSPI3 Transmit

- Modules

47 - Reserved

48 - Reserved

COM Modules

49 LPSPI5 Receive

50 LPSPI5 Transmit

- Modules

51 - Reserved

52 - Reserved

COM Modules

53 LPUART3 Receive

Table continues on the next page...
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Table 420. DMAMUX2 request assignments (continued)

DMAMUX 
Number

Alias Source Description

54 LPUART3 Transmit

- Modules

55 - Reserved

56 - Reserved

COM Modules

57 LPUART5 Receive

58 LPUART5 Transmit

59 SAI0 Receive

60 SAI0 Transmit

61 SAI1 Receive

62 SAI1 Transmit

- Modules

63 - Reserved

64 - Reserved

65 - Reserved

66 - Reserved

COM Modules

67 SAI4 Receive

68 SAI4 Transmit

69 SAI5 Receive

70 SAI5 Transmit

71 SAI6 Receive

72 SAI6 Transmit

73 SAI7 Receive

74 SAI7 Transmit

HMI Modules

75 SPDIF Receive

76 SPDIF Transmit

- Modules

77 - Reserved

78 - Reserved

79 - Reserved

Table continues on the next page...
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Table 420. DMAMUX2 request assignments (continued)

DMAMUX 
Number

Alias Source Description

80 - Reserved

81 - Reserved

82 - Reserved

SYS Modules

83 GPIOD Pin event request 0

84 GPIOD Pin event request 1

- Modules

85 - Reserved

86 - Reserved

87 - Reserved

88 - Reserved

89 - Reserved

90 - Reserved

91 - Reserved

92 - Reserved

93 - Reserved

94 - Reserved

95 - Reserved

96 - Reserved

97 - Reserved

98 - Reserved

99 - Reserved

100 - Reserved

101 - Reserved

102 - Reserved

103 - Reserved

104 - Reserved

105 - Reserved

106 - Reserved

107 - Reserved

108 - Reserved

109 - Reserved

Table continues on the next page...
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Table 420. DMAMUX2 request assignments (continued)

DMAMUX 
Number

Alias Source Description

110 - Reserved

111 - Reserved

112 - Reserved

113 - Reserved

114 - Reserved

115 - Reserved

116 - Reserved

117 - Reserved

118 - Reserved

119 - Reserved

120 - Reserved

121 - Reserved

122 - Reserved

123 - Reserved

124 - Reserved

125 - Reserved

126 - Reserved

127 - Reserved

41.2 Overview
The enhanced direct memory access (eDMA) controller is capable of performing complex data transfers with minimal intervention 
from a host processor. The hardware microarchitecture includes:

• A DMA engine that performs:

— Source address and destination address calculations

— Data-movement operations

• Local memory containing transfer control descriptors for each of the 32 channels

41.2.1 Block diagram
Figure 275 illustrates the components of the eDMA system, including the eDMA module (engine).
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Figure 275. Block diagram

41.2.2 Block parts
The eDMA module is partitioned into two major modules: the eDMA engine and the transfer control descriptor local memory.

The eDMA engine is further partitioned into four submodules:

Table 421. eDMA engine submodules

Submodule Function

Address path This block:

• Implements a primary channel and secondary (preempt) channel

• Manages all master bus-address calculations

All the channels provide the same functionality. This structure allows data transfers associated 
with one channel to be preempted after the completion of a read/write sequence if a higher priority 
channel activation is asserted while the primary channel is active.

After a channel is activated, it runs until the minor loop is completed, unless preempted by a 
higher priority channel. This provides a mechanism (enabled by CHn_PRI[ECP]) where a large data 
transfer can be preempted to minimize the time another channel is blocked from execution.

Table continues on the next page...
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Table 421. eDMA engine submodules (continued)

Submodule Function

When any channel is selected to execute, the contents of its TCD are read from local memory and 
loaded into the address path channel x registers for a normal start and into channel y registers for 
a preemption start. After the minor loop completes execution, the address path hardware writes the 
new values for the TCDn_{SADDR, DADDR, CITER} back to local memory. If the major iteration 
count is exhausted, additional processing is performed, including the final address pointer updates, 
reloading the TCDn_CITER field, and a possible fetch of a new TCDn from memory as part of a 
scatter/gather operation. See Dynamic scatter/gather for more details.

Data path This block implements the bus master read/write data path. It includes a data buffer and the 
necessary multiplex logic to support any required data alignment. The internal read data bus is the 
primary input, and the internal write data bus is the primary output.

The address and data path modules directly support the 2-stage pipelined internal bus. The address 
path module represents the first stage of the bus pipeline (address phase), and the data path module 
implements the second stage of the pipeline (data phase).

Program model/channel 
arbitration

This block implements the first section of the eDMA programming model as well as the channel 
arbitration logic. The programming model registers are connected to the internal peripheral bus. 
The eDMA peripheral request inputs and interrupt request outputs are also connected to this 
block (via control logic).

Control This block provides all the control functions for the eDMA engine. For data transfers where 
the source and destination sizes are equal, the eDMA engine performs a series of source read/
destination write operations until the number of bytes specified in the minor loop byte count has been 
moved from the source to the destination.

For descriptors where the sizes are not equal, multiple accesses of the smaller size data are required 
for each reference of the larger size. As an example, if the source size references 16-bit data and 
the destination is 32-bit data, the eDMA performs two reads, then one 32-bit write.

The transfer control descriptor local memory is further partitioned into:

Table 422. Transfer control descriptor memory

Submodule Description

Memory controller This logic implements the required dual-ported controller, and manages accesses from the eDMA 
engine as well as references from the internal peripheral bus. In simultaneous accesses, the 
eDMA engine is given priority and the peripheral transaction is stalled.

Memory array TCD storage for each channel's transfer profile.

41.2.3 Features
The eDMA is a highly programmable data-transfer engine optimized to minimize any required intervention from the host processor. 
It is intended for use in applications where the data size to be transferred is statically known and is not defined within the transferred 
data itself. The eDMA module features:

• All data movement via dual-address transfers: read from source, write to destination

— Programmable source and destination addresses and transfer size

— Support for complex address calculations

• 32-channel implementation that performs complex data transfers with minimal intervention from a host processor

— Internal data buffer, used as temporary storage for all transfers
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— Connections to the crossbar switch for bus mastering the data movement

• TCD organized to support two-deep, nested transfer operations

— 32-byte TCD stored in local memory for each channel

— An inner data transfer loop defined by a minor byte transfer count

— An outer data transfer loop defined by a major iteration count

• Channel activation via one of three methods:

— Explicit software initiation

— Initiation via a channel-to-channel linking mechanism for continuous transfers

— Peripheral-paced hardware requests, one per channel

• Fixed-priority and round-robin channel arbitration

• Channel completion reported via programmable interrupt requests

— One interrupt per channel, which can be asserted at completion of major iteration count

— Programmable error terminations per channel that are logically summed together to form one error interrupt to the 
interrupt controller

• Programmable support for scatter/gather DMA processing

• Support for complex data structures

In the discussion of this module, n is used to reference the channel number.

41.3 Functional description
The operation of eDMA is described in the following subsections.

41.3.1 Modes of operation
The eDMA operates in the following modes:

Table 423. Modes of operation

Mode Description

Normal In Normal mode, eDMA transfers data between a source and a destination. The source and 
destination can be a memory block or an I/O block capable of operation with eDMA.

A service request initiates a transfer of a specific number of bytes (NBYTES) as specified in the TCD. 
The minor loop is the sequence of read-write operations that transfers these NBYTES per service 
request. Each service request executes one iteration of the major loop, which transfers NBYTES 
of data.

Debug eDMA operation is configurable in Debug mode via the control register:

• If CSR[EDBG] is cleared to 0, eDMA continues to operate.

• If CSR[EDBG] is set to 1, eDMA stops transferring data. If Debug mode is entered when a 
channel is active, eDMA continues operation until the channel retires.

41.3.2 eDMA basic data flow
The basic flow of a data transfer can be partitioned into three segments.

As shown in the following diagram, the first segment involves the channel activation:
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Figure 276. eDMA operation, part 1

This example uses the assertion of the eDMA peripheral request signal to request service for channel n. Channel activation via 
software and the TCDn_CSR[START] field follows the same basic flow as peripheral requests. The eDMA request input signal is 
registered internally and then routed through the eDMA engine: first through the control module, then into the program model and 
channel arbitration.

In the next cycle, the channel arbitration begins using fixed-priority plus the optional round-robin algorithm. After arbitration is 
complete, the activated channel number is sent through the address path and converted into the required address to access the 
local memory for TCDn. Next, the TCD memory is accessed and the required descriptor is read from the local memory and then 
loaded into the eDMA engine address path's primary or secondary channel execution registers. The TCD memory is 64 bits wide 
to minimize the time needed to fetch the activated channel descriptor and load it into the address path registers.

The following diagram illustrates the second part of the basic data flow:
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Figure 277. eDMA operation, part 2

The modules associated with the data transfer (address path, data path, and control) go through the required sequence of 
source reads and destination writes to perform the actual data movement. The source reads are initiated, and the fetched 
data is temporarily stored in the data path block until it is gated onto the internal bus during the destination write. This source 
read/destination write processing continues until the byte count, NBYTES, has been transferred.

After NBYTES of data has been moved, the final phase of the basic data flow is performed. In this segment, the address path 
logic performs the required updates to certain fields in the appropriate TCD (for example, SADDR, DADDR, CITER). If the major 
iteration count is exhausted, additional operations are performed. These include the final address adjustments and reloading of 
the BITER field into the CITER field. Assertion of an optional interrupt request also occurs at this time, as does a possible fetch 
of a new TCD from memory using the scatter/gather address pointer included in the descriptor (if scatter/gather is enabled). The 
updates to the TCD memory and the assertion of an interrupt request are shown in the following diagram.
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Figure 278. eDMA operation, part 3

41.3.3 Fault reporting and handling
Channel errors are reported in the Error Status register (CHn_ES) and can be caused by any of the following:

• A configuration error, which is an illegal setting in the transfer control descriptor

• An active channel canceled via a "cancel transfer with error" hardware or software request

• An error termination to a bus master read or write cycle

A configuration error is reported when an inconsistent state is represented by one of these factors:

• Starting source or destination address

• Source or destination offsets

• Minor loop byte count

• Transfer size

Each of these possible causes is detailed below:

• The addresses and offsets must be aligned on zero-modulo-transfer-sized boundaries.

• The minor loop byte count must be a multiple of the source and destination transfer sizes.

• All source reads and destination writes must be configured to the natural boundary of the programmed transfer size.
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To aid in debugging, set the Halt After Error field in the DMA’s Control Status register, CSR[HAE]. Upon any error 
condition, the DMA is halted after the error is recorded. The DMA remains halted and does not process any channel 
service requests. After the error is fixed, the DMA may be enabled again by clearing the Halt field, CSR[HALT].

  NOTE  

• If a scatter/gather operation is enabled upon channel completion, a configuration error is reported if the scatter/gather 
address (TCDn_DLAST_SGA) is not aligned on a 32-byte boundary.

• If minor loop channel linking is enabled upon channel completion, a configuration error is reported when the link is 
attempted if the TCDn_CITER[ELINK] field does not equal the TCDn_BITER[ELINK] field.

If enabled, all configuration error conditions, except the scatter/gather and minor-loop link errors, are reported as the channel 
activates and asserts an error interrupt request. A scatter/gather configuration error is reported when the scatter/gather operation 
begins at major loop completion if properly enabled. A minor loop channel link configuration error is reported when the link 
operation is serviced at minor loop completion.

If a system bus read or write is terminated with an error, the data transfer is stopped and the appropriate bus error flag set. In 
this case, the state of the channel's transfer control descriptor is updated by the eDMA engine with the current source address, 
destination address, and current iteration count at the point of the fault. When a system bus error occurs, the channel terminates 
after the next transfer. Due to pipeline effect, the next transfer is already in progress when the bus error is received by the eDMA. 
If a bus error occurs on the last read prior to beginning the write sequence, the write executes using the data captured during the 
bus error. If a bus error occurs on the last write prior to switching to the next read sequence, the read sequence executes before 
the channel terminates due to the destination bus error.

The occurrence of any error causes the eDMA engine to stop normal processing of the active channel immediately (it goes to 
its error processing states and the transaction to the system bus still has pipeline effect), and the appropriate channel field in 
the eDMA error register is set to 1. At the same time, the details of the error condition are loaded into the Error Status register 
(CHn_ES). The major loop complete indicators, setting the transfer control descriptor DONE flag, and the possible assertion of 
an interrupt request are not affected when an error is detected.

After the error status has been updated, the eDMA engine continues operating by servicing the next appropriate channel. A 
channel that experiences an error condition is not automatically disabled. If a channel is terminated by an error and then issues 
another service request before the error is fixed, that channel executes and terminates with the same error condition.

The error status fields are read-only. These error indicators are sticky and cannot be cleared. They show the last recorded error 
until the DMA is reset. CHn_ES[ERR] is used to determine if a new error condition exists. This field is the logical OR of each 
channel's error interrupt field (ERR).

After the software has resolved all errors and cleared all of the error interrupt fields, the MP_ES[VLD] is cleared to 0 but the cause 
of the last error is still indicated.

41.3.4 Channel preemption
The eDMA uses a priority vector value to determine the highest priority channel requesting service.

The priority vector is a combination of:

1. the channel's group priority, CHn_GRPRI

2. the channel's priority level, CHn_PRI[APL]

3. the channel number

Priority vector = ((CHn_GRPRI << 8) + (CHn_PRI[APL] << 5 ) + CHn_*)

A channel requesting service with the highest priority vector value will receive the next execution slot.

An execution slot is available:

1. immediately if the eDMA is idle

2. when an active channel retires

3. when valid preemption conditions exist
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Preemption is strictly priority based. Preemption is not bound by a specific group number as defined 
by CHn_GRPRI.

  NOTE  

Channel preemption is enabled on a per-channel basis by setting the CHn_PRI[ECP] field. Channel preemption allows the 
executing channel’s data transfers to temporarily suspend in favor of starting a higher-priority channel. After the preempting 
channel has completed all of its minor loop data transfers, the preempted channel is restored and resumes execution.

After the restored channel completes one read/write sequence, it is again eligible for preemption. If any higher priority channel 
is requesting service, the restored channel is suspended, and the higher-priority channel is serviced. Nested preemption, that 
is, attempting to preempt a preempting channel, is not supported. After a preempting channel begins execution, it cannot 
be preempted.

A channel’s ability to preempt another channel can be disabled by setting CHn_PRI[DPA] to 1. When a channel’s preempt ability 
is disabled, that channel cannot suspend a lower-priority channel’s data transfer, regardless of the lower-priority channel’s ECP 
setting. This allows for a pool of low-priority, large-data-moving channels to be defined.

You can configure these low-priority channels to not preempt each other, thus preventing a low-priority channel from consuming 
the preempt slot normally available to a true high-priority channel. When you enable round-robin channel arbitration mode 
(CSR[ERCA] is set to 1), any channel with a priority level equal to 0 (CHn_PRI[APL] = 0) has preemption disabled and cannot 
preempt another channel.

41.3.5 Clocking
This module has no clocking considerations.

41.3.6 Interrupts
Software can enable the interrupt for each channel for the following events:

1. The major loop is half complete (INTHALF)

2. The major loop is complete (INTMAJOR)

3. A configuration error occurs (EEI)

41.4 External signals
This module has no external signals.

41.5 Initialization
The following sections discuss initialization of the eDMA and programming considerations.

41.5.1 eDMA initialization
To initialize the eDMA:

1. Write to the MP_CSR if a configuration other than the default is wanted.

2. Write the channel priority levels to the CHn_PRI registers and group priority levels to the CHn_GRPRI registers if a 
configuration other than the default is wanted.

3. Enable error interrupts in the CHn_CSR[EEI] registers if they are wanted.

4. Write the 32-byte TCD for each channel that may request service.

5. Enable any hardware service requests via the CHn_CSR[ERQ] registers.

6. Request channel service via either:

• Software: setting TCDn_CSR[START]

• Hardware: slave device asserting its eDMA peripheral request signal
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After any channel requests service, a channel is selected for execution based on the arbitration and priority levels written into the 
programmer's model. The eDMA engine reads the entire TCD, including the TCD control and status fields, as shown in Table 424, 
for the selected channel into its internal address path module.

As the TCD is read, the first transfer is initiated on the internal bus, unless a configuration error is detected. Transfers from the 
source, defined by TCDn_SADDR, to the destination, defined by TCD_DADDR, continue until the number of bytes specified by 
TCDn_NBYTES are transferred.

When the transfer is complete, the eDMA engine's local TCDn_SADDR, TCDn_DADDR, and TCDn_CITER are written back to 
the main TCD memory and any minor loop channel linking is performed, if enabled. If the major loop is exhausted, then eDMA 
executes further post-processing, such as interrupts, major loop channel linking, and scatter/gather operations, if enabled.

Table 424. TCD control and status (TCDn_CSR) fields

TCDn_CSR field name Description

START Control field to start the channel explicitly when using a software-initiated DMA service (automatically 
cleared by hardware)

EEOP Control field to enable end-of-packet processing

ESDA Control field to enable storing of the destination address to system memory after the major loop 
completes

DREQ Control field to disable hardware-initiated DMA service requests after major loop completion

BWC Control field for throttling the bandwidth control of a channel

ESG Control field to enable the scatter-gather feature

INTHALF Control field to enable interrupt when major loop is half-complete

INTMAJOR Control field to enable interrupt when major loop completes

Table 425. Channel control and status (CHn_CSR) fields

CHn_CSR field name Description

ACTIVE Status field indicating the channel is currently in execution

DONE Status field indicating major loop completion (cleared by software when a channel begins execution)

EEI Control field to enable error interrupts

EARQ Control field to enable external, asynchronous wakeup event in conjunction with the ERQ field

ERQ Control field to enable hardware service requests

The following figure shows how each DMA request initiates one minor-loop transfer, or iteration, without CPU intervention. DMA 
arbitration can occur after each minor loop, and one level of minor loop DMA preemption is allowed. The number of minor loops 
in a major loop is specified by the beginning iteration count (BITER).
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Figure 279. Example of multiple loop iterations

The following figure lists the memory array terms and how the TCD settings are related.

Minor loop
(NBYTES in
minor loop,

often the same
value as xSIZE)

Offset (xOFF): number of bytes added to
current address after each transfer
(often the same value as xSIZE)

Peripheral queues typically
have size and offset equal
to NBYTES

Each DMA source (S) and
destination (D) has its own:
Address (xADDR)
Size (xSIZE)
Offset (xOFF)
Modulo (xMOD)
Last Address Adjustment (xLAST)
where x = S or D

xSIZE: (size of one
data transfer)

Minor loop

xADDR: (starting address)

xLAST: Number of bytes added to
current address after major loop

(typically used to loop back)

Last minor loop

•
•
•

•
•
•

•
•
•
•
•
•

•
•
•
•
•
•

Figure 280. Memory array terms

41.5.2 eDMA arbitration
The eDMA uses a layered arbitration scheme composed of multiple priority levels. The eDMA uses a fixed-priority arbitration 
scheme with optional round-robin arbitration under specific conditions. The priorities are evaluated in the following order:
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Table 426. eDMA arbitration priorities

Priority Scheme Description

1 (Highest) Arbitration group priority Each channel is assigned an arbitration 
group via the CHn_GRPRI registers. 
Priority is given to the highest value (31 
being the highest possible value) down to 
the lowest value (zero, the default).

2 Channel priority Each channel is assigned a channel 
priority level via the CHn_PRI registers. 
The channel priority is a relative priority 
level within an arbitration group. Priority 
is given to the highest value (seven being 
the highest possible value) down to the 
lowest value (zero, the default). Channel 
priorities within each arbitration group 
need not be unique. If multiple channels 
have the same channel priority level, the 
channel number will be used to determine 
priority as defined in row three.

3 Channel number When two or more channels have 
the same arbitration group priority and 
channel priority, the channel number 
(CHn_NUM) is used to determine the 
highest priority. Priority is given to the 
highest channel number. Lowest priority 
is channel 0. The channel numbers are 
static and cannot be changed in the 
programmer's model.

4 (Lowest) Round-robin When round-robin is enabled, any 
channel configured for round-robin 
operation has lowest priority within an 
arbitration group. Round-robin is enabled 
by setting the MP_CSR[ERCA] field to 
1. After being enabled, channels with 
a channel priority of zero (CHn_PRI=0) 
will use round-robin arbitration. Round-
robin arbitration will rotate the channel 
selection among the channels requesting 
service with CHn_PRI=0 within the 
arbitration group. Any non-zero channel 
within the arbitration group will continue 
to use fixed-priority arbitration, and if 
requesting service will be selected over 
any round-robin channels.

For fixed arbitration, the overall priority can be considered a number composed of three concatenated priority levels: 
CHn_GRPRI:CHn_PRI:CH_NUM. The largest number has the highest priority and the lowest number has the lowest priority.

For round-robin arbitration, the priority number is CHn_GRPRI:0:X. The module rotates through the CHn_PRI=0 channels 
requesting service without regard to priority among these channels. Any channel within the arbitration group for which CHn_PRI 
is greater than 0 will be serviced before the round-robin channels.
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41.5.3 Programming errors
The eDMA performs various tests on the transfer control descriptor to verify consistency in the descriptor data.

The channel number causing the error is recorded in the Error Status register (CHn_ES). If the error source is not removed before 
the next activation of the problematic channel, the error is detected and recorded again. Setting the halt after error field, CSR[HAE], 
will halt the DMA and prevent recurrence of the error.

41.5.4 Arbitration mode considerations
This section discusses arbitration considerations for eDMA.

41.5.4.1 Fixed group arbitration, fixed channel arbitration

In this mode, eDMA selects for execution the channel service request from the highest-priority channel in the highest-priority 
group. If eDMA is programmed so that the channels within a high-priority group have a high number of requests or large data 
transfers, that group may consume all the bandwidth of the eDMA controller. That is, no lower-priority groups are serviced if there 
is always at least one DMA request pending on a channel in the highest-priority group when the controller arbitrates the next DMA 
request. The advantage of this scenario is that latency can be small for channels that need to be serviced quickly.

41.5.4.2 Fixed group arbitration, round-robin channel arbitration

The highest-priority group with a request is serviced. Lower-priority groups are serviced if no pending requests exist in the 
higher-priority groups.

Within each group, channels are serviced starting with the highest non-zero channel priority. For all channels with a channel 
priority programmed to 0, selection begins with the highest channel number requesting service and then rotates through to 
the lowest channel number requesting service. The round-robin channel arbitration can provide a fairness mechanism to 
lower-priority channels.

This scenario could cause the same bandwidth consumption problem as indicated in Fixed group arbitration, fixed channel 
arbitration, but all the channels in the highest-priority group will be serviced. Service latency is short on the highest-priority group, 
but could potentially be very much longer as the group priority decreases.

41.5.5 Performing DMA transfers
This section presents examples on how to perform DMA transfers with the eDMA.

41.5.5.1 Single request

To perform a simple transfer of n bytes of data with one activation, set the major loop to one (TCDn_CITER = TCDn_BITER = 
1). The data transfer begins after the channel service request is acknowledged and the channel is selected to execute. After the 
transfer is complete, the CHn_CSR[DONE] field is set to 1 and an interrupt is generated if properly enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The eDMA is programmed for one iteration of the 
major loop transferring 16 bytes per iteration. The source memory has a byte-wide memory port located at 0x1000. The destination 
memory has a 32-bit port located at 0x2000. The address offsets are programmed in increments to match the transfer size: one 
byte for the source, and four bytes for the destination. The final source and destination addresses are adjusted to return to their 
beginning values.

    TCDn_CITER = TCDn_BITER = 1
    TCDn_NBYTES = 16
    TCDn_SADDR = 0x1000
    TCDn_SOFF = 1
    TCDn_ATTR[SSIZE] = 0
    TCDn_SLAST = -16
    TCDn_DADDR = 0x2000
    TCDn_DOFF = 4
    TCDn_ATTR[DSIZE] = 2
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    TCDn_DLAST_SGA= –16
    TCDn_CSR[INTMAJ] = 1
    TCDn_CSR[START] = 1 (should be written last after all other fields have been initialized)
    All other TCDn fields = 0

This generates the following event sequence:

1. User write to the TCDn_CSR[START] field requests channel service.

2. The channel is selected by arbitration for servicing.

3. eDMA engine writes:

• CHn_CSR[DONE] = 0

• TCDn_CSR[START] = 0

• CHn_CSR[ACTIVE] = 1

4. eDMA engine reads: channel TCD data from local memory to internal register file.

5. The source-to-destination transfers are executed as follows:

a. Read byte from location 0x1000, read byte from location 0x1001, read byte from 0x1002, read byte from 0x1003.

b. Write 32 bits to location 0x2000 → first iteration of the minor loop.

c. Read byte from location 0x1004, read byte from location 0x1005, read byte from 0x1006, read byte from 0x1007.

d. Write 32 bits to location 0x2004 → second iteration of the minor loop.

e. Read byte from location 0x1008, read byte from location 0x1009, read byte from 0x100A, read byte from 0x100B.

f. Write 32 bits to location 0x2008 → third iteration of the minor loop.

g. Read byte from location 0x100C, read byte from location 0x100D, read byte from 0x100E, read byte from 0x100F.

h. Write 32 bits to location 0x200C → last iteration of the minor loop → major loop complete.

6. The eDMA engine writes: TCDn_SADDR = 0x1000, TCDn_DADDR = 0x2000, TCDn_CITER = 1 (TCDn_BITER).

7. The eDMA engine writes: CHn_CSR[ACTIVE] = 0, CHn_CSR[DONE] = 1, CHn_INT[INT] = 1.

8. The channel retires and the eDMA goes idle or services the next channel.

41.5.5.2 Multiple requests

The following example transfers 32 bytes via two hardware requests, but is otherwise the same as the previous example. The only 
fields that change are the major loop iteration count and the final address offsets. The eDMA is programmed for two iterations 
of the major loop, transferring 16 bytes per iteration. After the channel's hardware requests are enabled via the CHn_CSR[ERQ] 
register field, the slave device initiates channel service requests.

     TCDn_CITER = TCDn_BITER = 2
     TCDn_SLAST = –32
     TCDn_DLAST_SGA = –32

This would generate the following sequence of events:

1. First hardware (eDMA peripheral) requests channel service.

2. The channel is selected by arbitration for servicing.

3. eDMA engine writes: CHn_CSR[DONE] = 0, TCDn_CSR[START] = 0, CHn_CSR[ACTIVE] = 1.

4. eDMA engine reads: channel TCDn data from local memory to internal register file.

5. The source-to-destination transfers are executed as follows:
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a. Read byte from location 0x1000, read byte from location 0x1001, read byte from 0x1002, read byte from 0x1003.

b. Write 32 bits to location 0x2000 → first iteration of the minor loop.

c. Read byte from location 0x1004, read byte from location 0x1005, read byte from 0x1006, read byte from 0x1007.

d. Write 32 bits to location 0x2004 → second iteration of the minor loop.

e. Read byte from location 0x1008, read byte from location 0x1009, read byte from 0x100A, read byte from 0x100B.

f. Write 32 bits to location 0x2008 → third iteration of the minor loop.

g. Read byte from location 0x100C, read byte from location 0x100D, read byte from 0x100E, read byte from 0x100F.

h. Write 32 bits to location 0x200C → last iteration of the minor loop.

6. eDMA engine writes: TCDn_SADDR = 0x1010, TCDn_DADDR = 0x2010, TCDn_CITER = 1.

7. eDMA engine writes: CHn_CSR[ACTIVE] = 0.

8. The channel retires, which concludes one iteration of the major loop. The eDMA goes idle or services the next channel.

9. Second hardware (eDMA peripheral) requests channel service.

10. The channel is selected by arbitration for servicing.

11. eDMA engine writes: CHn_CSR[DONE] = 0, TCDn_CSR[START] = 0, CHn_CSR[ACTIVE] = 1.

12. eDMA engine reads: Channel TCD data from local memory to internal register file.

13. The source-to-destination transfers are executed as follows:

a. Read byte from location 0x1010, read byte from location 0x1011, read byte from 0x1012, read byte from 0x1013.

b. Write 32 bits to location 0x2010 → first iteration of the minor loop.

c. Read byte from location 0x1014, read byte from location 0x1015, read byte from 0x1016, read byte from 0x1017.

d. Write 32 bits to location 0x2014 → second iteration of the minor loop.

e. Read byte from location 0x1018, read byte from location 0x1019, read byte from 0x101A, read byte from 0x101B.

f. Write 32 bits to location 0x2018 → third iteration of the minor loop.

g. Read byte from location 0x101C, read byte from location 0x101D, read byte from 0x101E, read byte from 0x101F.

h. Write 32 bits to location 0x201C → last iteration of the minor loop → major loop complete.

14. eDMA engine writes: TCDn_SADDR = 0x1000, TCDn_DADDR = 0x2000, TCDn_CITER = 2 (TCDn_BITER).

15. eDMA engine writes: CHn_CSR[ACTIVE] = 0, CHn_CSR[DONE] = 1, CHn_INT[INT] = 1.

16. The channel retires, which concludes with the major loop complete. The eDMA goes idle or services the next channel.

41.5.5.3 Using the modulo feature

The modulo feature of the eDMA allows implementation of a circular data queue in which the size of the queue is a power of 2. 
xMOD is a 5-bit field for the source and destination in the TCD, and it specifies which lower address bits increment from their 
original value after the address+offset calculation. All upper address bits remain the same as in the original value. A setting of 0 
for this field disables the modulo feature. Modulo addressing applies to cases where the minor loop offset is enabled; that is, the 
upper address bits remain the same after the minor loop offset is added to the source or destination address.

The following table shows how the transfer addresses are specified based on the setting of the MOD field. Here a circular buffer 
is created where the address wraps to the original value but the 28 upper address bits (0x1234567x) retain their original value. 
In this example, the source address is set to 0x12345670, the offset is set to four bytes, and the MOD field is set to four, which 
allows for a 24 byte (16 byte) queue size.
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Table 427. Modulo example

Transfer number Address

1 0x12345670

2 0x12345674

3 0x12345678

4 0x1234567C

5 0x12345670

6 0x12345674

41.5.6 Monitoring transfer descriptor status
This section discusses how to monitor eDMA status.

41.5.6.1 Testing for minor loop completion

There are two methods to test for minor loop completion when using software-initiated service requests.

1. The first method is to read the TCDn_CITER field and test for a change.

2. The second method, extracted from the sequence shown below, is to test the TCDn_CSR[START] field and the 
CHn_CSR[ACTIVE] field. The minor-loop-complete condition is indicated by both fields reading 0 after TCDn_CSR[START] 
is set to 1. Polling the CHn_CSR[ACTIVE] field only may be inconclusive because the active status may be missed if the 
channel execution is short in duration.

The CHn_CSR and TCDn_CSR status fields execute the following sequence for a software-activated channel:

Stage TCDn_CSR field CHn_CSR fields State

START ACTIVE DONE

1 1 0 0 Initiate channel service request via software.

2 0 1 0 Channel is executing.

3a 0 0 0 Channel has completed the minor loop and is idle.

3b 0 0 1 Channel has completed the major loop and is idle.

The best method to test for minor-loop completion when using hardware-initiated (that is, peripheral-initiated) service requests is 
to read the TCDn_CITER field and test for a change. The hardware request and acknowledge handshake signals are not visible 
in the programmer's model.

The TCD status fields execute the following sequence for a hardware-activated channel:
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Stage TCDn_CSR field CHn_CSR fields State

START ACTIVE DONE

1 0 0 0 Initiate channel service request via hardware (peripheral 
request asserted).

2 0 1 0 Channel is executing.

3a 0 0 0 Channel has completed the minor loop and is idle.

3b 0 0 1 Channel has completed the major loop and is idle.

For both activation types, the major-loop-complete status is explicitly indicated via the CHn_CSR[DONE] field.

The TCDn_CSR[START] field is cleared to 0 automatically when the channel begins execution, regardless of how the 
channel activates.

41.5.6.2 Reading the transfer descriptors of active channels

The eDMA reads back the true TCDn_SADDR, TCDn_DADDR, and TCDn_NBYTES values if they are read when a channel 
executes. The true values of SADDR, DADDR, and NBYTES are the values the eDMA engine currently uses in its internal register 
file, and not the values in the TCD local memory for that channel. The addresses, SADDR and DADDR, and NBYTES (which 
decrements to zero as the transfer progresses), can give an indication of the progress of the transfer. All other values are read 
back from the TCD local memory.

41.5.6.3 Checking channel preemption status

A preemptive situation is one in which a preempt-enabled channel is executing and a higher-priority request becomes active. 
When round-robin channel arbitration mode is enabled, all channels with their channel priority set to 0 lose their preempt ability. 
Channel priorities of 0 are treated as equal, that is, they are constantly rotating, when round-robin arbitration mode is enabled.

The CHn_CSR[ACTIVE] field for the preempted channel remains asserted throughout the preemption. The preempted channel 
is temporarily suspended when the preempting channel executes one major loop iteration. If two CHn_CSR[ACTIVE] fields are 
set simultaneously in the global TCD map, a higher-priority channel is actively preempting a lower-priority channel.

41.5.7 Channel linking
Channel linking (or chaining) is a mechanism in which one channel sets the TCDn_CSR[START] field of another channel (or itself), 
thus initiating a service request for that channel. When properly enabled, the eDMA engine automatically performs this operation 
at the major or minor loop completion.

The minor loop channel linking occurs at the completion of the minor loop (or one iteration of the major loop). The 
TCDn_CITER[ELINK] field determines whether a minor loop link is requested. When enabled, the channel link is made after each 
iteration of the major loop except for the last. When the major loop is exhausted, only the major loop channel link fields are used 
to determine if a channel link should be made. For example, using an initial field setting of:

     TCDn_CITER[ELINK] = 1
     TCDn_CITER[LINKCH] = 0xC
     TCDn_CITER[CITER] value = 0x4
     TCDn_CSR[MAJORELINK] = 1
     TCDn_CSR[MAJORLINKCH] = 0x7

executes as:

1. Minor loop done → set TCD12_CSR[START] field
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2. Minor loop done → set TCD12_CSR[START] field

3. Minor loop done → set TCD12_CSR[START] field

4. Minor loop done, major loop done→ set TCD7_CSR[START] field

When minor loop linking is enabled (TCDn_CITER[ELINK] = 1), the TCDn_CITER[CITER] field uses a nine-bit vector to form the 
current iteration count. When minor loop linking is disabled (TCDn_CITER[ELINK] = 0), the TCDn_CITER[CITER] field uses a 
15-bit vector to form the current iteration count. The bits associated with the TCDn_CITER[LINKCH] field are concatenated onto 
the CITER value to increase the range of the CITER.

 
The TCDn_CITER[ELINK] field and the TCDn_BITER[ELINK] field must be equal — if they are not, a configuration 
error is reported. The CITER and BITER vector widths must be equal to calculate the major loop halfway done 
interrupt point.

  NOTE  

The following table summarizes how a DMA channel can link to another DMA channel, that is, use another channel's TCD, at the 
end of a loop.

Table 428. Channel linking parameters

Wanted link 
behavior

TCD control field name Description

Link at end of 
minor loop

TCDn_CITER[ELINK] Enable channel-to-channel linking on minor loop completion 
(current iteration)

TCDn_CITER[LINKCH] Link channel number when linking at end of minor loop (current iteration)

Link at end of 
major loop

TCDn_CSR[MAJORELINK] Enable channel-to-channel linking on major loop completion

TCDn_CSR[MAJORLINKCH] Link channel number when linking at end of major loop

41.5.8 Dynamic programming
This section provides recommended methods to change the programming model during channel execution.

41.5.8.1 Dynamically changing the channel priority

To change group or channel priority levels:

1. Halt the DMA by writing 1 to the CSR[HALT] field.

2. Change the group or channel priorities as wanted.

3. Enable normal DMA operations by writing 0 to the CSR[HALT] field.

41.5.8.2 Dynamic channel linking

Dynamic channel linking is the process of setting the TCDn_CSR[MAJORELINK] field during channel execution (see the diagram 
in TCD structure). This field is read from the TCD local memory at the end of channel execution, thus allowing you to enable the 
feature during channel execution.

Because you are allowed to change the configuration during execution, you need a coherency model. Consider the scenario 
where you attempt to execute a dynamic channel link by enabling the TCDn_CSR[MAJORELINK] field at the same time the 
eDMA engine is retiring the channel. TCDn_CSR[MAJORELINK] would be set in the programmer’s model, but it would be unclear 
whether the actual link was made before the channel retired.

We recommend that you use the following coherency model when executing a dynamic channel link request.

1. Write 1 to the TCDn_CSR[MAJORELINK] field.
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2. Read back the TCDn_CSR[MAJORELINK] field.

3. Test the TCDn_CSR[MAJORELINK] request status:

• If TCDn_CSR[MAJORELINK] = 1, the dynamic link attempt was successful.

• If TCDn_CSR[MAJORELINK] = 0, the attempted dynamic link did not succeed (the channel was already retiring).

For this request, the TCD local memory controller forces the TCDn_CSR[MAJORELINK] field to 0 on any writes to a channel’s 
TCDn_CSR[7:0] after that channel’s CHn_CSR[DONE] field is set to 1, indicating the major loop is complete.

 
You must clear the CHn_CSR[DONE] field to 0 before writing to the TCDn_CSR[MAJORELINK] field. The 
CHn_CSR[DONE] field is cleared to 0 automatically by the eDMA engine after a channel begins execution.

  NOTE  

41.5.8.3 Dynamic scatter/gather

Scatter/gather is the process of automatically loading a new TCD into a channel. It allows a DMA channel to use multiple TCDs; this 
enables a DMA channel to scatter the DMA data to multiple destinations or gather it from multiple sources. When scatter/gather 
is enabled and the channel has finished its major loop, a new TCD is fetched from system memory and loaded into that channel’s 
descriptor location in the eDMA programmer’s model, thus replacing the current descriptor.

Because you are allowed to change the configuration during execution, you need a coherency model. Consider the scenario 
where you attempt to execute a dynamic scatter/gather operation by enabling the TCDn_CSR[ESG] field at the same time the 
eDMA engine is retiring the channel. The TCDn_CSR[ESG] field would be set in the programmer’s model, but it would be unclear 
whether the actual scatter/gather request was honored before the channel retired.

Two methods are recommended for executing a dynamic scatter/gather request. Whenever the TCDn_CSR is written, the TCD 
local memory controller forces the TCDn_CSR[ESG] field to 0 on any writes to a channel’s TCDn_CSR[7:0] after that channel’s 
CHn_CSR[DONE] field has been set to 1, indicating the major loop is complete. If attempting to set the ESG, ensure the DONE 
field is cleared to 0.

 
You must clear the CHn_CSR[DONE] field to 0 before writing the TCDn_CSR[MAJORELINK] or TCDn_CSR[ESG] 
fields. The CHn_CSR[DONE] field is cleared to 0 automatically by the eDMA engine after a channel begins 
execution and is set to 1 upon major loop completion.

  NOTE  

41.5.8.3.1 Method 1 (channel not using major loop channel linking)

For a channel not using major loop channel linking, the coherency model described here may be used for a dynamic scatter/
gather request.

When the TCDn_CSR[MAJORELINK] field is 0, the TCDn_CSR[MAJORLINKCH] field is not used by the eDMA. In this case, the 
TCDn_CSR[MAJORLINKCH] bits may be used for other purposes. This method uses the TCDn_CSR[MAJORLINKCH] field as 
a TCDn_CSR identification (ID).

When the descriptors are built, write a unique TCDn_CSR ID in the TCDn_CSR[MAJORLINKCH] field for each TCDn_CSR 
associated with a channel using dynamic scatter/gather.

1. Write a 1 to the TCDn_CSR[DREQ] field. Should a dynamic scatter/gather attempt fail, setting the TCDn_CSR[DREQ] 
field to 1 will prevent future hardware activation of this channel. This stops the channel from executing with a destination 
address (daddr) that was calculated using a scatter/gather address (written in the next step) instead of a DLAST final 
offset value.

2. Write the TCDn_DLAST_SGA field with the scatter/gather address.

3. Write a 1 to the TCDn_CSR[ESG] field.

4. Read back the 16-bit TCDn_CSR control/status field.

5. Test the TCDn_CSR[ESG] request status and TCDn_CSR[MAJORLINKCH] value:

• If ESG = 1, the dynamic scatter/gather attempt was successful.
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• If ESG = 0 and the MAJORLINKCH (ID) did not change, the dynamic scatter/gather attempt was not successful (the 
channel was already retiring).

• If ESG = 0 and the MAJORLINKCH (ID) changed, the dynamic scatter/gather attempt was successful (the new 
TCDn_CSR’s ESG value cleared the ESG field to 0).

41.5.8.3.2 Method 2 (channel using major loop channel linking)

For a channel using major loop channel linking, the coherency model described here may be used for a dynamic scatter/gather 
request. This method uses the TCDn_DLAST_SGA field as a TCD identification (ID).

1. Write a 1 to the TCDn_CSR[DREQ] field. Should a dynamic scatter/gather attempt fail, setting the DREQ field to 1 will 
prevent a future hardware activation of this channel. This stops the channel from executing with a destination address 
(DADDR) that was calculated using a scatter/gather address (written in the next step) instead of a DLAST final offset 
value.

2. Write the TCDn_DLAST_SGA field with the scatter/gather address.

3. Write a 1 to the TCDn_CSR[ESG] field.

4. Read back the TCDn_CSR[ESG] field.

5. Test the TCDn_CSR[ESG] request status:

• If ESG = 1, the dynamic scatter/gather attempt was successful.

• If ESG = 0, read the 32-bit TCDn_DLAST_SGA field.

• If ESG = 0 and the TCDn_DLAST_SGA did not change, the dynamic scatter/gather attempt was not successful (the 
channel was already retiring).

• If ESG = 0 and the TCDn_DLAST_SGA changed, the dynamic scatter/gather attempt was successful (the new 
TCDn_CSR’s ESG value cleared the ESG field to 0).

41.5.9 Suspend/resume a DMA channel with active hardware service requests
The DMA allows you to move data from memory or peripheral registers to another location in memory or to peripheral registers 
without CPU interaction. After the DMA and peripherals are configured and active, it is rare but supported to suspend a peripheral's 
service request dynamically. In this scenario, there are certain restrictions to disabling a DMA hardware service request. For 
coherency, you must follow a specific procedure. This section provides guidance on how to coherently suspend and resume a 
Direct Memory Access (DMA) channel when the DMA is triggered by a slave module such as the Serial Peripheral Interface (SPI), 
Sigma Delta Analog to Digital Convertor (SDADC), or other module.

41.5.9.1 Suspend an active DMA channel

To suspend an active DMA channel:

1. Stop the DMA service request at the peripheral first. Confirm it has been disabled by reading back the appropriate register 
in the peripheral.

2. Check the DMA's Hardware Request Status (MP_HRS) to ensure there is no service request to the DMA channel being 
suspended. Then disable the hardware service request by clearing the ERQ field to 0 on the appropriate DMA channel.

For example, assume the SPI is set as a master for transmitting data via a DMA service request when the TXFIFO has an empty 
slot. The DMA will transfer the next command and data to the TXFIFO upon the request. If you need to suspend the DMA/SPI 
transfer loop, perform the following steps:

1. Disable the DMA service request at the source by writing 0 to DSPI_RSER[TFFF_RE]. Confirm that 
DSPI_RSER[TFFF_RE] is 0.

2. Ensure there is no DMA service request from the SPI by verifying that MP_HRS[HRS] is 0 for the appropriate channel. If no 
service request is present, disable the DMA channel by clearing the channel's ERQ field to 0. If a service request is present, 
wait until the request has been processed and the HRS field reads 0.
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41.5.9.2 Resume a DMA channel

To resume a DMA channel:

1. Enable the DMA service request on the appropriate channel by setting its ERQ field to 1.

2. Enable the DMA service request at the peripheral.

41.6 Memory map/register definition
The eDMA programming model is partitioned into three parts:

1. The first part defines a number of registers providing overall control functions and is known as the management page.

2. The second part corresponds to the channel (CH) control, status, and configuration.

3. The third part corresponds to the local TCD memory.

TCD memory

Each channel requires a 32-byte transfer control descriptor for defining the data movement operation. Each TCDn definition is 
presented as 11 registers of 16 or 32 bits. See DMA TCD register descriptions for details.

TCD initialization

Prior to activating a channel, you must initialize its TCD with the appropriate transfer profile.

TCD structure
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Figure 281. TCD structure

Accesses to reserved memory and fields

• Reading reserved fields in a register returns the value of zero.
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• Writes to reserved fields in a register are ignored.

• Reading or writing a reserved memory location generates a bus error.

41.6.1 DMA MP register descriptions

41.6.1.1 MP memory map

eDMA0_MP base address: 2800_1000h

Offset Register Width

(In bits)

Access Reset value

0h Management Page Control (MP_CSR) 32 RW 0031_0000h

4h Management Page Error Status (MP_ES) 32 R 0000_0000h

8h Management Page Interrupt Request Status (MP_INT) 32 R 0000_0000h

Ch Management Page Hardware Request Status (MP_HRS) 32 R 0000_0000h

100h - 17Ch Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI) 32 RW 0000_0000h

41.6.1.2 Management Page Control (MP_CSR)

Offset

Register Offset

MP_CSR 0h

Function

The Management Page Control register defines the basic operating configuration of the DMA.

Arbitration uses a two-tier priority system; group and channel priority. The eDMA assigns each channel to a priority group. Group 
arbitration is fixed-priority and cannot be changed. Channel arbitration uses fixed priority and may be configured to use a selective 
round-robin scheme for specified channels within each priority group. For fixed-priority arbitration, eDMA selects for execution the 
highest priority channel requesting service in the highest priority arbitration group.

The channel priority registers assign the relative priorities within each arbitration group; see CHn_PRI. All channels with a 
non-zero CHn_PRI value use fixed-priority arbitration.

When you enable round-robin arbitration, all channels with channel priority set to zero do not have a priority and, of those channels 
requesting service, are cycled through (from high to low channel number) without regard to priority relative to each other within 
the same priority group. Any channel with a non-zero CHn_PRI value automatically has a higher priority over the round-robin 
channels. A channel's priority group is assigned in Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

 
For correct operation, changes to the MP_CSR[ERCA, GCLC, GMRC] fields must be performed when the DMA 
channels are inactive; that is, when the MP_CSR[ACTIVE] field is 0.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
Reserved ACTIVE_ID Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CX ECX GMRC GCLC HALT HAE 

Reserv
ed ERCA EDBG 

Reserv
ed 

W 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

DMA Active Status

0b - eDMA is idle

1b - eDMA is executing a channel

30-29

—

Reserved

28-24

ACTIVE_ID

Active Channel ID

This field identifies the channel number that is executing when the ACTIVE bit is 1.

23-16

—

Reserved

15-10

—

Reserved

9

CX

Cancel Transfer

When set to 1, this field cancels the remaining data transfer, stops the executing channel, and forces the 
minor loop to finish. The cancel takes effect after the last write of the current read/write sequence. CX 
clears itself to 0 after the cancel has been honored. This cancel retires the channel normally as if the 
minor loop had been completed.

0b - Normal operation

1b - Cancel the remaining data transfer

8

ECX

Cancel Transfer With Error

Cancellation of the remaining data transfer is similar to that of the CX field. Execution of the channel is 
stopped and the minor loop is forced to finish. The cancellation takes effect after the last write of the 
current read/write sequence. The ECX field clears itself to 0 after the cancel is honored. In addition to 

Table continues on the next page...
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Table continued from the previous page...

Field Function

cancelling the transfer, ECX treats the cancel as an error condition, thus updating Management Page 
Error Status (MP_ES) and generating an optional error interrupt.

0b - Normal operation

1b - Cancel the remaining data transfer

7

GMRC

Global Master ID Replication Control

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication disabled for all channels

1b - Master ID replication available and controlled by each channel's CHn_SBR[EMI] setting

6

GCLC

Global Channel Linking Control

0b - Channel linking disabled for all channels

1b - Channel linking available and controlled by each channel's link settings

5

HALT

Halt DMA Operations

This field stalls the start of any new channels. Executing channels are allowed to complete. Channel 
execution resumes when this field is cleared to 0.

0b - Normal operation

1b - Stall the start of any new channels

4

HAE

Halt After Error

When this field is set to 1, any error causes the HALT field to be set to 1. Then all service requests are 
ignored until the HALT field is cleared to 0.

0b - Normal operation

1b - Any error causes the HALT field to be set to 1

3

—

Reserved

2

ERCA

Enable Round Robin Channel Arbitration

0b - Round-robin channel arbitration disabled. Fixed priority arbitration used for channel selection 
within each group

1b - Round-robin channel arbitration enabled. Round-robin arbitration used for channel selection 
within each group

1

EDBG

Enable Debug

When in debug mode, the DMA stalls the start of a new channel. Executing channels are allowed to 
complete. DMA resumes channel execution when the system exits debug mode or clears the EDBG field 
to 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Debug mode disabled. When in debug mode, the DMA continues to operate

1b - Debug mode is enabled. When in debug mode, the DMA stalls the start of a new channel

0

—

Reserved

41.6.1.3 Management Page Error Status (MP_ES)

Offset

Register Offset

MP_ES 4h

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

• An uncorrectable error that occurred when the device was accessing the TCD SRAM

• A "cancel transfer with error" request was made via the corresponding cancel transfer field or input signal

Upon any error condition, the software must initialize the TCD of the channel that contains the error, as it is in an incomplete state 
after an error. See Fault reporting and handling for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VLD Reserved ERRCHN 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ECX SAE SOE DAE DOE NCE SGE SBE DBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Valid

Table continues on the next page...
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Table continued from the previous page...

Field Function

VLD Logical OR of all CHn_ES[ERR] status fields.

0b - No CHn_ES[ERR] fields are set to 1

1b - At least one CHn_ES[ERR] field is set to 1, indicating a valid error exists that software has 
not cleared

30-29

—

Reserved

28-24

ERRCHN

Error Channel Number or Canceled Channel Number

The channel number of the last recorded error or last recorded error-canceled transfer.

23-9

—

Reserved

8

ECX

Transfer Canceled

The ECX operation is a management page function. When employed, the targeted channel's CHn_ES 
register reports an unspecified error; that is, only the CHn_ES[ERR] field is set to 1. The management 
page has full view of the error condition.

0b - No canceled transfers

1b - Last recorded entry was a canceled transfer by the error cancel transfer input

7

SAE

Source Address Error

When this field is 1, it indicates that TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6

SOE

Source Offset Error

When this field is 1, it indicates that TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

When this field is 1, it indicates that TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

4

DOE

Destination Offset Error

When this field is 1, it indicates that TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - The last recorded error was NBYTES equal to zero or a CITER not equal to BITER error. 
Last recorded error was a configuration error detected in the TCDn_NBYTES or TCDn_CITER 
fields

2

SGE

Scatter/Gather Configuration Error

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG] is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was a bus error on a source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was a bus error on a destination write

41.6.1.4 Management Page Interrupt Request Status (MP_INT)

Offset

Register Offset

MP_INT 8h

Function

This register shows the current state of the interrupt service requests for all eDMA channels.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT

Interrupt Request Status

The INT register presents the interrupt request status for each eDMA channel. Depending on the 
appropriate field setting in the transfer control descriptors, the eDMA engine generates an interrupt 
on data transfer completion or an error condition. The eDMA routes channel interrupt requests to the 
interrupt controller. During the interrupt service routine associated with any given channel, it is the software's 
responsibility to clear the appropriate field in the channel’s interrupt request register, CHn_INT, thus 
negating the interrupt request.

0b - Interrupt request for corresponding channel not present

1b - Interrupt request for corresponding channel present

41.6.1.5 Management Page Hardware Request Status (MP_HRS)

Offset

Register Offset

MP_HRS Ch

Function

The hardware request status register (HRS) shows the current state of the hardware service request signaling as seen by eDMA's 
arbitration logic.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

HRS

Hardware Request Status

The HRS bit for its respective channel remains asserted for the period when a hardware request is present 
on the channel.

0b - Hardware service request for corresponding channel is not present

1b - Hardware service request for corresponding channel is present

41.6.1.6 Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI)

Offset

For n = 0 to 31:

Register Offset

CHn_GRPRI 100h + (n × 4h)

Function

The contents of this register define the arbitration group associated with each channel. Using a fixed-priority group arbitration 
scheme, eDMA evaluates the arbitration group priorities by numeric value from highest group number to lowest; for example, 0 is 
the lowest priority, 1 is the next higher priority, then 2, 3, and so on. The range of the group priority values is limited to the values 
of 0 through 31. Within each arbitration group, the channel priority assignment CHn_PRI determines the highest-priority channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GRPRI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

GRPRI

Arbitration Group For Channel n

Fixed-priority arbitration group number.

41.6.2 DMA MP register descriptions

41.6.2.1 MP memory map

eDMA1_MP base address: 2901_0000h

Offset Register Width

(In bits)

Access Reset value

0h Management Page Control (MP_CSR) 32 RW 0031_0000h

4h Management Page Error Status (MP_ES) 32 R 0000_0000h

8h Management Page Interrupt Request Status (MP_INT) 32 R 0000_0000h

Ch Management Page Hardware Request Status (MP_HRS) 32 R 0000_0000h

100h - 17Ch Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI) 32 RW 0000_0000h

41.6.2.2 Management Page Control (MP_CSR)

Offset

Register Offset

MP_CSR 0h
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Function

The Management Page Control register defines the basic operating configuration of the DMA.

Arbitration uses a two-tier priority system; group and channel priority. The eDMA assigns each channel to a priority group. Group 
arbitration is fixed-priority and cannot be changed. Channel arbitration uses fixed priority and may be configured to use a selective 
round-robin scheme for specified channels within each priority group. For fixed-priority arbitration, eDMA selects for execution the 
highest priority channel requesting service in the highest priority arbitration group.

The channel priority registers assign the relative priorities within each arbitration group; see CHn_PRI. All channels with a 
non-zero CHn_PRI value use fixed-priority arbitration.

When you enable round-robin arbitration, all channels with channel priority set to zero do not have a priority and, of those channels 
requesting service, are cycled through (from high to low channel number) without regard to priority relative to each other within 
the same priority group. Any channel with a non-zero CHn_PRI value automatically has a higher priority over the round-robin 
channels. A channel's priority group is assigned in Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

 
For correct operation, changes to the MP_CSR[ERCA, GCLC, GMRC] fields must be performed when the DMA 
channels are inactive; that is, when the MP_CSR[ACTIVE] field is 0.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
Reserved ACTIVE_ID Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CX ECX GMRC GCLC HALT HAE 

Reserv
ed ERCA EDBG 

Reserv
ed 

W 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

DMA Active Status

0b - eDMA is idle

1b - eDMA is executing a channel

30-29

—

Reserved

28-24

ACTIVE_ID

Active Channel ID

This field identifies the channel number that is executing when the ACTIVE bit is 1.

23-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-10

—

Reserved

9

CX

Cancel Transfer

When set to 1, this field cancels the remaining data transfer, stops the executing channel, and forces the 
minor loop to finish. The cancel takes effect after the last write of the current read/write sequence. CX 
clears itself to 0 after the cancel has been honored. This cancel retires the channel normally as if the 
minor loop had been completed.

0b - Normal operation

1b - Cancel the remaining data transfer

8

ECX

Cancel Transfer With Error

Cancellation of the remaining data transfer is similar to that of the CX field. Execution of the channel is 
stopped and the minor loop is forced to finish. The cancellation takes effect after the last write of the 
current read/write sequence. The ECX field clears itself to 0 after the cancel is honored. In addition to 
cancelling the transfer, ECX treats the cancel as an error condition, thus updating Management Page 
Error Status (MP_ES) and generating an optional error interrupt.

0b - Normal operation

1b - Cancel the remaining data transfer

7

GMRC

Global Master ID Replication Control

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication disabled for all channels

1b - Master ID replication available and controlled by each channel's CHn_SBR[EMI] setting

6

GCLC

Global Channel Linking Control

0b - Channel linking disabled for all channels

1b - Channel linking available and controlled by each channel's link settings

5

HALT

Halt DMA Operations

This field stalls the start of any new channels. Executing channels are allowed to complete. Channel 
execution resumes when this field is cleared to 0.

0b - Normal operation

1b - Stall the start of any new channels

4

HAE

Halt After Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

When this field is set to 1, any error causes the HALT field to be set to 1. Then all service requests are 
ignored until the HALT field is cleared to 0.

0b - Normal operation

1b - Any error causes the HALT field to be set to 1

3

—

Reserved

2

ERCA

Enable Round Robin Channel Arbitration

0b - Round-robin channel arbitration disabled. Fixed priority arbitration used for channel selection 
within each group

1b - Round-robin channel arbitration enabled. Round-robin arbitration used for channel selection 
within each group

1

EDBG

Enable Debug

When in debug mode, the DMA stalls the start of a new channel. Executing channels are allowed to 
complete. DMA resumes channel execution when the system exits debug mode or clears the EDBG field 
to 0.

0b - Debug mode disabled. When in debug mode, the DMA continues to operate

1b - Debug mode is enabled. When in debug mode, the DMA stalls the start of a new channel

0

—

Reserved

41.6.2.3 Management Page Error Status (MP_ES)

Offset

Register Offset

MP_ES 4h

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

• An uncorrectable error that occurred when the device was accessing the TCD SRAM

• A "cancel transfer with error" request was made via the corresponding cancel transfer field or input signal

Upon any error condition, the software must initialize the TCD of the channel that contains the error, as it is in an incomplete state 
after an error. See Fault reporting and handling for more details.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VLD Reserved ERRCHN 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ECX SAE SOE DAE DOE NCE SGE SBE DBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

Logical OR of all CHn_ES[ERR] status fields.

0b - No CHn_ES[ERR] fields are set to 1

1b - At least one CHn_ES[ERR] field is set to 1, indicating a valid error exists that software has 
not cleared

30-29

—

Reserved

28-24

ERRCHN

Error Channel Number or Canceled Channel Number

The channel number of the last recorded error or last recorded error-canceled transfer.

23-9

—

Reserved

8

ECX

Transfer Canceled

The ECX operation is a management page function. When employed, the targeted channel's CHn_ES 
register reports an unspecified error; that is, only the CHn_ES[ERR] field is set to 1. The management 
page has full view of the error condition.

0b - No canceled transfers

1b - Last recorded entry was a canceled transfer by the error cancel transfer input

7

SAE

Source Address Error

When this field is 1, it indicates that TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6 Source Offset Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

SOE When this field is 1, it indicates that TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

When this field is 1, it indicates that TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

4

DOE

Destination Offset Error

When this field is 1, it indicates that TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - The last recorded error was NBYTES equal to zero or a CITER not equal to BITER error. 
Last recorded error was a configuration error detected in the TCDn_NBYTES or TCDn_CITER 
fields

2

SGE

Scatter/Gather Configuration Error

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG] is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was a bus error on a source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was a bus error on a destination write
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41.6.2.4 Management Page Interrupt Request Status (MP_INT)

Offset

Register Offset

MP_INT 8h

Function

This register shows the current state of the interrupt service requests for all eDMA channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT

Interrupt Request Status

The INT register presents the interrupt request status for each eDMA channel. Depending on the 
appropriate field setting in the transfer control descriptors, the eDMA engine generates an interrupt 
on data transfer completion or an error condition. The eDMA routes channel interrupt requests to the 
interrupt controller. During the interrupt service routine associated with any given channel, it is the software's 
responsibility to clear the appropriate field in the channel’s interrupt request register, CHn_INT, thus 
negating the interrupt request.

0b - Interrupt request for corresponding channel not present

1b - Interrupt request for corresponding channel present

41.6.2.5 Management Page Hardware Request Status (MP_HRS)

Offset

Register Offset

MP_HRS Ch
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Function

The hardware request status register (HRS) shows the current state of the hardware service request signaling as seen by eDMA's 
arbitration logic.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

HRS

Hardware Request Status

The HRS bit for its respective channel remains asserted for the period when a hardware request is present 
on the channel.

0b - Hardware service request for corresponding channel is not present

1b - Hardware service request for corresponding channel is present

41.6.2.6 Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI)

Offset

For n = 0 to 31:

Register Offset

CHn_GRPRI 100h + (n × 4h)

Function

The contents of this register define the arbitration group associated with each channel. Using a fixed-priority group arbitration 
scheme, eDMA evaluates the arbitration group priorities by numeric value from highest group number to lowest; for example, 0 is 
the lowest priority, 1 is the next higher priority, then 2, 3, and so on. The range of the group priority values is limited to the values 
of 0 through 31. Within each arbitration group, the channel priority assignment CHn_PRI determines the highest-priority channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GRPRI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

GRPRI

Arbitration Group For Channel n

Fixed-priority arbitration group number.

41.6.3 DMA MP register descriptions

41.6.3.1 MP memory map

eDMA2_MP base address: 2D80_0000h

Offset Register Width

(In bits)

Access Reset value

0h Management Page Control (MP_CSR) 32 RW 0031_0000h

4h Management Page Error Status (MP_ES) 32 R 0000_0000h

8h Management Page Interrupt Request Status (MP_INT) 32 R 0000_0000h

Ch Management Page Hardware Request Status (MP_HRS) 32 R 0000_0000h

100h - 17Ch Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI) 32 RW 0000_0000h

41.6.3.2 Management Page Control (MP_CSR)

Offset

Register Offset

MP_CSR 0h
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Function

The Management Page Control register defines the basic operating configuration of the DMA.

Arbitration uses a two-tier priority system; group and channel priority. The eDMA assigns each channel to a priority group. Group 
arbitration is fixed-priority and cannot be changed. Channel arbitration uses fixed priority and may be configured to use a selective 
round-robin scheme for specified channels within each priority group. For fixed-priority arbitration, eDMA selects for execution the 
highest priority channel requesting service in the highest priority arbitration group.

The channel priority registers assign the relative priorities within each arbitration group; see CHn_PRI. All channels with a 
non-zero CHn_PRI value use fixed-priority arbitration.

When you enable round-robin arbitration, all channels with channel priority set to zero do not have a priority and, of those channels 
requesting service, are cycled through (from high to low channel number) without regard to priority relative to each other within 
the same priority group. Any channel with a non-zero CHn_PRI value automatically has a higher priority over the round-robin 
channels. A channel's priority group is assigned in Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

 
For correct operation, changes to the MP_CSR[ERCA, GCLC, GMRC] fields must be performed when the DMA 
channels are inactive; that is, when the MP_CSR[ACTIVE] field is 0.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
Reserved ACTIVE_ID Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CX ECX GMRC GCLC HALT HAE 

Reserv
ed ERCA EDBG 

Reserv
ed 

W 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

DMA Active Status

0b - eDMA is idle

1b - eDMA is executing a channel

30-29

—

Reserved

28-24

ACTIVE_ID

Active Channel ID

This field identifies the channel number that is executing when the ACTIVE bit is 1.

23-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-10

—

Reserved

9

CX

Cancel Transfer

When set to 1, this field cancels the remaining data transfer, stops the executing channel, and forces the 
minor loop to finish. The cancel takes effect after the last write of the current read/write sequence. CX 
clears itself to 0 after the cancel has been honored. This cancel retires the channel normally as if the 
minor loop had been completed.

0b - Normal operation

1b - Cancel the remaining data transfer

8

ECX

Cancel Transfer With Error

Cancellation of the remaining data transfer is similar to that of the CX field. Execution of the channel is 
stopped and the minor loop is forced to finish. The cancellation takes effect after the last write of the 
current read/write sequence. The ECX field clears itself to 0 after the cancel is honored. In addition to 
cancelling the transfer, ECX treats the cancel as an error condition, thus updating Management Page 
Error Status (MP_ES) and generating an optional error interrupt.

0b - Normal operation

1b - Cancel the remaining data transfer

7

GMRC

Global Master ID Replication Control

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication disabled for all channels

1b - Master ID replication available and controlled by each channel's CHn_SBR[EMI] setting

6

GCLC

Global Channel Linking Control

0b - Channel linking disabled for all channels

1b - Channel linking available and controlled by each channel's link settings

5

HALT

Halt DMA Operations

This field stalls the start of any new channels. Executing channels are allowed to complete. Channel 
execution resumes when this field is cleared to 0.

0b - Normal operation

1b - Stall the start of any new channels

4

HAE

Halt After Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

When this field is set to 1, any error causes the HALT field to be set to 1. Then all service requests are 
ignored until the HALT field is cleared to 0.

0b - Normal operation

1b - Any error causes the HALT field to be set to 1

3

—

Reserved

2

ERCA

Enable Round Robin Channel Arbitration

0b - Round-robin channel arbitration disabled. Fixed priority arbitration used for channel selection 
within each group

1b - Round-robin channel arbitration enabled. Round-robin arbitration used for channel selection 
within each group

1

EDBG

Enable Debug

When in debug mode, the DMA stalls the start of a new channel. Executing channels are allowed to 
complete. DMA resumes channel execution when the system exits debug mode or clears the EDBG field 
to 0.

0b - Debug mode disabled. When in debug mode, the DMA continues to operate

1b - Debug mode is enabled. When in debug mode, the DMA stalls the start of a new channel

0

—

Reserved

41.6.3.3 Management Page Error Status (MP_ES)

Offset

Register Offset

MP_ES 4h

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

• An uncorrectable error that occurred when the device was accessing the TCD SRAM

• A "cancel transfer with error" request was made via the corresponding cancel transfer field or input signal

Upon any error condition, the software must initialize the TCD of the channel that contains the error, as it is in an incomplete state 
after an error. See Fault reporting and handling for more details.

NXP Semiconductors
Enhanced Direct Memory Access (eDMA)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2469 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VLD Reserved ERRCHN 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ECX SAE SOE DAE DOE NCE SGE SBE DBE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

Logical OR of all CHn_ES[ERR] status fields.

0b - No CHn_ES[ERR] fields are set to 1

1b - At least one CHn_ES[ERR] field is set to 1, indicating a valid error exists that software has 
not cleared

30-29

—

Reserved

28-24

ERRCHN

Error Channel Number or Canceled Channel Number

The channel number of the last recorded error or last recorded error-canceled transfer.

23-9

—

Reserved

8

ECX

Transfer Canceled

The ECX operation is a management page function. When employed, the targeted channel's CHn_ES 
register reports an unspecified error; that is, only the CHn_ES[ERR] field is set to 1. The management 
page has full view of the error condition.

0b - No canceled transfers

1b - Last recorded entry was a canceled transfer by the error cancel transfer input

7

SAE

Source Address Error

When this field is 1, it indicates that TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6 Source Offset Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

SOE When this field is 1, it indicates that TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

When this field is 1, it indicates that TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

4

DOE

Destination Offset Error

When this field is 1, it indicates that TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - The last recorded error was NBYTES equal to zero or a CITER not equal to BITER error. 
Last recorded error was a configuration error detected in the TCDn_NBYTES or TCDn_CITER 
fields

2

SGE

Scatter/Gather Configuration Error

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG] is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was a bus error on a source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was a bus error on a destination write
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41.6.3.4 Management Page Interrupt Request Status (MP_INT)

Offset

Register Offset

MP_INT 8h

Function

This register shows the current state of the interrupt service requests for all eDMA channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT

Interrupt Request Status

The INT register presents the interrupt request status for each eDMA channel. Depending on the 
appropriate field setting in the transfer control descriptors, the eDMA engine generates an interrupt 
on data transfer completion or an error condition. The eDMA routes channel interrupt requests to the 
interrupt controller. During the interrupt service routine associated with any given channel, it is the software's 
responsibility to clear the appropriate field in the channel’s interrupt request register, CHn_INT, thus 
negating the interrupt request.

0b - Interrupt request for corresponding channel not present

1b - Interrupt request for corresponding channel present

41.6.3.5 Management Page Hardware Request Status (MP_HRS)

Offset

Register Offset

MP_HRS Ch
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Function

The hardware request status register (HRS) shows the current state of the hardware service request signaling as seen by eDMA's 
arbitration logic.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

HRS

Hardware Request Status

The HRS bit for its respective channel remains asserted for the period when a hardware request is present 
on the channel.

0b - Hardware service request for corresponding channel is not present

1b - Hardware service request for corresponding channel is present

41.6.3.6 Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI)

Offset

For n = 0 to 31:

Register Offset

CHn_GRPRI 100h + (n × 4h)

Function

The contents of this register define the arbitration group associated with each channel. Using a fixed-priority group arbitration 
scheme, eDMA evaluates the arbitration group priorities by numeric value from highest group number to lowest; for example, 0 is 
the lowest priority, 1 is the next higher priority, then 2, 3, and so on. The range of the group priority values is limited to the values 
of 0 through 31. Within each arbitration group, the channel priority assignment CHn_PRI determines the highest-priority channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
GRPRI 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

GRPRI

Arbitration Group For Channel n

Fixed-priority arbitration group number.

41.6.4 DMA TCD register descriptions

41.6.4.1 TCD memory map

eDMA0_TCD base address: 2800_2000h

Offset Register Width

(In bits)

Access Reset value

0h - 1_F000h Channel Control and Status (CH0_CSR - CH31_CSR) 32 RW 0000_0000h

4h - 1_F004h Channel Error Status (CH0_ES - CH31_ES) 32 RW 0000_0000h

8h - 1_F008h Channel Interrupt Status (CH0_INT - CH31_INT) 32 RW 0000_0000h

Ch - 1_F00Ch Channel System Bus (CH0_SBR - CH31_SBR) 32 RW 0000_0002h

10h - 
1_F010h

Channel Priority (CH0_PRI - CH31_PRI) 32 RW 0000_0000h

14h - 
1_F014h

Channel Multiplexor Configuration (CH0_MUX - CH31_MUX) 32 RW 0000_0000h

20h - 
1_F020h

TCD Source Address (TCD0_SADDR - TCD31_SADDR) 32 RW See section

24h - 
1_F024h

TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF) 16 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

26h - 
1_F026h

TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR) 16 RW See section

28h - 
1_F028h

TCD Transfer Size Without Minor Loop Offsets 
(TCD0_NBYTES_MLOFFNO - TCD31_NBYTES_MLOFFNO)

32 RW See section

28h - 
1_F028h

TCD Transfer Size with Minor Loop Offsets 
(TCD0_NBYTES_MLOFFYES - TCD31_NBYTES_MLOFFYES)

32 RW See section

2Ch - 
1_F02Ch

TCD Last Source Address Adjustment / Store DADDR Address 
(TCD0_SLAST_SDA - TCD31_SLAST_SDA)

32 RW See section

30h - 
1_F030h

TCD Destination Address (TCD0_DADDR - TCD31_DADDR) 32 RW See section

34h - 
1_F034h

TCD Signed Destination Address Offset (TCD0_DOFF - 
TCD31_DOFF)

16 RW See section

36h - 
1_F036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_CITER_ELINKNO - TCD31_CITER_ELINKNO)

16 RW See section

36h - 
1_F036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_CITER_ELINKYES - TCD31_CITER_ELINKYES)

16 RW See section

38h - 
1_F038h

TCD Last Destination Address Adjustment / Scatter Gather Address 
(TCD0_DLAST_SGA - TCD31_DLAST_SGA)

32 RW See section

3Ch - 
1_F03Ch

TCD Control and Status (TCD0_CSR - TCD31_CSR) 16 RW See section

3Eh - 
1_F03Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_BITER_ELINKNO - TCD31_BITER_ELINKNO)

16 RW See section

3Eh - 
1_F03Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_BITER_ELINKYES - TCD31_BITER_ELINKYES)

16 RW See section

41.6.4.2 Channel Control and Status (CH0_CSR - CH31_CSR)

Offset

For n = 0 to 31:

Register Offset

CHn_CSR 0h + (n × 1000h)

Function

This register contains several fields related to hardware and interrupt requests, configuration, and status for the given channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
DONE 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EBW EEI EARQ ERQ 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

Channel Active

The ACTIVE field indicates the channel was selected by arbitration and is executing the prescribed 
transfers. The eDMA sets it to 1 when channel service begins, and clears it to 0 as the minor loop 
completes or when any error condition is detected. Except for dynamic scatter/gather or dynamic 
channel linking, you must not modify the transfer control descriptor when a channel is active.

30

DONE

Channel Done

The DONE field indicates the eDMA has completed the major loop. The eDMA engine sets this field as 
the CITER count reaches zero. If enabled, the eDMA generates an interrupt request corresponding to this 
completed channel. The software clears it, or the hardware clears it when the channel is activated.

 
This field must be cleared to 0 before writing the MAJORELINK or ESG fields.

  NOTE  

29-4

—

Reserved

3

EBW

Enable Buffered Writes

When buffered writes are enabled, all writes except for the last write sequence of the minor loop are 
signaled by the eDMA as bufferable.

0b - Buffered writes on system bus disabled. Buffered writes on system bus disabled

1b - Buffered writes on system bus enabled. Bufferable write signal asserted on all system bus 
writes except during last write sequence

2

EEI

Enable Error Interrupt

The EEI field enables the error interrupt signal for the channel. The DMA error indicator and the error 
interrupt enable flag must be asserted before an error interrupt request for a given channel is asserted to 
the interrupt controller.

0b - Error signal for corresponding channel does not generate error interrupt

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Assertion of error signal for corresponding channel generates error interrupt request

1

EARQ

Enable Asynchronous DMA Request

The enable asynchronous DMA request field (EARQ) does not affect DMA operations. When set to 1, 
this field allows the hardware service request enable field (ERQ) to propagate out of the DMA to the 
power controller. When cleared to 0, this field masks the hardware service request enable field to the 
power controller.

0b - Disable asynchronous DMA request for the channel

1b - Enable asynchronous DMA request for the channel

0

ERQ

Enable DMA Request

Disable a channel's hardware service request at the source before clearing the channel's ERQ field. 
The DMA hardware request input signal and the enable request field (ERQ) must be asserted before a 
channel's hardware service request is accepted. The state of the eDMA enable request field does not 
affect a channel service request made explicitly through software or channel linking. The state of the 
ERQ field does not affect the channel's START field.

0b - DMA hardware request signal for corresponding channel disabled

1b - DMA hardware request signal for corresponding channel enabled

41.6.4.3 Channel Error Status (CH0_ES - CH31_ES)

Offset

For n = 0 to 31:

Register Offset

CHn_ES 4h + (n × 1000h)

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

The ERR field signals the presence of an error for the channel. The eDMA engine signals the occurrence of an error condition by 
setting the appropriate field in this register. The outputs of this register are enabled by the contents of the CHn_CSR[EEI] field, 
then logically summed across all channels to form an error interrupt request, which may be routed to the interrupt controller. In 
addition, this enabled error status is logically OR'd onto the channel done interrupt, CHn_INT[INT], thus forming a done or error 
interrupt on a per channel basis. 

During the execution of the interrupt service routine associated with any DMA errors, it is software's responsibility to clear the 
appropriate bit, negating the error-interrupt request. The normal DMA channel completion indicators (setting the transfer control 
descriptor DONE flag and the possible assertion of an interrupt request) are not affected when eDMA detects an error. The 
contents of this ERR register field can also be polled because a non-zero value indicates the presence of a channel error, 
regardless of the state of the EEI mask.
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The state of any given channel's error indicators is affected by writes to this register. Writing a 1 to the ERR field clears the 
channel's error status, and writing a 0 has no effect.

An unspecified error, where only the ERR field is set to 1, indicates that either a transfer was cancelled with an error. The 
Management Page Error Status register has full view of the error condition.

See Fault reporting and handling for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERR Reserved 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved SAE SOE DAE DOE NCE SGE SBE DBE 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ERR

Error In Channel

0b - An error in this channel has not occurred

1b - An error in this channel has occurred

30-8

—

Reserved

7

SAE

Source Address Error

TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6

SOE

Source Offset Error

TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

Table continues on the next page...
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Field Function

4

DOE

Destination Offset Error

TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - Last recorded error was a configuration error detected in the TCDn_NBYTES or 
TCDn_CITER fields

2

SGE

Scatter/Gather Configuration Error

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG]is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was bus error on source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was bus error on destination write

41.6.4.4 Channel Interrupt Status (CH0_INT - CH31_INT)

Offset

For n = 0 to 31:

Register Offset

CHn_INT 8h + (n × 1000h)

Function

The INT field signals the presence of an interrupt request for the channel. Depending on the appropriate bit setting in the transfer 
control descriptors, the eDMA engine generates an interrupt on data transfer completion or an error condition.
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The outputs of this register are directly routed to the interrupt controller. During the interrupt service routine associated with any 
given channel, it is the software's responsibility to clear the appropriate bit, negating the interrupt request. On writes to INT, a 1 
clears the channel's interrupt request. A zero has no effect on the channel's current interrupt status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 INT 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

INT

Interrupt Request

0b - Interrupt request for corresponding channel cleared

1b - Interrupt request for corresponding channel active

41.6.4.5 Channel System Bus (CH0_SBR - CH31_SBR)

Offset

For n = 0 to 31:

Register Offset

CHn_SBR Ch + (n × 1000h)

Function

The Channel System Bus register places identification and attribute information on the system bus interface for the eDMA.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
ATTR EMI 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAL SEC 

0 MID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-21

—

Reserved

20-17

ATTR

Attribute Output

DMA's system bus attribute output value.

16

EMI

Enable Master ID Replication

The eDMA master ID replication field allows the eDMA to use the same protection level and system 
bus ID of the master programming the eDMA's TCD. When enabled, the eDMA uses the master ID and 
protection level stored in the CHn_SBR registers, instead of the eDMA's default values. When a master 
(for example a core) programs a TCD, its master ID is captured when the TCDn_CSR control attributes are 
written. A scatter/gather operation does not affect the CHn_SBR registers. You can write the EMI only if 
MP_CSR[GMRC] = 1, which means Global Master ID Replication Control is enabled; otherwise, the EMI is 
forced to zero.

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication is disabled

1b - Master ID replication is enabled

15

PAL

Privileged Access Level

This field controls DMA's protection level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - User protection level for DMA transfers

1b - Privileged protection level for DMA transfers

Table continues on the next page...
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Table continued from the previous page...

Field Function

14

SEC

Security Level

DMA's security level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - Nonsecure protection level for DMA transfers

1b - Secure protection level for DMA transfers

13-6

—

Reserved

5-0

MID

Master ID

This field controls the DMA's master ID on the system bus when the channel is active.

 
The ID captured in this register reflects the master ID of the core or other master writing the 
channel's security attributes, TCDn_SBR[SEC]. 

  NOTE  

41.6.4.6 Channel Priority (CH0_PRI - CH31_PRI)

Offset

For n = 0 to 31:

Register Offset

CHn_PRI 10h + (n × 1000h)

Function

The contents of these registers define unique priorities associated with each channel within the same channel group. Channel 
grouping is programmed via Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

The channel priorities within a group are evaluated by numeric value; for example, 0 is the lowest priority, 1 is the next higher 
priority, then 2, 3, and so on. Software must program the channel priorities with unique values; otherwise, channel numbers with 
the same, non-zero value, will be selected based on channel number with the higher channel number having higher priority.

If more than one channel in a group has an arbitration priority level value of zero, then the arbitration mode field MP_CSR[ERCA] 
is used to determine the arbitration scheme for all channels with APL=0 within a group.

When you enable round-robin channel arbitration (MP_CSR[ERCA] = 1), all channels with APL=0 within a group will use a 
round-robin arbitration scheme, which rotates among these channels requesting service without regard to priority. Round-robin 
provides a fairness mechanism within an arbitration group.

When you enable fixed-priority channel arbitration (MP_CSR[ERCA] = 0), eDMA selects channels with APL=0 based on channel 
number, with the higher channel number having higher priority.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ECP DPA 

Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
APL 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ECP

Enable Channel Preemption

0b - Channel cannot be suspended by a higher-priority channel's service request

1b - Channel can be temporarily suspended by a higher-priority channel's service request

30

DPA

Disable Preempt Ability

0b - Channel can suspend a lower-priority channel

1b - Channel cannot suspend any other channel, regardless of channel priority

29-3

—

Reserved

2-0

APL

Arbitration Priority Level

Channel priority level for arbitration within the assigned arbitration group.

41.6.4.7 Channel Multiplexor Configuration (CH0_MUX - CH31_MUX)

Offset

For n = 0 to 31:

Register Offset

CHn_MUX 14h + (n × 1000h)

Function

Each of the DMA channels can be independently associated with various peripherals in the system. The Channel Multiplexor 
Configuration register selects the peripheral assigned to each channel. Service requests from the peripheral should be disabled 
when configuring a channel to a peripheral source.

Each channel must have a unique value when selecting a peripheral slot in the channel mux configuration. The only value that 
may overlap is source 0. If there is an attempt to write a mux configuration value that is already consumed by any channel, a mux 
configuration of 0 (SRC = 0) will be written.
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All channels will default to source 0. When a particular peripheral is needed, the channel’s mux configuration is set to that source 
number. When the peripheral is no longer needed, the mux configuration for that channel should be written to 0, thus releasing 
the resource.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
SRC 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

SRC

Service Request Source

Hardware service request source for the channel.

 
With the exception of 0, attempts to write a value already in use will be forced to 0.

  NOTE  

41.6.4.8 TCD Source Address (TCD0_SADDR - TCD31_SADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_SADDR 20h + (n × 1000h)

Function
This register contains the address for the read transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SADDR

Source Address

Memory address pointing to the source data.

41.6.4.9 TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_SOFF 24h + (n × 1000h)

Function
This register contains the sign-extended value added to Source Address register after each read transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

SOFF

Source Address Signed Offset

Sign-extended offset applied to the current source address to form the next-state value as each source 
read is completed.
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41.6.4.10 TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR)

Offset

For n = 0 to 31:

Register Offset

TCDn_ATTR 26h + (n × 1000h)

Function
This register contains size and option modulo addressing information for source and destination addresses.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SMOD SSIZE DMOD DSIZE 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-11

SMOD

Source Address Modulo

This field defines a specific address range, which is the value after the SADDR + SOFF calculation is 
performed on the original register value. Setting this field makes it easy to implement a circular data queue.

For data queues requiring power-of-2-sized bytes, the queue must start at a 0-modulo-size address and 
the SMOD field must be set to the appropriate value for the queue, freezing the required number of upper 
address bits.

The value programmed into this field specifies the number of lower address bits that are allowed to change. 
For a circular queue application, you typically set TCDn_SOFF[SOFF] to the transfer size to implement 
post-increment addressing, with the SMOD function constraining the addresses to a 0-modulo-size range.

0_0000b - Source address modulo feature disabled

0_0001b - Source address modulo feature enabled for any non-zero value [1-31]

10-8

SSIZE

Source Data Transfer Size

000b - 8-bit

001b - 16-bit

010b - 32-bit

011b - 64-bit

100b - 16-byte

101b - 32-byte

110b - 64-byte

Table continues on the next page...
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Table continued from the previous page...

Field Function

111b - Reserved

7-3

DMOD

Destination Address Modulo

See the SMOD definition.

2-0

DSIZE

Destination Data Transfer Size

See the SSIZE definition.

41.6.4.11 TCD Transfer Size Without Minor Loop Offsets (TCD0_NBYTES_MLOFFNO - 
TCD31_NBYTES_MLOFFNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_NBYTES_MLOFF
NO

28h + (n × 1000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offsets are address offset values added to the final source address (TCDn_SADDR), or destination 
address (TCDn_DADDR), upon minor loop completion. Minor loop completion is when the channel has finished the 
service request and has transferred NBYTES. When minor loop offsets are enabled, the minor loop offset value 
(TCDn_NBYTES_MLOFFYES[MLOFF]) is added to the final source address (TCDn_SADDR), to the final destination address 
(TCDn_DADDR), or to both, prior to the addresses being written back to the TCD. If the major loop is complete, the minor loop 
offset is ignored and the major loop address offsets (TCDn_SLAST_SDA and TCDn_DLAST_SGA) are used to compute the next 
TCDn_SADDR and TCDn_DADDR values.

When minor loop mapping is enabled (SMLOE or DMLOE is 1), TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is 
redefined. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is used to specify multiple fields:

• A source enable bit (SMLOE) to specify the minor loop offset must be applied to the source address (TCDn_SADDR) upon 
minor loop completion

• A destination enable bit (DMLOE) to specify the minor loop offset must be applied to the destination address (TCDn_DADDR) 
upon minor loop completion

• The sign extended minor loop offset value (MLOFF)

The same offset value (MLOFF) is used for both source and destination minor loop offsets. When either minor loop offset is 
enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor loop offsets are disabled (SMLOE 
cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFYES), defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is defined as follows:

• If SMLOE = 0 and DMLOE = 0, then see the TCDn_NBYTES_MLOFFNO register description.
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• If either SMLOE or DMLOE is 1, then see the TCDn_NBYTES_MLOFFYES register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

NBYTES 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NBYTES 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-0

NBYTES

Number of Bytes To Transfer Per Service Request

Number of bytes to be transferred for each service request of the channel.

When a channel activates, the module loads the appropriate TCD contents into the eDMA engine and 
performs the appropriate reads and writes until the byte transfer count has been reached. This process is 
normally an indivisible operation and cannot be halted. It can, however, be stalled by using the bandwidth 
control field, or via preemption.

After the byte count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major loop iteration count (CITER) is decremented by one and written back to the TCD memory. If 
the major iteration count is complete, additional processing is performed.

41.6.4.12 TCD Transfer Size with Minor Loop Offsets (TCD0_NBYTES_MLOFFYES - 
TCD31_NBYTES_MLOFFYES)

Offset

For n = 0 to 31:
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Register Offset

TCDn_NBYTES_MLOFF
YES

28h + (n × 1000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offset is an address offset value added to the final source address (TCDn_SADDR) or destination address 
(TCDn_DADDR) upon minor loop completion. Minor loop completion occurs when the channel has finished the service request 
and has transferred NBYTES. Minor loop offsets are enabled by setting either the source enable bit (SMLOE) or the destination 
enable bit (DMLOE).

The source enable bit (SMLOE) specifies the minor loop offset value (MLOFF) that is to be applied to the source address 
(TCDn_SADDR) upon minor loop completion. The destination enable bit (DMLOE) specifies the minor loop offset (MLOFF) that 
is to be applied to the destination address (TCDn_DADDR) upon minor loop completion.

If the major loop is complete, the minor loop offsets are ignored and the major loop address offsets (TCDn_SLAST_SDA and 
TCDn_DLAST_SGA) are used to compute the next TCDn_SADDR and TCDn_DADDR values.

When you enable the minor loop offset overlay (either SMLOE or DMLOE is 1), eDMA redefines TCDn_NBYTES_MLOFFNO/
TCDn_NBYTES_MLOFFYES. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES specifies the sign-
extended minor loop offset value (MLOFF). The same offset value (MLOFF) applies to both source and destination minor 
loop offsets. When the minor loop offset is enabled, you must align it to the transfer size of the source or destination it is associated 
with. When either minor loop offset is enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor 
loop offsets are disabled (SMLOE cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFNO) defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFYES is defined as follows:

• If either minor loop offset is enabled (SMLOE or DMLOE = 1), then see the TCDn_NBYTES_MLOFFYES register description.

• If SMLOE and DMLOE are both 0, then see the TCDn_NBYTES_MLOFFNO register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

MLOFF 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MLOFF NBYTES 

W

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-10

MLOFF

Minor Loop Offset

If SMLOE or DMLOE is 1, this field represents a sign-extended offset applied to the source or destination 
address to form the next-state value after the minor loop completes.

9-0

NBYTES

Number of Bytes To Transfer Per Service Request

The number of bytes to be transferred in each service request of the channel.

As a channel activates, the module loads the appropriate TCD contents into the eDMA engine and performs 
the appropriate reads and writes until the minor byte transfer count has been reached. This is an indivisible 
operation and cannot be halted. It can, however, be stalled by using the bandwidth control field, or 
via preemption.

After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major iteration count is decremented and restored to the TCD memory. If the major iteration count 
is complete, additional processing is performed.

41.6.4.13 TCD Last Source Address Adjustment / Store DADDR Address (TCD0_SLAST_SDA - 
TCD31_SLAST_SDA)

Offset

For n = 0 to 31:

Register Offset

TCDn_SLAST_SDA 2Ch + (n × 1000h)

Function
This register contains the value added to the source address when the major loop is complete. When the store destination 
address option is enabled, this field provides a pointer to memory for storing the final destination address.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SLAST_SDA

Last Source Address Adjustment / Store DADDR Address

Source last address adjustment or the system memory address for destination address (DADDR) storage.

If (TCDn_CSR[ESDA] = 0), then:

• Adjustment value is added to the source address at the completion of the major iteration count. 
This value can be used to restore the source address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final source address adjustment.

Otherwise:

• This address points to the 32-bit-aligned memory location where the destination address (DADDR) 
is to be stored in system memory. By saving the final destination address in system memory via 
the ESDA feature, you are able to compute the size of a variable destination data buffer by simply 
subtracting the beginning DADDR from the final, saved DADDR. This feature is used together with 
the scatter/gather operation to prevent the loss of the final DADDR, which is overwritten during the 
scatter/gather operation.

The "Store Destination Address" (SDA) value must be a 32-bit-aligned location because the eDMA 
forces the lower two address bits of the SLAST_SDA field to zero when ESDA is enabled. The module 
performs this write operation when the major loop is done; that is, when the major iteration count 
(CITER) decrements to zero.

41.6.4.14 TCD Destination Address (TCD0_DADDR - TCD31_DADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_DADDR 30h + (n × 1000h)

Function
This register contains the address for the write transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DADDR

Destination Address

Memory address pointing to the destination data.

41.6.4.15 TCD Signed Destination Address Offset (TCD0_DOFF - TCD31_DOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_DOFF 34h + (n × 1000h)

Function
This register contains the sign-extended value added to Destination Address register after each write transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

DOFF

Destination Address Signed Offset

Sign-extended offset that is applied to the current destination address to form the next-state value as 
each destination write is completed.
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41.6.4.16 TCD Current Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_CITER_ELINKNO - 
TCD31_CITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKNO 36h + (n × 1000h)

Function

If TCDn_CITER[ELINK] is 0, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK CITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. The link target channel initiates a channel service request via an internal mechanism 
that sets the TCDn_CSR[START] bit of the specified channel to 1.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.4.17 TCD Current Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_CITER_ELINKYES - 
TCD31_CITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKYE
S

36h + (n × 1000h)

Function

If TCDn_CITER[ELINK] is 1, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH CITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. When enabled, an internal mechanism sets the TCDn_CSR[START] field of the 
specified channel (LINKCH) upon minor loop completion.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Minor Loop Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted the eDMA 
engine initiates a channel service request to the channel defined by this field by writing that channel’s 
TCDn_CSR[START] field to 1.

8-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to the TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.4.18 TCD Last Destination Address Adjustment / Scatter Gather Address (TCD0_DLAST_SGA - 
TCD31_DLAST_SGA)

Offset

For n = 0 to 31:

Register Offset

TCDn_DLAST_SGA 38h + (n × 1000h)

Function
This register contains the value added to the destination address when the major loop is complete. When the Scatter/Gather 
option is enabled, this field provides a pointer to memory for fetching a transfer control descriptor to reprogram the channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DLAST_SGA

Last Destination Address Adjustment / Scatter Gather Address

Adjustment of the last destination address or the memory address for the next transfer control descriptor to 
be loaded into this channel (scatter/gather).

If (TCDn_CSR[ESG] = 0) then:

• Adjustment value is added to the destination address at the completion of the major iteration count. 
This value can apply to restore the destination address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final destination address adjustment.

Otherwise:

• This address points to the beginning of a 0-modulo 32-byte region containing the next transfer 
control descriptor to be loaded into this channel. This channel reload is performed as the major 
iteration count completes. The scatter/gather address must be 0-modulo 32-byte, or else a 
configuration error is reported.

41.6.4.19 TCD Control and Status (TCD0_CSR - TCD31_CSR)

Offset

For n = 0 to 31:

Register Offset

TCDn_CSR 3Ch + (n × 1000h)

Function
This register is used to enable optional features.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BWC MAJORLINKCH ESDA EEOP 

MAJO
REL...

ESG DREQ 
INTHA

LF 
INTMA
JOR 

STAR
T W 0

Reset u u u u u u u u u u u u u u u 0

Fields

Field Function

15-14

BWC

Bandwidth Control

Throttles the amount of bus bandwidth consumed by the eDMA. Generally, as the eDMA processes the 
minor loop, it continuously generates read/write sequences until the minor count is exhausted. This field 
forces eDMA to stall after the completion of each read/write access, to control the bus request bandwidth 
seen by the system bus interconnect.

 
If the source and destination sizes are equal, this field is ignored between the first and 
second transfers and after the last write of each minor loop. This behavior is a side effect of 
reducing start-up latency.

  NOTE  

00b - No eDMA engine stalls

01b - Enable eDMA master high-priority elevation (HPE) mode. No eDMA engine stalls.

10b - eDMA engine stalls for 4 cycles after each R/W

11b - eDMA engine stalls for 8 cycles after each R/W

13

—

Reserved

12-8

MAJORLINKCH

Major Loop Link Channel Number

If (MAJORELINK = 0) then:

• No channel-to-channel linking, or chaining, is performed after the major loop counter is exhausted.

Otherwise:

• After the major loop counter is exhausted, the eDMA engine initiates a channel service request at 
the channel defined by this field by setting that channel’s TCDn_CSR[START] field to 1.

7

ESDA

Enable Store Destination Address

As the channel completes the major loop by either the current iteration counter (CITER) decrementing to 0, 
or by receiving an enabled end-of-packet signal, this field enables writing the destination address (DADDR) 
to the address stored in the SLAST_SDA field. The value written to system memory is the last DADDR value 
prior to the DLAST_SGA offset being applied, or overwritten by an enabled scatter/gather operation. When 
the ESDA bit is 1, SLAST_SDA contains the write pointer instead of the final source address offset. Because 
this is a pointer and not a final offset, a last source address offset of zero is applied to SADDR instead of 
the SLAST_SGA value.

0b - Ability to store destination address to system memory disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Ability to store destination address to system memory enabled

6

EEOP

Enable End-Of-Packet Processing

When enabled by the EEOP field, an end-of-packet hardware input signal directs eDMA to discontinue 
executing the active channel, and to treat the shutdown as the major-loop-completed event. If the EEOP 
field is 1, the end-of-packet signal from supported peripherals is accepted. If the EEOP field is 0, the 
end-of-packet input is ignored. With an end-of-packet retirement, the current TCD destination address (or 
ESDA-saved destination address), minus the software-saved initial address (DADDR), reflects the total 
amount of data transferred.

0b - End-of-packet operation disabled

1b - End-of-packet hardware input signal enabled

5

MAJORELINK

Enable Link When Major Loop Complete

As the channel completes the major loop, this flag enables linking to another channel defined by 
MAJORLINKCH. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel.

 
To support the dynamic linking coherency model, this field is forced to 0 if written when 
TCDn_CSR[DONE] is 1.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

4

ESG

Enable Scatter/Gather Processing

As the channel completes the major loop, this flag enables scatter/gather processing in the current channel. 
If enabled, the eDMA engine uses TCDn_DLAST_SGA as a memory pointer to a 0-modulo 32-bit address 
containing a 32-byte data structure, which is loaded as the transfer control descriptor into local memory.

 
To support the dynamic scatter/gather coherency model, this field is forced to 0 if written 
when TCDn_CSR[DONE] is 1.

  NOTE  

0b - Current channel’s TCD is normal format

1b - Current channel’s TCD specifies scatter/gather format.

3

DREQ

Disable Request

If this flag is 1, the eDMA hardware automatically clears the corresponding ERQ bit when the current 
major iteration count reaches 0.

0b - No operation. Channel’s ERQ field not affected

1b - Clear the ERQ field to 0 upon major loop completion, thus disabling hardware service 
requests. Channel’s ERQ field cleared to 0 when major loop complete

2 Enable Interrupt If Major Counter Half-complete

Table continues on the next page...
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Table continued from the previous page...

Field Function

INTHALF If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count reaches the halfway point. Specifically, the comparison 
performed by the eDMA engine is (CITER = (BITER/2)). This halfway point interrupt request is provided to 
support double-buffered, also known as ping-pong, schemes, or other types of data movement where the 
processor needs an early indication of the transfer’s progress.

 
If BITER = 1, do not use INTHALF; use INTMAJOR instead.

  NOTE  

0b - Halfway point interrupt disabled

1b - Halfway point interrupt enabled

1

INTMAJOR

Enable Interrupt If Major count complete

If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count (CITER) reaches 0.

0b - End-of-major loop interrupt disabled

1b - End-of-major loop interrupt enabled

0

START

Channel Start

If this flag is 1, the channel is requesting service. The eDMA hardware automatically clears this flag to 0 
after the channel begins execution.

0b - Channel not explicitly started

1b - Channel explicitly started via a software-initiated service request

41.6.4.20 TCD Beginning Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_BITER_ELINKNO - 
TCD31_BITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKNO 3Eh + (n × 1000h)

Function
If the TCDn_BITER[ELINK] field is 0, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK BITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enables Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking is disabled, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.6.4.21 TCD Beginning Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_BITER_ELINKYES - 
TCD31_BITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKYE
S

3Eh + (n × 1000h)

Function
If the TCDn_BITER[ELINK] field is set, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH BITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking disables, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA 
engine initiates a channel service request at the channel defined by this field by setting that channel’s 
TCDn_CSR[START] field.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

8-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.6.5 DMA TCD register descriptions

41.6.5.1 TCD memory map

eDMA1_TCD base address: 2902_0000h
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Offset Register Width

(In bits)

Access Reset value

0h - 
1F_0000h

Channel Control and Status (CH0_CSR - CH31_CSR) 32 RW 0000_0000h

4h - 
1F_0004h

Channel Error Status (CH0_ES - CH31_ES) 32 RW 0000_0000h

8h - 
1F_0008h

Channel Interrupt Status (CH0_INT - CH31_INT) 32 RW 0000_0000h

Ch - 
1F_000Ch

Channel System Bus (CH0_SBR - CH31_SBR) 32 RW 0000_0022h

10h - 
1F_0010h

Channel Priority (CH0_PRI - CH31_PRI) 32 RW 0000_0000h

14h - 
1F_0014h

Channel Multiplexor Configuration (CH0_MUX - CH31_MUX) 32 RW 0000_0000h

20h - 
1F_0020h

TCD Source Address (TCD0_SADDR - TCD31_SADDR) 32 RW See section

24h - 
1F_0024h

TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF) 16 RW See section

26h - 
1F_0026h

TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR) 16 RW See section

28h - 
1F_0028h

TCD Transfer Size Without Minor Loop Offsets 
(TCD0_NBYTES_MLOFFNO - TCD31_NBYTES_MLOFFNO)

32 RW See section

28h - 
1F_0028h

TCD Transfer Size with Minor Loop Offsets 
(TCD0_NBYTES_MLOFFYES - TCD31_NBYTES_MLOFFYES)

32 RW See section

2Ch - 
1F_002Ch

TCD Last Source Address Adjustment / Store DADDR Address 
(TCD0_SLAST_SDA - TCD31_SLAST_SDA)

32 RW See section

30h - 
1F_0030h

TCD Destination Address (TCD0_DADDR - TCD31_DADDR) 32 RW See section

34h - 
1F_0034h

TCD Signed Destination Address Offset (TCD0_DOFF - 
TCD31_DOFF)

16 RW See section

36h - 
1F_0036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_CITER_ELINKNO - TCD31_CITER_ELINKNO)

16 RW See section

36h - 
1F_0036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_CITER_ELINKYES - TCD31_CITER_ELINKYES)

16 RW See section

38h - 
1F_0038h

TCD Last Destination Address Adjustment / Scatter Gather Address 
(TCD0_DLAST_SGA - TCD31_DLAST_SGA)

32 RW See section

3Ch - 
1F_003Ch

TCD Control and Status (TCD0_CSR - TCD31_CSR) 16 RW See section

3Eh - 
1F_003Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_BITER_ELINKNO - TCD31_BITER_ELINKNO)

16 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

3Eh - 
1F_003Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_BITER_ELINKYES - TCD31_BITER_ELINKYES)

16 RW See section

41.6.5.2 Channel Control and Status (CH0_CSR - CH31_CSR)

Offset

For n = 0 to 31:

Register Offset

CHn_CSR 0h + (n × 1_0000h)

Function

This register contains several fields related to hardware and interrupt requests, configuration, and status for the given channel.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
DONE 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EBW EEI EARQ ERQ 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

Channel Active

The ACTIVE field indicates the channel was selected by arbitration and is executing the prescribed 
transfers. The eDMA sets it to 1 when channel service begins, and clears it to 0 as the minor loop 
completes or when any error condition is detected. Except for dynamic scatter/gather or dynamic 
channel linking, you must not modify the transfer control descriptor when a channel is active.

30

DONE

Channel Done

Table continues on the next page...

NXP Semiconductors
Enhanced Direct Memory Access (eDMA)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2503 / 5781



Table continued from the previous page...

Field Function

The DONE field indicates the eDMA has completed the major loop. The eDMA engine sets this field as 
the CITER count reaches zero. If enabled, the eDMA generates an interrupt request corresponding to this 
completed channel. The software clears it, or the hardware clears it when the channel is activated.

 
This field must be cleared to 0 before writing the MAJORELINK or ESG fields.

  NOTE  

29-4

—

Reserved

3

EBW

Enable Buffered Writes

When buffered writes are enabled, all writes except for the last write sequence of the minor loop are 
signaled by the eDMA as bufferable.

0b - Buffered writes on system bus disabled. Buffered writes on system bus disabled

1b - Buffered writes on system bus enabled. Bufferable write signal asserted on all system bus 
writes except during last write sequence

2

EEI

Enable Error Interrupt

The EEI field enables the error interrupt signal for the channel. The DMA error indicator and the error 
interrupt enable flag must be asserted before an error interrupt request for a given channel is asserted to 
the interrupt controller.

0b - Error signal for corresponding channel does not generate error interrupt

1b - Assertion of error signal for corresponding channel generates error interrupt request

1

EARQ

Enable Asynchronous DMA Request

The enable asynchronous DMA request field (EARQ) does not affect DMA operations. When set to 1, 
this field allows the hardware service request enable field (ERQ) to propagate out of the DMA to the 
power controller. When cleared to 0, this field masks the hardware service request enable field to the 
power controller.

0b - Disable asynchronous DMA request for the channel

1b - Enable asynchronous DMA request for the channel

0

ERQ

Enable DMA Request

Disable a channel's hardware service request at the source before clearing the channel's ERQ field. 
The DMA hardware request input signal and the enable request field (ERQ) must be asserted before a 
channel's hardware service request is accepted. The state of the eDMA enable request field does not 
affect a channel service request made explicitly through software or channel linking. The state of the 
ERQ field does not affect the channel's START field.

0b - DMA hardware request signal for corresponding channel disabled

1b - DMA hardware request signal for corresponding channel enabled
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41.6.5.3 Channel Error Status (CH0_ES - CH31_ES)

Offset

For n = 0 to 31:

Register Offset

CHn_ES 4h + (n × 1_0000h)

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

The ERR field signals the presence of an error for the channel. The eDMA engine signals the occurrence of an error condition by 
setting the appropriate field in this register. The outputs of this register are enabled by the contents of the CHn_CSR[EEI] field, 
then logically summed across all channels to form an error interrupt request, which may be routed to the interrupt controller. In 
addition, this enabled error status is logically OR'd onto the channel done interrupt, CHn_INT[INT], thus forming a done or error 
interrupt on a per channel basis. 

During the execution of the interrupt service routine associated with any DMA errors, it is software's responsibility to clear the 
appropriate bit, negating the error-interrupt request. The normal DMA channel completion indicators (setting the transfer control 
descriptor DONE flag and the possible assertion of an interrupt request) are not affected when eDMA detects an error. The 
contents of this ERR register field can also be polled because a non-zero value indicates the presence of a channel error, 
regardless of the state of the EEI mask.

The state of any given channel's error indicators is affected by writes to this register. Writing a 1 to the ERR field clears the 
channel's error status, and writing a 0 has no effect.

An unspecified error, where only the ERR field is set to 1, indicates that either a transfer was cancelled with an error. The 
Management Page Error Status register has full view of the error condition.

See Fault reporting and handling for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERR Reserved 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved SAE SOE DAE DOE NCE SGE SBE DBE 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

ERR

Error In Channel

0b - An error in this channel has not occurred

1b - An error in this channel has occurred

30-8

—

Reserved

7

SAE

Source Address Error

TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6

SOE

Source Offset Error

TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

4

DOE

Destination Offset Error

TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - Last recorded error was a configuration error detected in the TCDn_NBYTES or 
TCDn_CITER fields

2

SGE

Scatter/Gather Configuration Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG]is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was bus error on source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was bus error on destination write

41.6.5.4 Channel Interrupt Status (CH0_INT - CH31_INT)

Offset

For n = 0 to 31:

Register Offset

CHn_INT 8h + (n × 1_0000h)

Function

The INT field signals the presence of an interrupt request for the channel. Depending on the appropriate bit setting in the transfer 
control descriptors, the eDMA engine generates an interrupt on data transfer completion or an error condition.

The outputs of this register are directly routed to the interrupt controller. During the interrupt service routine associated with any 
given channel, it is the software's responsibility to clear the appropriate bit, negating the interrupt request. On writes to INT, a 1 
clears the channel's interrupt request. A zero has no effect on the channel's current interrupt status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 INT 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

INT

Interrupt Request

0b - Interrupt request for corresponding channel cleared

1b - Interrupt request for corresponding channel active

41.6.5.5 Channel System Bus (CH0_SBR - CH31_SBR)

Offset

For n = 0 to 31:

Register Offset

CHn_SBR Ch + (n × 1_0000h)

Function

The Channel System Bus register places identification and attribute information on the system bus interface for the eDMA.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
ATTR EMI 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAL SEC 

0 MID 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Fields

Field Function

31-21

—

Reserved

20-17

ATTR

Attribute Output

DMA's system bus attribute output value.

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

EMI

Enable Master ID Replication

The eDMA master ID replication field allows the eDMA to use the same protection level and system 
bus ID of the master programming the eDMA's TCD. When enabled, the eDMA uses the master ID and 
protection level stored in the CHn_SBR registers, instead of the eDMA's default values. When a master 
(for example a core) programs a TCD, its master ID is captured when the TCDn_CSR control attributes are 
written. A scatter/gather operation does not affect the CHn_SBR registers. You can write the EMI only if 
MP_CSR[GMRC] = 1, which means Global Master ID Replication Control is enabled; otherwise, the EMI is 
forced to zero.

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication is disabled

1b - Master ID replication is enabled

15

PAL

Privileged Access Level

This field controls DMA's protection level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - User protection level for DMA transfers

1b - Privileged protection level for DMA transfers

14

SEC

Security Level

DMA's security level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - Nonsecure protection level for DMA transfers

1b - Secure protection level for DMA transfers

13-6

—

Reserved

5-0

MID

Master ID

This field controls the DMA's master ID on the system bus when the channel is active.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
The ID captured in this register reflects the master ID of the core or other master writing the 
channel's security attributes, TCDn_SBR[SEC]. 

  NOTE  

41.6.5.6 Channel Priority (CH0_PRI - CH31_PRI)

Offset

For n = 0 to 31:

Register Offset

CHn_PRI 10h + (n × 1_0000h)

Function

The contents of these registers define unique priorities associated with each channel within the same channel group. Channel 
grouping is programmed via Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

The channel priorities within a group are evaluated by numeric value; for example, 0 is the lowest priority, 1 is the next higher 
priority, then 2, 3, and so on. Software must program the channel priorities with unique values; otherwise, channel numbers with 
the same, non-zero value, will be selected based on channel number with the higher channel number having higher priority.

If more than one channel in a group has an arbitration priority level value of zero, then the arbitration mode field MP_CSR[ERCA] 
is used to determine the arbitration scheme for all channels with APL=0 within a group.

When you enable round-robin channel arbitration (MP_CSR[ERCA] = 1), all channels with APL=0 within a group will use a 
round-robin arbitration scheme, which rotates among these channels requesting service without regard to priority. Round-robin 
provides a fairness mechanism within an arbitration group.

When you enable fixed-priority channel arbitration (MP_CSR[ERCA] = 0), eDMA selects channels with APL=0 based on channel 
number, with the higher channel number having higher priority.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ECP DPA 

Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
APL 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

ECP

Enable Channel Preemption

0b - Channel cannot be suspended by a higher-priority channel's service request

1b - Channel can be temporarily suspended by a higher-priority channel's service request

30

DPA

Disable Preempt Ability

0b - Channel can suspend a lower-priority channel

1b - Channel cannot suspend any other channel, regardless of channel priority

29-3

—

Reserved

2-0

APL

Arbitration Priority Level

Channel priority level for arbitration within the assigned arbitration group.

41.6.5.7 Channel Multiplexor Configuration (CH0_MUX - CH31_MUX)

Offset

For n = 0 to 31:

Register Offset

CHn_MUX 14h + (n × 1_0000h)

Function

Each of the DMA channels can be independently associated with various peripherals in the system. The Channel Multiplexor 
Configuration register selects the peripheral assigned to each channel. Service requests from the peripheral should be disabled 
when configuring a channel to a peripheral source.

Each channel must have a unique value when selecting a peripheral slot in the channel mux configuration. The only value that 
may overlap is source 0. If there is an attempt to write a mux configuration value that is already consumed by any channel, a mux 
configuration of 0 (SRC = 0) will be written.

All channels will default to source 0. When a particular peripheral is needed, the channel’s mux configuration is set to that source 
number. When the peripheral is no longer needed, the mux configuration for that channel should be written to 0, thus releasing 
the resource.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
SRC 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

SRC

Service Request Source

Hardware service request source for the channel.

 
With the exception of 0, attempts to write a value already in use will be forced to 0.

  NOTE  

41.6.5.8 TCD Source Address (TCD0_SADDR - TCD31_SADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_SADDR 20h + (n × 1_0000h)

Function
This register contains the address for the read transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SADDR

Source Address

Memory address pointing to the source data.

41.6.5.9 TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_SOFF 24h + (n × 1_0000h)

Function
This register contains the sign-extended value added to Source Address register after each read transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

SOFF

Source Address Signed Offset

Sign-extended offset applied to the current source address to form the next-state value as each source 
read is completed.
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41.6.5.10 TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR)

Offset

For n = 0 to 31:

Register Offset

TCDn_ATTR 26h + (n × 1_0000h)

Function
This register contains size and option modulo addressing information for source and destination addresses.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SMOD SSIZE DMOD DSIZE 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-11

SMOD

Source Address Modulo

This field defines a specific address range, which is the value after the SADDR + SOFF calculation is 
performed on the original register value. Setting this field makes it easy to implement a circular data queue.

For data queues requiring power-of-2-sized bytes, the queue must start at a 0-modulo-size address and 
the SMOD field must be set to the appropriate value for the queue, freezing the required number of upper 
address bits.

The value programmed into this field specifies the number of lower address bits that are allowed to change. 
For a circular queue application, you typically set TCDn_SOFF[SOFF] to the transfer size to implement 
post-increment addressing, with the SMOD function constraining the addresses to a 0-modulo-size range.

0_0000b - Source address modulo feature disabled

0_0001b - Source address modulo feature enabled for any non-zero value [1-31]

10-8

SSIZE

Source Data Transfer Size

000b - 8-bit

001b - 16-bit

010b - 32-bit

011b - 64-bit

100b - 16-byte

101b - 32-byte

110b - 64-byte

Table continues on the next page...
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Table continued from the previous page...

Field Function

111b - Reserved

7-3

DMOD

Destination Address Modulo

See the SMOD definition.

2-0

DSIZE

Destination Data Transfer Size

See the SSIZE definition.

41.6.5.11 TCD Transfer Size Without Minor Loop Offsets (TCD0_NBYTES_MLOFFNO - 
TCD31_NBYTES_MLOFFNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_NBYTES_MLOFF
NO

28h + (n × 1_0000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offsets are address offset values added to the final source address (TCDn_SADDR), or destination 
address (TCDn_DADDR), upon minor loop completion. Minor loop completion is when the channel has finished the 
service request and has transferred NBYTES. When minor loop offsets are enabled, the minor loop offset value 
(TCDn_NBYTES_MLOFFYES[MLOFF]) is added to the final source address (TCDn_SADDR), to the final destination address 
(TCDn_DADDR), or to both, prior to the addresses being written back to the TCD. If the major loop is complete, the minor loop 
offset is ignored and the major loop address offsets (TCDn_SLAST_SDA and TCDn_DLAST_SGA) are used to compute the next 
TCDn_SADDR and TCDn_DADDR values.

When minor loop mapping is enabled (SMLOE or DMLOE is 1), TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is 
redefined. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is used to specify multiple fields:

• A source enable bit (SMLOE) to specify the minor loop offset must be applied to the source address (TCDn_SADDR) upon 
minor loop completion

• A destination enable bit (DMLOE) to specify the minor loop offset must be applied to the destination address (TCDn_DADDR) 
upon minor loop completion

• The sign extended minor loop offset value (MLOFF)

The same offset value (MLOFF) is used for both source and destination minor loop offsets. When either minor loop offset is 
enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor loop offsets are disabled (SMLOE 
cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFYES), defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is defined as follows:

• If SMLOE = 0 and DMLOE = 0, then see the TCDn_NBYTES_MLOFFNO register description.
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• If either SMLOE or DMLOE is 1, then see the TCDn_NBYTES_MLOFFYES register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

NBYTES 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NBYTES 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-0

NBYTES

Number of Bytes To Transfer Per Service Request

Number of bytes to be transferred for each service request of the channel.

When a channel activates, the module loads the appropriate TCD contents into the eDMA engine and 
performs the appropriate reads and writes until the byte transfer count has been reached. This process is 
normally an indivisible operation and cannot be halted. It can, however, be stalled by using the bandwidth 
control field, or via preemption.

After the byte count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major loop iteration count (CITER) is decremented by one and written back to the TCD memory. If 
the major iteration count is complete, additional processing is performed.

41.6.5.12 TCD Transfer Size with Minor Loop Offsets (TCD0_NBYTES_MLOFFYES - 
TCD31_NBYTES_MLOFFYES)

Offset

For n = 0 to 31:
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Register Offset

TCDn_NBYTES_MLOFF
YES

28h + (n × 1_0000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offset is an address offset value added to the final source address (TCDn_SADDR) or destination address 
(TCDn_DADDR) upon minor loop completion. Minor loop completion occurs when the channel has finished the service request 
and has transferred NBYTES. Minor loop offsets are enabled by setting either the source enable bit (SMLOE) or the destination 
enable bit (DMLOE).

The source enable bit (SMLOE) specifies the minor loop offset value (MLOFF) that is to be applied to the source address 
(TCDn_SADDR) upon minor loop completion. The destination enable bit (DMLOE) specifies the minor loop offset (MLOFF) that 
is to be applied to the destination address (TCDn_DADDR) upon minor loop completion.

If the major loop is complete, the minor loop offsets are ignored and the major loop address offsets (TCDn_SLAST_SDA and 
TCDn_DLAST_SGA) are used to compute the next TCDn_SADDR and TCDn_DADDR values.

When you enable the minor loop offset overlay (either SMLOE or DMLOE is 1), eDMA redefines TCDn_NBYTES_MLOFFNO/
TCDn_NBYTES_MLOFFYES. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES specifies the sign-
extended minor loop offset value (MLOFF). The same offset value (MLOFF) applies to both source and destination minor 
loop offsets. When the minor loop offset is enabled, you must align it to the transfer size of the source or destination it is associated 
with. When either minor loop offset is enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor 
loop offsets are disabled (SMLOE cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFNO) defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFYES is defined as follows:

• If either minor loop offset is enabled (SMLOE or DMLOE = 1), then see the TCDn_NBYTES_MLOFFYES register description.

• If SMLOE and DMLOE are both 0, then see the TCDn_NBYTES_MLOFFNO register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

MLOFF 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MLOFF NBYTES 

W

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-10

MLOFF

Minor Loop Offset

If SMLOE or DMLOE is 1, this field represents a sign-extended offset applied to the source or destination 
address to form the next-state value after the minor loop completes.

9-0

NBYTES

Number of Bytes To Transfer Per Service Request

The number of bytes to be transferred in each service request of the channel.

As a channel activates, the module loads the appropriate TCD contents into the eDMA engine and performs 
the appropriate reads and writes until the minor byte transfer count has been reached. This is an indivisible 
operation and cannot be halted. It can, however, be stalled by using the bandwidth control field, or 
via preemption.

After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major iteration count is decremented and restored to the TCD memory. If the major iteration count 
is complete, additional processing is performed.

41.6.5.13 TCD Last Source Address Adjustment / Store DADDR Address (TCD0_SLAST_SDA - 
TCD31_SLAST_SDA)

Offset

For n = 0 to 31:

Register Offset

TCDn_SLAST_SDA 2Ch + (n × 1_0000h)

Function
This register contains the value added to the source address when the major loop is complete. When the store destination 
address option is enabled, this field provides a pointer to memory for storing the final destination address.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SLAST_SDA

Last Source Address Adjustment / Store DADDR Address

Source last address adjustment or the system memory address for destination address (DADDR) storage.

If (TCDn_CSR[ESDA] = 0), then:

• Adjustment value is added to the source address at the completion of the major iteration count. 
This value can be used to restore the source address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final source address adjustment.

Otherwise:

• This address points to the 32-bit-aligned memory location where the destination address (DADDR) 
is to be stored in system memory. By saving the final destination address in system memory via 
the ESDA feature, you are able to compute the size of a variable destination data buffer by simply 
subtracting the beginning DADDR from the final, saved DADDR. This feature is used together with 
the scatter/gather operation to prevent the loss of the final DADDR, which is overwritten during the 
scatter/gather operation.

The "Store Destination Address" (SDA) value must be a 32-bit-aligned location because the eDMA 
forces the lower two address bits of the SLAST_SDA field to zero when ESDA is enabled. The module 
performs this write operation when the major loop is done; that is, when the major iteration count 
(CITER) decrements to zero.

41.6.5.14 TCD Destination Address (TCD0_DADDR - TCD31_DADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_DADDR 30h + (n × 1_0000h)

Function
This register contains the address for the write transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DADDR

Destination Address

Memory address pointing to the destination data.

41.6.5.15 TCD Signed Destination Address Offset (TCD0_DOFF - TCD31_DOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_DOFF 34h + (n × 1_0000h)

Function
This register contains the sign-extended value added to Destination Address register after each write transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

DOFF

Destination Address Signed Offset

Sign-extended offset that is applied to the current destination address to form the next-state value as 
each destination write is completed.
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41.6.5.16 TCD Current Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_CITER_ELINKNO - 
TCD31_CITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKNO 36h + (n × 1_0000h)

Function

If TCDn_CITER[ELINK] is 0, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK CITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. The link target channel initiates a channel service request via an internal mechanism 
that sets the TCDn_CSR[START] bit of the specified channel to 1.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.5.17 TCD Current Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_CITER_ELINKYES - 
TCD31_CITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKYE
S

36h + (n × 1_0000h)

Function

If TCDn_CITER[ELINK] is 1, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH CITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. When enabled, an internal mechanism sets the TCDn_CSR[START] field of the 
specified channel (LINKCH) upon minor loop completion.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Minor Loop Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted the eDMA 
engine initiates a channel service request to the channel defined by this field by writing that channel’s 
TCDn_CSR[START] field to 1.

8-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to the TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.5.18 TCD Last Destination Address Adjustment / Scatter Gather Address (TCD0_DLAST_SGA - 
TCD31_DLAST_SGA)

Offset

For n = 0 to 31:

Register Offset

TCDn_DLAST_SGA 38h + (n × 1_0000h)

Function
This register contains the value added to the destination address when the major loop is complete. When the Scatter/Gather 
option is enabled, this field provides a pointer to memory for fetching a transfer control descriptor to reprogram the channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DLAST_SGA

Last Destination Address Adjustment / Scatter Gather Address

Adjustment of the last destination address or the memory address for the next transfer control descriptor to 
be loaded into this channel (scatter/gather).

If (TCDn_CSR[ESG] = 0) then:

• Adjustment value is added to the destination address at the completion of the major iteration count. 
This value can apply to restore the destination address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final destination address adjustment.

Otherwise:

• This address points to the beginning of a 0-modulo 32-byte region containing the next transfer 
control descriptor to be loaded into this channel. This channel reload is performed as the major 
iteration count completes. The scatter/gather address must be 0-modulo 32-byte, or else a 
configuration error is reported.

41.6.5.19 TCD Control and Status (TCD0_CSR - TCD31_CSR)

Offset

For n = 0 to 31:

Register Offset

TCDn_CSR 3Ch + (n × 1_0000h)

Function
This register is used to enable optional features.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BWC MAJORLINKCH ESDA EEOP 

MAJO
REL...

ESG DREQ 
INTHA

LF 
INTMA
JOR 

STAR
T W 0

Reset u u u u u u u u u u u u u u u 0

Fields

Field Function

15-14

BWC

Bandwidth Control

Throttles the amount of bus bandwidth consumed by the eDMA. Generally, as the eDMA processes the 
minor loop, it continuously generates read/write sequences until the minor count is exhausted. This field 
forces eDMA to stall after the completion of each read/write access, to control the bus request bandwidth 
seen by the system bus interconnect.

 
If the source and destination sizes are equal, this field is ignored between the first and 
second transfers and after the last write of each minor loop. This behavior is a side effect of 
reducing start-up latency.

  NOTE  

00b - No eDMA engine stalls

01b - Enable eDMA master high-priority elevation (HPE) mode. No eDMA engine stalls.

10b - eDMA engine stalls for 4 cycles after each R/W

11b - eDMA engine stalls for 8 cycles after each R/W

13

—

Reserved

12-8

MAJORLINKCH

Major Loop Link Channel Number

If (MAJORELINK = 0) then:

• No channel-to-channel linking, or chaining, is performed after the major loop counter is exhausted.

Otherwise:

• After the major loop counter is exhausted, the eDMA engine initiates a channel service request at 
the channel defined by this field by setting that channel’s TCDn_CSR[START] field to 1.

7

ESDA

Enable Store Destination Address

As the channel completes the major loop by either the current iteration counter (CITER) decrementing to 0, 
or by receiving an enabled end-of-packet signal, this field enables writing the destination address (DADDR) 
to the address stored in the SLAST_SDA field. The value written to system memory is the last DADDR value 
prior to the DLAST_SGA offset being applied, or overwritten by an enabled scatter/gather operation. When 
the ESDA bit is 1, SLAST_SDA contains the write pointer instead of the final source address offset. Because 
this is a pointer and not a final offset, a last source address offset of zero is applied to SADDR instead of 
the SLAST_SGA value.

0b - Ability to store destination address to system memory disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Ability to store destination address to system memory enabled

6

EEOP

Enable End-Of-Packet Processing

When enabled by the EEOP field, an end-of-packet hardware input signal directs eDMA to discontinue 
executing the active channel, and to treat the shutdown as the major-loop-completed event. If the EEOP 
field is 1, the end-of-packet signal from supported peripherals is accepted. If the EEOP field is 0, the 
end-of-packet input is ignored. With an end-of-packet retirement, the current TCD destination address (or 
ESDA-saved destination address), minus the software-saved initial address (DADDR), reflects the total 
amount of data transferred.

0b - End-of-packet operation disabled

1b - End-of-packet hardware input signal enabled

5

MAJORELINK

Enable Link When Major Loop Complete

As the channel completes the major loop, this flag enables linking to another channel defined by 
MAJORLINKCH. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel.

 
To support the dynamic linking coherency model, this field is forced to 0 if written when 
TCDn_CSR[DONE] is 1.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

4

ESG

Enable Scatter/Gather Processing

As the channel completes the major loop, this flag enables scatter/gather processing in the current channel. 
If enabled, the eDMA engine uses TCDn_DLAST_SGA as a memory pointer to a 0-modulo 32-bit address 
containing a 32-byte data structure, which is loaded as the transfer control descriptor into local memory.

 
To support the dynamic scatter/gather coherency model, this field is forced to 0 if written 
when TCDn_CSR[DONE] is 1.

  NOTE  

0b - Current channel’s TCD is normal format

1b - Current channel’s TCD specifies scatter/gather format.

3

DREQ

Disable Request

If this flag is 1, the eDMA hardware automatically clears the corresponding ERQ bit when the current 
major iteration count reaches 0.

0b - No operation. Channel’s ERQ field not affected

1b - Clear the ERQ field to 0 upon major loop completion, thus disabling hardware service 
requests. Channel’s ERQ field cleared to 0 when major loop complete

2 Enable Interrupt If Major Counter Half-complete

Table continues on the next page...
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Table continued from the previous page...

Field Function

INTHALF If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count reaches the halfway point. Specifically, the comparison 
performed by the eDMA engine is (CITER = (BITER/2)). This halfway point interrupt request is provided to 
support double-buffered, also known as ping-pong, schemes, or other types of data movement where the 
processor needs an early indication of the transfer’s progress.

 
If BITER = 1, do not use INTHALF; use INTMAJOR instead.

  NOTE  

0b - Halfway point interrupt disabled

1b - Halfway point interrupt enabled

1

INTMAJOR

Enable Interrupt If Major count complete

If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count (CITER) reaches 0.

0b - End-of-major loop interrupt disabled

1b - End-of-major loop interrupt enabled

0

START

Channel Start

If this flag is 1, the channel is requesting service. The eDMA hardware automatically clears this flag to 0 
after the channel begins execution.

0b - Channel not explicitly started

1b - Channel explicitly started via a software-initiated service request

41.6.5.20 TCD Beginning Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_BITER_ELINKNO - 
TCD31_BITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKNO 3Eh + (n × 1_0000h)

Function
If the TCDn_BITER[ELINK] field is 0, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK BITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enables Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking is disabled, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.6.5.21 TCD Beginning Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_BITER_ELINKYES - 
TCD31_BITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKYE
S

3Eh + (n × 1_0000h)

Function
If the TCDn_BITER[ELINK] field is set, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH BITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking disables, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA 
engine initiates a channel service request at the channel defined by this field by setting that channel’s 
TCDn_CSR[START] field.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

8-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.6.6 DMA TCD register descriptions

41.6.6.1 TCD memory map

eDMA2_TCD base address: 2D81_0000h
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Offset Register Width

(In bits)

Access Reset value

0h - 
1F_0000h

Channel Control and Status (CH0_CSR - CH31_CSR) 32 RW 0000_0000h

4h - 
1F_0004h

Channel Error Status (CH0_ES - CH31_ES) 32 RW 0000_0000h

8h - 
1F_0008h

Channel Interrupt Status (CH0_INT - CH31_INT) 32 RW 0000_0000h

Ch - 
1F_000Ch

Channel System Bus (CH0_SBR - CH31_SBR) 32 RW 0000_0032h

10h - 
1F_0010h

Channel Priority (CH0_PRI - CH31_PRI) 32 RW 0000_0000h

14h - 
1F_0014h

Channel Multiplexor Configuration (CH0_MUX - CH31_MUX) 32 RW 0000_0000h

20h - 
1F_0020h

TCD Source Address (TCD0_SADDR - TCD31_SADDR) 32 RW See section

24h - 
1F_0024h

TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF) 16 RW See section

26h - 
1F_0026h

TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR) 16 RW See section

28h - 
1F_0028h

TCD Transfer Size Without Minor Loop Offsets 
(TCD0_NBYTES_MLOFFNO - TCD31_NBYTES_MLOFFNO)

32 RW See section

28h - 
1F_0028h

TCD Transfer Size with Minor Loop Offsets 
(TCD0_NBYTES_MLOFFYES - TCD31_NBYTES_MLOFFYES)

32 RW See section

2Ch - 
1F_002Ch

TCD Last Source Address Adjustment / Store DADDR Address 
(TCD0_SLAST_SDA - TCD31_SLAST_SDA)

32 RW See section

30h - 
1F_0030h

TCD Destination Address (TCD0_DADDR - TCD31_DADDR) 32 RW See section

34h - 
1F_0034h

TCD Signed Destination Address Offset (TCD0_DOFF - 
TCD31_DOFF)

16 RW See section

36h - 
1F_0036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_CITER_ELINKNO - TCD31_CITER_ELINKNO)

16 RW See section

36h - 
1F_0036h

TCD Current Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_CITER_ELINKYES - TCD31_CITER_ELINKYES)

16 RW See section

38h - 
1F_0038h

TCD Last Destination Address Adjustment / Scatter Gather Address 
(TCD0_DLAST_SGA - TCD31_DLAST_SGA)

32 RW See section

3Ch - 
1F_003Ch

TCD Control and Status (TCD0_CSR - TCD31_CSR) 16 RW See section

3Eh - 
1F_003Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Disabled) (TCD0_BITER_ELINKNO - TCD31_BITER_ELINKNO)

16 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

3Eh - 
1F_003Eh

TCD Beginning Major Loop Count (Minor Loop Channel Linking 
Enabled) (TCD0_BITER_ELINKYES - TCD31_BITER_ELINKYES)

16 RW See section

41.6.6.2 Channel Control and Status (CH0_CSR - CH31_CSR)

Offset

For n = 0 to 31:

Register Offset

CHn_CSR 0h + (n × 1_0000h)

Function

This register contains several fields related to hardware and interrupt requests, configuration, and status for the given channel.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIV

E 
DONE 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
EBW EEI EARQ ERQ 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ACTIVE

Channel Active

The ACTIVE field indicates the channel was selected by arbitration and is executing the prescribed 
transfers. The eDMA sets it to 1 when channel service begins, and clears it to 0 as the minor loop 
completes or when any error condition is detected. Except for dynamic scatter/gather or dynamic 
channel linking, you must not modify the transfer control descriptor when a channel is active.

30

DONE

Channel Done

Table continues on the next page...
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Table continued from the previous page...

Field Function

The DONE field indicates the eDMA has completed the major loop. The eDMA engine sets this field as 
the CITER count reaches zero. If enabled, the eDMA generates an interrupt request corresponding to this 
completed channel. The software clears it, or the hardware clears it when the channel is activated.

 
This field must be cleared to 0 before writing the MAJORELINK or ESG fields.

  NOTE  

29-4

—

Reserved

3

EBW

Enable Buffered Writes

When buffered writes are enabled, all writes except for the last write sequence of the minor loop are 
signaled by the eDMA as bufferable.

0b - Buffered writes on system bus disabled. Buffered writes on system bus disabled

1b - Buffered writes on system bus enabled. Bufferable write signal asserted on all system bus 
writes except during last write sequence

2

EEI

Enable Error Interrupt

The EEI field enables the error interrupt signal for the channel. The DMA error indicator and the error 
interrupt enable flag must be asserted before an error interrupt request for a given channel is asserted to 
the interrupt controller.

0b - Error signal for corresponding channel does not generate error interrupt

1b - Assertion of error signal for corresponding channel generates error interrupt request

1

EARQ

Enable Asynchronous DMA Request

The enable asynchronous DMA request field (EARQ) does not affect DMA operations. When set to 1, 
this field allows the hardware service request enable field (ERQ) to propagate out of the DMA to the 
power controller. When cleared to 0, this field masks the hardware service request enable field to the 
power controller.

0b - Disable asynchronous DMA request for the channel

1b - Enable asynchronous DMA request for the channel

0

ERQ

Enable DMA Request

Disable a channel's hardware service request at the source before clearing the channel's ERQ field. 
The DMA hardware request input signal and the enable request field (ERQ) must be asserted before a 
channel's hardware service request is accepted. The state of the eDMA enable request field does not 
affect a channel service request made explicitly through software or channel linking. The state of the 
ERQ field does not affect the channel's START field.

0b - DMA hardware request signal for corresponding channel disabled

1b - DMA hardware request signal for corresponding channel enabled
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41.6.6.3 Channel Error Status (CH0_ES - CH31_ES)

Offset

For n = 0 to 31:

Register Offset

CHn_ES 4h + (n × 1_0000h)

Function

The ES provides information concerning the last recorded channel error. Channel errors can be caused by:

• An illegal setting in the transfer control descriptor

• An error termination to a bus master read or write cycle

The ERR field signals the presence of an error for the channel. The eDMA engine signals the occurrence of an error condition by 
setting the appropriate field in this register. The outputs of this register are enabled by the contents of the CHn_CSR[EEI] field, 
then logically summed across all channels to form an error interrupt request, which may be routed to the interrupt controller. In 
addition, this enabled error status is logically OR'd onto the channel done interrupt, CHn_INT[INT], thus forming a done or error 
interrupt on a per channel basis. 

During the execution of the interrupt service routine associated with any DMA errors, it is software's responsibility to clear the 
appropriate bit, negating the error-interrupt request. The normal DMA channel completion indicators (setting the transfer control 
descriptor DONE flag and the possible assertion of an interrupt request) are not affected when eDMA detects an error. The 
contents of this ERR register field can also be polled because a non-zero value indicates the presence of a channel error, 
regardless of the state of the EEI mask.

The state of any given channel's error indicators is affected by writes to this register. Writing a 1 to the ERR field clears the 
channel's error status, and writing a 0 has no effect.

An unspecified error, where only the ERR field is set to 1, indicates that either a transfer was cancelled with an error. The 
Management Page Error Status register has full view of the error condition.

See Fault reporting and handling for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ERR Reserved 

W W1C 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved SAE SOE DAE DOE NCE SGE SBE DBE 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

ERR

Error In Channel

0b - An error in this channel has not occurred

1b - An error in this channel has occurred

30-8

—

Reserved

7

SAE

Source Address Error

TCDn_SADDR is inconsistent with TCDn_ATTR[SSIZE].

0b - No source address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SADDR field

6

SOE

Source Offset Error

TCDn_SOFF is inconsistent with TCDn_ATTR[SSIZE].

0b - No source offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_SOFF field

5

DAE

Destination Address Error

TCDn_DADDR is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination address configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DADDR field

4

DOE

Destination Offset Error

TCDn_DOFF is inconsistent with TCDn_ATTR[DSIZE].

0b - No destination offset configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DOFF field

3

NCE

NBYTES/CITER Configuration Error

This error indicates that one of the following has occurred:

• TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE]

• TCDn_CITER[CITER] is equal to zero

• TCDn_CITER[ELINK] is not equal to TCDn_BITER[ELINK]

0b - No NBYTES/CITER configuration error

1b - Last recorded error was a configuration error detected in the TCDn_NBYTES or 
TCDn_CITER fields

2

SGE

Scatter/Gather Configuration Error

Table continues on the next page...
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Table continued from the previous page...

Field Function

When this field is 1, it indicates that TCDn_DLAST_SGA is not on a 32-byte boundary. This field is 
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG]is 
enabled.

0b - No scatter/gather configuration error

1b - Last recorded error was a configuration error detected in the TCDn_DLAST_SGA field

1

SBE

Source Bus Error

0b - No source bus error

1b - Last recorded error was bus error on source read

0

DBE

Destination Bus Error

0b - No destination bus error

1b - Last recorded error was bus error on destination write

41.6.6.4 Channel Interrupt Status (CH0_INT - CH31_INT)

Offset

For n = 0 to 31:

Register Offset

CHn_INT 8h + (n × 1_0000h)

Function

The INT field signals the presence of an interrupt request for the channel. Depending on the appropriate bit setting in the transfer 
control descriptors, the eDMA engine generates an interrupt on data transfer completion or an error condition.

The outputs of this register are directly routed to the interrupt controller. During the interrupt service routine associated with any 
given channel, it is the software's responsibility to clear the appropriate bit, negating the interrupt request. On writes to INT, a 1 
clears the channel's interrupt request. A zero has no effect on the channel's current interrupt status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 INT 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

INT

Interrupt Request

0b - Interrupt request for corresponding channel cleared

1b - Interrupt request for corresponding channel active

41.6.6.5 Channel System Bus (CH0_SBR - CH31_SBR)

Offset

For n = 0 to 31:

Register Offset

CHn_SBR Ch + (n × 1_0000h)

Function

The Channel System Bus register places identification and attribute information on the system bus interface for the eDMA.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
ATTR EMI 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAL SEC 

0 MID 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0

Fields

Field Function

31-21

—

Reserved

20-17

ATTR

Attribute Output

DMA's system bus attribute output value.

Table continues on the next page...

NXP Semiconductors
Enhanced Direct Memory Access (eDMA)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2536 / 5781



Table continued from the previous page...

Field Function

16

EMI

Enable Master ID Replication

The eDMA master ID replication field allows the eDMA to use the same protection level and system 
bus ID of the master programming the eDMA's TCD. When enabled, the eDMA uses the master ID and 
protection level stored in the CHn_SBR registers, instead of the eDMA's default values. When a master 
(for example a core) programs a TCD, its master ID is captured when the TCDn_CSR control attributes are 
written. A scatter/gather operation does not affect the CHn_SBR registers. You can write the EMI only if 
MP_CSR[GMRC] = 1, which means Global Master ID Replication Control is enabled; otherwise, the EMI is 
forced to zero.

 
If master ID replication is disabled, the nonsecure, user protection level for DMA transfers 
is used. 

  NOTE  

0b - Master ID replication is disabled

1b - Master ID replication is enabled

15

PAL

Privileged Access Level

This field controls DMA's protection level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - User protection level for DMA transfers

1b - Privileged protection level for DMA transfers

14

SEC

Security Level

DMA's security level on the system bus when the channel is active.

 
The value written into this register cannot exceed the security and privilege level of the 
core or other master writing the channel's system bus register; CHn_SBR. The order of 
precedence is SecurePriv>SecureUser>NonsecurePriv>NonsecureUser

  NOTE  

0b - Nonsecure protection level for DMA transfers

1b - Secure protection level for DMA transfers

13-6

—

Reserved

5-0

MID

Master ID

This field controls the DMA's master ID on the system bus when the channel is active.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
The ID captured in this register reflects the master ID of the core or other master writing the 
channel's security attributes, TCDn_SBR[SEC]. 

  NOTE  

41.6.6.6 Channel Priority (CH0_PRI - CH31_PRI)

Offset

For n = 0 to 31:

Register Offset

CHn_PRI 10h + (n × 1_0000h)

Function

The contents of these registers define unique priorities associated with each channel within the same channel group. Channel 
grouping is programmed via Channel Arbitration Group (CH0_GRPRI - CH31_GRPRI).

The channel priorities within a group are evaluated by numeric value; for example, 0 is the lowest priority, 1 is the next higher 
priority, then 2, 3, and so on. Software must program the channel priorities with unique values; otherwise, channel numbers with 
the same, non-zero value, will be selected based on channel number with the higher channel number having higher priority.

If more than one channel in a group has an arbitration priority level value of zero, then the arbitration mode field MP_CSR[ERCA] 
is used to determine the arbitration scheme for all channels with APL=0 within a group.

When you enable round-robin channel arbitration (MP_CSR[ERCA] = 1), all channels with APL=0 within a group will use a 
round-robin arbitration scheme, which rotates among these channels requesting service without regard to priority. Round-robin 
provides a fairness mechanism within an arbitration group.

When you enable fixed-priority channel arbitration (MP_CSR[ERCA] = 0), eDMA selects channels with APL=0 based on channel 
number, with the higher channel number having higher priority.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ECP DPA 

Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
APL 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

ECP

Enable Channel Preemption

0b - Channel cannot be suspended by a higher-priority channel's service request

1b - Channel can be temporarily suspended by a higher-priority channel's service request

30

DPA

Disable Preempt Ability

0b - Channel can suspend a lower-priority channel

1b - Channel cannot suspend any other channel, regardless of channel priority

29-3

—

Reserved

2-0

APL

Arbitration Priority Level

Channel priority level for arbitration within the assigned arbitration group.

41.6.6.7 Channel Multiplexor Configuration (CH0_MUX - CH31_MUX)

Offset

For n = 0 to 31:

Register Offset

CHn_MUX 14h + (n × 1_0000h)

Function

Each of the DMA channels can be independently associated with various peripherals in the system. The Channel Multiplexor 
Configuration register selects the peripheral assigned to each channel. Service requests from the peripheral should be disabled 
when configuring a channel to a peripheral source.

Each channel must have a unique value when selecting a peripheral slot in the channel mux configuration. The only value that 
may overlap is source 0. If there is an attempt to write a mux configuration value that is already consumed by any channel, a mux 
configuration of 0 (SRC = 0) will be written.

All channels will default to source 0. When a particular peripheral is needed, the channel’s mux configuration is set to that source 
number. When the peripheral is no longer needed, the mux configuration for that channel should be written to 0, thus releasing 
the resource.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
SRC 

W 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

SRC

Service Request Source

Hardware service request source for the channel.

 
With the exception of 0, attempts to write a value already in use will be forced to 0.

  NOTE  

41.6.6.8 TCD Source Address (TCD0_SADDR - TCD31_SADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_SADDR 20h + (n × 1_0000h)

Function
This register contains the address for the read transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SADDR

Source Address

Memory address pointing to the source data.

41.6.6.9 TCD Signed Source Address Offset (TCD0_SOFF - TCD31_SOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_SOFF 24h + (n × 1_0000h)

Function
This register contains the sign-extended value added to Source Address register after each read transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

SOFF

Source Address Signed Offset

Sign-extended offset applied to the current source address to form the next-state value as each source 
read is completed.
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41.6.6.10 TCD Transfer Attributes (TCD0_ATTR - TCD31_ATTR)

Offset

For n = 0 to 31:

Register Offset

TCDn_ATTR 26h + (n × 1_0000h)

Function
This register contains size and option modulo addressing information for source and destination addresses.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SMOD SSIZE DMOD DSIZE 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-11

SMOD

Source Address Modulo

This field defines a specific address range, which is the value after the SADDR + SOFF calculation is 
performed on the original register value. Setting this field makes it easy to implement a circular data queue.

For data queues requiring power-of-2-sized bytes, the queue must start at a 0-modulo-size address and 
the SMOD field must be set to the appropriate value for the queue, freezing the required number of upper 
address bits.

The value programmed into this field specifies the number of lower address bits that are allowed to change. 
For a circular queue application, you typically set TCDn_SOFF[SOFF] to the transfer size to implement 
post-increment addressing, with the SMOD function constraining the addresses to a 0-modulo-size range.

0_0000b - Source address modulo feature disabled

0_0001b - Source address modulo feature enabled for any non-zero value [1-31]

10-8

SSIZE

Source Data Transfer Size

000b - 8-bit

001b - 16-bit

010b - 32-bit

011b - 64-bit

100b - 16-byte

101b - 32-byte

110b - 64-byte

Table continues on the next page...

NXP Semiconductors
Enhanced Direct Memory Access (eDMA)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2542 / 5781



Table continued from the previous page...

Field Function

111b - Reserved

7-3

DMOD

Destination Address Modulo

See the SMOD definition.

2-0

DSIZE

Destination Data Transfer Size

See the SSIZE definition.

41.6.6.11 TCD Transfer Size Without Minor Loop Offsets (TCD0_NBYTES_MLOFFNO - 
TCD31_NBYTES_MLOFFNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_NBYTES_MLOFF
NO

28h + (n × 1_0000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offsets are address offset values added to the final source address (TCDn_SADDR), or destination 
address (TCDn_DADDR), upon minor loop completion. Minor loop completion is when the channel has finished the 
service request and has transferred NBYTES. When minor loop offsets are enabled, the minor loop offset value 
(TCDn_NBYTES_MLOFFYES[MLOFF]) is added to the final source address (TCDn_SADDR), to the final destination address 
(TCDn_DADDR), or to both, prior to the addresses being written back to the TCD. If the major loop is complete, the minor loop 
offset is ignored and the major loop address offsets (TCDn_SLAST_SDA and TCDn_DLAST_SGA) are used to compute the next 
TCDn_SADDR and TCDn_DADDR values.

When minor loop mapping is enabled (SMLOE or DMLOE is 1), TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is 
redefined. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is used to specify multiple fields:

• A source enable bit (SMLOE) to specify the minor loop offset must be applied to the source address (TCDn_SADDR) upon 
minor loop completion

• A destination enable bit (DMLOE) to specify the minor loop offset must be applied to the destination address (TCDn_DADDR) 
upon minor loop completion

• The sign extended minor loop offset value (MLOFF)

The same offset value (MLOFF) is used for both source and destination minor loop offsets. When either minor loop offset is 
enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor loop offsets are disabled (SMLOE 
cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFYES), defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES is defined as follows:

• If SMLOE = 0 and DMLOE = 0, then see the TCDn_NBYTES_MLOFFNO register description.
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• If either SMLOE or DMLOE is 1, then see the TCDn_NBYTES_MLOFFYES register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

NBYTES 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NBYTES 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-0

NBYTES

Number of Bytes To Transfer Per Service Request

Number of bytes to be transferred for each service request of the channel.

When a channel activates, the module loads the appropriate TCD contents into the eDMA engine and 
performs the appropriate reads and writes until the byte transfer count has been reached. This process is 
normally an indivisible operation and cannot be halted. It can, however, be stalled by using the bandwidth 
control field, or via preemption.

After the byte count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major loop iteration count (CITER) is decremented by one and written back to the TCD memory. If 
the major iteration count is complete, additional processing is performed.

41.6.6.12 TCD Transfer Size with Minor Loop Offsets (TCD0_NBYTES_MLOFFYES - 
TCD31_NBYTES_MLOFFYES)

Offset

For n = 0 to 31:
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Register Offset

TCDn_NBYTES_MLOFF
YES

28h + (n × 1_0000h)

Function

The TCDn_NBYTES field defines the number of bytes to transfer per service request.

Minor loop offset is an address offset value added to the final source address (TCDn_SADDR) or destination address 
(TCDn_DADDR) upon minor loop completion. Minor loop completion occurs when the channel has finished the service request 
and has transferred NBYTES. Minor loop offsets are enabled by setting either the source enable bit (SMLOE) or the destination 
enable bit (DMLOE).

The source enable bit (SMLOE) specifies the minor loop offset value (MLOFF) that is to be applied to the source address 
(TCDn_SADDR) upon minor loop completion. The destination enable bit (DMLOE) specifies the minor loop offset (MLOFF) that 
is to be applied to the destination address (TCDn_DADDR) upon minor loop completion.

If the major loop is complete, the minor loop offsets are ignored and the major loop address offsets (TCDn_SLAST_SDA and 
TCDn_DLAST_SGA) are used to compute the next TCDn_SADDR and TCDn_DADDR values.

When you enable the minor loop offset overlay (either SMLOE or DMLOE is 1), eDMA redefines TCDn_NBYTES_MLOFFNO/
TCDn_NBYTES_MLOFFYES. A portion of TCDn_NBYTES_MLOFFNO/TCDn_NBYTES_MLOFFYES specifies the sign-
extended minor loop offset value (MLOFF). The same offset value (MLOFF) applies to both source and destination minor 
loop offsets. When the minor loop offset is enabled, you must align it to the transfer size of the source or destination it is associated 
with. When either minor loop offset is enabled (SMLOE set or DMLOE set), the NBYTES field is reduced to 10 bits. If both minor 
loop offsets are disabled (SMLOE cleared and DMLOE cleared), the NBYTES field is a 30-bit vector.

One of two register profiles (this register or TCDn_NBYTES_MLOFFNO) defines the number of bytes to transfer per request. 
Which register to use depends on whether source or destination minor loop mapping is enabled.

TCDn_NBYTES_MLOFFYES is defined as follows:

• If either minor loop offset is enabled (SMLOE or DMLOE = 1), then see the TCDn_NBYTES_MLOFFYES register description.

• If SMLOE and DMLOE are both 0, then see the TCDn_NBYTES_MLOFFNO register description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SMLO
E 

DMLO
E 

MLOFF 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MLOFF NBYTES 

W

Reset u u u u u u u u u u u u u u u u
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Fields

Field Function

31

SMLOE

Source Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0b - Minor loop offset not applied to SADDR

1b - Minor loop offset applied to SADDR

30

DMLOE

Destination Minor Loop Offset Enable

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0b - Minor loop offset not applied to DADDR

1b - Minor loop offset applied to DADDR

29-10

MLOFF

Minor Loop Offset

If SMLOE or DMLOE is 1, this field represents a sign-extended offset applied to the source or destination 
address to form the next-state value after the minor loop completes.

9-0

NBYTES

Number of Bytes To Transfer Per Service Request

The number of bytes to be transferred in each service request of the channel.

As a channel activates, the module loads the appropriate TCD contents into the eDMA engine and performs 
the appropriate reads and writes until the minor byte transfer count has been reached. This is an indivisible 
operation and cannot be halted. It can, however, be stalled by using the bandwidth control field, or 
via preemption.

After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD memory, 
and the major iteration count is decremented and restored to the TCD memory. If the major iteration count 
is complete, additional processing is performed.

41.6.6.13 TCD Last Source Address Adjustment / Store DADDR Address (TCD0_SLAST_SDA - 
TCD31_SLAST_SDA)

Offset

For n = 0 to 31:

Register Offset

TCDn_SLAST_SDA 2Ch + (n × 1_0000h)

Function
This register contains the value added to the source address when the major loop is complete. When the store destination 
address option is enabled, this field provides a pointer to memory for storing the final destination address.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SLAST_SDA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

SLAST_SDA

Last Source Address Adjustment / Store DADDR Address

Source last address adjustment or the system memory address for destination address (DADDR) storage.

If (TCDn_CSR[ESDA] = 0), then:

• Adjustment value is added to the source address at the completion of the major iteration count. 
This value can be used to restore the source address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final source address adjustment.

Otherwise:

• This address points to the 32-bit-aligned memory location where the destination address (DADDR) 
is to be stored in system memory. By saving the final destination address in system memory via 
the ESDA feature, you are able to compute the size of a variable destination data buffer by simply 
subtracting the beginning DADDR from the final, saved DADDR. This feature is used together with 
the scatter/gather operation to prevent the loss of the final DADDR, which is overwritten during the 
scatter/gather operation.

The "Store Destination Address" (SDA) value must be a 32-bit-aligned location because the eDMA 
forces the lower two address bits of the SLAST_SDA field to zero when ESDA is enabled. The module 
performs this write operation when the major loop is done; that is, when the major iteration count 
(CITER) decrements to zero.

41.6.6.14 TCD Destination Address (TCD0_DADDR - TCD31_DADDR)

Offset

For n = 0 to 31:

Register Offset

TCDn_DADDR 30h + (n × 1_0000h)

Function
This register contains the address for the write transactions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DADDR 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DADDR

Destination Address

Memory address pointing to the destination data.

41.6.6.15 TCD Signed Destination Address Offset (TCD0_DOFF - TCD31_DOFF)

Offset

For n = 0 to 31:

Register Offset

TCDn_DOFF 34h + (n × 1_0000h)

Function
This register contains the sign-extended value added to Destination Address register after each write transaction.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DOFF 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15-0

DOFF

Destination Address Signed Offset

Sign-extended offset that is applied to the current destination address to form the next-state value as 
each destination write is completed.
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41.6.6.16 TCD Current Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_CITER_ELINKNO - 
TCD31_CITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKNO 36h + (n × 1_0000h)

Function

If TCDn_CITER[ELINK] is 0, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK CITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. The link target channel initiates a channel service request via an internal mechanism 
that sets the TCDn_CSR[START] bit of the specified channel to 1.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.6.17 TCD Current Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_CITER_ELINKYES - 
TCD31_CITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_CITER_ELINKYE
S

36h + (n × 1_0000h)

Function

If TCDn_CITER[ELINK] is 1, the TCDn_CITER register is defined as follows.

Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH CITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by the 
relevant LINKCH field. When enabled, an internal mechanism sets the TCDn_CSR[START] field of the 
specified channel (LINKCH) upon minor loop completion.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If the 
major loop is exhausted, this link mechanism is suppressed in favor of MAJORELINK channel linking.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field must be equal to the BITER[ELINK] field; otherwise, a configuration error 
is reported.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Minor Loop Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted the eDMA 
engine initiates a channel service request to the channel defined by this field by writing that channel’s 
TCDn_CSR[START] field to 1.

8-0

CITER

Current Major Iteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel. 
It is decremented each time the channel finishes a service request and is written back to the TCD memory. 
After the major iteration count is exhausted, the channel performs a number of operations — for example, 
final source and destination address calculations — and optionally generates an interrupt to signal channel 
completion before reloading the CITER field from the Beginning Iteration Count (BITER) field.

 
When the CITER field is initially loaded by software, it must be set to the same value as that 
contained in the BITER field.

  NOTE  

 
If the channel is configured to execute a single service request, the initial values of BITER 
and CITER should be 0x0001.

  NOTE  

41.6.6.18 TCD Last Destination Address Adjustment / Scatter Gather Address (TCD0_DLAST_SGA - 
TCD31_DLAST_SGA)

Offset

For n = 0 to 31:

Register Offset

TCDn_DLAST_SGA 38h + (n × 1_0000h)

Function
This register contains the value added to the destination address when the major loop is complete. When the Scatter/Gather 
option is enabled, this field provides a pointer to memory for fetching a transfer control descriptor to reprogram the channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLAST_SGA 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-0

DLAST_SGA

Last Destination Address Adjustment / Scatter Gather Address

Adjustment of the last destination address or the memory address for the next transfer control descriptor to 
be loaded into this channel (scatter/gather).

If (TCDn_CSR[ESG] = 0) then:

• Adjustment value is added to the destination address at the completion of the major iteration count. 
This value can apply to restore the destination address to the initial value or adjust the address to 
reference the next data structure.

• This field uses two's complement notation for the final destination address adjustment.

Otherwise:

• This address points to the beginning of a 0-modulo 32-byte region containing the next transfer 
control descriptor to be loaded into this channel. This channel reload is performed as the major 
iteration count completes. The scatter/gather address must be 0-modulo 32-byte, or else a 
configuration error is reported.

41.6.6.19 TCD Control and Status (TCD0_CSR - TCD31_CSR)

Offset

For n = 0 to 31:

Register Offset

TCDn_CSR 3Ch + (n × 1_0000h)

Function
This register is used to enable optional features.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BWC MAJORLINKCH ESDA EEOP 

MAJO
REL...

ESG DREQ 
INTHA

LF 
INTMA
JOR 

STAR
T W 0

Reset u u u u u u u u u u u u u u u 0

Fields

Field Function

15-14

BWC

Bandwidth Control

Throttles the amount of bus bandwidth consumed by the eDMA. Generally, as the eDMA processes the 
minor loop, it continuously generates read/write sequences until the minor count is exhausted. This field 
forces eDMA to stall after the completion of each read/write access, to control the bus request bandwidth 
seen by the system bus interconnect.

 
If the source and destination sizes are equal, this field is ignored between the first and 
second transfers and after the last write of each minor loop. This behavior is a side effect of 
reducing start-up latency.

  NOTE  

00b - No eDMA engine stalls

01b - Reserved

10b - eDMA engine stalls for 4 cycles after each R/W

11b - eDMA engine stalls for 8 cycles after each R/W

13

—

Reserved

12-8

MAJORLINKCH

Major Loop Link Channel Number

If (MAJORELINK = 0) then:

• No channel-to-channel linking, or chaining, is performed after the major loop counter is exhausted.

Otherwise:

• After the major loop counter is exhausted, the eDMA engine initiates a channel service request at 
the channel defined by this field by setting that channel’s TCDn_CSR[START] field to 1.

7

ESDA

Enable Store Destination Address

As the channel completes the major loop by either the current iteration counter (CITER) decrementing to 0, 
or by receiving an enabled end-of-packet signal, this field enables writing the destination address (DADDR) 
to the address stored in the SLAST_SDA field. The value written to system memory is the last DADDR value 
prior to the DLAST_SGA offset being applied, or overwritten by an enabled scatter/gather operation. When 
the ESDA bit is 1, SLAST_SDA contains the write pointer instead of the final source address offset. Because 
this is a pointer and not a final offset, a last source address offset of zero is applied to SADDR instead of 
the SLAST_SGA value.

0b - Ability to store destination address to system memory disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Ability to store destination address to system memory enabled

6

EEOP

Enable End-Of-Packet Processing

When enabled by the EEOP field, an end-of-packet hardware input signal directs eDMA to discontinue 
executing the active channel, and to treat the shutdown as the major-loop-completed event. If the EEOP 
field is 1, the end-of-packet signal from supported peripherals is accepted. If the EEOP field is 0, the 
end-of-packet input is ignored. With an end-of-packet retirement, the current TCD destination address (or 
ESDA-saved destination address), minus the software-saved initial address (DADDR), reflects the total 
amount of data transferred.

0b - End-of-packet operation disabled

1b - End-of-packet hardware input signal enabled

5

MAJORELINK

Enable Link When Major Loop Complete

As the channel completes the major loop, this flag enables linking to another channel defined by 
MAJORLINKCH. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel.

 
To support the dynamic linking coherency model, this field is forced to 0 if written when 
TCDn_CSR[DONE] is 1.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

4

ESG

Enable Scatter/Gather Processing

As the channel completes the major loop, this flag enables scatter/gather processing in the current channel. 
If enabled, the eDMA engine uses TCDn_DLAST_SGA as a memory pointer to a 0-modulo 32-bit address 
containing a 32-byte data structure, which is loaded as the transfer control descriptor into local memory.

 
To support the dynamic scatter/gather coherency model, this field is forced to 0 if written 
when TCDn_CSR[DONE] is 1.

  NOTE  

0b - Current channel’s TCD is normal format

1b - Current channel’s TCD specifies scatter/gather format.

3

DREQ

Disable Request

If this flag is 1, the eDMA hardware automatically clears the corresponding ERQ bit when the current 
major iteration count reaches 0.

0b - No operation. Channel’s ERQ field not affected

1b - Clear the ERQ field to 0 upon major loop completion, thus disabling hardware service 
requests. Channel’s ERQ field cleared to 0 when major loop complete

2 Enable Interrupt If Major Counter Half-complete

Table continues on the next page...
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Table continued from the previous page...

Field Function

INTHALF If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count reaches the halfway point. Specifically, the comparison 
performed by the eDMA engine is (CITER = (BITER/2)). This halfway point interrupt request is provided to 
support double-buffered, also known as ping-pong, schemes, or other types of data movement where the 
processor needs an early indication of the transfer’s progress.

 
If BITER = 1, do not use INTHALF; use INTMAJOR instead.

  NOTE  

0b - Halfway point interrupt disabled

1b - Halfway point interrupt enabled

1

INTMAJOR

Enable Interrupt If Major count complete

If this flag is 1, the channel generates an interrupt request by setting the appropriate field in the INT 
register to 1 when the current major iteration count (CITER) reaches 0.

0b - End-of-major loop interrupt disabled

1b - End-of-major loop interrupt enabled

0

START

Channel Start

If this flag is 1, the channel is requesting service. The eDMA hardware automatically clears this flag to 0 
after the channel begins execution.

0b - Channel not explicitly started

1b - Channel explicitly started via a software-initiated service request

41.6.6.20 TCD Beginning Major Loop Count (Minor Loop Channel Linking Disabled) (TCD0_BITER_ELINKNO - 
TCD31_BITER_ELINKNO)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKNO 3Eh + (n × 1_0000h)

Function
If the TCDn_BITER[ELINK] field is 0, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK BITER 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enables Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking is disabled, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.6.6.21 TCD Beginning Major Loop Count (Minor Loop Channel Linking Enabled) (TCD0_BITER_ELINKYES - 
TCD31_BITER_ELINKYES)

Offset

For n = 0 to 31:

Register Offset

TCDn_BITER_ELINKYE
S

3Eh + (n × 1_0000h)

Function
If the TCDn_BITER[ELINK] field is set, the TCDn_BITER register is defined as follows.
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Diagram

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ELINK 

Reserv
ed LINKCH BITER 

W 0

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

15

ELINK

Enable Link

As the channel completes the minor loop, this flag enables linking to another channel as defined by 
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that 
sets the TCDn_CSR[START] field of the specified channel. If channel linking disables, the BITER value 
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is 
suppressed in favor of the MAJORELINK channel linking.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

0b - Channel-to-channel linking disabled

1b - Channel-to-channel linking enabled

14

—

Reserved

13-9

LINKCH

Link Channel Number

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA 
engine initiates a channel service request at the channel defined by this field by setting that channel’s 
TCDn_CSR[START] field.

 
When the software loads the TCD, this field must be set equal to the corresponding CITER 
field; otherwise, a configuration error is reported. As the major iteration count is exhausted, 
eDMA reloads the contents of this field into the CITER field.

  NOTE  

8-0

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0) field 
must be set equal to the value in the CITER field. As the major iteration count is exhausted, eDMA reloads 
the contents of this field into the CITER field. If the channel is configured to execute a single service request, 
the initial values of BITER and CITER must be 0x0001.

41.7 Glossary
TCD Transfer control descriptor
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Chapter 42
Trusted Resource Domain Controller (TRDC)
42.1 Chip-specific TRDC information
Table 429. Reference links to related information

Topic Related module Reference

Full description TRDC TRDC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

42.2 Module instances
This device has one instance of the TRDC module.

42.3 TRDC configuration for MRC, MBC and MDAC
Table 430. MBC configuration

MBC # Slave Memory Block Size 
(Granularity) (BLK 
SIZE)

No of Blocks (BLK 
NUM)

Memory Size

MBC0 TCRAML 32K 8 256KB

TCRAMU 32K 16 512KB

SSRAM 32K 24 768KB

GPIO_A/B/C ISP- AP 64K 4

MBC1 CASPER REG 4K 1

CASPER RAM 4K 1

POWERQUAD 4K 1

ROM0 16 6 96KB

MBC2 Pbridge0 4K 71

Pbridge1 4K 44

UPOWER 64K 8 512KB

EdgeLock Secure 
Enclave

64K 8 512KB

MBC3 Pbridge2 4K 18
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Table 431. MRC configuration

MRC # Slave Memory No of Regions Memory Size

MRC0 FlexSPI0 8 Up-to 128MB

MRC1 FlexSPI1 8 Up-to 256MB

Table 432. MDAC configurations

MDAC Number Bus Master

X-MDAC0 CA35

X-MDAC1 DMA1

X-MDAC2 USB

X-MDAC3 PXP

X-MDAC4 ENET

X-MDAC5 CAAM

X-MDAC6 USDHC0

X-MDAC7 USDHC1

X-MDAC8 USDHC2

X-MDAC9 HIFI4

X-MDAC10 GPU3D

X-MDAC11 GPU2D

X-MDAC12 EPDC

X-MDAC13 DCNano

X-MDAC14 MIPI CSI

X-MDAC15 PXP

X-MDAC16 DMA2

T-MDAC0 CM33

T-MDAC1 uPower

T-MDAC2 DMA0

T-MDAC3 Fusion DSP

T-MDAC4 DAP

T-MDAC5 Test port

T-MDAC6 ETR

42.4 Overview
TRDC provides an integrated and scalable architectural framework for access control, system memory protection, and peripheral 
isolation. It allows software to assign chip resources including processor cores, non-core bus masters, memory regions, and slave 
peripherals to processing domains to support enforcement of robust operational environments.
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• First, each bus mastering resource is assigned to a domain identifier (domainID, DID). Typically, each processor is assigned 
to a unique domainID and all remaining non-processor bus masters assigned to a different domainID.

• Next, the access control policies for the individual domains are programmed into any number of registers implemented in the 
slave memory block and region checkers.

• Finally, all accesses throughout the device are monitored concurrently to determine the validity of each access. If a 
reference from a given domain has sufficient access rights, it is allowed to continue, else the access is aborted and error 
information captured.

The access control scheme that TRDC defines supports a 4-level model, combining the traditional privileged (also known as 
supervisor) and user modes with an additional signal defining the secure, nonsecure attributes of each memory reference. The 
result is a 4-level hierarchical access control mechanism with different access control policies based on read, write, and execute 
references, where:

SecurePriv > SecureUser > NonsecurePriv > NonsecureUser

Combined with the secure/nonsecure and privileged/user attributes, a domainID is associated with every system bus transaction 
and forms the hardware basis for the implementation of TRDC's access control mechanisms.

42.4.1 Block diagram
As previously noted, the TRDC implementation is distributed across multiple submodules instantiated throughout the device. The 
TRDC submodules include:

• TRDC_MGR

— The Manager (MGR) submodule coordinates all programming model reads and writes.

• TRDC_DAC

— The Domain Assignment Controller (DAC) submodule handles resource assignments and generation of the 
domain identifiers.

• TRDC_MBC

— The Memory Block Checker (MBC) submodule implements access controls for on-chip internal memories and slave 
peripherals based on a fixed-sized block format.

• TRDC_MRC

— The Memory Region Checker (MRC) submodule implements the access controls for external off-chip memories and 
peripherals based on the pre-programmed region descriptor registers.

See Figure 282 for a simplified TRDC block diagram focusing on topology and connections.

 
TRDC typically consists of various submodules like DAC, MGR, MBC, and MRC. However, all the submodules 
as shown in the block diagram below may not be present for this configuration. For chip-specific implementation 
details of this module's instances, see the chip-specific information.

  NOTE  
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Figure 282. Block diagram

42.4.2 Features
• Ability to assign chip resources to processing "domains":

— Processor cores, non-core bus masters, slave memories, and slave peripherals

— Each processing domain is assigned a unique domain identifier (domainID, DID)

— DomainID is an attribute associated with every system bus transaction

— Used in conjunction with secure/nonsecure, privileged/user attributes

• Defines access rights to slave targets in MBCs for on-chip memories and peripherals and in MRCs for external memories 
and peripherals

• Built upon a 4-level hierarchical access control model:

— SecurePriv > SecureUser > NonsecurePriv > NonsecureUser

— Defined by multiple sets of user-programmable R/W/X (Read, Write, Execute) flags per access state

• Distributes programming model and hardware implementation across multiple submodules:

— Supports a broad, highly-configurable architecture definition

— Supports efficient mechanisms for memory space context switch state changes using nonsecure enables (NSE) for 
memory blocks and regions

42.5 Functional description
This section provides more details on the operation and implementation of the TRDC submodules.

42.5.1 Modes of operation
TRDC does not support any special modes of operation. As a memory-mapped device located in the core platform's clock domain, 
it responds strictly on the basis of memory addresses of the connected system buses. TRDC evaluates domain assignment 
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and access control functions on a reference-by-reference basis using the addresses and attributes connected to the system 
bus port(s).

42.5.2 Flash logical window (FLW)
The FLW logic provides a logical window (remapping) between a fixed physical address window and a programmable flash 
array window.

 
The whole flash image is also available at the normal flash array addresses.

  NOTE  

The fixed physical address base and maximum window size is determined per project:

• The fixed physical address base is available in the read-only FLW Physical Base register.

• Program the window size in the number of 32KByte blocks in the FLW Logical Block Count register to configure the functional 
size of the window.

• Configure the flash array address base in the FLW Array Base register.

When FLW is disabled, the physical address window is not mapped to any memory storage and all accesses to the window result 
in fault. When FLW is enabled, the physical address window, up to the size that you configure using the Logical Block Count, is 
mapped to the flash array window. The access to the window beyond the size configured by the Logical Block Count results in fault.

42.5.3 Manager (TRDC_MGR)
The MGR submodule is responsible for coordinating TRDC's programming model reads and writes.

The complete programming model is large. Additionally, the programming model is distributed across the various submodule 
instances (DAC, MBC, MRC).

MGR provides:

• The required hardware management for all programming model accesses.

• Generating and distributing the appropriate address decodes and write data to the DAC, MBC, and MRC 
submodule instances.

• Collecting and combining all the register read data buses and responses.

MGR implements:

• The Control Register

• All the read-only hardware configuration registers (HWCFG[0-1], DACFGn, MBCFG, MRCFG)

• The program-visible versions of the domain error capture registers.

To support the domain error reporting functionality, MGR collects the individual captured error indicator output signals from all the 
submodule instances and remaps them so that they are organized into an instance bitmap by domain that the DERRLOCn register 
array specifies.

42.5.4 Domain Assignment Controller (TRDC_DAC)
The DAC submodule is responsible for the generation of the domainID on every memory transaction for every bus master in the 
device. The resulting domainID, and {nonsecure, privileged} signals are generated and then treated as address attributes and 
associated with each transaction as it moves through the system.

As a simple example, assume a system with two domainIDs.

• domainID 0 is for critical tasks.

• domainID 1 is for non-critical tasks.

• Two domainIDs require two MDA_Wm_n registers, MDA_W0 and MDA_W1.
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During startup, software initializes the MDA_W[0-1] registers.

1. MDA_W0 = 0x8000_0F81

• VLD = 1

• PE = 2

• DIDS = 0

• DID = 1

2. MDA_W1 = 0x8000_0FC2

• VLD = 1

• PE = 3

• DIDS = 0

• DID = 2

A special mode is provided for driving the DID of non-processor masters. This is enabled with the DID bypass (DIDB) bit.  The 
DAC has a DID input that can be driven by a master and used directly as the DID output.  This allows variability in the DID as 
dictated by the master and is intended to be used by DMA masters that masquerade as, (that is, drive the DID of) the master that 
programmed it. 

42.5.5 Access evaluation
Fundamental to the TRDC's operation is the actual access violation check performed by the memory block checker (MBC) and 
memory region (MRC).

Previous descriptions have detailed the domain assignment mechanisms and the tracking of the domain identifier as an address 
attribute through the system bus switching fabric(s). As transactions reach the slave memory and peripheral controllers, the 
address is used to select the appropriate memory region descriptor or block configuration register. Once the appropriate register 
has been selected, the next function is the actual access evaluation.

For this step, the 3-bit M{B,R}ACSEL field of the selected RGD or BLK_CFG register selects the appropriate GLBAC (global 
access control policy). The GLBAC register defines the access rights for the domain based on the 4-level model combined with the 
transaction's access attributes (read = 0/write = 1, secure = 0/nonsecure = 1, execute =1/non-execute=0, user = 0/privileged = 1).

The 4-level model is defined by the concatenation of two address attributes: secure/nonsecure and user/privileged attributes. 
These two attribute signals (nonsecure, privileged) and the resulting access levels are defined as:

        if {nonsecure, privileged} == 0b00, then level = SecureUser
        if {nonsecure, privileged} == 0b01, then level = SecurePriv(ileged)
        if {nonsecure, privileged} == 0b10, then level = NonsecureUser
        if {nonsecure, privileged} == 0b11, then level = NonsecurePriv(ileged)
    

The resulting hierarchical access control model specifies:

SecurePriv , SecureUser , NonsecurePriv , NonsecureUser

After the access evaluation is complete and the access error signal generated, the transaction is allowed to continue if it 
has sufficient access rights, else the access is aborted with the address and attribute information captured in the appropriate 
error registers.

42.5.6 Memory Block Checker (TRDC_MBC)
The TRDC's Memory Block Checker provides domain-based access control for all system bus references targeted to on-chip 
internal memories and slave peripherals. Using programmed block configuration registers which define the access rights per 
domain and block, the MBC concurrently monitors system bus transactions and evaluates the appropriateness of each transfer. 
Memory references that have sufficient access rights are allowed to complete, while references that have insufficient rights are 
terminated with an access error response.
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The TRDC architectural framework supports up to 8 MBC instances where each MBC can support up to 4 sub-regions (MEM[s]). 
Note monitoring of an AXI memory counts as 2 sub-regions since there are independent read and write channels per AXI memory. 
Conversely, an AHB connection counts as a single subregion.

Each sub-memory is divided up in equal sized consecutive blocks. Sub-memory 0 (MEM0) can support up to 512 blocks while 
sub-memory 1-3 (MEM1-MEM3) can each support up to 64 blocks. The number of blocks and size of the block is defined in 
MBCm_MEMs_GLBCFG[NBLKS,SIZE_LOG2] register fields, where m is the MBC instance number, and s is the sub-memory 
number. For example, Sub-memory 0 (MEM0) may have 16 consecutive blocks, each of size 64 KB, and corresponding 
MBCm_DOMd_BLK_CFG_W register to a block will control access to that block.

Each MBCm_DOMd_BLK_CFG_W contains eight access control structures. Each structure is comprised of a 1-bit NSE 
(NonSecure Enable) plus a 3-bit MBACSEL (Memory Block Access Control Select). The NSE controls secure/nonsecure 
access to the corresponding block, while the MBACSEL field selects a MBCm_MEMN_GLBACr register which controls the 
read/write/execute access to the corresponding block. There are 8 programmable MBCm_MEMn_GLBACr registers per block 
checker, each containing contain read-write-execute control flags for each of the four operating modes:

            SPR, SPW, SPX - Secure    Privileged {Read, Write, Execute}
            SUR, SUW, SUX - Secure    User       {Read, Write, Execute}
            NPR, NPW, NPX - Nonsecure Privileged {Read, Write, Execute}
            NUR, NUW, NUX - Nonsecure User       {Read, Write, Execute}
           

GLBAC1-7 also have a lock bit MBCm_MEMn_GLBACr[LK]. When LK=1, the GLBACr register is read-only until the next reset. 
Furthermore, if MBCm_DOMd_BLK_CFG_W[MBACSEL] selects a GLBAC that is locked, the 3-bit MBCACSEL field is also locked 
until the next reset. GLBAC0 cannot be locked.

The MBC also has MBCm_DOMd_MEMs_BLK_NSE_W registers. These registers are a bit map of the block NSE bits. Each word 
supports up to 32 blocks.

           
           MBCm_DOMd_MEM0_BLK_NSE_W[0-15] has a maximum of 16 words to support 512 blocks 
           MBCm_DOMd_MEM[1-3]_BLK_NSE_W[0-1] has a maximum of 2 words to support 64 blocks.
           

The block NSE bits can be programmed by writing these registers or by writing the MBCm_MEMN_BLK_{INDEX, SET, CLR, 
CLR_ALL} registers.

The MBCm_MEMn_NSE_BLK_{INDEX, SET, CLR, CLR_ALL} registers provide a mechanism to efficiently and quickly 
manipulate the NSE bitmap with bitmasks to set or clear individual blocks within the bitmap and a single operation to perform a 
clear all across multiple DIDs. The BLK_INDEX register provides the control definition for the BLK_SET and BLK_CLR operations.

42.5.6.1 Memory block hit determination

MBCm_MEMs_GLBCFG[NBLK, SIZE_LOG2] is used to determine which bits of the address correspond to block number.

        block_n_hit = (addr[MSB:LSB] == n)
        where LSB=SIZE_LOG2 
        MSB=f{NBLKS,LSB}
        

Note that the block hit determination is based only on the address comparison of the first byte being accessed; that is, the MBC 
does not check the size of the access to make sure it entirely fits within the region.

42.5.6.2 Memory block access evaluation

For a block n hit, the MBC logic evaluates the access rights defined by the MBCm_DOMd_BLK_CFG_Ww registers. The domainID 
attribute and block number hit selects the appropriate MBCm_DOMd_BLK_CFG_Ww register to use in the access evaluation. 
The {R,W,X}, nonsecure and privilege attributes of the access are compared with the MBC global access control policy defined 
in MBCm_DOMd_BLK_CFG_W[MBACSEL, NSE] fields.

While TRDC_CR[GVLDB] = 1, and for each sub-memory being monitored, the MBC performs a reduction-AND of all the individual 
error terms from each access evaluation.
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Unlike the MRC access evaluation and termination, the MBC access evaluation terminates the access with a bus error and reports 
an access error for only one condition - when the access doesn't have sufficient access rights. By nature, the block checker can 
only hit in ONE block. And by implementation, there are no "miss" accesses. Accesses outside of the range covered by the MBC 
are not sent to the MBC. There also aren't any individual block valid bits. When TRDC_CR[GVLDB] = 1, checking on all blocks is 
always enabled.

42.5.7 Memory Region Checker (TRDC_MRC)
The TRDC's Memory Region Controller provides domain-based, hardware access control for all system bus references targeted 
at non-peripheral memory spaces. Using pre-programmed region descriptors which define memory spaces and their associated 
access rights per domain identifier, the MRC concurrently monitors system bus transactions and evaluates the appropriateness 
of each transfer. Memory references that have sufficient access control rights are allowed to complete, while references that are 
not mapped to any region descriptor or have insufficient rights are terminated with an access error response.

The TRDC architectural framework supports up to 16 MRC instances, where each MRC instance can support [1-16] region 
descriptors, concurrently monitoring up to 8 slave memory ports. Note, monitoring an AXI protocol port counts as two ports since 
there are independent read address and write address channels. Conversely, an AHB connection counts as a single port.

A partial, simplified one-dimensional block diagram of an instance of the MRC module is shown in Figure 283. In this figure, a single 
slave bus port is shown. When the remaining slave ports are considered, the MRC hardware's two-dimensional connection matrix, 
broadcasting each system bus slave port access across the implemented memory region descriptors, is the resulting structure 
with the basic access evaluation macro shown as the replicated submodule block. In Figure 283, the system bus fabric slave port 
is shown on the left, the memory region descriptor registers are in the middle, and the peripheral bus interface on the right side. 
The evaluation macro contains two magnitude comparators connected to the start and end address registers from each region 
descriptor as well as the combinational logic blocks to determine the region hit and, based on the domainID associated with the 
reference, access violations.

Access
evaluation

macro

Slave port n
address phase signals

Internal
peripheral bus

Access
evaluation

macro

Access
evaluation

macro

Region
descriptor x

Region
descriptor 1

Region
descriptor 0

EDRn

Mux

EARn

•••
•••

Figure 283. MRC access evaluation macro hardware structure

For each access, the MRC hardware performs a two-step evaluation process. First, the access is compared to all memory region 
descriptors to determine hit/miss status, and then, using the domainID associated with the reference plus the address attributes 
{write, nonsecure, privileged}, the access rights are examined using the method detailed in Access evaluation.
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42.5.7.1 Memory region descriptor hit determination

To determine if the current reference hits in a given region, two magnitude comparators are used in conjunction with the region's 
start and end addresses. The boolean equation for this portion of the hit determination is defined as:

 region_hit_n = 
    ((addr >= start_addr) & (addr <= end_addr)) & valid
    

where addr is the current system reference address, start_addr and end_addr are the start and end addresses, and valid is 
the valid bit, all from memory region descriptor n.

Note there are no hardware checks to verify that end_addr ≥ start_addr, and it is software's responsibility to properly load 
appropriate values into these fields of the region descriptor.

Also, the region hit determination is based only on an address comparison of the first byte being accessed; that is, the MRC does 
not check the size of the access to make sure it entirely fits within the region.

42.5.7.2 Memory region access evaluation

For each region descriptor hit, the MRC logic evaluates the access rights defined by the MRCm_DOMd_RGDr_Ww registers. 
Specifically, the domainID attribute selects the appropriate MRCm_DOMd_RGDr_Ww register to use in the access evaluation. 
The {R,W,X}, nonsecure and privilege attributes of the access are compared with the MRC global access control policy defined 
in MRCm_DOMd_RGDr_W0[MRACSEL] and MRCm_DOMd_RGDr_W1[NSE] fields. See Access evaluation for additional details 
on this function.

While CR[GVLDR] = 1, and for each bus slave port being monitored, the MRC performs a reduction-AND of all the individual 
(no_hit | error) terms from each access evaluation macro. Recall as specified in Memory region descriptor hit determination, an 
invalid MRC_DOMd_RGDr_Ww (MRCm_DOMd_RGDr_W1[VLD] = 0) forces the region_hit_n evaluation to be negated.

This expression then terminates the bus cycle with an error and reports an access error for three conditions:

1. If the access does not hit in any region descriptor, an access error is reported.

2. If the access hits in a single region descriptor and that region signals a domain violation, then an access error is reported.

3. If the access hits in multiple (overlapping) regions and one region signals a violation, then an access error is reported.

The third condition reflects that priority is given to access denying over access allowing for overlapping regions.

Unimplemented domain IDs (DIDs) do not have any associated region descriptors and therefore have no access rights.

42.5.8 Interrupts
This module outputs an interrupt signal which can be connected to the system's interrupt controller. Please check chip-specific 
interrupt assignment for details. Interrupt is asserted on detection of access violation by any checker, and it remains asserted until 
DERRLOCn registers are cleared. This interrupt is in addition to interrupt generated by master after receiving bus error due to 
access violation by memory block checker or memory region checker. So, system may receive interrupt through different channels 
but from the same access violation at checker.

42.6 External signals
The TRDC module does not directly support any external interfaces.

The internal interfaces include a standard 32-bit slave bus for all programming model accesses, connections to the address 
phase signals associated with AHB and/or AXI system buses and connections to the slave peripheral buses as shown in TRDC 
block diagram.

42.7 Initialization
Out of reset, CR[GVLDR, GVLDB, GVLDM] bits are cleared, TRDC is disabled and in deny by default mode allowing secure 
privileged startup code to configure the entire programming model. In deny by default mode, only the DIDs that aren't denied by 
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default are allowed to access memory and peripherals. The allowed DIDs are implementation defined. The initialization process 
typically is performed in 3 steps:

1. Read the various hardware configuration registers (HWCFG{0,1}, DACFGn, MBCm_MEMs_GLBCFG, MRC_GLBCFG) to 
obtain the implemented hardware capabilities for the device.

2. Using the information retrieved in Step 1 coupled with the desired domain architecture, program all the register data 
structures for domain assignment (MDA_Wm_n), memory block configuration (MBCm_DOMd_MEMs_BLK_CFG_Ww) and 
memory region descriptors (MRCm_DOMd_RGDr_Ww). There are individual valid bits included in these registers which 
typically would be asserted. Additionally, there are also lock mechanisms available if register settings need to be configured 
and marked as read-only.

3. Once the TRDC programming model is loaded, the CR is written with GVLD {R, B, M} asserted. Upon the assertion of the 
3 GVLD bits, deny by default mode is exited and at that point, the TRDC is fully operational. The TRDC remains enabled 
until the next reset.

42.8 Application information
As described in Overview, the TRDC architecture is intended to provide a broad, highly-capable framework for access control, 
system memory protection and peripheral isolation. The resulting microarchitecture implementation is distributed throughout the 
core platform, highly configurable via hardware design parameters and software programmability.

42.8.1 Master domain assignments
The typical use case related to master domain assignments is to include one (or more) processor core(s) in a single domain, 
possibly coupled with other bus master devices like DMA, etc. The definition of a domain may be static, based simply on 
the combination of a processor and other optional bus masters. Alternatively, the processor's operation may be configured to 
dynamically select between a very small number of domains.

For example, "critical" tasks, whether safety-critical, performance-critical, etc. can be grouped together in one domain and all other 
tasks into a second domain. Non-processor bus masters typically have a single MDA_Wm_n configuration register associated 
with them. The domainID and {nonsecure, privileged} attributes are usually statically assigned, unless the module can "inherit" 
attributes from a processor programming it (certain modules like DMAs).

The MDA_Wm_n registers, along with the memory region descriptors and the peripheral domain access control registers all have 
lock features that allow the register resources to be converted into read-only resources to protect the written configuration.

42.8.2 Memory region descriptor management
There are important concepts to consider in managing the memory region descriptors.

Recall that the association between each MRCn instance and the slave memory regions it monitors is SoC-dependent. The 
device-specific configuration specifies the number of implemented memory region descriptors in a given instance and the specific 
port numbers associated with the slave memories being monitored.

42.8.3 Domain error capture management
Recall when a domain access violation is detected by either a memory region checker or a memory block checker, address 
and attribute information of the offending access is captured. The DERRLOCn read-only registers provide additional information 
signaling the instance number of the submodule where the access violation(s) occurred. Since the resulting exception handler 
needs the submodule instance to retrieve the captured address and attribute information from DERR_W0_n and DERR_W1_n, 
the DERRLOCn registers provide the instance number details.

These registers are organized as a word array, indexed by the faulting domain number, with the contents of each register providing 
a bitmap signaling the instance number(s) associated with all submodules containing captured error information for that domain.

It is recommended that the exception handler begin by reading the HWCFG1 register to determine its domainID. Next, it uses the 
just-retrieved domainID to index into the DERRLOCn array. The resulting DERRLOCn value is then examined to determine the 
instance number of the reporting MBC and/or MRC submodule.
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There may be multiple access violations, across multiple instances, pending for a given domain. It is suggested that exception 
handler use a "find first one" instruction (alternatively known as "count leading zeroes") to quickly and efficiently find the 
instance number containing access violation details. Once the instance number has been determined, the captured error 
address (DERR_W0_n) and attribute information (DERR_W1_n) can easily be retrieved from the domain error registers. The 
2-bit DERR_W1_n[EST] field provides information signaling whether one or more errors have been detected by the submodule 
instance. A special write to DERR_W3_n is required to reset (and rearm) the EST error capture state machine.

This process is repeated until all errors associated with a given domainID have been processed.

A graphical representation of this 2-step retrieval of the domain error address and attributes is shown in Figure 284.
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Figure 284. Two-step retrieval of domain error address and attributes

42.9 Register descriptions

The MBCm_NSE_BLK_SET, MBCm_NSE_BLK_CLR and MBCm_NSE_BLK_CLR_ALL registers exist at offset for only domain 
ID value 0 even when more than 1 domains exist, and address offsets for non-zero domain ID value should be considered reserved 
space. So, this reserved address space in MBC space does not return transfer error: 0xn14 to 0xn1C where n = (1 to NUM_DID-1) 
* 2 for each MBC.

If TZ-M is enabled, the TRDC programming model can only be accessed in SecurePrivileged mode. If TZ-M is disabled, it can 
only be accessed in Privileged mode regardless of Secure or NonSecure; that is it can't be accessed in User mode. Unless noted 
otherwise, the programming model registers can be accessed via 8-, 16- or 32-bit reads and 32-bit write references. Attempted 
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accesses in a different operating mode, using unsupported write data sizes, writes to read-only resources, or access to reserved 
spaces are terminated with an error unless noted otherwise. The TRDC programming model is partitioned into these groups 
of registers:

• Basic hardware control and configuration

• Domain errors: location and details

• Master domain assignments

• Memory block and region checkers

It should be noted that many of the programming model registers in TRDC are organized as 2-, 3- or 4- dimensional data 
structures. For the 2-dimensional structures, the generic arrays contain "m" words representing the "columns" and "n" instances 
of the structure representing the "rows". These may be described as structure[n][m]. They appear in the address space of 
the programming model memory map in the standard C language row-major layout, that is, the "m" words representing the 
"column" appear sequentially with the entire row replicated "n" times. The TRDC register structure uses the naming convention 
of TRDC_<regname>_Wm_n, where the column number "m" appears as a numeric suffix on the W (32-bit word) identifier, and 
the row identifier "n" appears as the final numerical suffix.

For the 4-dimensional structures, the generic arrays contain "m", "d", "s" or "r", and "w" indices corresponding to MBC/MRC 
instance, domain index, sub-memory or region index and word index. The naming convention for the MBC block configuration and 
MRC region descriptor word registers are: MBCm_DOMd_MEMs_BLK_CFG_Ww and MRCm_DOMd_RGDr_Ww

For the reset values in this section, a "*" indicates an initial value determined by the hardware configuration.

42.9.1 TRDC register descriptions

42.9.1.1 TRDC memory map

TRDC base address: 2803_1000h

Offset Register Width

(In bits)

Access Reset value

0h TRDC Register (TRDC_CR) 32 RW 0000_0010h

F0h Hardware Configuration Register 0 (TRDC_HWCFG0) 32 R 2204_0808h

F4h TRDC Hardware Configuration Register 1 (TRDC_HWCFG1) 32 R See section

100h - 107h Domain Assignment Configuration Register (DACFG0 - DACFG7) 8 R See section

140h Memory Block Configuration Register (MBC0_CFG0) 32 R 3010_3008h

144h Memory Block Configuration Register (MBC0_CFG1) 32 R 3004_3020h

148h Memory Block Configuration Register (MBC1_CFG0) 32 R 3001_3001h

14Ch Memory Block Configuration Register (MBC1_CFG1) 32 R 3006_3001h

150h Memory Block Configuration Register (MBC2_CFG0) 32 R 302C_3047h

154h Memory Block Configuration Register (MBC2_CFG1) 32 R 3008_3008h

158h Memory Block Configuration Register (MBC3_CFG0) 32 R 0000_0012h

15Ch Memory Block Configuration Register (MBC3_CFG1) 32 R 0000_0000h

160h - 167h Memory Region Configuration Register (MRCFG0 - MRCFG7) 8 R See section

1C0h TRDC IDAU Control Register (TRDC_IDAU_CR) 32 RW 0000_0008h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

1E0h TRDC FLW Control (TRDC_FLW_CTL) 32 RW 0000_0000h

1E4h TRDC FLW Physical Base (TRDC_FLW_PBASE) 32 R 0100_0000h

1E8h TRDC FLW Array Base (TRDC_FLW_ABASE) 32 RW 0000_0000h

1ECh TRDC FLW Block Count (TRDC_FLW_BCNT) 32 RW 0000_0000h

1FCh TRDC Fault Domain ID (TRDC_FDID) 32 RW 0000_0000h

200h - 21Ch TRDC Domain Error Location Register (TRDC_DERRLOC0 - 
TRDC_DERRLOC7)

32 R 0000_0000h

400h MBC Domain Error Word0 Register (MBC0_DERR_W0) 32 R 0000_0000h

404h MBC Domain Error Word1 Register (MBC0_DERR_W1) 32 R 0000_0000h

40Ch MBC Domain Error Word3 Register (MBC0_DERR_W3) 32 RW 0000_0000h

410h MBC Domain Error Word0 Register (MBC1_DERR_W0) 32 R 0000_0000h

414h MBC Domain Error Word1 Register (MBC1_DERR_W1) 32 R 0000_0000h

41Ch MBC Domain Error Word3 Register (MBC1_DERR_W3) 32 RW 0000_0000h

420h MBC Domain Error Word0 Register (MBC2_DERR_W0) 32 R 0000_0000h

424h MBC Domain Error Word1 Register (MBC2_DERR_W1) 32 R 0000_0000h

42Ch MBC Domain Error Word3 Register (MBC2_DERR_W3) 32 RW 0000_0000h

430h MBC Domain Error Word0 Register (MBC3_DERR_W0) 32 R 0000_0000h

434h MBC Domain Error Word1 Register (MBC3_DERR_W1) 32 R 0000_0000h

43Ch MBC Domain Error Word3 Register (MBC3_DERR_W3) 32 RW 0000_0000h

480h MRC Domain Error Word0 Register (MRC0_DERR_W0) 32 R 0000_0000h

484h MRC Domain Error Word1 Register (MRC0_DERR_W1) 32 R 0000_0000h

48Ch MRC Domain Error Word3 Register (MRC0_DERR_W3) 32 RW 0000_0000h

490h MRC Domain Error Word0 Register (MRC1_DERR_W0) 32 R 0000_0000h

494h MRC Domain Error Word1 Register (MRC1_DERR_W1) 32 R 0000_0000h

49Ch MRC Domain Error Word3 Register (MRC1_DERR_W3) 32 RW 0000_0000h

800h DAC Master Domain Assignment Register (MDA_W0_0_DFMT0) 32 RW 0000_0000h

820h DAC Master Domain Assignment Register (MDA_W0_1_DFMT1) 32 RW 2000_0000h

840h DAC Master Domain Assignment Register (MDA_W0_2_DFMT1) 32 RW 2000_0000h

860h DAC Master Domain Assignment Register (MDA_W0_3_DFMT1) 32 RW 2000_0000h

880h DAC Master Domain Assignment Register (MDA_W0_4_DFMT1) 32 RW 2000_0000h

8A0h DAC Master Domain Assignment Register (MDA_W0_5_DFMT1) 32 RW 2000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

8C0h DAC Master Domain Assignment Register (MDA_W0_6_DFMT1) 32 RW 2000_0000h

8E0h DAC Master Domain Assignment Register (MDA_W0_7_DFMT1) 32 RW 2000_0000h

1000h MBC Global Configuration Register (MBC0_MEM0_GLBCFG) 32 R 000C_0008h

1004h MBC Global Configuration Register (MBC0_MEM1_GLBCFG) 32 R 000C_0010h

1008h MBC Global Configuration Register (MBC0_MEM2_GLBCFG) 32 R 000C_0020h

100Ch MBC Global Configuration Register (MBC0_MEM3_GLBCFG) 32 R 000C_0004h

1010h MBC NonSecure Enable Block Index (MBC0_NSE_BLK_INDEX) 32 RW 0000_0000h

1014h MBC NonSecure Enable Block Set (MBC0_NSE_BLK_SET) 32 W 0000_0000h

1018h MBC NonSecure Enable Block Clear (MBC0_NSE_BLK_CLR) 32 W 0000_0000h

101Ch MBC NonSecure Enable Block Clear All 
(MBC0_NSE_BLK_CLR_ALL)

32 RW 0000_0000h

1020h MBC Global Access Control (MBC0_MEMN_GLBAC0) 32 RW 0000_0000h

1024h MBC Global Access Control (MBC0_MEMN_GLBAC1) 32 RW 0000_0000h

1028h MBC Global Access Control (MBC0_MEMN_GLBAC2) 32 RW 0000_0000h

102Ch MBC Global Access Control (MBC0_MEMN_GLBAC3) 32 RW 0000_0000h

1030h MBC Global Access Control (MBC0_MEMN_GLBAC4) 32 RW 0000_0000h

1034h MBC Global Access Control (MBC0_MEMN_GLBAC5) 32 RW 0000_0000h

1038h MBC Global Access Control (MBC0_MEMN_GLBAC6) 32 RW 0000_0000h

103Ch MBC Global Access Control (MBC0_MEMN_GLBAC7) 32 RW 0000_0000h

1040h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1140h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM0_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1180h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1184h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

11A0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM0_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

11A8h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

11ACh MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM2_BLK_CFG_W1)

32 RW 0000_0000h
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11B0h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

11B4h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

11C8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM0_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

11D0h MBC Memory Block Configuration Word 
(MBC0_DOM0_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

11F0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM0_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1240h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1340h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM1_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1380h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1384h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

13A0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM1_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

13A8h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

13ACh MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM2_BLK_CFG_W1)

32 RW 0000_0000h

13B0h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

13B4h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

13C8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM1_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

13D0h MBC Memory Block Configuration Word 
(MBC0_DOM1_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

13F0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM1_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1440h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM0_BLK_CFG_W0)

32 RW 0000_0000h
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1540h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM2_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1580h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1584h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

15A0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM2_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

15A8h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

15ACh MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM2_BLK_CFG_W1)

32 RW 0000_0000h

15B0h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

15B4h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

15C8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM2_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

15D0h MBC Memory Block Configuration Word 
(MBC0_DOM2_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

15F0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM2_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1640h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1740h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM3_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1780h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1784h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

17A0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM3_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

17A8h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

17ACh MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM2_BLK_CFG_W1)

32 RW 0000_0000h
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17B0h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

17B4h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

17C8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM3_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

17D0h MBC Memory Block Configuration Word 
(MBC0_DOM3_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

17F0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM3_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1840h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1940h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM4_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1980h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1984h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

19A0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM4_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

19A8h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

19ACh MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM2_BLK_CFG_W1)

32 RW 0000_0000h

19B0h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

19B4h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

19C8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM4_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

19D0h MBC Memory Block Configuration Word 
(MBC0_DOM4_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

19F0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM4_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1A40h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM0_BLK_CFG_W0)

32 RW 0000_0000h
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1B40h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM5_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1B80h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1B84h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

1BA0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM5_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

1BA8h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

1BACh MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM2_BLK_CFG_W1)

32 RW 0000_0000h

1BB0h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

1BB4h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

1BC8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM5_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

1BD0h MBC Memory Block Configuration Word 
(MBC0_DOM5_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

1BF0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM5_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1C40h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1D40h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM6_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1D80h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1D84h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

1DA0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM6_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

1DA8h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

1DACh MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM2_BLK_CFG_W1)

32 RW 0000_0000h
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1DB0h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

1DB4h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

1DC8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM6_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

1DD0h MBC Memory Block Configuration Word 
(MBC0_DOM6_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

1DF0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM6_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

1E40h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

1F40h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM7_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

1F80h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

1F84h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

1FA0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM7_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

1FA8h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

1FACh MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM2_BLK_CFG_W1)

32 RW 0000_0000h

1FB0h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM2_BLK_CFG_W2)

32 RW 0000_0000h

1FB4h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM2_BLK_CFG_W3)

32 RW 0000_0000h

1FC8h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM7_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

1FD0h MBC Memory Block Configuration Word 
(MBC0_DOM7_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

1FF0h MBC Memory Block NonSecure Enable Word 
(MBC0_DOM7_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2000h MBC Global Configuration Register (MBC1_MEM0_GLBCFG) 32 R 000C_0001h

2004h MBC Global Configuration Register (MBC1_MEM1_GLBCFG) 32 R 000C_0001h

2008h MBC Global Configuration Register (MBC1_MEM2_GLBCFG) 32 R 000C_0001h

Table continues on the next page...

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2576 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

200Ch MBC Global Configuration Register (MBC1_MEM3_GLBCFG) 32 R 000C_0006h

2010h MBC NonSecure Enable Block Index (MBC1_NSE_BLK_INDEX) 32 RW 0000_0000h

2014h MBC NonSecure Enable Block Set (MBC1_NSE_BLK_SET) 32 W 0000_0000h

2018h MBC NonSecure Enable Block Clear (MBC1_NSE_BLK_CLR) 32 W 0000_0000h

201Ch MBC NonSecure Enable Block Clear All 
(MBC1_NSE_BLK_CLR_ALL)

32 RW 0000_0000h

2020h MBC Global Access Control (MBC1_MEMN_GLBAC0) 32 RW 0000_0000h

2024h MBC Global Access Control (MBC1_MEMN_GLBAC1) 32 RW 0000_0000h

2028h MBC Global Access Control (MBC1_MEMN_GLBAC2) 32 RW 0000_0000h

202Ch MBC Global Access Control (MBC1_MEMN_GLBAC3) 32 RW 0000_0000h

2030h MBC Global Access Control (MBC1_MEMN_GLBAC4) 32 RW 0000_0000h

2034h MBC Global Access Control (MBC1_MEMN_GLBAC5) 32 RW 0000_0000h

2038h MBC Global Access Control (MBC1_MEMN_GLBAC6) 32 RW 0000_0000h

203Ch MBC Global Access Control (MBC1_MEMN_GLBAC7) 32 RW 0000_0000h

2040h MBC Memory Block Configuration Word 
(MBC1_DOM0_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2140h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM0_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2180h MBC Memory Block Configuration Word 
(MBC1_DOM0_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

21A0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM0_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

21A8h MBC Memory Block Configuration Word 
(MBC1_DOM0_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

21C8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM0_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

21D0h MBC Memory Block Configuration Word 
(MBC1_DOM0_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

21F0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM0_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2240h MBC Memory Block Configuration Word 
(MBC1_DOM1_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2340h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM1_MEM0_BLK_NSE_W0)

32 RW 0000_0000h
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2380h MBC Memory Block Configuration Word 
(MBC1_DOM1_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

23A0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM1_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

23A8h MBC Memory Block Configuration Word 
(MBC1_DOM1_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

23C8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM1_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

23D0h MBC Memory Block Configuration Word 
(MBC1_DOM1_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

23F0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM1_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2440h MBC Memory Block Configuration Word 
(MBC1_DOM2_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2540h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM2_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2580h MBC Memory Block Configuration Word 
(MBC1_DOM2_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

25A0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM2_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

25A8h MBC Memory Block Configuration Word 
(MBC1_DOM2_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

25C8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM2_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

25D0h MBC Memory Block Configuration Word 
(MBC1_DOM2_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

25F0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM2_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2640h MBC Memory Block Configuration Word 
(MBC1_DOM3_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2740h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM3_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2780h MBC Memory Block Configuration Word 
(MBC1_DOM3_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

27A0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM3_MEM1_BLK_NSE_W0)

32 RW 0000_0000h
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27A8h MBC Memory Block Configuration Word 
(MBC1_DOM3_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

27C8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM3_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

27D0h MBC Memory Block Configuration Word 
(MBC1_DOM3_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

27F0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM3_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2840h MBC Memory Block Configuration Word 
(MBC1_DOM4_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2940h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM4_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2980h MBC Memory Block Configuration Word 
(MBC1_DOM4_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

29A0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM4_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

29A8h MBC Memory Block Configuration Word 
(MBC1_DOM4_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

29C8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM4_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

29D0h MBC Memory Block Configuration Word 
(MBC1_DOM4_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

29F0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM4_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2A40h MBC Memory Block Configuration Word 
(MBC1_DOM5_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2B40h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM5_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2B80h MBC Memory Block Configuration Word 
(MBC1_DOM5_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

2BA0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM5_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

2BA8h MBC Memory Block Configuration Word 
(MBC1_DOM5_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

2BC8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM5_MEM2_BLK_NSE_W0)

32 RW 0000_0000h
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2BD0h MBC Memory Block Configuration Word 
(MBC1_DOM5_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

2BF0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM5_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2C40h MBC Memory Block Configuration Word 
(MBC1_DOM6_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2D40h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM6_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2D80h MBC Memory Block Configuration Word 
(MBC1_DOM6_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

2DA0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM6_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

2DA8h MBC Memory Block Configuration Word 
(MBC1_DOM6_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

2DC8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM6_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

2DD0h MBC Memory Block Configuration Word 
(MBC1_DOM6_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

2DF0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM6_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

2E40h MBC Memory Block Configuration Word 
(MBC1_DOM7_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

2F40h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM7_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

2F80h MBC Memory Block Configuration Word 
(MBC1_DOM7_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

2FA0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM7_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

2FA8h MBC Memory Block Configuration Word 
(MBC1_DOM7_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

2FC8h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM7_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

2FD0h MBC Memory Block Configuration Word 
(MBC1_DOM7_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

2FF0h MBC Memory Block NonSecure Enable Word 
(MBC1_DOM7_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3000h MBC Global Configuration Register (MBC2_MEM0_GLBCFG) 32 R 000C_0047h
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3004h MBC Global Configuration Register (MBC2_MEM1_GLBCFG) 32 R 000C_002Ch

3008h MBC Global Configuration Register (MBC2_MEM2_GLBCFG) 32 R 000C_0008h

300Ch MBC Global Configuration Register (MBC2_MEM3_GLBCFG) 32 R 000C_0008h

3010h MBC NonSecure Enable Block Index (MBC2_NSE_BLK_INDEX) 32 RW 0000_0000h

3014h MBC NonSecure Enable Block Set (MBC2_NSE_BLK_SET) 32 W 0000_0000h

3018h MBC NonSecure Enable Block Clear (MBC2_NSE_BLK_CLR) 32 W 0000_0000h

301Ch MBC NonSecure Enable Block Clear All 
(MBC2_NSE_BLK_CLR_ALL)

32 RW 0000_0000h

3020h MBC Global Access Control (MBC2_MEMN_GLBAC0) 32 RW 0000_0000h

3024h MBC Global Access Control (MBC2_MEMN_GLBAC1) 32 RW 0000_0000h

3028h MBC Global Access Control (MBC2_MEMN_GLBAC2) 32 RW 0000_0000h

302Ch MBC Global Access Control (MBC2_MEMN_GLBAC3) 32 RW 0000_0000h

3030h MBC Global Access Control (MBC2_MEMN_GLBAC4) 32 RW 0000_0000h

3034h MBC Global Access Control (MBC2_MEMN_GLBAC5) 32 RW 0000_0000h

3038h MBC Global Access Control (MBC2_MEMN_GLBAC6) 32 RW 0000_0000h

303Ch MBC Global Access Control (MBC2_MEMN_GLBAC7) 32 RW 0000_0000h

3040h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3044h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3048h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

304Ch MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3050h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3054h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3058h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

305Ch MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3060h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM0_BLK_CFG_W8)

32 RW 0000_0000h
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3140h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3144h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3148h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3180h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3184h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3188h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

318Ch MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3190h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3194h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

31A0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

31A4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

31A8h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

31C8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

31D0h MBC Memory Block Configuration Word 
(MBC2_DOM0_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

31F0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM0_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3240h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3244h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3248h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2582 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

324Ch MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3250h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3254h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3258h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

325Ch MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3260h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM0_BLK_CFG_W8)

32 RW 0000_0000h

3340h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3344h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3348h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3380h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3384h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3388h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

338Ch MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3390h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3394h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

33A0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

33A4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

33A8h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM2_BLK_CFG_W0)

32 RW 0000_0000h
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33C8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

33D0h MBC Memory Block Configuration Word 
(MBC2_DOM1_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

33F0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM1_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3440h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3444h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3448h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

344Ch MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3450h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3454h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3458h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

345Ch MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3460h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM0_BLK_CFG_W8)

32 RW 0000_0000h

3540h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3544h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3548h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3580h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3584h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3588h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W2)

32 RW 0000_0000h
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358Ch MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3590h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3594h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

35A0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

35A4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

35A8h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

35C8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

35D0h MBC Memory Block Configuration Word 
(MBC2_DOM2_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

35F0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM2_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3640h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3644h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3648h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

364Ch MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3650h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3654h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3658h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

365Ch MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3660h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM0_BLK_CFG_W8)

32 RW 0000_0000h
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3740h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3744h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3748h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3780h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3784h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3788h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

378Ch MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3790h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3794h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

37A0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

37A4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

37A8h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

37C8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

37D0h MBC Memory Block Configuration Word 
(MBC2_DOM3_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

37F0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM3_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3840h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3844h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3848h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W2)

32 RW 0000_0000h
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384Ch MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3850h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3854h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3858h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

385Ch MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3860h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM0_BLK_CFG_W8)

32 RW 0000_0000h

3940h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3944h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3948h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3980h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3984h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3988h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

398Ch MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3990h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3994h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

39A0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

39A4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

39A8h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM2_BLK_CFG_W0)

32 RW 0000_0000h
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39C8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

39D0h MBC Memory Block Configuration Word 
(MBC2_DOM4_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

39F0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM4_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3A40h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3A44h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3A48h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

3A4Ch MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3A50h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3A54h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3A58h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

3A5Ch MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3A60h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM0_BLK_CFG_W8)

32 RW 0000_0000h

3B40h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3B44h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3B48h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3B80h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3B84h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3B88h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W2)

32 RW 0000_0000h
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3B8Ch MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3B90h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3B94h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

3BA0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

3BA4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

3BA8h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

3BC8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

3BD0h MBC Memory Block Configuration Word 
(MBC2_DOM5_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

3BF0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM5_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3C40h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3C44h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3C48h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

3C4Ch MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3C50h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3C54h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3C58h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

3C5Ch MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3C60h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM0_BLK_CFG_W8)

32 RW 0000_0000h
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3D40h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3D44h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3D48h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3D80h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3D84h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3D88h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

3D8Ch MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3D90h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3D94h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

3DA0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

3DA4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

3DA8h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM2_BLK_CFG_W0)

32 RW 0000_0000h

3DC8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

3DD0h MBC Memory Block Configuration Word 
(MBC2_DOM6_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

3DF0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM6_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

3E40h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

3E44h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

3E48h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W2)

32 RW 0000_0000h
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3E4Ch MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W3)

32 RW 0000_0000h

3E50h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W4)

32 RW 0000_0000h

3E54h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W5)

32 RW 0000_0000h

3E58h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W6)

32 RW 0000_0000h

3E5Ch MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W7)

32 RW 0000_0000h

3E60h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM0_BLK_CFG_W8)

32 RW 0000_0000h

3F40h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

3F44h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM0_BLK_NSE_W1)

32 RW 0000_0000h

3F48h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM0_BLK_NSE_W2)

32 RW 0000_0000h

3F80h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W0)

32 RW 0000_0000h

3F84h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W1)

32 RW 0000_0000h

3F88h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W2)

32 RW 0000_0000h

3F8Ch MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W3)

32 RW 0000_0000h

3F90h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W4)

32 RW 0000_0000h

3F94h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM1_BLK_CFG_W5)

32 RW 0000_0000h

3FA0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM1_BLK_NSE_W0)

32 RW 0000_0000h

3FA4h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM1_BLK_NSE_W1)

32 RW 0000_0000h

3FA8h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM2_BLK_CFG_W0)

32 RW 0000_0000h
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3FC8h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM2_BLK_NSE_W0)

32 RW 0000_0000h

3FD0h MBC Memory Block Configuration Word 
(MBC2_DOM7_MEM3_BLK_CFG_W0)

32 RW 0000_0000h

3FF0h MBC Memory Block NonSecure Enable Word 
(MBC2_DOM7_MEM3_BLK_NSE_W0)

32 RW 0000_0000h

4000h MBC Global Configuration Register (MBC3_MEM0_GLBCFG) 32 R 0000_0012h

4004h MBC Global Configuration Register (MBC3_MEM1_GLBCFG) 32 R 0000_0000h

4008h MBC Global Configuration Register (MBC3_MEM2_GLBCFG) 32 R 0000_0000h

400Ch MBC Global Configuration Register (MBC3_MEM3_GLBCFG) 32 R 0000_0000h

4010h MBC NonSecure Enable Block Index (MBC3_NSE_BLK_INDEX) 32 RW 0000_0000h

4014h MBC NonSecure Enable Block Set (MBC3_NSE_BLK_SET) 32 W 0000_0000h

4018h MBC NonSecure Enable Block Clear (MBC3_NSE_BLK_CLR) 32 W 0000_0000h

401Ch MBC NonSecure Enable Block Clear All 
(MBC3_NSE_BLK_CLR_ALL)

32 RW 0000_0000h

4020h MBC Global Access Control (MBC3_MEMN_GLBAC0) 32 RW 0000_0000h

4024h MBC Global Access Control (MBC3_MEMN_GLBAC1) 32 RW 0000_0000h

4028h MBC Global Access Control (MBC3_MEMN_GLBAC2) 32 RW 0000_0000h

402Ch MBC Global Access Control (MBC3_MEMN_GLBAC3) 32 RW 0000_0000h

4030h MBC Global Access Control (MBC3_MEMN_GLBAC4) 32 RW 0000_0000h

4034h MBC Global Access Control (MBC3_MEMN_GLBAC5) 32 RW 0000_0000h

4038h MBC Global Access Control (MBC3_MEMN_GLBAC6) 32 RW 0000_0000h

403Ch MBC Global Access Control (MBC3_MEMN_GLBAC7) 32 RW 0000_0000h

4040h MBC Memory Block Configuration Word 
(MBC3_DOM0_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4044h MBC Memory Block Configuration Word 
(MBC3_DOM0_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4048h MBC Memory Block Configuration Word 
(MBC3_DOM0_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4140h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM0_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4240h MBC Memory Block Configuration Word 
(MBC3_DOM1_MEM0_BLK_CFG_W0)

32 RW 0000_0000h
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4244h MBC Memory Block Configuration Word 
(MBC3_DOM1_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4248h MBC Memory Block Configuration Word 
(MBC3_DOM1_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4340h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM1_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4440h MBC Memory Block Configuration Word 
(MBC3_DOM2_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4444h MBC Memory Block Configuration Word 
(MBC3_DOM2_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4448h MBC Memory Block Configuration Word 
(MBC3_DOM2_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4540h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM2_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4640h MBC Memory Block Configuration Word 
(MBC3_DOM3_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4644h MBC Memory Block Configuration Word 
(MBC3_DOM3_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4648h MBC Memory Block Configuration Word 
(MBC3_DOM3_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4740h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM3_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4840h MBC Memory Block Configuration Word 
(MBC3_DOM4_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4844h MBC Memory Block Configuration Word 
(MBC3_DOM4_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4848h MBC Memory Block Configuration Word 
(MBC3_DOM4_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4940h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM4_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4A40h MBC Memory Block Configuration Word 
(MBC3_DOM5_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4A44h MBC Memory Block Configuration Word 
(MBC3_DOM5_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4A48h MBC Memory Block Configuration Word 
(MBC3_DOM5_MEM0_BLK_CFG_W2)

32 RW 0000_0000h
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4B40h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM5_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4C40h MBC Memory Block Configuration Word 
(MBC3_DOM6_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4C44h MBC Memory Block Configuration Word 
(MBC3_DOM6_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4C48h MBC Memory Block Configuration Word 
(MBC3_DOM6_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4D40h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM6_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

4E40h MBC Memory Block Configuration Word 
(MBC3_DOM7_MEM0_BLK_CFG_W0)

32 RW 0000_0000h

4E44h MBC Memory Block Configuration Word 
(MBC3_DOM7_MEM0_BLK_CFG_W1)

32 RW 0000_0000h

4E48h MBC Memory Block Configuration Word 
(MBC3_DOM7_MEM0_BLK_CFG_W2)

32 RW 0000_0000h

4F40h MBC Memory Block NonSecure Enable Word 
(MBC3_DOM7_MEM0_BLK_NSE_W0)

32 RW 0000_0000h

5000h MRC Global Configuration Register (MRC0_GLBCFG) 32 R 0000_0008h

5010h MRC NonSecure Enable Region Indirect 
(MRC0_NSE_RGN_INDIRECT)

32 RW 0000_0000h

5014h MRC NonSecure Enable Region Set (MRC0_NSE_RGN_SET) 32 RW 0000_0000h

5018h MRC NonSecure Enable Region Clear (MRC0_NSE_RGN_CLR) 32 RW 0000_0000h

501Ch MRC NonSecure Enable Region Clear All 
(MRC0_NSE_RGN_CLR_ALL)

32 RW 0000_0000h

5020h MRC Global Access Control (MRC0_GLBAC0) 32 RW 0000_0000h

5024h MRC Global Access Control (MRC0_GLBAC1) 32 RW 0000_0000h

5028h MRC Global Access Control (MRC0_GLBAC2) 32 RW 0000_0000h

502Ch MRC Global Access Control (MRC0_GLBAC3) 32 RW 0000_0000h

5030h MRC Global Access Control (MRC0_GLBAC4) 32 RW 0000_0000h

5034h MRC Global Access Control (MRC0_GLBAC5) 32 RW 0000_0000h

5038h MRC Global Access Control (MRC0_GLBAC6) 32 RW 0000_0000h

503Ch MRC Global Access Control (MRC0_GLBAC7) 32 RW 0000_0000h

5040h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD0_W0) 32 RW 0000_0000h
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5044h MRC Region Descriptor Word 1 (MRC0_DOM0_RGD0_W1) 32 RW 0000_0000h

5048h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD1_W0) 32 RW 0000_0000h

504Ch MRC Region Descriptor Word 1 (MRC0_DOM0_RGD1_W1) 32 RW 0000_0000h

5050h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD2_W0) 32 RW 0000_0000h

5054h MRC Region Descriptor Word 1 (MRC0_DOM0_RGD2_W1) 32 RW 0000_0000h

5058h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD3_W0) 32 RW 0000_0000h

505Ch MRC Region Descriptor Word 1 (MRC0_DOM0_RGD3_W1) 32 RW 0000_0000h

5060h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD4_W0) 32 RW 0000_0000h

5064h MRC Region Descriptor Word 1 (MRC0_DOM0_RGD4_W1) 32 RW 0000_0000h

5068h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD5_W0) 32 RW 0000_0000h

506Ch MRC Region Descriptor Word 1 (MRC0_DOM0_RGD5_W1) 32 RW 0000_0000h

5070h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD6_W0) 32 RW 0000_0000h

5074h MRC Region Descriptor Word 1 (MRC0_DOM0_RGD6_W1) 32 RW 0000_0000h

5078h MRC Region Descriptor Word 0 (MRC0_DOM0_RGD7_W0) 32 RW 0000_0000h

507Ch MRC Region Descriptor Word 1 (MRC0_DOM0_RGD7_W1) 32 RW 0000_0000h

50C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM0_RGD_NSE)

32 RW 0000_0000h

5140h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD0_W0) 32 RW 0000_0000h

5144h MRC Region Descriptor Word 1 (MRC0_DOM1_RGD0_W1) 32 RW 0000_0000h

5148h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD1_W0) 32 RW 0000_0000h

514Ch MRC Region Descriptor Word 1 (MRC0_DOM1_RGD1_W1) 32 RW 0000_0000h

5150h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD2_W0) 32 RW 0000_0000h

5154h MRC Region Descriptor Word 1 (MRC0_DOM1_RGD2_W1) 32 RW 0000_0000h

5158h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD3_W0) 32 RW 0000_0000h

515Ch MRC Region Descriptor Word 1 (MRC0_DOM1_RGD3_W1) 32 RW 0000_0000h

5160h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD4_W0) 32 RW 0000_0000h

5164h MRC Region Descriptor Word 1 (MRC0_DOM1_RGD4_W1) 32 RW 0000_0000h

5168h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD5_W0) 32 RW 0000_0000h

516Ch MRC Region Descriptor Word 1 (MRC0_DOM1_RGD5_W1) 32 RW 0000_0000h

5170h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD6_W0) 32 RW 0000_0000h

5174h MRC Region Descriptor Word 1 (MRC0_DOM1_RGD6_W1) 32 RW 0000_0000h
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5178h MRC Region Descriptor Word 0 (MRC0_DOM1_RGD7_W0) 32 RW 0000_0000h

517Ch MRC Region Descriptor Word 1 (MRC0_DOM1_RGD7_W1) 32 RW 0000_0000h

51C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM1_RGD_NSE)

32 RW 0000_0000h

5240h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD0_W0) 32 RW 0000_0000h

5244h MRC Region Descriptor Word 1 (MRC0_DOM2_RGD0_W1) 32 RW 0000_0000h

5248h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD1_W0) 32 RW 0000_0000h

524Ch MRC Region Descriptor Word 1 (MRC0_DOM2_RGD1_W1) 32 RW 0000_0000h

5250h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD2_W0) 32 RW 0000_0000h

5254h MRC Region Descriptor Word 1 (MRC0_DOM2_RGD2_W1) 32 RW 0000_0000h

5258h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD3_W0) 32 RW 0000_0000h

525Ch MRC Region Descriptor Word 1 (MRC0_DOM2_RGD3_W1) 32 RW 0000_0000h

5260h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD4_W0) 32 RW 0000_0000h

5264h MRC Region Descriptor Word 1 (MRC0_DOM2_RGD4_W1) 32 RW 0000_0000h

5268h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD5_W0) 32 RW 0000_0000h

526Ch MRC Region Descriptor Word 1 (MRC0_DOM2_RGD5_W1) 32 RW 0000_0000h

5270h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD6_W0) 32 RW 0000_0000h

5274h MRC Region Descriptor Word 1 (MRC0_DOM2_RGD6_W1) 32 RW 0000_0000h

5278h MRC Region Descriptor Word 0 (MRC0_DOM2_RGD7_W0) 32 RW 0000_0000h

527Ch MRC Region Descriptor Word 1 (MRC0_DOM2_RGD7_W1) 32 RW 0000_0000h

52C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM2_RGD_NSE)

32 RW 0000_0000h

5340h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD0_W0) 32 RW 0000_0000h

5344h MRC Region Descriptor Word 1 (MRC0_DOM3_RGD0_W1) 32 RW 0000_0000h

5348h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD1_W0) 32 RW 0000_0000h

534Ch MRC Region Descriptor Word 1 (MRC0_DOM3_RGD1_W1) 32 RW 0000_0000h

5350h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD2_W0) 32 RW 0000_0000h

5354h MRC Region Descriptor Word 1 (MRC0_DOM3_RGD2_W1) 32 RW 0000_0000h

5358h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD3_W0) 32 RW 0000_0000h

535Ch MRC Region Descriptor Word 1 (MRC0_DOM3_RGD3_W1) 32 RW 0000_0000h

5360h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD4_W0) 32 RW 0000_0000h
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5364h MRC Region Descriptor Word 1 (MRC0_DOM3_RGD4_W1) 32 RW 0000_0000h

5368h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD5_W0) 32 RW 0000_0000h

536Ch MRC Region Descriptor Word 1 (MRC0_DOM3_RGD5_W1) 32 RW 0000_0000h

5370h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD6_W0) 32 RW 0000_0000h

5374h MRC Region Descriptor Word 1 (MRC0_DOM3_RGD6_W1) 32 RW 0000_0000h

5378h MRC Region Descriptor Word 0 (MRC0_DOM3_RGD7_W0) 32 RW 0000_0000h

537Ch MRC Region Descriptor Word 1 (MRC0_DOM3_RGD7_W1) 32 RW 0000_0000h

53C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM3_RGD_NSE)

32 RW 0000_0000h

5440h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD0_W0) 32 RW 0000_0000h

5444h MRC Region Descriptor Word 1 (MRC0_DOM4_RGD0_W1) 32 RW 0000_0000h

5448h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD1_W0) 32 RW 0000_0000h

544Ch MRC Region Descriptor Word 1 (MRC0_DOM4_RGD1_W1) 32 RW 0000_0000h

5450h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD2_W0) 32 RW 0000_0000h

5454h MRC Region Descriptor Word 1 (MRC0_DOM4_RGD2_W1) 32 RW 0000_0000h

5458h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD3_W0) 32 RW 0000_0000h

545Ch MRC Region Descriptor Word 1 (MRC0_DOM4_RGD3_W1) 32 RW 0000_0000h

5460h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD4_W0) 32 RW 0000_0000h

5464h MRC Region Descriptor Word 1 (MRC0_DOM4_RGD4_W1) 32 RW 0000_0000h

5468h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD5_W0) 32 RW 0000_0000h

546Ch MRC Region Descriptor Word 1 (MRC0_DOM4_RGD5_W1) 32 RW 0000_0000h

5470h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD6_W0) 32 RW 0000_0000h

5474h MRC Region Descriptor Word 1 (MRC0_DOM4_RGD6_W1) 32 RW 0000_0000h

5478h MRC Region Descriptor Word 0 (MRC0_DOM4_RGD7_W0) 32 RW 0000_0000h

547Ch MRC Region Descriptor Word 1 (MRC0_DOM4_RGD7_W1) 32 RW 0000_0000h

54C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM4_RGD_NSE)

32 RW 0000_0000h

5540h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD0_W0) 32 RW 0000_0000h

5544h MRC Region Descriptor Word 1 (MRC0_DOM5_RGD0_W1) 32 RW 0000_0000h

5548h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD1_W0) 32 RW 0000_0000h

554Ch MRC Region Descriptor Word 1 (MRC0_DOM5_RGD1_W1) 32 RW 0000_0000h
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5550h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD2_W0) 32 RW 0000_0000h

5554h MRC Region Descriptor Word 1 (MRC0_DOM5_RGD2_W1) 32 RW 0000_0000h

5558h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD3_W0) 32 RW 0000_0000h

555Ch MRC Region Descriptor Word 1 (MRC0_DOM5_RGD3_W1) 32 RW 0000_0000h

5560h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD4_W0) 32 RW 0000_0000h

5564h MRC Region Descriptor Word 1 (MRC0_DOM5_RGD4_W1) 32 RW 0000_0000h

5568h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD5_W0) 32 RW 0000_0000h

556Ch MRC Region Descriptor Word 1 (MRC0_DOM5_RGD5_W1) 32 RW 0000_0000h

5570h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD6_W0) 32 RW 0000_0000h

5574h MRC Region Descriptor Word 1 (MRC0_DOM5_RGD6_W1) 32 RW 0000_0000h

5578h MRC Region Descriptor Word 0 (MRC0_DOM5_RGD7_W0) 32 RW 0000_0000h

557Ch MRC Region Descriptor Word 1 (MRC0_DOM5_RGD7_W1) 32 RW 0000_0000h

55C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM5_RGD_NSE)

32 RW 0000_0000h

5640h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD0_W0) 32 RW 0000_0000h

5644h MRC Region Descriptor Word 1 (MRC0_DOM6_RGD0_W1) 32 RW 0000_0000h

5648h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD1_W0) 32 RW 0000_0000h

564Ch MRC Region Descriptor Word 1 (MRC0_DOM6_RGD1_W1) 32 RW 0000_0000h

5650h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD2_W0) 32 RW 0000_0000h

5654h MRC Region Descriptor Word 1 (MRC0_DOM6_RGD2_W1) 32 RW 0000_0000h

5658h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD3_W0) 32 RW 0000_0000h

565Ch MRC Region Descriptor Word 1 (MRC0_DOM6_RGD3_W1) 32 RW 0000_0000h

5660h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD4_W0) 32 RW 0000_0000h

5664h MRC Region Descriptor Word 1 (MRC0_DOM6_RGD4_W1) 32 RW 0000_0000h

5668h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD5_W0) 32 RW 0000_0000h

566Ch MRC Region Descriptor Word 1 (MRC0_DOM6_RGD5_W1) 32 RW 0000_0000h

5670h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD6_W0) 32 RW 0000_0000h

5674h MRC Region Descriptor Word 1 (MRC0_DOM6_RGD6_W1) 32 RW 0000_0000h

5678h MRC Region Descriptor Word 0 (MRC0_DOM6_RGD7_W0) 32 RW 0000_0000h

567Ch MRC Region Descriptor Word 1 (MRC0_DOM6_RGD7_W1) 32 RW 0000_0000h
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56C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM6_RGD_NSE)

32 RW 0000_0000h

5740h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD0_W0) 32 RW 0000_0000h

5744h MRC Region Descriptor Word 1 (MRC0_DOM7_RGD0_W1) 32 RW 0000_0000h

5748h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD1_W0) 32 RW 0000_0000h

574Ch MRC Region Descriptor Word 1 (MRC0_DOM7_RGD1_W1) 32 RW 0000_0000h

5750h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD2_W0) 32 RW 0000_0000h

5754h MRC Region Descriptor Word 1 (MRC0_DOM7_RGD2_W1) 32 RW 0000_0000h

5758h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD3_W0) 32 RW 0000_0000h

575Ch MRC Region Descriptor Word 1 (MRC0_DOM7_RGD3_W1) 32 RW 0000_0000h

5760h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD4_W0) 32 RW 0000_0000h

5764h MRC Region Descriptor Word 1 (MRC0_DOM7_RGD4_W1) 32 RW 0000_0000h

5768h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD5_W0) 32 RW 0000_0000h

576Ch MRC Region Descriptor Word 1 (MRC0_DOM7_RGD5_W1) 32 RW 0000_0000h

5770h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD6_W0) 32 RW 0000_0000h

5774h MRC Region Descriptor Word 1 (MRC0_DOM7_RGD6_W1) 32 RW 0000_0000h

5778h MRC Region Descriptor Word 0 (MRC0_DOM7_RGD7_W0) 32 RW 0000_0000h

577Ch MRC Region Descriptor Word 1 (MRC0_DOM7_RGD7_W1) 32 RW 0000_0000h

57C0h MRC Region Descriptor NonSecure Enable 
(MRC0_DOM7_RGD_NSE)

32 RW 0000_0000h

5800h MRC Global Configuration Register (MRC1_GLBCFG) 32 R 0000_0008h

5810h MRC NonSecure Enable Region Indirect 
(MRC1_NSE_RGN_INDIRECT)

32 RW 0000_0000h

5814h MRC NonSecure Enable Region Set (MRC1_NSE_RGN_SET) 32 RW 0000_0000h

5818h MRC NonSecure Enable Region Clear (MRC1_NSE_RGN_CLR) 32 RW 0000_0000h

581Ch MRC NonSecure Enable Region Clear All 
(MRC1_NSE_RGN_CLR_ALL)

32 RW 0000_0000h

5820h MRC Global Access Control (MRC1_GLBAC0) 32 RW 0000_0000h

5824h MRC Global Access Control (MRC1_GLBAC1) 32 RW 0000_0000h

5828h MRC Global Access Control (MRC1_GLBAC2) 32 RW 0000_0000h

582Ch MRC Global Access Control (MRC1_GLBAC3) 32 RW 0000_0000h

5830h MRC Global Access Control (MRC1_GLBAC4) 32 RW 0000_0000h
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5834h MRC Global Access Control (MRC1_GLBAC5) 32 RW 0000_0000h

5838h MRC Global Access Control (MRC1_GLBAC6) 32 RW 0000_0000h

583Ch MRC Global Access Control (MRC1_GLBAC7) 32 RW 0000_0000h

5840h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD0_W0) 32 RW 0000_0000h

5844h MRC Region Descriptor Word 1 (MRC1_DOM0_RGD0_W1) 32 RW 0000_0000h

5848h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD1_W0) 32 RW 0000_0000h

584Ch MRC Region Descriptor Word 1 (MRC1_DOM0_RGD1_W1) 32 RW 0000_0000h

5850h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD2_W0) 32 RW 0000_0000h

5854h MRC Region Descriptor Word 1 (MRC1_DOM0_RGD2_W1) 32 RW 0000_0000h

5858h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD3_W0) 32 RW 0000_0000h

585Ch MRC Region Descriptor Word 1 (MRC1_DOM0_RGD3_W1) 32 RW 0000_0000h

5860h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD4_W0) 32 RW 0000_0000h

5864h MRC Region Descriptor Word 1 (MRC1_DOM0_RGD4_W1) 32 RW 0000_0000h

5868h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD5_W0) 32 RW 0000_0000h

586Ch MRC Region Descriptor Word 1 (MRC1_DOM0_RGD5_W1) 32 RW 0000_0000h

5870h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD6_W0) 32 RW 0000_0000h

5874h MRC Region Descriptor Word 1 (MRC1_DOM0_RGD6_W1) 32 RW 0000_0000h

5878h MRC Region Descriptor Word 0 (MRC1_DOM0_RGD7_W0) 32 RW 0000_0000h

587Ch MRC Region Descriptor Word 1 (MRC1_DOM0_RGD7_W1) 32 RW 0000_0000h

58C0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM0_RGD_NSE)

32 RW 0000_0000h

5940h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD0_W0) 32 RW 0000_0000h

5944h MRC Region Descriptor Word 1 (MRC1_DOM1_RGD0_W1) 32 RW 0000_0000h

5948h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD1_W0) 32 RW 0000_0000h

594Ch MRC Region Descriptor Word 1 (MRC1_DOM1_RGD1_W1) 32 RW 0000_0000h

5950h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD2_W0) 32 RW 0000_0000h

5954h MRC Region Descriptor Word 1 (MRC1_DOM1_RGD2_W1) 32 RW 0000_0000h

5958h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD3_W0) 32 RW 0000_0000h

595Ch MRC Region Descriptor Word 1 (MRC1_DOM1_RGD3_W1) 32 RW 0000_0000h

5960h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD4_W0) 32 RW 0000_0000h

5964h MRC Region Descriptor Word 1 (MRC1_DOM1_RGD4_W1) 32 RW 0000_0000h
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5968h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD5_W0) 32 RW 0000_0000h

596Ch MRC Region Descriptor Word 1 (MRC1_DOM1_RGD5_W1) 32 RW 0000_0000h

5970h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD6_W0) 32 RW 0000_0000h

5974h MRC Region Descriptor Word 1 (MRC1_DOM1_RGD6_W1) 32 RW 0000_0000h

5978h MRC Region Descriptor Word 0 (MRC1_DOM1_RGD7_W0) 32 RW 0000_0000h

597Ch MRC Region Descriptor Word 1 (MRC1_DOM1_RGD7_W1) 32 RW 0000_0000h

59C0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM1_RGD_NSE)

32 RW 0000_0000h

5A40h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD0_W0) 32 RW 0000_0000h

5A44h MRC Region Descriptor Word 1 (MRC1_DOM2_RGD0_W1) 32 RW 0000_0000h

5A48h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD1_W0) 32 RW 0000_0000h

5A4Ch MRC Region Descriptor Word 1 (MRC1_DOM2_RGD1_W1) 32 RW 0000_0000h

5A50h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD2_W0) 32 RW 0000_0000h

5A54h MRC Region Descriptor Word 1 (MRC1_DOM2_RGD2_W1) 32 RW 0000_0000h

5A58h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD3_W0) 32 RW 0000_0000h

5A5Ch MRC Region Descriptor Word 1 (MRC1_DOM2_RGD3_W1) 32 RW 0000_0000h

5A60h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD4_W0) 32 RW 0000_0000h

5A64h MRC Region Descriptor Word 1 (MRC1_DOM2_RGD4_W1) 32 RW 0000_0000h

5A68h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD5_W0) 32 RW 0000_0000h

5A6Ch MRC Region Descriptor Word 1 (MRC1_DOM2_RGD5_W1) 32 RW 0000_0000h

5A70h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD6_W0) 32 RW 0000_0000h

5A74h MRC Region Descriptor Word 1 (MRC1_DOM2_RGD6_W1) 32 RW 0000_0000h

5A78h MRC Region Descriptor Word 0 (MRC1_DOM2_RGD7_W0) 32 RW 0000_0000h

5A7Ch MRC Region Descriptor Word 1 (MRC1_DOM2_RGD7_W1) 32 RW 0000_0000h

5AC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM2_RGD_NSE)

32 RW 0000_0000h

5B40h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD0_W0) 32 RW 0000_0000h

5B44h MRC Region Descriptor Word 1 (MRC1_DOM3_RGD0_W1) 32 RW 0000_0000h

5B48h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD1_W0) 32 RW 0000_0000h

5B4Ch MRC Region Descriptor Word 1 (MRC1_DOM3_RGD1_W1) 32 RW 0000_0000h

5B50h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD2_W0) 32 RW 0000_0000h
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5B54h MRC Region Descriptor Word 1 (MRC1_DOM3_RGD2_W1) 32 RW 0000_0000h

5B58h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD3_W0) 32 RW 0000_0000h

5B5Ch MRC Region Descriptor Word 1 (MRC1_DOM3_RGD3_W1) 32 RW 0000_0000h

5B60h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD4_W0) 32 RW 0000_0000h

5B64h MRC Region Descriptor Word 1 (MRC1_DOM3_RGD4_W1) 32 RW 0000_0000h

5B68h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD5_W0) 32 RW 0000_0000h

5B6Ch MRC Region Descriptor Word 1 (MRC1_DOM3_RGD5_W1) 32 RW 0000_0000h

5B70h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD6_W0) 32 RW 0000_0000h

5B74h MRC Region Descriptor Word 1 (MRC1_DOM3_RGD6_W1) 32 RW 0000_0000h

5B78h MRC Region Descriptor Word 0 (MRC1_DOM3_RGD7_W0) 32 RW 0000_0000h

5B7Ch MRC Region Descriptor Word 1 (MRC1_DOM3_RGD7_W1) 32 RW 0000_0000h

5BC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM3_RGD_NSE)

32 RW 0000_0000h

5C40h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD0_W0) 32 RW 0000_0000h

5C44h MRC Region Descriptor Word 1 (MRC1_DOM4_RGD0_W1) 32 RW 0000_0000h

5C48h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD1_W0) 32 RW 0000_0000h

5C4Ch MRC Region Descriptor Word 1 (MRC1_DOM4_RGD1_W1) 32 RW 0000_0000h

5C50h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD2_W0) 32 RW 0000_0000h

5C54h MRC Region Descriptor Word 1 (MRC1_DOM4_RGD2_W1) 32 RW 0000_0000h

5C58h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD3_W0) 32 RW 0000_0000h

5C5Ch MRC Region Descriptor Word 1 (MRC1_DOM4_RGD3_W1) 32 RW 0000_0000h

5C60h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD4_W0) 32 RW 0000_0000h

5C64h MRC Region Descriptor Word 1 (MRC1_DOM4_RGD4_W1) 32 RW 0000_0000h

5C68h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD5_W0) 32 RW 0000_0000h

5C6Ch MRC Region Descriptor Word 1 (MRC1_DOM4_RGD5_W1) 32 RW 0000_0000h

5C70h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD6_W0) 32 RW 0000_0000h

5C74h MRC Region Descriptor Word 1 (MRC1_DOM4_RGD6_W1) 32 RW 0000_0000h

5C78h MRC Region Descriptor Word 0 (MRC1_DOM4_RGD7_W0) 32 RW 0000_0000h

5C7Ch MRC Region Descriptor Word 1 (MRC1_DOM4_RGD7_W1) 32 RW 0000_0000h

5CC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM4_RGD_NSE)

32 RW 0000_0000h
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5D40h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD0_W0) 32 RW 0000_0000h

5D44h MRC Region Descriptor Word 1 (MRC1_DOM5_RGD0_W1) 32 RW 0000_0000h

5D48h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD1_W0) 32 RW 0000_0000h

5D4Ch MRC Region Descriptor Word 1 (MRC1_DOM5_RGD1_W1) 32 RW 0000_0000h

5D50h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD2_W0) 32 RW 0000_0000h

5D54h MRC Region Descriptor Word 1 (MRC1_DOM5_RGD2_W1) 32 RW 0000_0000h

5D58h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD3_W0) 32 RW 0000_0000h

5D5Ch MRC Region Descriptor Word 1 (MRC1_DOM5_RGD3_W1) 32 RW 0000_0000h

5D60h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD4_W0) 32 RW 0000_0000h

5D64h MRC Region Descriptor Word 1 (MRC1_DOM5_RGD4_W1) 32 RW 0000_0000h

5D68h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD5_W0) 32 RW 0000_0000h

5D6Ch MRC Region Descriptor Word 1 (MRC1_DOM5_RGD5_W1) 32 RW 0000_0000h

5D70h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD6_W0) 32 RW 0000_0000h

5D74h MRC Region Descriptor Word 1 (MRC1_DOM5_RGD6_W1) 32 RW 0000_0000h

5D78h MRC Region Descriptor Word 0 (MRC1_DOM5_RGD7_W0) 32 RW 0000_0000h

5D7Ch MRC Region Descriptor Word 1 (MRC1_DOM5_RGD7_W1) 32 RW 0000_0000h

5DC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM5_RGD_NSE)

32 RW 0000_0000h

5E40h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD0_W0) 32 RW 0000_0000h

5E44h MRC Region Descriptor Word 1 (MRC1_DOM6_RGD0_W1) 32 RW 0000_0000h

5E48h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD1_W0) 32 RW 0000_0000h

5E4Ch MRC Region Descriptor Word 1 (MRC1_DOM6_RGD1_W1) 32 RW 0000_0000h

5E50h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD2_W0) 32 RW 0000_0000h

5E54h MRC Region Descriptor Word 1 (MRC1_DOM6_RGD2_W1) 32 RW 0000_0000h

5E58h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD3_W0) 32 RW 0000_0000h

5E5Ch MRC Region Descriptor Word 1 (MRC1_DOM6_RGD3_W1) 32 RW 0000_0000h

5E60h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD4_W0) 32 RW 0000_0000h

5E64h MRC Region Descriptor Word 1 (MRC1_DOM6_RGD4_W1) 32 RW 0000_0000h

5E68h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD5_W0) 32 RW 0000_0000h

5E6Ch MRC Region Descriptor Word 1 (MRC1_DOM6_RGD5_W1) 32 RW 0000_0000h

5E70h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD6_W0) 32 RW 0000_0000h
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5E74h MRC Region Descriptor Word 1 (MRC1_DOM6_RGD6_W1) 32 RW 0000_0000h

5E78h MRC Region Descriptor Word 0 (MRC1_DOM6_RGD7_W0) 32 RW 0000_0000h

5E7Ch MRC Region Descriptor Word 1 (MRC1_DOM6_RGD7_W1) 32 RW 0000_0000h

5EC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM6_RGD_NSE)

32 RW 0000_0000h

5F40h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD0_W0) 32 RW 0000_0000h

5F44h MRC Region Descriptor Word 1 (MRC1_DOM7_RGD0_W1) 32 RW 0000_0000h

5F48h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD1_W0) 32 RW 0000_0000h

5F4Ch MRC Region Descriptor Word 1 (MRC1_DOM7_RGD1_W1) 32 RW 0000_0000h

5F50h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD2_W0) 32 RW 0000_0000h

5F54h MRC Region Descriptor Word 1 (MRC1_DOM7_RGD2_W1) 32 RW 0000_0000h

5F58h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD3_W0) 32 RW 0000_0000h

5F5Ch MRC Region Descriptor Word 1 (MRC1_DOM7_RGD3_W1) 32 RW 0000_0000h

5F60h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD4_W0) 32 RW 0000_0000h

5F64h MRC Region Descriptor Word 1 (MRC1_DOM7_RGD4_W1) 32 RW 0000_0000h

5F68h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD5_W0) 32 RW 0000_0000h

5F6Ch MRC Region Descriptor Word 1 (MRC1_DOM7_RGD5_W1) 32 RW 0000_0000h

5F70h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD6_W0) 32 RW 0000_0000h

5F74h MRC Region Descriptor Word 1 (MRC1_DOM7_RGD6_W1) 32 RW 0000_0000h

5F78h MRC Region Descriptor Word 0 (MRC1_DOM7_RGD7_W0) 32 RW 0000_0000h

5F7Ch MRC Region Descriptor Word 1 (MRC1_DOM7_RGD7_W1) 32 RW 0000_0000h

5FC0h MRC Region Descriptor NonSecure Enable 
(MRC1_DOM7_RGD_NSE)

32 RW 0000_0000h

42.9.1.2 TRDC Register (TRDC_CR)

Offset

Register Offset

TRDC_CR 0h

Function

This register provides status about the TRDC and global enable bits for the entire module's operation. A fully operational TRDC 
requires all global bits GVLD {R,B,M} to be asserted. Undefined behavior results if they are not all asserted. If there are no region 
checkers (MRCs) present in the configuration, GVLDR need not be asserted for a fully operational TRDC.
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Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
LK1 

0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R GVLD
R 

GVLD
B 

0 0 HRL GVLD
M W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31

—

Reserved

30

LK1

Lock Status

This field is the lock status of the TRDC_CR. This field is set when all GVLD bits are set; 
GVLDR=GVLDB=GVLDM=1b1. Once set, this bit remains asserted until the next reset.

0b - The CR can be written by any secure privileged write.

1b - The CR is locked (read-only) until the next reset.

29-20

—

Reserved

19-16

—

Reserved

15

GVLDR

Global Valid for Memory Region Checkers

TRDC global MRC enable/disable. Once set, this bit remains set until the next reset.

0b - TRDC MRCs are disabled.

1b - TRDC MRCs are enabled.

14

GVLDB

Global Valid for Memory Block Checkers

TRDC global MBC enable/disable. Once set, this bit remains set until the next reset.

0b - TRDC MBCs are disabled.

1b - TRDC MBCs are enabled.

13-9 Reserved

Table continues on the next page...
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Field Function

—

8-5

—

Reserved

4-1

HRL

Hardware Revision Level

This read-only field specifies the TRDC’s hardware and definition revision level. It can be read by software 
to determine the functional definition of the module.

0

GVLDM

Global Valid for Domain Assignment Controllers

TRDC global DAC enable/disable. Once set, this bit remains set until the next reset.

0b - TRDC DACs are disabled.

1b - TRDC DACs are enabled.

42.9.1.3 Hardware Configuration Register 0 (TRDC_HWCFG0)

Offset

Register Offset

TRDC_HWCFG0 F0h

Function

This read-only register contains information on the TRDC’s hardware configuration. Specifically, it defines the number of 
implemented domains and bus masters along with the number of instances of memory block checkers (MBCs) and memory region 
checkers (MRCs). The register value at reset is device-specific. Attempted writes are error terminated.

Access: f TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MID NMRC 0 NMBC 

W

Reset 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NMSTR 0 NDID 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
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Fields

Field Function

31-28

MID

Module ID

This field defines major version ID of this module.

27-24

NMRC

Number of MRCs

This field defines the number of Memory Region Checkers on the device [1-8].

23-19

—

Reserved

18-16

NMBC

Number of MBCs

This field defines the number of Memory Block Checkers on the device [1-4].

15-8

NMSTR

Number of bus masters

This read-only field defines the number of bus masters.

7-4

—

Reserved

3-0

NDID

Number of domains

This read-only field defines the number of domains on the device [1-8].

42.9.1.4 TRDC Hardware Configuration Register 1 (TRDC_HWCFG1)

Offset

Register Offset

TRDC_HWCFG1 F4h

Function

This register contains information on the TRDC’s hardware configuration. It provides a mechanism for software to determine 
its domain number by simply reading the register. See Domain error capture management for more details on typical usage. 
Attempted writes are error terminated.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 u u u

Fields

Field Function

31-3

—

Reserved

2-0

DID

Domain identifier number

This field provides the domain number [0-7] of the requesting bus master.

42.9.1.5 Domain Assignment Configuration Register (DACFG0 - DACFG7)

Offset

For m = 0 to 7:

Register Offset

DACFGm 100h + (m × 1h)

Function

This register defines the number of implemented domain assignment registers for bus master m, where m+1 can specify from 1 
to 64 bus masters. These registers are organized as a byte-sized data array and can be read using 8-, 16- or 32-bit accesses. An 
all-zero value (NCM = 0, NMDAR = 0) indicates a non-existent bus master. Attempted writes are error terminated.

Register read will not return transfer error when DACFG for a master doesn't exist but it is in the same 32-bit group as DACFG 
for an existing master. For example, when there are only 2 DACFG0-1 registers for 2 master, and masters for DACFG2-3 don't 
exist, then access to DACFG2-3 won't return transfer error.

Typically, processor bus masters have one or more domain assignment registers, while non-processor masters have a single 
domain assignment register.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 7 6 5 4 3 2 1 0

R NCM 0 NMDAR 

W

Reset See Register reset values.

Register reset values

Register Reset value

DACFG0 01h

DACFG1–DACFG7 81h

Fields

Field Function

7

NCM

Non-CPU Master

This read-only field signals that bus master m is a non-CPU master. It specifies that the format of the 
associated MDA_Wr_m register defines a non-processor domain assignment. This field is zero for a 
non-existent bus master.

0b - Bus master is a processor.

1b - Bus master is a non-processor.

6-4

—

Reserved

3-0

NMDAR

Number of master domain assignment registers for bus master m

This read-only field specifies the number of registers associated with the master domain assignment 
register for a given bus master. The value is limited to the range [0-8], where zero indicates a non-existent 
bus master and non-zero values indicate the number of implemented registers associated with this MDAm.

42.9.1.6 Memory Block Configuration Register (MBC0_CFG0)

Offset

Register Offset

MBC0_CFG0 140h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2609 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV1_BLKSZL2 SLV1_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV0_BLKSZL2 SLV0_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31

—

Reserved

30-26

SLV1_BLKSZL2

Block size log2 in slave 1.

25-16

SLV1_NMBLK

Number of blocks in slave 1.

15

—

Reserved

14-10

SLV0_BLKSZL2

Block size log2 in slave 0.

9-0

SLV0_NMBLK

Number of blocks in slave 0.

42.9.1.7 Memory Block Configuration Register (MBC0_CFG1)

Offset

Register Offset

MBC0_CFG1 144h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV3_BLKSZL2 SLV3_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV2_BLKSZL2 SLV2_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-26

SLV3_BLKSZL2

Block size log2 in slave 3.

25-16

SLV3_NMBLK

Number of blocks in slave 3.

15

—

Reserved

14-10

SLV2_BLKSZL2

Block size log2 in slave 2.

9-0

SLV2_NMBLK

Number of blocks in slave 2.

42.9.1.8 Memory Block Configuration Register (MBC1_CFG0)

Offset

Register Offset

MBC1_CFG0 148h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2611 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV1_BLKSZL2 SLV1_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV0_BLKSZL2 SLV0_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31

—

Reserved

30-26

SLV1_BLKSZL2

Block size log2 in slave 1.

25-16

SLV1_NMBLK

Number of blocks in slave 1.

15

—

Reserved

14-10

SLV0_BLKSZL2

Block size log2 in slave 0.

9-0

SLV0_NMBLK

Number of blocks in slave 0.

42.9.1.9 Memory Block Configuration Register (MBC1_CFG1)

Offset

Register Offset

MBC1_CFG1 14Ch

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2612 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV3_BLKSZL2 SLV3_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV2_BLKSZL2 SLV2_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31

—

Reserved

30-26

SLV3_BLKSZL2

Block size log2 in slave 3.

25-16

SLV3_NMBLK

Number of blocks in slave 3.

15

—

Reserved

14-10

SLV2_BLKSZL2

Block size log2 in slave 2.

9-0

SLV2_NMBLK

Number of blocks in slave 2.

42.9.1.10 Memory Block Configuration Register (MBC2_CFG0)

Offset

Register Offset

MBC2_CFG0 150h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV1_BLKSZL2 SLV1_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 1 0 1 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV0_BLKSZL2 SLV0_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 1

Fields

Field Function

31

—

Reserved

30-26

SLV1_BLKSZL2

Block size log2 in slave 1.

25-16

SLV1_NMBLK

Number of blocks in slave 1.

15

—

Reserved

14-10

SLV0_BLKSZL2

Block size log2 in slave 0.

9-0

SLV0_NMBLK

Number of blocks in slave 0.

42.9.1.11 Memory Block Configuration Register (MBC2_CFG1)

Offset

Register Offset

MBC2_CFG1 154h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV3_BLKSZL2 SLV3_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV2_BLKSZL2 SLV2_NMBLK 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31

—

Reserved

30-26

SLV3_BLKSZL2

Block size log2 in slave 3.

25-16

SLV3_NMBLK

Number of blocks in slave 3.

15

—

Reserved

14-10

SLV2_BLKSZL2

Block size log2 in slave 2.

9-0

SLV2_NMBLK

Number of blocks in slave 2.

42.9.1.12 Memory Block Configuration Register (MBC3_CFG0)

Offset

Register Offset

MBC3_CFG0 158h

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV1_BLKSZL2 SLV1_NMBLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV0_BLKSZL2 SLV0_NMBLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0

Fields

Field Function

31

—

Reserved

30-26

SLV1_BLKSZL2

Block size log2 in slave 1.

25-16

SLV1_NMBLK

Number of blocks in slave 1.

15

—

Reserved

14-10

SLV0_BLKSZL2

Block size log2 in slave 0.

9-0

SLV0_NMBLK

Number of blocks in slave 0.

42.9.1.13 Memory Block Configuration Register (MBC3_CFG1)

Offset

Register Offset

MBC3_CFG1 15Ch

Function

This register defines the hardware configuration of two of the sub-blocks within a memory block checker.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv read-only
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SLV3_BLKSZL2 SLV3_NMBLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SLV2_BLKSZL2 SLV2_NMBLK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-26

SLV3_BLKSZL2

Block size log2 in slave 3.

25-16

SLV3_NMBLK

Number of blocks in slave 3.

15

—

Reserved

14-10

SLV2_BLKSZL2

Block size log2 in slave 2.

9-0

SLV2_NMBLK

Number of blocks in slave 2.

42.9.1.14 Memory Region Configuration Register (MRCFG0 - MRCFG7)

Offset

For r = 0 to 7:

Register Offset

MRCFGr 160h + (r × 1h)

NXP Semiconductors
Trusted Resource Domain Controller (TRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2617 / 5781



Function

This read-only register defines the number of implemented memory region descriptors for each MRCr, where r+1 can specify up 
to 16 instances. These registers are organized as a byte-sized data array and can be read using 8-, 16- or 32-bit accesses. A zero 
value indicates a non-existent memory region checker instance. Attempted writes are error terminated.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read

Diagram

Bits 7 6 5 4 3 2 1 0

R 0 NMRGD 

W

Reset See Register reset values.

Register reset values

Register Reset value

MRCFG0–MRCFG1 08h

MRCFG2–MRCFG7 00h

Fields

Field Function

7-5

—

Reserved

4-0

NMRGD

Number of memory region descriptors for memory region checker n

Number of memory region descriptors for MRCr. This field specifies the number of memory region 
descriptors associated with a given memory region checker instance. The value is limited to the range 
[0-16], where zero indicates a non-existent MRC instance and non-zero values indicate the number of 
implemented memory region descriptors [0-16] associated with the TRDC_MRCm submodule.

42.9.1.15 TRDC IDAU Control Register (TRDC_IDAU_CR)

Offset

Register Offset

TRDC_IDAU_CR 1C0h

Function

This register defines the configuration for the Implementation-Defined Attribution Unit which is tightly-coupled to the TZ-M 
extensions in the processor core. Many of the fields in this register explicitly control processor TZ-M functions.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PCUR
RNS 

0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 LKSA
U 

LKNS
MPU 

LKSM
PU 

LKNS
VTOR 

LKSVT
AI...

0
SAUDI

S 
MPUN
SDIS 

MPUS
DIS 

CFGS
ECE...

0
VLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31

PCURRNS

Processor current security

Current security state of the processor.

0b - Processor is in Secure state

1b - Processor is in Nonsecure state

30-19

—

Reserved

18-16

—

Reserved

15-13

—

Reserved

12

LKSAU

Lock SAU

Asserting this bit prevents changes to the processor's Secure SAU memory regions already 
programmed. All processor writes to the registers are ignored. This bit is sticky, once set, it can only 
be cleared with a reset.

0b - Unlock these registers

1b - Disable writes to the SAU_CTRL, SAU_RNR, SAU_RBAR and SAU_RLAR registers from 
software or from a debug agent connected to the processor

11

LKNSMPU

Lock Nonsecure MPU

Asserting this bit prevents changes to the processor's Nonsecure MPU memory regions already 
programmed. All processor writes to the registers are ignored. This bit is sticky, once set, it can only 
be cleared with a reset.

0b - Unlock these registers

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Disable writes to the MPU_CTRL_NS, MPU_RNR_NS, MPU_RBAR_NS, MPU_RLAR_NS, 
MPU_RBAR_A_NSn and MPU_RLAR_A_NSn from software or from a debug agent connected to 
the processor

10

LKSMPU

Lock Secure MPU

Asserting this signal prevents changes to the processor's programmed Secure MPU memory regions and 
all processor writes to the registers are ignored. This bit is sticky, once set, it can only be cleared with a reset.

0b - Unlock these registers

1b - Disable writes to the MPU_CTRL, MPU_RNR, MPU_RBAR, MPU_RLAR, MPU_RBAR_An 
and MPU_RLAR_An from software or from a debug agent connected to the processor in Secure 
state

9

LKNSVTOR

Lock Nonsecure Vector Table Offset Register

Asserting this signal prevents changes to the processor's Nonsecure vector table base address. This bit is 
sticky, once set, it can only be cleared with a reset.

0b - Unlock this register

1b - Disable writes to the VTOR_NS register

8

LKSVTAIRCR

Lock Secure VTOR, Application interrupt and Reset Control Registers

This bit is sticky, once set, it can only be cleared with a reset. Asserting this signal prevents processor 
changes to:

• The Secure vector table base address.

• Handling of Secure interrupt priority.

• BusFault, HardFault, and NMI security target settings in the processor.

0b - Unlock these registers

1b - Disable writes to the VTOR_S, AIRCR[PRIS], and AIRCR[BFHFNMINS] registers

7

—

Reserved

6

SAUDIS

Security Attribution Unit Disable

0b - SAU is enabled

1b - SAU is disabled

5

MPUNSDIS

NonSecure Memory Protection Unit Disabled

0b - Nonsecure MPU is enabled

1b - Nonsecure MPU is disabled

4

MPUSDIS

Secure Memory Protection Unit Disabled

0b - Secure MPU is enabled

1b - Secure MPU is disabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

3

CFGSECEXT

Configure Security Extension

0b - ARMv8M Security Extension is disabled

1b - ARMv8-M Security Extension is enabled

2-1

—

Reserved

0

VLD

Valid

When VLD =0, all address attribute from IDAU is nonSecure. When VLD=1, values in other fields of this 
register are valid.

42.9.1.16 TRDC FLW Control (TRDC_FLW_CTL)

Offset

Register Offset

TRDC_FLW_CTL 1E0h

Function

This register provides control of the FLW = Flash Logical Window operation.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
V LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Valid bit

Table continues on the next page...
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Table continued from the previous page...

Field Function

V 0b - FLW function is disabled.

1b - FLW function is enabled.

30

LK

Lock bit

0b - FLW registers may be modified.

1b - FLW registers are locked until the next reset.

29-0

—

Reserved

42.9.1.17 TRDC FLW Physical Base (TRDC_FLW_PBASE)

Offset

Register Offset

TRDC_FLW_PBASE 1E4h

Function

This read-only register gives the physical base address of the Flash Logical Window.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PBASE 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PBASE

Physical base address

Physical address of the base of the FLW (mod 32KBytes).
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42.9.1.18 TRDC FLW Array Base (TRDC_FLW_ABASE)

Offset

Register Offset

TRDC_FLW_ABASE 1E8h

Function

This register gives the flash array base address of the Flash Logical Window.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write. This register is not writable 
if TRDC_FLW_CTL[LK]=1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ABASE_H 
ABASE_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ABAS
E_L 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

ABASE_H

Array base address high

Flash array address upper bits of the base of the FLW (mod 32KBytes).

21-15

ABASE_L

Array base address low

Flash array address lower bits of the base of the FLW (mod 32KBytes).

14-0

—

Reserved

42.9.1.19 TRDC FLW Block Count (TRDC_FLW_BCNT)

Offset

Register Offset

TRDC_FLW_BCNT 1ECh
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Function

This register gives the size of the Flash Logic Window in 32KByte blocks.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write. This register is not writable 
if TRDC_FLW_CTL[LK]=1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14-0

BCNT

Block Count

Size of FLW in number of 32KByte blocks.

42.9.1.20 TRDC Fault Domain ID (TRDC_FDID)

Offset

Register Offset

TRDC_FDID 1FCh

Function

In the event of an access error, this register is used to specify the domainID of the faulting reference before indexing into the 
Domain Error registers.

If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FDID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

FDID

Domain ID of Faulted Access

This field indicates the domainID of the fault used to index the array of domain error information. The user 
queries the DERRLOCx registers to find the DomainID of the faulting access and must write this register with 
the domain ID before reading the Domain Error registers.

42.9.1.21 TRDC Domain Error Location Register (TRDC_DERRLOC0 - TRDC_DERRLOC7)

Offset

For d = 0 to 7:

Register Offset

TRDC_DERRLOCd 200h + (d × 4h)

Function

This array of read-only registers provide the instance number of the submodule where (an) access violation(s) occurred. These 
registers are organized as a word array, indexed by the faulting domain number, d. The two fields of this register provide a bitmap 
of instances associated with all submodules containing captured error information for that domain. These instance numbers are 
then used as indices into the DERR_W0_i, DERR_W1_i, and DERR_W3_i register arrays. See Domain error capture management 
for more details.

When an access violation is detected by either a Memory Region Checker (MRC) or a Memory Block Checker (MBC), address 
and attribute information of the offending access is captured. Using the faulting domainID number as the index, d, this array of 
read-only registers provide additional information signaling the instance number of the submodule where the access violation(s) 
occurred. Since the resulting exception handler needs the submodule instance to retrieve the captured address and attribute 
information from DERR_W0_i and DERR_W1_i, these registers provide the instance number details.

Attempted writes are error terminated.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 MRCINST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R mbc3_err_slv mbc2_err_slv mbc1_err_slv mbc0_err_slv 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

MRCINST

MRC instance

This field is a bitmap indicating the presence of a detected access violation for domain d in the implemented 
instances of the MRC. The least-significant bit of this field (bit 16) corresponds to MRC instance 0. The 
most-significant bit of this field (bit 23) corresponds to MRC instance 7 (MRC instance = i-16 where i is 
the register bit number), and so on. Multiple bits can be set at any time indicating access violations for this 
domain have been detected across multiple instances of the MRCs.

For each bit in this field:

• 0 - The memory region checker has not detected an access violation or is not physically present.

• 1 - The memory region checker has detected one or more access violations for this domain.

15-12

mbc3_err_slv

MBC3 ERROR SLAVE

• 0001b - Error in Slave memory 0

• 0010b - Error in Slave memory 1

• 0100b - Error in Slave memory 2

• 1000b - Error in Slave memory 3

11-8

mbc2_err_slv

MBC2 ERROR SLAVE

• 0001b - Error in Slave memory 0

• 0010b - Error in Slave memory 1

• 0100b - Error in Slave memory 2

• 1000b - Error in Slave memory 3

7-4

mbc1_err_slv

MBC1 ERROR SLAVE

• 0001b - Error in Slave memory 0

Table continues on the next page...
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Table continued from the previous page...

Field Function

• 0010b - Error in Slave memory 1

• 0100b - Error in Slave memory 2

• 1000b - Error in Slave memory 3

3-0

mbc0_err_slv

MBC0 ERROR SLAVE

• 0001b - Error in Slave memory 0

• 0010b - Error in Slave memory 1

• 0100b - Error in Slave memory 2

• 1000b - Error in Slave memory 3

42.9.1.22 MBC Domain Error Word0 Register (MBC0_DERR_W0 - MBC3_DERR_W0)

Offset

Register Offset

MBC0_DERR_W0 400h

MBC1_DERR_W0 410h

MBC2_DERR_W0 420h

MBC3_DERR_W0 430h

Function

This read-only register array provides the address of an access violation detected by memory block checker (MBC). These 
registers are organized as a word array, which is indexed by the MBC instance number. That is, the index, i, of this array is the 
instance number of MBC with the access violation. The submodule instance numbers are provided by the DERRLOC registers. 
The memory mapped error capture detail registers are organized as 24 sequential 16 byte entries.

When an access violation is detected and the offending information captured, subsequent updates to this register are disabled 
until the required data pattern is written to the DERR_W3_i register. At that time, this register is cleared and re-enabled to capture 
the next access violation.

Attempted writes are error terminated as are attempted reads of an MBC instance that is not physically present.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

EADDR

Error address

This is the unaliased virtual address of the access that generated the access violation.

42.9.1.23 MBC Domain Error Word1 Register (MBC0_DERR_W1 - MBC3_DERR_W1)

Offset

Register Offset

MBC0_DERR_W1 404h

MBC1_DERR_W1 414h

MBC2_DERR_W1 424h

MBC3_DERR_W1 434h

Function

This read-only register array provides the attributes of an access violation detected by Memory Block Checker (MBC). These 
registers are organized as a word array, which is indexed by the violating submodule instance number. Refer to register 
Domain Error Location(DERRLOCd), Domain Error Word0 Register(DERR_W0_i), and Domain error capture management for 
more information.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EST 0 EPORT 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ERW EATR 0 EDID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

EST

Error state

This field signals the state of access violations for this domain in this instance of the block checker or region 
checker. Once an access violation has been detected and the faulting address and attribute information 
stored, subsequent errors are simply recorded as an overrun condition without any data captured.

After retrieving the faulting address and attributes, the error capture mechanism must be rearmed by 
performing a write to DERR_W3_i.

00b - No access violation has been detected.

01b - No access violation has been detected.

10b - A single access violation has been detected.

11b - Multiple access violations for this domain have been detected by this submodule instance. 
Only the address and attribute information for the first error have been captured in DERR_W0_i 
and DERR_W1_i.

29-27

—

Reserved

26-24

EPORT

Error port

This field identifies the encoded port number of the MBC that detected the access violation. The MBC port 
number connection is device-specific. See the chip configuration details for more information.

This is the MBC slave that has the violation.

000b - mbcxslv0

001b - mbcxslv1

010b - mbcxslv2

011b - mbcxslv3

23-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11

ERW

Error read/write

This field signals whether the captured access violation occurred on a read or write reference.

0b - Read access

1b - Write access

10-8

EATR

Error attributes

This field captures attributes of the access violation.

000b - Secure user mode, instruction fetch access.

001b - Secure user mode, data access.

010b - Secure privileged mode, instruction fetch access.

011b - Secure privileged mode, data access.

100b - Nonsecure user mode, instruction fetch access.

101b - Nonsecure user mode, data access.

110b - Nonsecure privileged mode, instruction fetch access.

111b - Nonsecure privileged mode, data access.

7-4

—

Reserved

3-0

EDID

Error domain identifier

This field captures the domain identifier of the access violation.

42.9.1.24 MBC Domain Error Word3 Register (MBC0_DERR_W3 - MBC3_DERR_W3)

Offset

Register Offset

MBC0_DERR_W3 40Ch

MBC1_DERR_W3 41Ch

MBC2_DERR_W3 42Ch

MBC3_DERR_W3 43Ch

Function

This register is used to rearm the error capture logic and clear the DERR_W0_i and DERR_W1_i registers. After the domain 
access violation error details have been read, typically in an exception service routine, a 32-bit word write to this register is required 
to rearm the error capture logic.

A read of this location returns zeroes. Attempted reads of a Memory Region Checker (MRC) or Memory Block Checker (MBC) 
instance that is not physically present are error terminated.
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See Domain error capture management for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W RECR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RECR

Rearm Error Capture Registers

This 2-bit, write-only field controls the rearming of the domain error capture registers. Once an access 
violation has been detected with the faulting address and attribute information stored, subsequent errors are 
simply recorded as an overrun condition without any data captured.

Writing 01b to this field rearms the error capture mechanism and clears the DERR_W0_i and DERR_W1_i 
registers. A write of any value other than 01b has no effect.

29-0

—

Reserved

42.9.1.25 MRC Domain Error Word0 Register (MRC0_DERR_W0 - MRC1_DERR_W0)

Offset

Register Offset

MRC0_DERR_W0 480h

MRC1_DERR_W0 490h

Function

This read-only register array provides the address of an access violation detected by memory region checker (MRC). These 
registers are organized as a word array, which is indexed by the MRC instance number. That is, the index, i, of this array is the 
instance number of MRC with the access violation. The submodule instance numbers are provided by the DERRLOC registers. 
The memory mapped error capture detail registers are organized as 24 sequential 16 byte entries.

When an access violation is detected and the offending information captured, subsequent updates to this register are disabled 
until the required data pattern is written to the DERR_W3_i register. At that time, this register is cleared and re-enabled to capture 
the next access violation.

Attempted writes are error terminated as are attempted reads of an MRC instance that is not physically present.
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Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

EADDR

Error address

This is the unaliased virtual address of the access that generated the access violation.

42.9.1.26 MRC Domain Error Word1 Register (MRC0_DERR_W1 - MRC1_DERR_W1)

Offset

Register Offset

MRC0_DERR_W1 484h

MRC1_DERR_W1 494h

Function

This read-only register array provides the attributes of an access violation detected by memory region checker (MRC). These 
registers are organized as a word array, which is indexed by the violating submodule instance number. Refer to register 
Domain Error Location(DERRLOCd), Domain Error Word0 Register(DERR_W0_i), and Domain error capture management for 
more information.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EST 0 EPORT 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ERW EATR 0 EDID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

EST

Error state

This field signals the state of access violations for this domain in this instance of the block checker or region 
checker. Once an access violation has been detected and the faulting address and attribute information 
stored, subsequent errors are simply recorded as an overrun condition without any data captured.

After retrieving the faulting address and attributes, the error capture mechanism must be rearmed by 
performing a write to DERR_W3_i.

00b - No access violation has been detected.

01b - No access violation has been detected.

10b - A single access violation has been detected.

11b - Multiple access violations for this domain have been detected by this submodule instance. 
Only the address and attribute information for the first error have been captured in DERR_W0_i 
and DERR_W1_i.

29-27

—

Reserved

26-24

EPORT

Error port

This field identifies the encoded port number of the MRC that detected the access violation. The MRC port 
number connection is device-specific. See the chip configuration details for more information.

23-12

—

Reserved

11

ERW

Error read/write

This field signals whether the captured access violation occurred on a read or write reference.

0b - Read access

1b - Write access

10-8 Error attributes

Table continues on the next page...
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Table continued from the previous page...

Field Function

EATR This field captures certain attributes of the access violation.

000b - Secure user mode, instruction fetch access.

001b - Secure user mode, data access.

010b - Secure privileged mode, instruction fetch access.

011b - Secure privileged mode, data access.

100b - Nonsecure user mode, instruction fetch access.

101b - Nonsecure user mode, data access.

110b - Nonsecure privileged mode, instruction fetch access.

111b - Nonsecure privileged mode, data access.

7-4

—

Reserved

3-0

EDID

Error domain identifier

This field captures the domain identifier of the access violation.

42.9.1.27 MRC Domain Error Word3 Register (MRC0_DERR_W3 - MRC1_DERR_W3)

Offset

Register Offset

MRC0_DERR_W3 48Ch

MRC1_DERR_W3 49Ch

Function

This register is used to rearm the error capture logic and clear the DERR_W0_i and DERR_W1_i registers. After the domain 
access violation error details have been read, typically in an exception service routine, a 32-bit word write to this register is required 
to rearm the error capture logic.

A read of this location returns zeroes. Attempted reads of a memory region checker (MRC) or Memory Block Checker (MBC) 
instance that is not physically present are error terminated.

See Domain error capture management for more details.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/Write
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W RECR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RECR

Rearm Error Capture Registers

This 2-bit, write-only field controls the rearming of the domain error capture registers. Once an access 
violation has been detected with the faulting address and attribute information stored, subsequent errors are 
simply recorded as an overrun condition without any data captured.

Writing 01b to this field rearms the error capture mechanism and clears the DERR_W0_i and DERR_W1_i 
registers. A write of any value other than 01b has no effect.

29-0

—

Reserved

42.9.1.28 DAC Master Domain Assignment Register (MDA_W0_0_DFMT0)

Offset

Register Offset

MDA_W0_0_DFMT0 800h

Function

The MDA_Wr_m registers provide a 2-dimensional data structure for assigning bus masters to domains. The number of 
implemented registers is defined by DACFGm[NMDAR]. This per-master domain assignment is then repeated for each bus 
master (MDAm). Thus, m specifies the master number and r refers to the specific MDA register for a given bus master.

Each Wr within the MDAm structure is a word-sized definition; there are two formats supported, one for processor cores and 
another for non-processors. Processor masters typically support one or more Wr domain definitions, while non-processor masters 
support a single Wr.

The DAC submodule is responsible for the generation of domain identifiers for every transaction from every bus master. If there 
is a single Wr for a given master, then the specified domain identifier is used directly. If there are multiple Wr values for a given 
master, then the DAC evaluates the conditional terms to determine a “hit”. For all Wr hits, their corresponding domain identifiers 
are simply logically summed together (boolean OR). Use cases are typically expected to hit in a single Wr for a processor master. 
Special care is needed if none of the conditional terms hit in any Wr evaluation; for this case, the generated DID = 0 and software 
needs to be aware of any potential access rights granted for this DID.
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Each MDA_Wr_m register has one of two programming models depending on the state of the domain format field, DFMT. The 
model described in this section is for DFMT = 0. This definition allows three different specifications of the DID for processors. The 
DFMT = 1 model is described in Master Domain Assignment (MDA_Wr_m_DFMT1) register.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/write.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK1 

DFMT 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SA 

0 0
DIDS DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

This field indicates the domain assignment is valid. It is further qualified by CR[GVLDM] = 1. If CR[GVLDM] 
is cleared, the DID output is defined by the SoC-specific default DID value. See the TRDC chip configuration 
section for more details. If both MDA_Wr_m[VLD] and CR[GVLDM] are asserted, the DID output is defined 
by the remaining contents of this register.

0b - The Wr domain assignment is invalid.

1b - The Wr domain assignment is valid.

30

LK1

1-bit Lock

This field provides a locking mechanism that can be used to limit the ability to write the register. Once set, 
this bit remains asserted until the next reset.

0b - Register can be written by any secure privileged write.

1b - Register is locked (read-only) until the next reset.

29

DFMT

Domain format

Identifies this register's domain assignment format.

 
This bitfield access is ROZ

  NOTE  

0b - Processor-core domain assignment

1b - Non-processor domain assignment

28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-22

—

Reserved

21-16

—

Reserved

15-14

SA

Secure attribute

This field defines the secure/nonsecure attribute for processor cores.

 
The bus master’s input secure/nonsecure attribute is used if SA = 1X, or this VLD = 0. 
If TZM_ENB = 0, the master attribute is forced to nonsecure. A nonsecure write cannot 
program this field to 2'b00, which is a security level higher than the mode of the process that 
is writing it.

Reset value of SA:

• if TZM_ENB=0, SA reset value = 2'b01

• if TZM_ENB=1, SA reset value = 2'b00

  NOTE  

00b - Force the bus attribute for this master to secure.

01b - Force the bus attribute for this master to nonsecure.

10b - Use the bus master’s secure/nonsecure attribute directly.

11b - Use the bus master’s secure/nonsecure attribute directly.

13-9

—

Reserved

8-6

—

Reserved

5-4

DIDS

DID Select

This field selects the source of the domain identifier.

00b - Use MDAm[3:0] as the domain identifier.

01b - Use the input DID as the domain identifier.

10b - Use MDAm[3:2] concatenated with the low-order 2 bits of the input DID (DID_in[1:0]) as the 
domain identifier.

11b - Reserved for future use.

3-0

DID

Domain identifier

This 4-bit field is the domain ID attribute that is sent on the accesses from the bus master connected to 
the DAC when DIDS=00b. DID[3:2] is used when DIDS=10b
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42.9.1.29 DAC Master Domain Assignment Register (MDA_W0_1_DFMT1 - MDA_W0_7_DFMT1)

Offset

Register Offset

MDA_W0_1_DFMT1 820h

MDA_W0_2_DFMT1 840h

MDA_W0_3_DFMT1 860h

MDA_W0_4_DFMT1 880h

MDA_W0_5_DFMT1 8A0h

MDA_W0_6_DFMT1 8C0h

MDA_W0_7_DFMT1 8E0h

Function

This register is identical to Master Domain Assignment (MDA_Wr_m_DFMT0) register except that the domain format field, DFMT, 
is 1 and the PID field is not used. This format supports two different specifications of the DID for non-core bus masters.

Access: If TZ-M is enabled, then SecurePrivileged, else NonsecurePriv Read/write.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK1 

DFMT 0 0 0

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
DIDB SA PA DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

This field indicates the domain assignment is valid. It is further qualified by CR[GVLDM] = 1. If CR[GVLDM] 
is cleared, the DID output is defined by the SoC-specific default DID value. See the TRDC chip configuration 
section for more details. If both MDA_Wr_m[VLD] and CR[GVLDM] are asserted, the DID output is defined 
by the remaining contents of this register.

0b - The Wr domain assignment is invalid.

1b - The Wr domain assignment is valid.

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

LK1

1-bit Lock

This field provides a locking mechanism that can be used to limit the ability to write the register. Once set, 
this bit remains asserted until the next reset.

0b - Register can be written by any secure privileged write.

1b - Register is locked (read-only) until the next reset.

29

DFMT

Domain format

Identifies this register's domain assignment format.

 
This bitfield access is ROO

  NOTE  

0b - Processor-core domain assignment

1b - Non-processor domain assignment

28

—

Reserved

27-22

—

Reserved

21-16

—

Reserved

15-14

—

Reserved

13-9

—

Reserved

8

DIDB

DID Bypass

If asserted, this bit enables the bypassing of an input DID value as the domain identifier for this 
non-processor bus master. This capability allows non-processor bus masters, for example, a DMA to 
masquerade as a processor.

Once set, this field is “sticky” and remains set until the next reset.

DAC DID Input

0 0

1 DMA Domain ID

2 USB Domain ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Use MDAn[3:0] as the domain identifier.

1b - Use the DID input as the domain identifier.

7-6

SA

Secure attribute

This field defines the secure/nonsecure attribute for non-processor cores.

 
The bus master’s input secure/nonsecure attribute is used if SA = 1X, or this VLD = 0. 
If TZM_ENB = 0, the master attribute is forced to nonsecure. A nonsecure write cannot 
program this field to 2'b00, which is a security level higher than the mode of the process that 
is writing it.

Reset value of SA:

• if TZM_ENB=0, SA reset value = 2'b01

• if TZM_ENB=1, SA reset value = 2'b00

  NOTE  

00b - Force the bus attribute for this master to secure.

01b - Force the bus attribute for this master to nonsecure.

10b - Use the bus master’s secure/nonsecure attribute directly.

11b - Use the bus master’s secure/nonsecure attribute directly.

5-4

PA

Privileged attribute

This field defines the privileged/user attribute for non-processor cores.

 
The bus master’s input privileged/user attribute is used if PA = 1X, or this VLD = 0.

  NOTE  

00b - Force the bus attribute for this master to user.

01b - Force the bus attribute for this master to privileged.

10b - Use the bus master’s privileged/user attribute directly.

11b - Use the bus master’s privileged/user attribute directly.

3-0

DID

Domain identifier

This 4-bit field is the domain ID attribute that is sent on the accesses from the bus master connected to 
the DAC when DIDB=0.

42.9.1.30 MBC Global Configuration Register (MBC0_MEM0_GLBCFG - MBC3_MEM3_GLBCFG)

Offset

For m = 0 to 3; r = 0 to 3:

Register Offset

MBCm_MEMr_GLBCFG 1000h + (m × 1000h) + (r × 4h)
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Function
These MBC global configuration read-only registers contain information on the MBC's hardware configuration. Specifically, it 
defines the number of memory blocks and the size of each block in each MBC mem (r).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 SIZE_LOG2 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 NBLKS 

W

Reset See Register reset values.

Register reset values

Register Reset value

MBC0_MEM0_GLBCFG 000C_0008h

MBC0_MEM1_GLBCFG 000C_0010h

MBC0_MEM2_GLBCFG 000C_0020h

MBC0_MEM3_GLBCFG 000C_0004h

MBC1_MEM0_GLBCFG–MBC1_MEM2_GLBCFG 000C_0001h

MBC1_MEM3_GLBCFG 000C_0006h

MBC2_MEM0_GLBCFG 000C_0047h

MBC2_MEM1_GLBCFG 000C_002Ch

MBC2_MEM2_GLBCFG–MBC2_MEM3_GLBCFG 000C_0008h

MBC3_MEM0_GLBCFG 0000_0012h

MBC3_MEM1_GLBCFG–MBC3_MEM3_GLBCFG 0000_0000h

Fields

Field Function

31-30

—

Reserved

29-21

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

20-16

SIZE_LOG2

Log2 size per block

For example SIZE_LOG2=0x0C is 2^12=4 KB blocks.

15-10

—

Reserved

9-0

NBLKS

Number of blocks in this memory

42.9.1.31 MBC NonSecure Enable Block Index (MBC0_NSE_BLK_INDEX - MBC3_NSE_BLK_INDEX)

Offset

Register Offset

MBC0_NSE_BLK_INDE
X

1010h

MBC1_NSE_BLK_INDE
X

2010h

MBC2_NSE_BLK_INDE
X

3010h

MBC3_NSE_BLK_INDE
X

4010h

Function
This R/W register defines the selected memories that are affected by the writes to the NSE_BLK_SET and NSE_BLK_CLR 
registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AI 

0 DID_
SEL7 

DID_
SEL6 

DID_
SEL5 

DID_
SEL4 

DID_
SEL3 

DID_
SEL2 

DID_
SEL1 

DID_
SEL0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MEM_SEL 

0
WNDX 

0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

AI

Auto Increment

0b - No effect.

1b - Add 1 to the WNDX field after the register write.

30-24

—

Reserved

23-16

DID_SELn

DID Select

Destination domain bitmap select.

0b - No effect.

1b - Selects NSE bits for this domain.

15-12

—

Reserved

11-8

MEM_SEL

Memory Select

Destination memory bitmap select.

• Bit [11] - MBC MEM 3

• Bit [10] - MBC MEM 2

• Bit [9] - MBC MEM 1

• Bit [8] - MBC MEM 0

7-6

—

Reserved

5-2

WNDX

Word index into the block NSE bitmap. It selects the BLK_NSE_Wn register, where WNDX determines 
the value of n.

1

—

Reserved

0

—

Reserved

42.9.1.32 MBC NonSecure Enable Block Set (MBC0_NSE_BLK_SET - MBC3_NSE_BLK_SET)

Offset

Register Offset

MBC0_NSE_BLK_SET 1014h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC1_NSE_BLK_SET 2014h

MBC2_NSE_BLK_SET 3014h

MBC3_NSE_BLK_SET 4014h

Function
A write to this register sets the appropriate NSE Bits for the selected domains and memories defined at the word 
location NSE_BLK_INDEX[WDNX]. If NSE_BLK_INDEX[AI] = 1, then the NSE_BLK_INDEX[WDNX] field is incremented by 
1 (modulo-16) after the write is completed. This register reads as zero.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W W1SET 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W W1SET 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

W1SET

Write-1 Set

If set to 1, sets appropriate NSE bit for the selected domains and memories defined at the word location 
NSE_BLK_INDEX[WDNX]. Write with value 0 has no effect.

42.9.1.33 MBC NonSecure Enable Block Clear (MBC0_NSE_BLK_CLR - MBC3_NSE_BLK_CLR)

Offset

Register Offset

MBC0_NSE_BLK_CLR 1018h

MBC1_NSE_BLK_CLR 2018h

MBC2_NSE_BLK_CLR 3018h

MBC3_NSE_BLK_CLR 4018h
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Function
A write to this location clears the appropriate NSE bits as defined by the W1CLR[n]=1 for the selected domains and memories 
Defined at the word location NSE_BLK_INDEX[WDNX]. If NSE_BLK_INDEX[AI] = 1, then the NSE_BLK_INDEX[WDNX] field 
is incremented by 1 (modulo-16) after the write is completed. This register reads as zero.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W W1CLR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W W1CLR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

W1CLR

Write-1 Clear

If set to 1, Clear the appropriate NSE bit for the selected domains and memories defined at the word 
location NSE_BLK_INDEX[WDNX]. Write with value 0 has no effect.

42.9.1.34 MBC NonSecure Enable Block Clear All (MBC0_NSE_BLK_CLR_ALL - MBC3_NSE_BLK_CLR_ALL)

Offset

Register Offset

MBC0_NSE_BLK_CLR_
ALL

101Ch

MBC1_NSE_BLK_CLR_
ALL

201Ch

MBC2_NSE_BLK_CLR_
ALL

301Ch

MBC3_NSE_BLK_CLR_
ALL

401Ch

Function
A write to this location clears all the block NSE bits for the selected domains and memories defined in the write data. This 
register reads as zero.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0

W
DID_
SEL7 

DID_
SEL6 

DID_
SEL5 

DID_
SEL4 

DID_
SEL3 

DID_
SEL2 

DID_
SEL1 

DID_
SEL0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0

W MEMSEL 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

DID_SELn

DID Select

Destination domain bitmap select.

0b - No effect.

1b - Clear all NSE bits for this domain.

15-12

—

Reserved

11-8

MEMSEL

Memory Select

Destination memory bitmap select.

• Bit [11] - clear all MEM 3 NSE bits

• Bit [10] - clear all MEM 2 NSE bits

• Bit [9] - clear all MEM 1 NSE bits

• Bit [8] - clear all MEM 0 NSE bits

7-0

—

Reserved

42.9.1.35 MBC Global Access Control (MBC0_MEMN_GLBAC0)

Offset

Register Offset

MBC0_MEMN_GLBAC0 1020h
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Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1 NonsecureUser Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

NUW NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.36 MBC Global Access Control (MBC0_MEMN_GLBAC1 - MBC0_MEMN_GLBAC7)

Offset

Register Offset

MBC0_MEMN_GLBAC1 1024h

MBC0_MEMN_GLBAC2 1028h

MBC0_MEMN_GLBAC3 102Ch

MBC0_MEMN_GLBAC4 1030h

MBC0_MEMN_GLBAC5 1034h

MBC0_MEMN_GLBAC6 1038h

MBC0_MEMN_GLBAC7 103Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User. The lock bit provides the ability to lock these 
control access flags and to lock the MBC_BLK_CFG[MBACSEL] field when a locked MBC_MEMN_GLBAC register is 
selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.
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42.9.1.37 MBC Memory Block Configuration Word (MBC0_DOM0_MEM0_BLK_CFG_W0 - 
MBC3_DOM7_MEM0_BLK_CFG_W2)

Offset

Register Offset

MBC0_DOM0_MEM0_B
LK_CFG_W0

1040h

MBC0_DOM0_MEM1_B
LK_CFG_W0

1180h

MBC0_DOM0_MEM1_B
LK_CFG_W1

1184h

MBC0_DOM0_MEM2_B
LK_CFG_W0

11A8h

MBC0_DOM0_MEM2_B
LK_CFG_W1

11ACh

MBC0_DOM0_MEM2_B
LK_CFG_W2

11B0h

MBC0_DOM0_MEM2_B
LK_CFG_W3

11B4h

MBC0_DOM0_MEM3_B
LK_CFG_W0

11D0h

MBC0_DOM1_MEM0_B
LK_CFG_W0

1240h

MBC0_DOM1_MEM1_B
LK_CFG_W0

1380h

MBC0_DOM1_MEM1_B
LK_CFG_W1

1384h

MBC0_DOM1_MEM2_B
LK_CFG_W0

13A8h

MBC0_DOM1_MEM2_B
LK_CFG_W1

13ACh

MBC0_DOM1_MEM2_B
LK_CFG_W2

13B0h

MBC0_DOM1_MEM2_B
LK_CFG_W3

13B4h

MBC0_DOM1_MEM3_B
LK_CFG_W0

13D0h

MBC0_DOM2_MEM0_B
LK_CFG_W0

1440h

MBC0_DOM2_MEM1_B
LK_CFG_W0

1580h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC0_DOM2_MEM1_B
LK_CFG_W1

1584h

MBC0_DOM2_MEM2_B
LK_CFG_W0

15A8h

MBC0_DOM2_MEM2_B
LK_CFG_W1

15ACh

MBC0_DOM2_MEM2_B
LK_CFG_W2

15B0h

MBC0_DOM2_MEM2_B
LK_CFG_W3

15B4h

MBC0_DOM2_MEM3_B
LK_CFG_W0

15D0h

MBC0_DOM3_MEM0_B
LK_CFG_W0

1640h

MBC0_DOM3_MEM1_B
LK_CFG_W0

1780h

MBC0_DOM3_MEM1_B
LK_CFG_W1

1784h

MBC0_DOM3_MEM2_B
LK_CFG_W0

17A8h

MBC0_DOM3_MEM2_B
LK_CFG_W1

17ACh

MBC0_DOM3_MEM2_B
LK_CFG_W2

17B0h

MBC0_DOM3_MEM2_B
LK_CFG_W3

17B4h

MBC0_DOM3_MEM3_B
LK_CFG_W0

17D0h

MBC0_DOM4_MEM0_B
LK_CFG_W0

1840h

MBC0_DOM4_MEM1_B
LK_CFG_W0

1980h

MBC0_DOM4_MEM1_B
LK_CFG_W1

1984h

MBC0_DOM4_MEM2_B
LK_CFG_W0

19A8h

MBC0_DOM4_MEM2_B
LK_CFG_W1

19ACh

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC0_DOM4_MEM2_B
LK_CFG_W2

19B0h

MBC0_DOM4_MEM2_B
LK_CFG_W3

19B4h

MBC0_DOM4_MEM3_B
LK_CFG_W0

19D0h

MBC0_DOM5_MEM0_B
LK_CFG_W0

1A40h

MBC0_DOM5_MEM1_B
LK_CFG_W0

1B80h

MBC0_DOM5_MEM1_B
LK_CFG_W1

1B84h

MBC0_DOM5_MEM2_B
LK_CFG_W0

1BA8h

MBC0_DOM5_MEM2_B
LK_CFG_W1

1BACh

MBC0_DOM5_MEM2_B
LK_CFG_W2

1BB0h

MBC0_DOM5_MEM2_B
LK_CFG_W3

1BB4h

MBC0_DOM5_MEM3_B
LK_CFG_W0

1BD0h

MBC0_DOM6_MEM0_B
LK_CFG_W0

1C40h

MBC0_DOM6_MEM1_B
LK_CFG_W0

1D80h

MBC0_DOM6_MEM1_B
LK_CFG_W1

1D84h

MBC0_DOM6_MEM2_B
LK_CFG_W0

1DA8h

MBC0_DOM6_MEM2_B
LK_CFG_W1

1DACh

MBC0_DOM6_MEM2_B
LK_CFG_W2

1DB0h

MBC0_DOM6_MEM2_B
LK_CFG_W3

1DB4h

MBC0_DOM6_MEM3_B
LK_CFG_W0

1DD0h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC0_DOM7_MEM0_B
LK_CFG_W0

1E40h

MBC0_DOM7_MEM1_B
LK_CFG_W0

1F80h

MBC0_DOM7_MEM1_B
LK_CFG_W1

1F84h

MBC0_DOM7_MEM2_B
LK_CFG_W0

1FA8h

MBC0_DOM7_MEM2_B
LK_CFG_W1

1FACh

MBC0_DOM7_MEM2_B
LK_CFG_W2

1FB0h

MBC0_DOM7_MEM2_B
LK_CFG_W3

1FB4h

MBC0_DOM7_MEM3_B
LK_CFG_W0

1FD0h

MBC1_DOM0_MEM0_B
LK_CFG_W0

2040h

MBC1_DOM0_MEM1_B
LK_CFG_W0

2180h

MBC1_DOM0_MEM2_B
LK_CFG_W0

21A8h

MBC1_DOM0_MEM3_B
LK_CFG_W0

21D0h

MBC1_DOM1_MEM0_B
LK_CFG_W0

2240h

MBC1_DOM1_MEM1_B
LK_CFG_W0

2380h

MBC1_DOM1_MEM2_B
LK_CFG_W0

23A8h

MBC1_DOM1_MEM3_B
LK_CFG_W0

23D0h

MBC1_DOM2_MEM0_B
LK_CFG_W0

2440h

MBC1_DOM2_MEM1_B
LK_CFG_W0

2580h

MBC1_DOM2_MEM2_B
LK_CFG_W0

25A8h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC1_DOM2_MEM3_B
LK_CFG_W0

25D0h

MBC1_DOM3_MEM0_B
LK_CFG_W0

2640h

MBC1_DOM3_MEM1_B
LK_CFG_W0

2780h

MBC1_DOM3_MEM2_B
LK_CFG_W0

27A8h

MBC1_DOM3_MEM3_B
LK_CFG_W0

27D0h

MBC1_DOM4_MEM0_B
LK_CFG_W0

2840h

MBC1_DOM4_MEM1_B
LK_CFG_W0

2980h

MBC1_DOM4_MEM2_B
LK_CFG_W0

29A8h

MBC1_DOM4_MEM3_B
LK_CFG_W0

29D0h

MBC1_DOM5_MEM0_B
LK_CFG_W0

2A40h

MBC1_DOM5_MEM1_B
LK_CFG_W0

2B80h

MBC1_DOM5_MEM2_B
LK_CFG_W0

2BA8h

MBC1_DOM5_MEM3_B
LK_CFG_W0

2BD0h

MBC1_DOM6_MEM0_B
LK_CFG_W0

2C40h

MBC1_DOM6_MEM1_B
LK_CFG_W0

2D80h

MBC1_DOM6_MEM2_B
LK_CFG_W0

2DA8h

MBC1_DOM6_MEM3_B
LK_CFG_W0

2DD0h

MBC1_DOM7_MEM0_B
LK_CFG_W0

2E40h

MBC1_DOM7_MEM1_B
LK_CFG_W0

2F80h
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Table continued from the previous page...

Register Offset

MBC1_DOM7_MEM2_B
LK_CFG_W0

2FA8h

MBC1_DOM7_MEM3_B
LK_CFG_W0

2FD0h

MBC2_DOM0_MEM0_B
LK_CFG_W0

3040h

MBC2_DOM0_MEM0_B
LK_CFG_W1

3044h

MBC2_DOM0_MEM0_B
LK_CFG_W2

3048h

MBC2_DOM0_MEM0_B
LK_CFG_W3

304Ch

MBC2_DOM0_MEM0_B
LK_CFG_W4

3050h

MBC2_DOM0_MEM0_B
LK_CFG_W5

3054h

MBC2_DOM0_MEM0_B
LK_CFG_W6

3058h

MBC2_DOM0_MEM0_B
LK_CFG_W7

305Ch

MBC2_DOM0_MEM0_B
LK_CFG_W8

3060h

MBC2_DOM0_MEM1_B
LK_CFG_W0

3180h

MBC2_DOM0_MEM1_B
LK_CFG_W1

3184h

MBC2_DOM0_MEM1_B
LK_CFG_W2

3188h

MBC2_DOM0_MEM1_B
LK_CFG_W3

318Ch

MBC2_DOM0_MEM1_B
LK_CFG_W4

3190h

MBC2_DOM0_MEM1_B
LK_CFG_W5

3194h

MBC2_DOM0_MEM2_B
LK_CFG_W0

31A8h

MBC2_DOM0_MEM3_B
LK_CFG_W0

31D0h
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Table continued from the previous page...

Register Offset

MBC2_DOM1_MEM0_B
LK_CFG_W0

3240h

MBC2_DOM1_MEM0_B
LK_CFG_W1

3244h

MBC2_DOM1_MEM0_B
LK_CFG_W2

3248h

MBC2_DOM1_MEM0_B
LK_CFG_W3

324Ch

MBC2_DOM1_MEM0_B
LK_CFG_W4

3250h

MBC2_DOM1_MEM0_B
LK_CFG_W5

3254h

MBC2_DOM1_MEM0_B
LK_CFG_W6

3258h

MBC2_DOM1_MEM0_B
LK_CFG_W7

325Ch

MBC2_DOM1_MEM0_B
LK_CFG_W8

3260h

MBC2_DOM1_MEM1_B
LK_CFG_W0

3380h

MBC2_DOM1_MEM1_B
LK_CFG_W1

3384h

MBC2_DOM1_MEM1_B
LK_CFG_W2

3388h

MBC2_DOM1_MEM1_B
LK_CFG_W3

338Ch

MBC2_DOM1_MEM1_B
LK_CFG_W4

3390h

MBC2_DOM1_MEM1_B
LK_CFG_W5

3394h

MBC2_DOM1_MEM2_B
LK_CFG_W0

33A8h

MBC2_DOM1_MEM3_B
LK_CFG_W0

33D0h

MBC2_DOM2_MEM0_B
LK_CFG_W0

3440h

MBC2_DOM2_MEM0_B
LK_CFG_W1

3444h
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Table continued from the previous page...

Register Offset

MBC2_DOM2_MEM0_B
LK_CFG_W2

3448h

MBC2_DOM2_MEM0_B
LK_CFG_W3

344Ch

MBC2_DOM2_MEM0_B
LK_CFG_W4

3450h

MBC2_DOM2_MEM0_B
LK_CFG_W5

3454h

MBC2_DOM2_MEM0_B
LK_CFG_W6

3458h

MBC2_DOM2_MEM0_B
LK_CFG_W7

345Ch

MBC2_DOM2_MEM0_B
LK_CFG_W8

3460h

MBC2_DOM2_MEM1_B
LK_CFG_W0

3580h

MBC2_DOM2_MEM1_B
LK_CFG_W1

3584h

MBC2_DOM2_MEM1_B
LK_CFG_W2

3588h

MBC2_DOM2_MEM1_B
LK_CFG_W3

358Ch

MBC2_DOM2_MEM1_B
LK_CFG_W4

3590h

MBC2_DOM2_MEM1_B
LK_CFG_W5

3594h

MBC2_DOM2_MEM2_B
LK_CFG_W0

35A8h

MBC2_DOM2_MEM3_B
LK_CFG_W0

35D0h

MBC2_DOM3_MEM0_B
LK_CFG_W0

3640h

MBC2_DOM3_MEM0_B
LK_CFG_W1

3644h

MBC2_DOM3_MEM0_B
LK_CFG_W2

3648h

MBC2_DOM3_MEM0_B
LK_CFG_W3

364Ch
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Table continued from the previous page...

Register Offset

MBC2_DOM3_MEM0_B
LK_CFG_W4

3650h

MBC2_DOM3_MEM0_B
LK_CFG_W5

3654h

MBC2_DOM3_MEM0_B
LK_CFG_W6

3658h

MBC2_DOM3_MEM0_B
LK_CFG_W7

365Ch

MBC2_DOM3_MEM0_B
LK_CFG_W8

3660h

MBC2_DOM3_MEM1_B
LK_CFG_W0

3780h

MBC2_DOM3_MEM1_B
LK_CFG_W1

3784h

MBC2_DOM3_MEM1_B
LK_CFG_W2

3788h

MBC2_DOM3_MEM1_B
LK_CFG_W3

378Ch

MBC2_DOM3_MEM1_B
LK_CFG_W4

3790h

MBC2_DOM3_MEM1_B
LK_CFG_W5

3794h

MBC2_DOM3_MEM2_B
LK_CFG_W0

37A8h

MBC2_DOM3_MEM3_B
LK_CFG_W0

37D0h

MBC2_DOM4_MEM0_B
LK_CFG_W0

3840h

MBC2_DOM4_MEM0_B
LK_CFG_W1

3844h

MBC2_DOM4_MEM0_B
LK_CFG_W2

3848h

MBC2_DOM4_MEM0_B
LK_CFG_W3

384Ch

MBC2_DOM4_MEM0_B
LK_CFG_W4

3850h

MBC2_DOM4_MEM0_B
LK_CFG_W5

3854h
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Table continued from the previous page...

Register Offset

MBC2_DOM4_MEM0_B
LK_CFG_W6

3858h

MBC2_DOM4_MEM0_B
LK_CFG_W7

385Ch

MBC2_DOM4_MEM0_B
LK_CFG_W8

3860h

MBC2_DOM4_MEM1_B
LK_CFG_W0

3980h

MBC2_DOM4_MEM1_B
LK_CFG_W1

3984h

MBC2_DOM4_MEM1_B
LK_CFG_W2

3988h

MBC2_DOM4_MEM1_B
LK_CFG_W3

398Ch

MBC2_DOM4_MEM1_B
LK_CFG_W4

3990h

MBC2_DOM4_MEM1_B
LK_CFG_W5

3994h

MBC2_DOM4_MEM2_B
LK_CFG_W0

39A8h

MBC2_DOM4_MEM3_B
LK_CFG_W0

39D0h

MBC2_DOM5_MEM0_B
LK_CFG_W0

3A40h

MBC2_DOM5_MEM0_B
LK_CFG_W1

3A44h

MBC2_DOM5_MEM0_B
LK_CFG_W2

3A48h

MBC2_DOM5_MEM0_B
LK_CFG_W3

3A4Ch

MBC2_DOM5_MEM0_B
LK_CFG_W4

3A50h

MBC2_DOM5_MEM0_B
LK_CFG_W5

3A54h

MBC2_DOM5_MEM0_B
LK_CFG_W6

3A58h

MBC2_DOM5_MEM0_B
LK_CFG_W7

3A5Ch
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Table continued from the previous page...

Register Offset

MBC2_DOM5_MEM0_B
LK_CFG_W8

3A60h

MBC2_DOM5_MEM1_B
LK_CFG_W0

3B80h

MBC2_DOM5_MEM1_B
LK_CFG_W1

3B84h

MBC2_DOM5_MEM1_B
LK_CFG_W2

3B88h

MBC2_DOM5_MEM1_B
LK_CFG_W3

3B8Ch

MBC2_DOM5_MEM1_B
LK_CFG_W4

3B90h

MBC2_DOM5_MEM1_B
LK_CFG_W5

3B94h

MBC2_DOM5_MEM2_B
LK_CFG_W0

3BA8h

MBC2_DOM5_MEM3_B
LK_CFG_W0

3BD0h

MBC2_DOM6_MEM0_B
LK_CFG_W0

3C40h

MBC2_DOM6_MEM0_B
LK_CFG_W1

3C44h

MBC2_DOM6_MEM0_B
LK_CFG_W2

3C48h

MBC2_DOM6_MEM0_B
LK_CFG_W3

3C4Ch

MBC2_DOM6_MEM0_B
LK_CFG_W4

3C50h

MBC2_DOM6_MEM0_B
LK_CFG_W5

3C54h

MBC2_DOM6_MEM0_B
LK_CFG_W6

3C58h

MBC2_DOM6_MEM0_B
LK_CFG_W7

3C5Ch

MBC2_DOM6_MEM0_B
LK_CFG_W8

3C60h

MBC2_DOM6_MEM1_B
LK_CFG_W0

3D80h
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Table continued from the previous page...

Register Offset

MBC2_DOM6_MEM1_B
LK_CFG_W1

3D84h

MBC2_DOM6_MEM1_B
LK_CFG_W2

3D88h

MBC2_DOM6_MEM1_B
LK_CFG_W3

3D8Ch

MBC2_DOM6_MEM1_B
LK_CFG_W4

3D90h

MBC2_DOM6_MEM1_B
LK_CFG_W5

3D94h

MBC2_DOM6_MEM2_B
LK_CFG_W0

3DA8h

MBC2_DOM6_MEM3_B
LK_CFG_W0

3DD0h

MBC2_DOM7_MEM0_B
LK_CFG_W0

3E40h

MBC2_DOM7_MEM0_B
LK_CFG_W1

3E44h

MBC2_DOM7_MEM0_B
LK_CFG_W2

3E48h

MBC2_DOM7_MEM0_B
LK_CFG_W3

3E4Ch

MBC2_DOM7_MEM0_B
LK_CFG_W4

3E50h

MBC2_DOM7_MEM0_B
LK_CFG_W5

3E54h

MBC2_DOM7_MEM0_B
LK_CFG_W6

3E58h

MBC2_DOM7_MEM0_B
LK_CFG_W7

3E5Ch

MBC2_DOM7_MEM0_B
LK_CFG_W8

3E60h

MBC2_DOM7_MEM1_B
LK_CFG_W0

3F80h

MBC2_DOM7_MEM1_B
LK_CFG_W1

3F84h

MBC2_DOM7_MEM1_B
LK_CFG_W2

3F88h
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Table continued from the previous page...

Register Offset

MBC2_DOM7_MEM1_B
LK_CFG_W3

3F8Ch

MBC2_DOM7_MEM1_B
LK_CFG_W4

3F90h

MBC2_DOM7_MEM1_B
LK_CFG_W5

3F94h

MBC2_DOM7_MEM2_B
LK_CFG_W0

3FA8h

MBC2_DOM7_MEM3_B
LK_CFG_W0

3FD0h

MBC3_DOM0_MEM0_B
LK_CFG_W0

4040h

MBC3_DOM0_MEM0_B
LK_CFG_W1

4044h

MBC3_DOM0_MEM0_B
LK_CFG_W2

4048h

MBC3_DOM1_MEM0_B
LK_CFG_W0

4240h

MBC3_DOM1_MEM0_B
LK_CFG_W1

4244h

MBC3_DOM1_MEM0_B
LK_CFG_W2

4248h

MBC3_DOM2_MEM0_B
LK_CFG_W0

4440h

MBC3_DOM2_MEM0_B
LK_CFG_W1

4444h

MBC3_DOM2_MEM0_B
LK_CFG_W2

4448h

MBC3_DOM3_MEM0_B
LK_CFG_W0

4640h

MBC3_DOM3_MEM0_B
LK_CFG_W1

4644h

MBC3_DOM3_MEM0_B
LK_CFG_W2

4648h

MBC3_DOM4_MEM0_B
LK_CFG_W0

4840h

MBC3_DOM4_MEM0_B
LK_CFG_W1

4844h
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Table continued from the previous page...

Register Offset

MBC3_DOM4_MEM0_B
LK_CFG_W2

4848h

MBC3_DOM5_MEM0_B
LK_CFG_W0

4A40h

MBC3_DOM5_MEM0_B
LK_CFG_W1

4A44h

MBC3_DOM5_MEM0_B
LK_CFG_W2

4A48h

MBC3_DOM6_MEM0_B
LK_CFG_W0

4C40h

MBC3_DOM6_MEM0_B
LK_CFG_W1

4C44h

MBC3_DOM6_MEM0_B
LK_CFG_W2

4C48h

MBC3_DOM7_MEM0_B
LK_CFG_W0

4E40h

MBC3_DOM7_MEM0_B
LK_CFG_W1

4E44h

MBC3_DOM7_MEM0_B
LK_CFG_W2

4E48h

Function

MBC[m]_DOM[d]_MEM[s]_BLK_CFG_W[w], where,

• m - mbc index

• d - domain index

• s - memory slave index

• w - word index

These registers are read/write for both the alternate view of the NSE bit and the 3-bit MBACSEL field. This is an array of 4 bit fields 
defining the block configuration for the given submemory. Each 4-bit field includes an alternative view of the associated NSE bit 
plus a 3-bit access control select that selects the global access control value that applies to the referenced memory block.

For a given memory block, B, if the value programmed in the MBACSELn field selects a locked MBC_MEMN_GLBACr register, 
the MBACSEL field is locked until the next reset. Depending on BLK_CFG_W, the NSEn/MBASELn fields correspond to different 
blocks. The following table describes the relationship between W (word index) and B (block number).

MEM0 supports up to 512 blocks ; W0 - W63

MEM1-3 supports up to 64 block ; W0 - W7

 
This register is shown with fields such that it covers entire 32 bit register. However, actual fields may be less if 
number of blocks are such that fields don't align to 32 bits. These absent fields may be shown but user can refer 
to table below to deduce actual fields and treat absent fields as reserved.

  NOTE  
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Table 433. Block Config Word to Block Number Relationship

Block 
Config 
Word

NSE7/
MBACSEL7

NSE6/
MBACSEL6

NSE5/
MBACSEL5

NSE4/
MBACSEL4

NSE3/
MBACSEL3

NSE2/
MBACSEL2

NSE1/
MBACSEL1

NSE0/
MBACSEL0

W0 block 7 block 6 block 5 block 4 block 3 block 2 block 1 block 0

W1 block 15 block 14 block 13 block 12 block 11 block 10 block 9 block 8

W2 block 23 block 22 block 21 block 20 block 19 block 18 block 17 block 16

W3 block 31 block 30 block 29 block 28 block 27 block 26 block 25 block 24

W4 block 39 block 38 block 37 block 36 block 35 block 34 block 33 block 32

W5 block 47 block 46 block 45 block 44 block 43 block 42 block 41 block 40

W6 block 55 block 54 block 53 block 52 block 51 block 50 block 49 block 48

W7 block 63 block 62 block 61 block 60 block 59 block 58 block 57 block 56

For MEM0, block 64 - block 511

W8 block 71 block 70 block 69 block 68 block 67 block 66 block 65 block 64

.

.

.

W63 block 511 block 510 block 509 block 508 block 507 block 506 block 505 block 504

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NSE7 MBACSEL7 NSE6 MBACSEL6 NSE5 MBACSEL5 NSE4 MBACSEL4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NSE3 MBACSEL3 NSE2 MBACSEL2 NSE1 MBACSEL1 NSE0 MBACSEL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 NonSecure Enable for block B

Table continues on the next page...
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Table continued from the previous page...

Field Function

NSE7 0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

30-28

MBACSEL7

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL7 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

27

NSE6

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

26-24

MBACSEL6

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL6 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

Table continues on the next page...
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Field Function

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

23

NSE5

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

22-20

MBACSEL5

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL5 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

19

NSE4

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

18-16

MBACSEL4

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL4 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B
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Field Function

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

15

NSE3

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

14-12

MBACSEL3

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL3 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

11

NSE2

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

10-8

MBACSEL2

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.
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Field Function

 
This field is locked (read-only) if MBACSEL2 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

7

NSE1

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

6-4

MBACSEL1

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL1 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

3

NSE0

NonSecure Enable for block B

0b - Secure accesses to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

Table continues on the next page...
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Field Function

1b - Secure accesses to block B are not allowed, nonsecure accesses 
to block B are based on corresponding MBACSEL field in this register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

2-0

MBACSEL0

Memory Block Access Control Select for block B

This field selects the global access control associated with block B.

 
This field is locked (read-only) if MBACSEL0 = r and MBC_MEMN_GLBACr[LK] = 1.

  NOTE  

000b - select MBC_MEMN_GLBAC0 access control policy for block B

001b - select MBC_MEMN_GLBAC1 access control policy for block B

010b - select MBC_MEMN_GLBAC2 access control policy for block B

011b - select MBC_MEMN_GLBAC3 access control policy for block B

100b - select MBC_MEMN_GLBAC4 access control policy for block B

101b - select MBC_MEMN_GLBAC5 access control policy for block B

110b - select MBC_MEMN_GLBAC6 access control policy for block B

111b - select MBC_MEMN_GLBAC7 access control policy for block B

42.9.1.38 MBC Memory Block NonSecure Enable Word (MBC0_DOM0_MEM0_BLK_NSE_W0 - 
MBC3_DOM7_MEM0_BLK_NSE_W0)

Offset

Register Offset

MBC0_DOM0_MEM0_B
LK_NSE_W0

1140h

MBC0_DOM0_MEM1_B
LK_NSE_W0

11A0h

MBC0_DOM0_MEM2_B
LK_NSE_W0

11C8h

MBC0_DOM0_MEM3_B
LK_NSE_W0

11F0h

MBC0_DOM1_MEM0_B
LK_NSE_W0

1340h

MBC0_DOM1_MEM1_B
LK_NSE_W0

13A0h

MBC0_DOM1_MEM2_B
LK_NSE_W0

13C8h
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Table continued from the previous page...

Register Offset

MBC0_DOM1_MEM3_B
LK_NSE_W0

13F0h

MBC0_DOM2_MEM0_B
LK_NSE_W0

1540h

MBC0_DOM2_MEM1_B
LK_NSE_W0

15A0h

MBC0_DOM2_MEM2_B
LK_NSE_W0

15C8h

MBC0_DOM2_MEM3_B
LK_NSE_W0

15F0h

MBC0_DOM3_MEM0_B
LK_NSE_W0

1740h

MBC0_DOM3_MEM1_B
LK_NSE_W0

17A0h

MBC0_DOM3_MEM2_B
LK_NSE_W0

17C8h

MBC0_DOM3_MEM3_B
LK_NSE_W0

17F0h

MBC0_DOM4_MEM0_B
LK_NSE_W0

1940h

MBC0_DOM4_MEM1_B
LK_NSE_W0

19A0h

MBC0_DOM4_MEM2_B
LK_NSE_W0

19C8h

MBC0_DOM4_MEM3_B
LK_NSE_W0

19F0h

MBC0_DOM5_MEM0_B
LK_NSE_W0

1B40h

MBC0_DOM5_MEM1_B
LK_NSE_W0

1BA0h

MBC0_DOM5_MEM2_B
LK_NSE_W0

1BC8h

MBC0_DOM5_MEM3_B
LK_NSE_W0

1BF0h

MBC0_DOM6_MEM0_B
LK_NSE_W0

1D40h

MBC0_DOM6_MEM1_B
LK_NSE_W0

1DA0h
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Register Offset

MBC0_DOM6_MEM2_B
LK_NSE_W0

1DC8h

MBC0_DOM6_MEM3_B
LK_NSE_W0

1DF0h

MBC0_DOM7_MEM0_B
LK_NSE_W0

1F40h

MBC0_DOM7_MEM1_B
LK_NSE_W0

1FA0h

MBC0_DOM7_MEM2_B
LK_NSE_W0

1FC8h

MBC0_DOM7_MEM3_B
LK_NSE_W0

1FF0h

MBC1_DOM0_MEM0_B
LK_NSE_W0

2140h

MBC1_DOM0_MEM1_B
LK_NSE_W0

21A0h

MBC1_DOM0_MEM2_B
LK_NSE_W0

21C8h

MBC1_DOM0_MEM3_B
LK_NSE_W0

21F0h

MBC1_DOM1_MEM0_B
LK_NSE_W0

2340h

MBC1_DOM1_MEM1_B
LK_NSE_W0

23A0h

MBC1_DOM1_MEM2_B
LK_NSE_W0

23C8h

MBC1_DOM1_MEM3_B
LK_NSE_W0

23F0h

MBC1_DOM2_MEM0_B
LK_NSE_W0

2540h

MBC1_DOM2_MEM1_B
LK_NSE_W0

25A0h

MBC1_DOM2_MEM2_B
LK_NSE_W0

25C8h

MBC1_DOM2_MEM3_B
LK_NSE_W0

25F0h

MBC1_DOM3_MEM0_B
LK_NSE_W0

2740h
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Register Offset

MBC1_DOM3_MEM1_B
LK_NSE_W0

27A0h

MBC1_DOM3_MEM2_B
LK_NSE_W0

27C8h

MBC1_DOM3_MEM3_B
LK_NSE_W0

27F0h

MBC1_DOM4_MEM0_B
LK_NSE_W0

2940h

MBC1_DOM4_MEM1_B
LK_NSE_W0

29A0h

MBC1_DOM4_MEM2_B
LK_NSE_W0

29C8h

MBC1_DOM4_MEM3_B
LK_NSE_W0

29F0h

MBC1_DOM5_MEM0_B
LK_NSE_W0

2B40h

MBC1_DOM5_MEM1_B
LK_NSE_W0

2BA0h

MBC1_DOM5_MEM2_B
LK_NSE_W0

2BC8h

MBC1_DOM5_MEM3_B
LK_NSE_W0

2BF0h

MBC1_DOM6_MEM0_B
LK_NSE_W0

2D40h

MBC1_DOM6_MEM1_B
LK_NSE_W0

2DA0h

MBC1_DOM6_MEM2_B
LK_NSE_W0

2DC8h

MBC1_DOM6_MEM3_B
LK_NSE_W0

2DF0h

MBC1_DOM7_MEM0_B
LK_NSE_W0

2F40h

MBC1_DOM7_MEM1_B
LK_NSE_W0

2FA0h

MBC1_DOM7_MEM2_B
LK_NSE_W0

2FC8h

MBC1_DOM7_MEM3_B
LK_NSE_W0

2FF0h
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Register Offset

MBC2_DOM0_MEM0_B
LK_NSE_W0

3140h

MBC2_DOM0_MEM0_B
LK_NSE_W1

3144h

MBC2_DOM0_MEM0_B
LK_NSE_W2

3148h

MBC2_DOM0_MEM1_B
LK_NSE_W0

31A0h

MBC2_DOM0_MEM1_B
LK_NSE_W1

31A4h

MBC2_DOM0_MEM2_B
LK_NSE_W0

31C8h

MBC2_DOM0_MEM3_B
LK_NSE_W0

31F0h

MBC2_DOM1_MEM0_B
LK_NSE_W0

3340h

MBC2_DOM1_MEM0_B
LK_NSE_W1

3344h

MBC2_DOM1_MEM0_B
LK_NSE_W2

3348h

MBC2_DOM1_MEM1_B
LK_NSE_W0

33A0h

MBC2_DOM1_MEM1_B
LK_NSE_W1

33A4h

MBC2_DOM1_MEM2_B
LK_NSE_W0

33C8h

MBC2_DOM1_MEM3_B
LK_NSE_W0

33F0h

MBC2_DOM2_MEM0_B
LK_NSE_W0

3540h

MBC2_DOM2_MEM0_B
LK_NSE_W1

3544h

MBC2_DOM2_MEM0_B
LK_NSE_W2

3548h

MBC2_DOM2_MEM1_B
LK_NSE_W0

35A0h

MBC2_DOM2_MEM1_B
LK_NSE_W1

35A4h
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Register Offset

MBC2_DOM2_MEM2_B
LK_NSE_W0

35C8h

MBC2_DOM2_MEM3_B
LK_NSE_W0

35F0h

MBC2_DOM3_MEM0_B
LK_NSE_W0

3740h

MBC2_DOM3_MEM0_B
LK_NSE_W1

3744h

MBC2_DOM3_MEM0_B
LK_NSE_W2

3748h

MBC2_DOM3_MEM1_B
LK_NSE_W0

37A0h

MBC2_DOM3_MEM1_B
LK_NSE_W1

37A4h

MBC2_DOM3_MEM2_B
LK_NSE_W0

37C8h

MBC2_DOM3_MEM3_B
LK_NSE_W0

37F0h

MBC2_DOM4_MEM0_B
LK_NSE_W0

3940h

MBC2_DOM4_MEM0_B
LK_NSE_W1

3944h

MBC2_DOM4_MEM0_B
LK_NSE_W2

3948h

MBC2_DOM4_MEM1_B
LK_NSE_W0

39A0h

MBC2_DOM4_MEM1_B
LK_NSE_W1

39A4h

MBC2_DOM4_MEM2_B
LK_NSE_W0

39C8h

MBC2_DOM4_MEM3_B
LK_NSE_W0

39F0h

MBC2_DOM5_MEM0_B
LK_NSE_W0

3B40h

MBC2_DOM5_MEM0_B
LK_NSE_W1

3B44h

MBC2_DOM5_MEM0_B
LK_NSE_W2

3B48h
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Register Offset

MBC2_DOM5_MEM1_B
LK_NSE_W0

3BA0h

MBC2_DOM5_MEM1_B
LK_NSE_W1

3BA4h

MBC2_DOM5_MEM2_B
LK_NSE_W0

3BC8h

MBC2_DOM5_MEM3_B
LK_NSE_W0

3BF0h

MBC2_DOM6_MEM0_B
LK_NSE_W0

3D40h

MBC2_DOM6_MEM0_B
LK_NSE_W1

3D44h

MBC2_DOM6_MEM0_B
LK_NSE_W2

3D48h

MBC2_DOM6_MEM1_B
LK_NSE_W0

3DA0h

MBC2_DOM6_MEM1_B
LK_NSE_W1

3DA4h

MBC2_DOM6_MEM2_B
LK_NSE_W0

3DC8h

MBC2_DOM6_MEM3_B
LK_NSE_W0

3DF0h

MBC2_DOM7_MEM0_B
LK_NSE_W0

3F40h

MBC2_DOM7_MEM0_B
LK_NSE_W1

3F44h

MBC2_DOM7_MEM0_B
LK_NSE_W2

3F48h

MBC2_DOM7_MEM1_B
LK_NSE_W0

3FA0h

MBC2_DOM7_MEM1_B
LK_NSE_W1

3FA4h

MBC2_DOM7_MEM2_B
LK_NSE_W0

3FC8h

MBC2_DOM7_MEM3_B
LK_NSE_W0

3FF0h

MBC3_DOM0_MEM0_B
LK_NSE_W0

4140h
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Table continued from the previous page...

Register Offset

MBC3_DOM1_MEM0_B
LK_NSE_W0

4340h

MBC3_DOM2_MEM0_B
LK_NSE_W0

4540h

MBC3_DOM3_MEM0_B
LK_NSE_W0

4740h

MBC3_DOM4_MEM0_B
LK_NSE_W0

4940h

MBC3_DOM5_MEM0_B
LK_NSE_W0

4B40h

MBC3_DOM6_MEM0_B
LK_NSE_W0

4D40h

MBC3_DOM7_MEM0_B
LK_NSE_W0

4F40h

Function

MBC[m]_DOM[d]_MEM[s]_BLK_NSE_W[w], where,

• m - mbc index

• d - domain index

• s - memory slave index

• w - word index

This is the bitmap of the individual NSE bits for the memory block.

 
This register is shown with fields such that it covers entire 32 bit register. However, actual fields may be less if 
number of blocks are such that fields don't align to 32 bits. These absent fields may be shown but user can refer 
to table below to deduce actual fields and treat absent fields as reserved.

  NOTE  

The following table describes the relationship between W (word index) and B (block number).

Table 434. Block Config Word to Block Number Relationship

Block NSE Word BIT31 BIT30-BIT1 BIT0

W0 block 31 block 30 - block 1 block 0

W1 block 63 block 62 - block 33 block 32

For MEM0, block 64 - block 511

W2 block 95 block 94 - block 65 block 64

.

Table continues on the next page...
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Table 434. Block Config Word to Block Number Relationship (continued)

Block NSE Word BIT31 BIT30-BIT1 BIT0

.

.

W15 block 511 block 510 - block 481 block 480

The NSE bitmap can be accessed directly by register reads and writes to these locations, or "indirectly" through writes to 
NSE_SET, NSE_CLR, NSE_CLR_ALL, and BLK_CFG[NSEn] registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BIT31 BIT30 BIT29 BIT28 BIT27 BIT26 BIT25 BIT24 BIT23 BIT22 BIT21 BIT20 BIT19 BIT18 BIT17 BIT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BIT15 BIT14 BIT13 BIT12 BIT11 BIT10 BIT9 BIT8 BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BIT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BITb

Bit b NonSecure Enable [b = 0 - 31]

0b - Secure accesses to block B are based on corresponding MBACSEL field in register 
(MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]), nonsecure accesses to block B are not 
allowed.

1b - Secure accesses to block B are not allowed, nonsecure accesses to block B are based on 
corresponding MBACSEL field in register (MBCm_DOMd_MEMs_BLK_CFG_Ww[MBACSEL]).

42.9.1.39 MBC Global Access Control (MBC1_MEMN_GLBAC0)

Offset

Register Offset

MBC1_MEMN_GLBAC0 2020h

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9 SecureUser Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

SUW SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.40 MBC Global Access Control (MBC1_MEMN_GLBAC1 - MBC1_MEMN_GLBAC7)

Offset

Register Offset

MBC1_MEMN_GLBAC1 2024h

MBC1_MEMN_GLBAC2 2028h

MBC1_MEMN_GLBAC3 202Ch

MBC1_MEMN_GLBAC4 2030h

MBC1_MEMN_GLBAC5 2034h

MBC1_MEMN_GLBAC6 2038h

MBC1_MEMN_GLBAC7 203Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User. The lock bit provides the ability to lock these 
control access flags and to lock the MBC_BLK_CFG[MBACSEL] field when a locked MBC_MEMN_GLBAC register is 
selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.
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42.9.1.41 MBC Global Access Control (MBC2_MEMN_GLBAC0)

Offset

Register Offset

MBC2_MEMN_GLBAC0 3020h

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.42 MBC Global Access Control (MBC2_MEMN_GLBAC1 - MBC2_MEMN_GLBAC7)

Offset

Register Offset

MBC2_MEMN_GLBAC1 3024h

MBC2_MEMN_GLBAC2 3028h

MBC2_MEMN_GLBAC3 302Ch

MBC2_MEMN_GLBAC4 3030h

MBC2_MEMN_GLBAC5 3034h

MBC2_MEMN_GLBAC6 3038h

MBC2_MEMN_GLBAC7 303Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User. The lock bit provides the ability to lock these 
control access flags and to lock the MBC_BLK_CFG[MBACSEL] field when a locked MBC_MEMN_GLBAC register is 
selected.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10 SecureUser Read

Table continues on the next page...
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Table continued from the previous page...

Field Function

SUR SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.43 MBC Global Access Control (MBC3_MEMN_GLBAC0)

Offset

Register Offset

MBC3_MEMN_GLBAC0 4020h

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6 NonsecurePriv Read

NonsecurePriv read access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPR 0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.44 MBC Global Access Control (MBC3_MEMN_GLBAC1 - MBC3_MEMN_GLBAC7)

Offset

Register Offset

MBC3_MEMN_GLBAC1 4024h

MBC3_MEMN_GLBAC2 4028h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MBC3_MEMN_GLBAC3 402Ch

MBC3_MEMN_GLBAC4 4030h

MBC3_MEMN_GLBAC5 4034h

MBC3_MEMN_GLBAC6 4038h

MBC3_MEMN_GLBAC7 403Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, Nonsecure User. The lock bit provides the ability to lock these 
control access flags and to lock the MBC_BLK_CFG[MBACSEL] field when a locked MBC_MEMN_GLBAC register is 
selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5 NonsecurePriv Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPW NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.45 MRC Global Configuration Register (MRC0_GLBCFG - MRC1_GLBCFG)

Offset

Register Offset

MRC0_GLBCFG 5000h

MRC1_GLBCFG 5800h

Function
This read-only register describes the number of region descriptors for this memory.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 NRGNS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

NRGNS

Number of regions [1-16]

42.9.1.46 MRC NonSecure Enable Region Indirect (MRC0_NSE_RGN_INDIRECT - 
MRC1_NSE_RGN_INDIRECT)

Offset

Register Offset

MRC0_NSE_RGN_INDI
RECT

5010h

MRC1_NSE_RGN_INDI
RECT

5810h

Function
This R/W register defines the selected domains that are affected by writes to the NSE_RGN_SET and NSE_RGN_CLR 
registers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
DID_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

DID_SEL

DID Select

Destination domain bitmap select.

• Bit [23] = 1, update domain 7

• Bit [22] = 1, update domain 6

• Bit [21] = 1, update domain 5

• Bit [20] = 1, update domain 4

• Bit [19] = 1, update domain 3

• Bit [18] = 1, update domain 2

• Bit [17] = 1, update domain 1

• Bit [16] = 1, update domain 0

15-0

—

Reserved

42.9.1.47 MRC NonSecure Enable Region Set (MRC0_NSE_RGN_SET - MRC1_NSE_RGN_SET)

Offset

Register Offset

MRC0_NSE_RGN_SET 5014h

MRC1_NSE_RGN_SET 5814h
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Function
A write to this location sets the appropriate NSE bits in region descriptors for the selected domain in MRC NonSecure Enable 
Region Indirect register. This register reads as 0.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W W1SET 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

W1SET

Write-1 Set

• Bit [15] = Set the NSE bits for RGD15

• Bit [14] = Set the NSE bits for RGD14

• Bit [13] = Set the NSE bits for RGD13

• Bit [12] = Set the NSE bits for RGD12

• Bit [11] = Set the NSE bits for RGD11

• Bit [10] = Set the NSE bits for RGD10

• Bit [9] = Set the NSE bits for RGD9

• Bit [8] = Set the NSE bits for RGD8

• Bit [7] = Set the NSE bits for RGD7

• Bit [6] = Set the NSE bits for RGD6

• Bit [5] = Set the NSE bits for RGD5

• Bit [4] = Set the NSE bits for RGD4

• Bit [3] = Set the NSE bits for RGD3

• Bit [2] = Set the NSE bits for RGD2

• Bit [1] = Set the NSE bits for RGD1

• Bit [0] = Set the NSE bits for RGD0
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42.9.1.48 MRC NonSecure Enable Region Clear (MRC0_NSE_RGN_CLR - MRC1_NSE_RGN_CLR)

Offset

Register Offset

MRC0_NSE_RGN_CLR 5018h

MRC1_NSE_RGN_CLR 5818h

Function
A write to this location clears the appropriate NSE bits in region descriptors for the selected domain in MRC NonSecure 
Enable Region Indirect register. This register reads as 0.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W W1CLR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

W1CLR

Write-1 Clear

• Bit [15] = Clear the NSE bits for RGD15

• Bit [14] = Clear the NSE bits for RGD14

• Bit [13] = Clear the NSE bits for RGD13

• Bit [12] = Clear the NSE bits for RGD12

• Bit [11] = Clear the NSE bits for RGD11

• Bit [10] = Clear the NSE bits for RGD10

• Bit [9] = Clear the NSE bits for RGD9

• Bit [8] = Clear the NSE bits for RGD8

• Bit [7] = Clear the NSE bits for RGD7

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Bit [6] = Clear the NSE bits for RGD6

• Bit [5] = Clear the NSE bits for RGD5

• Bit [4] = Clear the NSE bits for RGD4

• Bit [3] = Clear the NSE bits for RGD3

• Bit [2] = Clear the NSE bits for RGD2

• Bit [1] = Clear the NSE bits for RGD1

• Bit [0] = Clear the NSE bits for RGD0

42.9.1.49 MRC NonSecure Enable Region Clear All (MRC0_NSE_RGN_CLR_ALL - 
MRC1_NSE_RGN_CLR_ALL)

Offset

Register Offset

MRC0_NSE_RGN_CLR_
ALL

501Ch

MRC1_NSE_RGN_CLR_
ALL

581Ch

Function
A write to this register clears all the region NSE bits for the selected domains defined in the write data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W DID_SEL 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

23-16

DID_SEL

DID Select

Destination domain bitmap select.

• Bit [23] = 1 clear NSE bits for domain 7

• Bit [22] = 1 clear NSE bits for domain 6

• Bit [21] = 1 clear NSE bits for domain 5

• Bit [20] = 1 clear NSE bits for domain 4

• Bit [19] = 1 clear NSE bits for domain 3

• Bit [18] = 1 clear NSE bits for domain 2

• Bit [17] = 1 clear NSE bits for domain 1

• Bit [16] = 1 clear NSE bits for domain 0

15-0

—

Reserved

42.9.1.50 MRC Global Access Control (MRC0_GLBAC0)

Offset

Register Offset

MRC0_GLBAC0 5020h

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, NonsecureUser. The lock bit provides the ability to lock these 
control access flags, to lock the MRC_BLK_CFG[MRACSEL] field, and to lock the MRC_RGD[STRT_ADDR, END_ADDR, 
VLD] fields when a locked MRC_GLBAC register is selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6 NonsecurePriv Read

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPR NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.51 MRC Global Access Control (MRC0_GLBAC1 - MRC0_GLBAC7)

Offset

Register Offset

MRC0_GLBAC1 5024h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

MRC0_GLBAC2 5028h

MRC0_GLBAC3 502Ch

MRC0_GLBAC4 5030h

MRC0_GLBAC5 5034h

MRC0_GLBAC6 5038h

MRC0_GLBAC7 503Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, NonsecureUser. The lock bit provides the ability to lock these 
control access flags, to lock the MRC_BLK_CFG[MRACSEL] field, and to lock the MRC_RGD[STRT_ADDR, END_ADDR, 
VLD] fields when a locked MRC_GLBAC register is selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked (read-only) and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5 NonsecurePriv Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

NPW NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.52 MRC Region Descriptor Word 0 (MRC0_DOM0_RGD0_W0 - MRC1_DOM7_RGD7_W0)

Offset

For m = 0 to 1; d = 0 to 7; r = 0 to 7:

Register Offset

MRCm_DOMd_RGDr_W
0

5040h + (m × 800h) + (d × 100h) + (r × 8h)

Function

MRC[m]_DOM[d]_RGD[r]_W[w], where,

• m - mrc index
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• d - domain index

• r - region descriptor index

• w - word index

The MRC[m]_DOM[d]_RGD[r]_W[w] registers provide a 3-dimensional data structure for defining access control policies per 
domain for each supported memory region.

Memory map/register definition:

There two word-size registers (W[w]) defined in each memory region. There are up to 8 memory region checkers (MRCs), m, each 
supporting up to 16 memory region descriptors (RGD), r. The number of MRCs is defined by HWCFG0[NMRC].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STRT_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
STRT_ADDR 

0
MRACSEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

STRT_ADDR

Start Address

0-mod-4K physical start address [31:12] of region r.

 
This field is locked (read-only) if MRACSEL = r and MRC_GLBACr[LK] = 1.

  NOTE  

11-3

—

Reserved

2-0

MRACSEL

Memory Region Access Control Select

This field selects the global access control associated with region r.

 
This field is locked (read-only) if MRACSEL = r and MRC_GLBACr[LK] = 1.

  NOTE  

000b - Select MRC_GLBAC0 access control policy

001b - Select MRC_GLBAC1 access control policy

010b - Select MRC_GLBAC2 access control policy

011b - Select MRC_GLBAC3 access control policy

Table continues on the next page...
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Table continued from the previous page...

Field Function

100b - Select MRC_GLBAC4 access control policy

101b - Select MRC_GLBAC5 access control policy

110b - Select MRC_GLBAC6 access control policy

111b - Select MRC_GLBAC7 access control policy

42.9.1.53 MRC Region Descriptor Word 1 (MRC0_DOM0_RGD0_W1 - MRC1_DOM7_RGD7_W1)

Offset

For m = 0 to 1; d = 0 to 7; r = 0 to 7:

Register Offset

MRCm_DOMd_RGDr_W
1

5044h + (m × 800h) + (d × 100h) + (r × 8h)

Function

MRC[m]_DOM[d]_RGD[r]_W[w], where,

• m - mrc index

• d - domain index

• r - region descriptor index

• w - word index

The MRC[m]_[d]_rgd[r]_w[w] registers provide a 3-dimensional data structure for defining access control policies per domain for 
each supported memory region.

Memory map/register definition:

There two word-size registers (W[w]) defined in each memory region. There are up to 8 memory region checkers (MRCs), m, each 
supporting up to 16 region descriptors (RGD), r. The number of MRCs is defined by HWCFG0[NMRC].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
END_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
END_ADDR 

0
NSE 

0
VLD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-12

END_ADDR

End Address

(4K-1)-mod-4K physical end address [31:12] of region r.

 
This field is locked (read-only) if MRACSEL = r and MRC_GLBACr[LK] = 1.

  NOTE  

11-5

—

Reserved

4

NSE

NonSecure Enable

Alternate view of NSE flag for Region r.

0b - Secure accesses to region r are based on corresponding MRACSEL field in this register 
(MRCm_DOMd_RGDr_Ww[MRACSEL]), nonsecure accesses to region r are not allowed.

1b - Secure accesses to region r are not allowed, nonsecure accesses to region r are based on 
corresponding MRACSEL field in this register (MRCm_DOMd_RGDr_Ww[MRACSEL]).

3-1

—

Reserved

0

VLD

Valid

If set, this region is valid and accesses are checked for this region.

 
This field is locked (read-only) if MRACSEL = r and MRC_GLBACr[LK] = 1.

  NOTE  

42.9.1.54 MRC Region Descriptor NonSecure Enable (MRC0_DOM0_RGD_NSE - MRC1_DOM7_RGD_NSE)

Offset

For m = 0 to 1; d = 0 to 7:

Register Offset

MRCm_DOMd_RGD_NS
E

50C0h + (m × 800h) + (d × 100h)

Function

This register is the bitmap of the individual NSE bits for the region descriptors. Bit n corresponds to region n.

These bits can also be written or "indirectly" through writes to NSE_SET, NSE_CLR, NSE_CLR_ALL, and 
RGD_W0[NSE] registers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BIT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

BITn

Bit n NonSecure Enable [n = 0 - 15]

0b - Secure accesses to region r are based on corresponding MRACSEL field in this register 
(MRCm_DOMd_RGDr_Ww[MRACSEL]), nonsecure accesses to region r are not allowed.

1b - Secure accesses to region r are not allowed, nonsecure accesses to region r are based on 
corresponding MRACSEL field in register (MRCm_DOMd_RGDr_Ww[MRACSEL]).

42.9.1.55 MRC Global Access Control (MRC1_GLBAC0)

Offset

Register Offset

MRC1_GLBAC0 5820h

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, NonsecureUser. The lock bit provides the ability to lock these 
control access flags, to lock the MRC_BLK_CFG[MRACSEL] field, and to lock the MRC_RGD[STRT_ADDR, END_ADDR, 
VLD] fields when a locked MRC_GLBAC register is selected.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9 SecureUser Write

Table continues on the next page...
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Table continued from the previous page...

Field Function

SUW SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.

42.9.1.56 MRC Global Access Control (MRC1_GLBAC1 - MRC1_GLBAC7)

Offset

Register Offset

MRC1_GLBAC1 5824h

MRC1_GLBAC2 5828h

MRC1_GLBAC3 582Ch

MRC1_GLBAC4 5830h

MRC1_GLBAC5 5834h

MRC1_GLBAC6 5838h

MRC1_GLBAC7 583Ch

Function
These fully programmable R/W fields define the R/W/X (read/write/execute) access control flags with each of the 4 supported 
operating modes: SecurePriv, SecureUser, NonsecurePriv, NonsecureUser. The lock bit provides the ability to lock these 
control access flags, to lock the MRC_BLK_CFG[MRACSEL] field, and to lock the MRC_RGD[STRT_ADDR, END_ADDR, 
VLD] fields when a locked MRC_GLBAC register is selected.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LK 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SPR SPW SPX 

0
SUR SUW SUX 

0
NPR NPW NPX 

0
NUR NUW NUX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LK

LOCK

This 1-bit field provides a mechanism to limit writes to the this register to protect its contents. Once set, 
this bit remains asserted until the next reset.

0b - This register is not locked and can be altered.

1b - This register is locked (read-only) and cannot be altered.

30-15

—

Reserved

14

SPR

SecurePriv Read

SecurePriv read access control flag

0b - Read access is not allowed in Secure Privilege mode.

1b - Read access is allowed in Secure Privilege mode.

13

SPW

SecurePriv Write

SecurePriv write access control flag

0b - Write access is not allowed in Secure Privilege mode.

1b - Write access is allowed in Secure Privilege mode.

12

SPX

SecurePriv Execute

SecurePriv execute access control flag

0b - Execute access is not allowed in Secure Privilege mode.

1b - Execute access is allowed in Secure Privilege mode.

11

—

Reserved

10

SUR

SecureUser Read

SecureUser read access control flag

0b - Read access is not allowed in Secure User mode.

1b - Read access is allowed in Secure User mode.

9

SUW

SecureUser Write

SecureUser write access control flag

0b - Write access is not allowed in Secure User mode.

1b - Write access is allowed in Secure User mode.

8

SUX

SecureUser Execute

SecureUser execute access control flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Execute access is not allowed in Secure User mode.

1b - Execute access is allowed in Secure User mode.

7

—

Reserved

6

NPR

NonsecurePriv Read

NonsecurePriv read access control flag

0b - Read access is not allowed in Nonsecure Privilege mode.

1b - Read access is allowed in Nonsecure Privilege mode.

5

NPW

NonsecurePriv Write

NonsecurePriv write access control flag

0b - Write access is not allowed in Nonsecure Privilege mode.

1b - Write access is allowed in Nonsecure Privilege mode.

4

NPX

NonsecurePriv Execute

NonsecurePriv execute access control flag

0b - Execute access is not allowed in Nonsecure Privilege mode.

1b - Execute access is allowed in Nonsecure Privilege mode.

3

—

Reserved

2

NUR

NonsecureUser Read

NonsecureUser read access control flag

0b - Read access is not allowed in Nonsecure User mode.

1b - Read access is allowed in Nonsecure User mode.

1

NUW

NonsecureUser Write

NonsecureUser write access control flag

0b - Write access is not allowed in Nonsecure User mode.

1b - Write access is allowed in Nonsecure User mode.

0

NUX

NonsecureUser Execute

NonsecureUser execute access control flag

0b - Execute access is not allowed in Nonsecure User mode.

1b - Execute access is allowed in Nonsecure User mode.
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Chapter 43
Extended Trusted Resource Domain Controller (XRDC)
43.1 Chip-specific XRDC information
Table 435. Reference links to related information

Topic Related module Reference

Full description XRDC XRDC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

43.2 Module instances
This device has one instances of the XRDC module.

43.3 XRDC configuration for MDAC, MRC, PAC, and MSC
Table 436. MDA configuration

MDA MDAC_REG_NUM MDAC_CPU DEFAULT_DID MDAC_INST_NUM

CA35 2 1 7 6'd00

DMA1 1 0 1 6'd01

USB0/USB1 1 0 1 6'd02

PXP[M10] 1 0 1 6'd03

ENET 1 0 1 6'd04

CAAM Master1 1 0 1 6'd05

uSDHC0 1 0 1 6'd06

uSDHC1 1 0 1 6'd07

uSDHC2 1 0 1 6'd08

HiFi4 1 0 2 6'd09

GPU3D 1 0 3 6'd010

GPU2D 1 0 3 6'd011

EPDC 1 0 3 6'd012

LCDIF 1 0 3 6'd013

ISI 1 0 3 6'd014

PXP-> NIC_LPAV.M0 1 0 3 6'd015

DMA2 1 0 3 6'd016

1. This chapter is only available in i.MX 8ULP Security Reference Manual
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Table 437. MRC configuration

MRC # Slave 
Memory

SDAC_INST_
NUM

XRDC_NUM_
DID

Bus Type NUM_SLAVE SDAC_RGD_
NUM

Memory SIZE

MRC0 ROM1 0 7 AHB32 1 4 192 KB

MRC1 FlexSPI2 1 7 AHB64 1 8 Up to 256 MB

MRC2 SRAM2 2 7 AXI64 2 4 256KB

MRC3 SRAM0 3 7 AHB64 1 4 64KB

MRC4 DDR 4 7 AXI64 2 8 Up to 2 GB

MRC5 DDR 5 7 AXI32 2 8 Up to 2 GB

MRC6 DDR 6 7 AXI128 2 8 Up to 2 GB

MRC7 DDR 7 7 AXI64 2 8 Up to 2 GB

MRC8 SRAM1 8 7 AXI128 2 4 64 KB

MRC9 SSRAM1 9 7 AXI64 2 8 768 KB

MRC10 SSRAM 10 7 AXI64 2 8 768 KB

MRC11 HIFI4TCM 11 7 AXI32 2 4 128 KB

MRC12 GIC500 12 7 AXI32 2 2 1 MB

Table 438. PAC configuration

PAC # IPS Bus INST_ID PAC_DOMAIN_NU
M

MAX_SLOT_NUM SLOT_MASK

PAC0 Pbridge3 0 8 128 128'hffff_ffff_ffff_ffff
_ffff

PAC1 Pbridge4 1 8 128 128'hffff_ffff

PAC2 Pbridge5 2 8 128 128'h0007_ffff_ffff_
ffff

Table 439. MSC configuration

MSC # Peripheral Slot No MSC_INST_N
UM

MSC_DOMAI 
N_NUM

MAX_SLO 
T_NUM

MSC_SLOT_
MASK

MSC_BLK_SI
ZE

MSC0 GPIOE 0 0 8 8 8'h03 64

GPIOF 1

MSC1 GPIOD 0 1 8 8 8'h03 64

MSC2 GPU3D 
Registers

0 2 8 8 8'h7F 64

GPU2D 
Registers

1-4

LCDIF 
Registers

5

Table continues on the next page...
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Table 439. MSC configuration (continued)

MSC # Peripheral Slot No MSC_INST_N
UM

MSC_DOMAI 
N_NUM

MAX_SLO 
T_NUM

MSC_SLOT_
MASK

MSC_BLK_SI
ZE

DDR 
Registers

6

43.4 Introduction
The Extended Resource Domain Controller (XRDC) provides an integrated, scalable architectural framework for access control, 
system memory protection and peripheral isolation. It allows software to assign chip resources including processor cores, 
non-core bus masters, memory regions and slave peripherals to processing domains to support enforcement of robust operational 
environments. First, each bus mastering resource is assigned to a domain identifier (domainID, DID). For processors, there are 
additional fields that can optionally be used to assign it to multiple domains. Next, the access control policies for the individual 
domains are programmed into any number of slave memory region descriptors and slave peripheral domain access control 
registers. Finally, all accesses throughout the device are monitored concurrently to determine the validity of each and every 
access. If a reference from a given domain has sufficient access rights, it is allowed to continue, else the access is aborted and 
error information captured.

The access control scheme defined by the XRDC supports a 4-level model, combining the traditional privileged (also known as 
supervisor) and user modes with an additional signal defining the secure, nonsecure attributes of each memory reference. The 
result is a 4-level hierarchical access control mechanism, where:

SecurePriv > SecureUser > NonsecurePriv > NonsecureUser

with different access control policies based on read and write references. Combined with the user/privileged and secure/
nonsecure attributes, a domainID is associated with every system bus transaction and forms the hardware basis for 
implementation of the XRDC's access control mechanisms.

Access to shared memory regions and slave peripherals can be dynamically controlled with the optional inclusion of a hardware 
semaphore. If a hardware semaphore is enabled for a given address space or peripheral, then writes to the targeted address 
space are only allowed if the requesting domain owns the semaphore. This capability allows the access control policy for a given 
resource to be dynamically revised based on hardware semaphore ownership.

43.4.1 Features
The key features of the XRDC include:

• Assignment of chip resources to processing "domains"

— Processor cores, non-core bus masters, slave memories and slave peripherals

— Each processing domain is assigned a unique domain identifier (domainID, DID)

— DomainID is a new attribute associated with every system bus transaction

— Used in conjunction with user/privileged, secure/nonsecure attributes

• Access rights to slave targets defined in region descriptor registers for memories and access control registers for peripherals

• Supports sharing of memory and peripherals with optional inclusion of hardware semaphores to dynamically determine 
access rights

• Built upon a 4-level hierarchical access control model

— SecurePriv > SecureUser > NonsecurePriv > NonsecureUser

— Encoded into a 3-bit per-domain access control policy (ACP) used throughout the XRDC

— Certain processors do not support the NonsecurePriv state. For these cores, the model simplifies to a 3-state definition: 
SecurePriv > SecureUser > NonsecureUser

• Programming model and hardware implementation is distributed across multiple submodules
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— Supports a broad, highly-configurable architecture definition

— Memory region descriptors support a format leveraged from earlier System Memory Protection Units (SMPU)

43.4.2 Block diagram
As previously noted, the XRDC implementation is distributed across multiple submodules instantiated throughout the device. The 
XRDC submodules include:

• XRDC_MGR

— The Manager (MGR) submodule coordinates all programming model reads and writes

• XRDC_MDAC

— The Master Domain Assignment Controller (MDAC) handles resource assignments and generation of the 
domain identifiers

• XRDC_MRC

— The Memory Region Controller (MRC) implements the access controls for slave memories based on the pre-
programmed region descriptor registers

• XRDC_PAC

— The Peripheral Access Controller (PAC) implements the access controls for slave peripherals based on the pre-
programmed domain access control registers

• XRDC_MSC

— The Memory Slot Controller (MSC) implements the access controls for memory slots based on the pre-programmed 
domain access control registers

For chip-specific implementation details of this module's instances, see the chip specific information.

See Figure 285 for a simplified XRDC block diagram focusing on topology and connections.
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Figure 285. Simplified XRDC Block Diagram

43.4.3 Modes of operation
The XRDC module does not support any special modes of operation. As a memory-mapped device located in the core platform's 
clock domain, it responds based strictly on the memory addresses of the connected system buses. The slave peripheral bus is 
used to access the XRDC's distributed programming model; these references are only allowed if the requesting bus master is 
operating in the Privilege mode. Domain assignment and access control functions are evaluated on a reference-by-reference 
basis using the addresses and attributes connected to the system bus port(s). The implementation of the XRDC_MRC submodule 
supports either AMBA-AHB or AMBA-AXI system bus protocols.

43.5 External signal description
The XRDC module does not directly support any external interfaces.

The internal interfaces include a standard 32-bit slave bus for all programming model accesses, connections to the address 
phase signals associated with AHB and/or AXI system buses and connections to the slave peripheral buses as shown in XRDC 
block diagram.
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43.6 Memory map/register definition
The XRDC module supports a large number of architecturally-defined, program-visible registers distributed across four 4 kB 
address slots. The actual registers present in any given device are application (and SoC) specific.

The register resources of the XRDC programming model can be accessed in secure privileged and secure user modes. Unless 
noted otherwise, the programming model registers can be accessed via 8-, 16- or 32-bit reads and 32-bit write references. 
Attempted accesses in a different operating mode, using unsupported write data sizes, writes to read-only resources, or to 
reserved spaces are terminated with an error unless noted otherwise.

 
Access to the MRGD_Wi_n_m registers, where i=5-7, does not return transfer error.

  NOTE  

The XRDC programming model is partitioned into 6 groups of registers:

• Basic hardware control and configuration

• Domain errors: location and details

• Master domain assignments

• Peripheral domain access controls

• Memory region descriptors

• Memory slot access controls

It should be noted that many of the programming model registers in the XRDC are organized as 2-dimensional data structures. 
These generic arrays contain "m" words representing the "columns" and "n" instances of the structure representing the "rows". 
These may be described as structure[n][m]. They appear in the address space of the programming model memory map in 
the standard C language row-major layout, that is, the "m" words representing the "column" appear sequentially with the entire 
row replicated "n" times. The XRDC register structure uses the naming convention of XRDC_<regname>_Wm_n, where the 
column number "m" appears as a numeric suffix on the W (32-bit word) identifier, and the row identifier "n" appears as the final 
numerical suffix.

The architectural definition of the complete XRDC programming model is presented in this section. Each implementation is 
SoC-specific and highly dependent on the device requirements. For the reset values in this section, a "*" indicates an initial value 
determined by the hardware configuration.

43.6.1 XRDC register descriptions

43.6.1.1 XRDC memory map

XRDC base address: 292F_0000h

Offset Register Width

(In bits)

Access Reset value

0h Control Register (CR) 32 RW See section

F0h Hardware Configuration Register 0 (HWCFG0) 32 R 1A0C_1007h

F4h Hardware Configuration Register 1 (HWCFG1) 32 R See section

F8h Hardware Configuration Register 2 (HWCFG2) 32 R 0000_0000h

FCh Hardware Configuration Register 3 (HWCFG3) 32 R 0000_0000h

100h - 110h Master Domain Assignment Configuration Register (MDACFG0 - 
MDACFG16)

8 R See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

140h - 14Ch Memory Region Configuration Register (MRCFG0 - MRCFG12) 8 R See section

1FCh Fault Domain ID (FDID) 32 RW 0000_0000h

200h - 21Ch Domain Error Location Register (DERRLOC0 - DERRLOC7) 32 R 0000_0000h

400h Domain Error Word0 Register (DERR_W0_0) 32 R 0000_0000h

404h Domain Error Word1 Register (DERR_W1_0) 32 R 0000_0000h

40Ch Domain Error Word3 Register (DERR_W3_0) 32 RW 0000_0000h

410h Domain Error Word0 Register (DERR_W0_1) 32 R 0000_0000h

414h Domain Error Word1 Register (DERR_W1_1) 32 R 0000_0000h

41Ch Domain Error Word3 Register (DERR_W3_1) 32 RW 0000_0000h

420h Domain Error Word0 Register (DERR_W0_2) 32 R 0000_0000h

424h Domain Error Word1 Register (DERR_W1_2) 32 R 0000_0000h

42Ch Domain Error Word3 Register (DERR_W3_2) 32 RW 0000_0000h

430h Domain Error Word0 Register (DERR_W0_3) 32 R 0000_0000h

434h Domain Error Word1 Register (DERR_W1_3) 32 R 0000_0000h

43Ch Domain Error Word3 Register (DERR_W3_3) 32 RW 0000_0000h

440h Domain Error Word0 Register (DERR_W0_4) 32 R 0000_0000h

444h Domain Error Word1 Register (DERR_W1_4) 32 R 0000_0000h

44Ch Domain Error Word3 Register (DERR_W3_4) 32 RW 0000_0000h

450h Domain Error Word0 Register (DERR_W0_5) 32 R 0000_0000h

454h Domain Error Word1 Register (DERR_W1_5) 32 R 0000_0000h

45Ch Domain Error Word3 Register (DERR_W3_5) 32 RW 0000_0000h

460h Domain Error Word0 Register (DERR_W0_6) 32 R 0000_0000h

464h Domain Error Word1 Register (DERR_W1_6) 32 R 0000_0000h

46Ch Domain Error Word3 Register (DERR_W3_6) 32 RW 0000_0000h

470h Domain Error Word0 Register (DERR_W0_7) 32 R 0000_0000h

474h Domain Error Word1 Register (DERR_W1_7) 32 R 0000_0000h

47Ch Domain Error Word3 Register (DERR_W3_7) 32 RW 0000_0000h

480h Domain Error Word0 Register (DERR_W0_8) 32 R 0000_0000h

484h Domain Error Word1 Register (DERR_W1_8) 32 R 0000_0000h

48Ch Domain Error Word3 Register (DERR_W3_8) 32 RW 0000_0000h

490h Domain Error Word0 Register (DERR_W0_9) 32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

494h Domain Error Word1 Register (DERR_W1_9) 32 R 0000_0000h

49Ch Domain Error Word3 Register (DERR_W3_9) 32 RW 0000_0000h

4A0h Domain Error Word0 Register (DERR_W0_10) 32 R 0000_0000h

4A4h Domain Error Word1 Register (DERR_W1_10) 32 R 0000_0000h

4ACh Domain Error Word3 Register (DERR_W3_10) 32 RW 0000_0000h

4B0h Domain Error Word0 Register (DERR_W0_11) 32 R 0000_0000h

4B4h Domain Error Word1 Register (DERR_W1_11) 32 R 0000_0000h

4BCh Domain Error Word3 Register (DERR_W3_11) 32 RW 0000_0000h

4C0h Domain Error Word0 Register (DERR_W0_12) 32 R 0000_0000h

4C4h Domain Error Word1 Register (DERR_W1_12) 32 R 0000_0000h

4CCh Domain Error Word3 Register (DERR_W3_12) 32 RW 0000_0000h

500h Domain Error Word0 Register (DERR_W0_16) 32 R 0000_0000h

504h Domain Error Word1 Register (DERR_W1_16) 32 R 0000_0000h

50Ch Domain Error Word3 Register (DERR_W3_16) 32 RW 0000_0000h

510h Domain Error Word0 Register (DERR_W0_17) 32 R 0000_0000h

514h Domain Error Word1 Register (DERR_W1_17) 32 R 0000_0000h

51Ch Domain Error Word3 Register (DERR_W3_17) 32 RW 0000_0000h

520h Domain Error Word0 Register (DERR_W0_18) 32 R 0000_0000h

524h Domain Error Word1 Register (DERR_W1_18) 32 R 0000_0000h

52Ch Domain Error Word3 Register (DERR_W3_18) 32 RW 0000_0000h

540h Domain Error Word0 Register (DERR_W0_20) 32 R 0000_0000h

544h Domain Error Word1 Register (DERR_W1_20) 32 R 0000_0000h

54Ch Domain Error Word3 Register (DERR_W3_20) 32 RW 0000_0000h

550h Domain Error Word0 Register (DERR_W0_21) 32 R 0000_0000h

554h Domain Error Word1 Register (DERR_W1_21) 32 R 0000_0000h

55Ch Domain Error Word3 Register (DERR_W3_21) 32 RW 0000_0000h

560h Domain Error Word0 Register (DERR_W0_22) 32 R 0000_0000h

564h Domain Error Word1 Register (DERR_W1_22) 32 R 0000_0000h

56Ch Domain Error Word3 Register (DERR_W3_22) 32 RW 0000_0000h

700h Process Identifier (PID0) 32 RW 0000_0000h

800h Master Domain Assignment (MDA_W0_0_DFMT0) 32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2723 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

804h Master Domain Assignment (MDA_W1_0_DFMT0) 32 RW 0000_0000h

820h Master Domain Assignment (MDA_W0_1_DFMT1) 32 RW 2000_0000h

840h Master Domain Assignment (MDA_W0_2_DFMT1) 32 RW 2000_0000h

860h Master Domain Assignment (MDA_W0_3_DFMT1) 32 RW 2000_0000h

880h Master Domain Assignment (MDA_W0_4_DFMT1) 32 RW 2000_0000h

8A0h Master Domain Assignment (MDA_W0_5_DFMT1) 32 RW 2000_0000h

8C0h Master Domain Assignment (MDA_W0_6_DFMT1) 32 RW 2000_0000h

8E0h Master Domain Assignment (MDA_W0_7_DFMT1) 32 RW 2000_0000h

900h Master Domain Assignment (MDA_W0_8_DFMT1) 32 RW 2000_0000h

920h Master Domain Assignment (MDA_W0_9_DFMT1) 32 RW 2000_0000h

940h Master Domain Assignment (MDA_W0_10_DFMT1) 32 RW 2000_0000h

960h Master Domain Assignment (MDA_W0_11_DFMT1) 32 RW 2000_0000h

980h Master Domain Assignment (MDA_W0_12_DFMT1) 32 RW 2000_0000h

9A0h Master Domain Assignment (MDA_W0_13_DFMT1) 32 RW 2000_0000h

9C0h Master Domain Assignment (MDA_W0_14_DFMT1) 32 RW 2000_0000h

9E0h Master Domain Assignment (MDA_W0_15_DFMT1) 32 RW 2000_0000h

A00h Master Domain Assignment (MDA_W0_16_DFMT1) 32 RW 2000_0000h

1000h Peripheral Domain Access Control (PDAC_W0_0_0) 32 RW 0000_0000h

1004h Peripheral Domain Access Control (PDAC_W1_0_0) 32 RW 0000_0000h

1008h Peripheral Domain Access Control (PDAC_W0_0_1) 32 RW 0000_0000h

100Ch Peripheral Domain Access Control (PDAC_W1_0_1) 32 RW 0000_0000h

1010h Peripheral Domain Access Control (PDAC_W0_0_2) 32 RW 0000_0000h

1014h Peripheral Domain Access Control (PDAC_W1_0_2) 32 RW 0000_0000h

1018h Peripheral Domain Access Control (PDAC_W0_0_3) 32 RW 0000_0000h

101Ch Peripheral Domain Access Control (PDAC_W1_0_3) 32 RW 0000_0000h

1020h Peripheral Domain Access Control (PDAC_W0_0_4) 32 RW 0000_0000h

1024h Peripheral Domain Access Control (PDAC_W1_0_4) 32 RW 0000_0000h

1028h Peripheral Domain Access Control (PDAC_W0_0_5) 32 RW 0000_0000h

102Ch Peripheral Domain Access Control (PDAC_W1_0_5) 32 RW 0000_0000h

1030h Peripheral Domain Access Control (PDAC_W0_0_6) 32 RW 0000_0000h

1034h Peripheral Domain Access Control (PDAC_W1_0_6) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

1038h Peripheral Domain Access Control (PDAC_W0_0_7) 32 RW 0000_0000h

103Ch Peripheral Domain Access Control (PDAC_W1_0_7) 32 RW 0000_0000h

1040h Peripheral Domain Access Control (PDAC_W0_0_8) 32 RW 0000_0000h

1044h Peripheral Domain Access Control (PDAC_W1_0_8) 32 RW 0000_0000h

1048h Peripheral Domain Access Control (PDAC_W0_0_9) 32 RW 0000_0000h

104Ch Peripheral Domain Access Control (PDAC_W1_0_9) 32 RW 0000_0000h

1050h Peripheral Domain Access Control (PDAC_W0_0_10) 32 RW 0000_0000h

1054h Peripheral Domain Access Control (PDAC_W1_0_10) 32 RW 0000_0000h

1058h Peripheral Domain Access Control (PDAC_W0_0_11) 32 RW 0000_0000h

105Ch Peripheral Domain Access Control (PDAC_W1_0_11) 32 RW 0000_0000h

1060h Peripheral Domain Access Control (PDAC_W0_0_12) 32 RW 0000_0000h

1064h Peripheral Domain Access Control (PDAC_W1_0_12) 32 RW 0000_0000h

1068h Peripheral Domain Access Control (PDAC_W0_0_13) 32 RW 0000_0000h

106Ch Peripheral Domain Access Control (PDAC_W1_0_13) 32 RW 0000_0000h

1070h Peripheral Domain Access Control (PDAC_W0_0_14) 32 RW 0000_0000h

1074h Peripheral Domain Access Control (PDAC_W1_0_14) 32 RW 0000_0000h

1078h Peripheral Domain Access Control (PDAC_W0_0_15) 32 RW 0000_0000h

107Ch Peripheral Domain Access Control (PDAC_W1_0_15) 32 RW 0000_0000h

1080h Peripheral Domain Access Control (PDAC_W0_0_16) 32 RW 0000_0000h

1084h Peripheral Domain Access Control (PDAC_W1_0_16) 32 RW 0000_0000h

1088h Peripheral Domain Access Control (PDAC_W0_0_17) 32 RW 0000_0000h

108Ch Peripheral Domain Access Control (PDAC_W1_0_17) 32 RW 0000_0000h

1090h Peripheral Domain Access Control (PDAC_W0_0_18) 32 RW 0000_0000h

1094h Peripheral Domain Access Control (PDAC_W1_0_18) 32 RW 0000_0000h

1098h Peripheral Domain Access Control (PDAC_W0_0_19) 32 RW 0000_0000h

109Ch Peripheral Domain Access Control (PDAC_W1_0_19) 32 RW 0000_0000h

10A0h Peripheral Domain Access Control (PDAC_W0_0_20) 32 RW 0000_0000h

10A4h Peripheral Domain Access Control (PDAC_W1_0_20) 32 RW 0000_0000h

10A8h Peripheral Domain Access Control (PDAC_W0_0_21) 32 RW 0000_0000h

10ACh Peripheral Domain Access Control (PDAC_W1_0_21) 32 RW 0000_0000h

10B0h Peripheral Domain Access Control (PDAC_W0_0_22) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

10B4h Peripheral Domain Access Control (PDAC_W1_0_22) 32 RW 0000_0000h

10B8h Peripheral Domain Access Control (PDAC_W0_0_23) 32 RW 0000_0000h

10BCh Peripheral Domain Access Control (PDAC_W1_0_23) 32 RW 0000_0000h

10C0h Peripheral Domain Access Control (PDAC_W0_0_24) 32 RW 0000_0000h

10C4h Peripheral Domain Access Control (PDAC_W1_0_24) 32 RW 0000_0000h

10C8h Peripheral Domain Access Control (PDAC_W0_0_25) 32 RW 0000_0000h

10CCh Peripheral Domain Access Control (PDAC_W1_0_25) 32 RW 0000_0000h

10D0h Peripheral Domain Access Control (PDAC_W0_0_26) 32 RW 0000_0000h

10D4h Peripheral Domain Access Control (PDAC_W1_0_26) 32 RW 0000_0000h

10D8h Peripheral Domain Access Control (PDAC_W0_0_27) 32 RW 0000_0000h

10DCh Peripheral Domain Access Control (PDAC_W1_0_27) 32 RW 0000_0000h

10E0h Peripheral Domain Access Control (PDAC_W0_0_28) 32 RW 0000_0000h

10E4h Peripheral Domain Access Control (PDAC_W1_0_28) 32 RW 0000_0000h

10E8h Peripheral Domain Access Control (PDAC_W0_0_29) 32 RW 0000_0000h

10ECh Peripheral Domain Access Control (PDAC_W1_0_29) 32 RW 0000_0000h

10F0h Peripheral Domain Access Control (PDAC_W0_0_30) 32 RW 0000_0000h

10F4h Peripheral Domain Access Control (PDAC_W1_0_30) 32 RW 0000_0000h

10F8h Peripheral Domain Access Control (PDAC_W0_0_31) 32 RW 0000_0000h

10FCh Peripheral Domain Access Control (PDAC_W1_0_31) 32 RW 0000_0000h

1100h Peripheral Domain Access Control (PDAC_W0_0_32) 32 RW 0000_0000h

1104h Peripheral Domain Access Control (PDAC_W1_0_32) 32 RW 0000_0000h

1108h Peripheral Domain Access Control (PDAC_W0_0_33) 32 RW 0000_0000h

110Ch Peripheral Domain Access Control (PDAC_W1_0_33) 32 RW 0000_0000h

1110h Peripheral Domain Access Control (PDAC_W0_0_34) 32 RW 0000_0000h

1114h Peripheral Domain Access Control (PDAC_W1_0_34) 32 RW 0000_0000h

1118h Peripheral Domain Access Control (PDAC_W0_0_35) 32 RW 0000_0000h

111Ch Peripheral Domain Access Control (PDAC_W1_0_35) 32 RW 0000_0000h

1120h Peripheral Domain Access Control (PDAC_W0_0_36) 32 RW 0000_0000h

1124h Peripheral Domain Access Control (PDAC_W1_0_36) 32 RW 0000_0000h

1128h Peripheral Domain Access Control (PDAC_W0_0_37) 32 RW 0000_0000h

112Ch Peripheral Domain Access Control (PDAC_W1_0_37) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

1130h Peripheral Domain Access Control (PDAC_W0_0_38) 32 RW 0000_0000h

1134h Peripheral Domain Access Control (PDAC_W1_0_38) 32 RW 0000_0000h

1138h Peripheral Domain Access Control (PDAC_W0_0_39) 32 RW 0000_0000h

113Ch Peripheral Domain Access Control (PDAC_W1_0_39) 32 RW 0000_0000h

1140h Peripheral Domain Access Control (PDAC_W0_0_40) 32 RW 0000_0000h

1144h Peripheral Domain Access Control (PDAC_W1_0_40) 32 RW 0000_0000h

1148h Peripheral Domain Access Control (PDAC_W0_0_41) 32 RW 0000_0000h

114Ch Peripheral Domain Access Control (PDAC_W1_0_41) 32 RW 0000_0000h

1150h Peripheral Domain Access Control (PDAC_W0_0_42) 32 RW 0000_0000h

1154h Peripheral Domain Access Control (PDAC_W1_0_42) 32 RW 0000_0000h

1158h Peripheral Domain Access Control (PDAC_W0_0_43) 32 RW 0000_0000h

115Ch Peripheral Domain Access Control (PDAC_W1_0_43) 32 RW 0000_0000h

1160h Peripheral Domain Access Control (PDAC_W0_0_44) 32 RW 0000_0000h

1164h Peripheral Domain Access Control (PDAC_W1_0_44) 32 RW 0000_0000h

1168h Peripheral Domain Access Control (PDAC_W0_0_45) 32 RW 0000_0000h

116Ch Peripheral Domain Access Control (PDAC_W1_0_45) 32 RW 0000_0000h

1170h Peripheral Domain Access Control (PDAC_W0_0_46) 32 RW 0000_0000h

1174h Peripheral Domain Access Control (PDAC_W1_0_46) 32 RW 0000_0000h

1178h Peripheral Domain Access Control (PDAC_W0_0_47) 32 RW 0000_0000h

117Ch Peripheral Domain Access Control (PDAC_W1_0_47) 32 RW 0000_0000h

1180h Peripheral Domain Access Control (PDAC_W0_0_48) 32 RW 0000_0000h

1184h Peripheral Domain Access Control (PDAC_W1_0_48) 32 RW 0000_0000h

1188h Peripheral Domain Access Control (PDAC_W0_0_49) 32 RW 0000_0000h

118Ch Peripheral Domain Access Control (PDAC_W1_0_49) 32 RW 0000_0000h

1190h Peripheral Domain Access Control (PDAC_W0_0_50) 32 RW 0000_0000h

1194h Peripheral Domain Access Control (PDAC_W1_0_50) 32 RW 0000_0000h

1198h Peripheral Domain Access Control (PDAC_W0_0_51) 32 RW 0000_0000h

119Ch Peripheral Domain Access Control (PDAC_W1_0_51) 32 RW 0000_0000h

11A0h Peripheral Domain Access Control (PDAC_W0_0_52) 32 RW 0000_0000h

11A4h Peripheral Domain Access Control (PDAC_W1_0_52) 32 RW 0000_0000h

11A8h Peripheral Domain Access Control (PDAC_W0_0_53) 32 RW 0000_0000h
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11ACh Peripheral Domain Access Control (PDAC_W1_0_53) 32 RW 0000_0000h

11B0h Peripheral Domain Access Control (PDAC_W0_0_54) 32 RW 0000_0000h

11B4h Peripheral Domain Access Control (PDAC_W1_0_54) 32 RW 0000_0000h

11B8h Peripheral Domain Access Control (PDAC_W0_0_55) 32 RW 0000_0000h

11BCh Peripheral Domain Access Control (PDAC_W1_0_55) 32 RW 0000_0000h

11C0h Peripheral Domain Access Control (PDAC_W0_0_56) 32 RW 0000_0000h

11C4h Peripheral Domain Access Control (PDAC_W1_0_56) 32 RW 0000_0000h

11C8h Peripheral Domain Access Control (PDAC_W0_0_57) 32 RW 0000_0000h

11CCh Peripheral Domain Access Control (PDAC_W1_0_57) 32 RW 0000_0000h

11D0h Peripheral Domain Access Control (PDAC_W0_0_58) 32 RW 0000_0000h

11D4h Peripheral Domain Access Control (PDAC_W1_0_58) 32 RW 0000_0000h

11D8h Peripheral Domain Access Control (PDAC_W0_0_59) 32 RW 0000_0000h

11DCh Peripheral Domain Access Control (PDAC_W1_0_59) 32 RW 0000_0000h

11E0h Peripheral Domain Access Control (PDAC_W0_0_60) 32 RW 0000_0000h

11E4h Peripheral Domain Access Control (PDAC_W1_0_60) 32 RW 0000_0000h

1400h Peripheral Domain Access Control (PDAC_W0_1_0) 32 RW 0000_0000h

1404h Peripheral Domain Access Control (PDAC_W1_1_0) 32 RW 0000_0000h

1408h Peripheral Domain Access Control (PDAC_W0_1_1) 32 RW 0000_0000h

140Ch Peripheral Domain Access Control (PDAC_W1_1_1) 32 RW 0000_0000h

1410h Peripheral Domain Access Control (PDAC_W0_1_2) 32 RW 0000_0000h

1414h Peripheral Domain Access Control (PDAC_W1_1_2) 32 RW 0000_0000h

1418h Peripheral Domain Access Control (PDAC_W0_1_3) 32 RW 0000_0000h

141Ch Peripheral Domain Access Control (PDAC_W1_1_3) 32 RW 0000_0000h

1420h Peripheral Domain Access Control (PDAC_W0_1_4) 32 RW 0000_0000h

1424h Peripheral Domain Access Control (PDAC_W1_1_4) 32 RW 0000_0000h

1428h Peripheral Domain Access Control (PDAC_W0_1_5) 32 RW 0000_0000h

142Ch Peripheral Domain Access Control (PDAC_W1_1_5) 32 RW 0000_0000h

1430h Peripheral Domain Access Control (PDAC_W0_1_6) 32 RW 0000_0000h

1434h Peripheral Domain Access Control (PDAC_W1_1_6) 32 RW 0000_0000h

1438h Peripheral Domain Access Control (PDAC_W0_1_7) 32 RW 0000_0000h

143Ch Peripheral Domain Access Control (PDAC_W1_1_7) 32 RW 0000_0000h
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1440h Peripheral Domain Access Control (PDAC_W0_1_8) 32 RW 0000_0000h

1444h Peripheral Domain Access Control (PDAC_W1_1_8) 32 RW 0000_0000h

1448h Peripheral Domain Access Control (PDAC_W0_1_9) 32 RW 0000_0000h

144Ch Peripheral Domain Access Control (PDAC_W1_1_9) 32 RW 0000_0000h

1450h Peripheral Domain Access Control (PDAC_W0_1_10) 32 RW 0000_0000h

1454h Peripheral Domain Access Control (PDAC_W1_1_10) 32 RW 0000_0000h

1458h Peripheral Domain Access Control (PDAC_W0_1_11) 32 RW 0000_0000h

145Ch Peripheral Domain Access Control (PDAC_W1_1_11) 32 RW 0000_0000h

1460h Peripheral Domain Access Control (PDAC_W0_1_12) 32 RW 0000_0000h

1464h Peripheral Domain Access Control (PDAC_W1_1_12) 32 RW 0000_0000h

1468h Peripheral Domain Access Control (PDAC_W0_1_13) 32 RW 0000_0000h

146Ch Peripheral Domain Access Control (PDAC_W1_1_13) 32 RW 0000_0000h

1470h Peripheral Domain Access Control (PDAC_W0_1_14) 32 RW 0000_0000h

1474h Peripheral Domain Access Control (PDAC_W1_1_14) 32 RW 0000_0000h

1478h Peripheral Domain Access Control (PDAC_W0_1_15) 32 RW 0000_0000h

147Ch Peripheral Domain Access Control (PDAC_W1_1_15) 32 RW 0000_0000h

1480h Peripheral Domain Access Control (PDAC_W0_1_16) 32 RW 0000_0000h

1484h Peripheral Domain Access Control (PDAC_W1_1_16) 32 RW 0000_0000h

1488h Peripheral Domain Access Control (PDAC_W0_1_17) 32 RW 0000_0000h

148Ch Peripheral Domain Access Control (PDAC_W1_1_17) 32 RW 0000_0000h

1490h Peripheral Domain Access Control (PDAC_W0_1_18) 32 RW 0000_0000h

1494h Peripheral Domain Access Control (PDAC_W1_1_18) 32 RW 0000_0000h

1498h Peripheral Domain Access Control (PDAC_W0_1_19) 32 RW 0000_0000h

149Ch Peripheral Domain Access Control (PDAC_W1_1_19) 32 RW 0000_0000h

14A0h Peripheral Domain Access Control (PDAC_W0_1_20) 32 RW 0000_0000h

14A4h Peripheral Domain Access Control (PDAC_W1_1_20) 32 RW 0000_0000h

14A8h Peripheral Domain Access Control (PDAC_W0_1_21) 32 RW 0000_0000h

14ACh Peripheral Domain Access Control (PDAC_W1_1_21) 32 RW 0000_0000h

14B0h Peripheral Domain Access Control (PDAC_W0_1_22) 32 RW 0000_0000h

14B4h Peripheral Domain Access Control (PDAC_W1_1_22) 32 RW 0000_0000h

1800h Peripheral Domain Access Control (PDAC_W0_2_0) 32 RW 0000_0000h
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1804h Peripheral Domain Access Control (PDAC_W1_2_0) 32 RW 0000_0000h

1808h Peripheral Domain Access Control (PDAC_W0_2_1) 32 RW 0000_0000h

180Ch Peripheral Domain Access Control (PDAC_W1_2_1) 32 RW 0000_0000h

1810h Peripheral Domain Access Control (PDAC_W0_2_2) 32 RW 0000_0000h

1814h Peripheral Domain Access Control (PDAC_W1_2_2) 32 RW 0000_0000h

1818h Peripheral Domain Access Control (PDAC_W0_2_3) 32 RW 0000_0000h

181Ch Peripheral Domain Access Control (PDAC_W1_2_3) 32 RW 0000_0000h

1820h Peripheral Domain Access Control (PDAC_W0_2_4) 32 RW 0000_0000h

1824h Peripheral Domain Access Control (PDAC_W1_2_4) 32 RW 0000_0000h

1828h Peripheral Domain Access Control (PDAC_W0_2_5) 32 RW 0000_0000h

182Ch Peripheral Domain Access Control (PDAC_W1_2_5) 32 RW 0000_0000h

1830h Peripheral Domain Access Control (PDAC_W0_2_6) 32 RW 0000_0000h

1834h Peripheral Domain Access Control (PDAC_W1_2_6) 32 RW 0000_0000h

1838h Peripheral Domain Access Control (PDAC_W0_2_7) 32 RW 0000_0000h

183Ch Peripheral Domain Access Control (PDAC_W1_2_7) 32 RW 0000_0000h

1840h Peripheral Domain Access Control (PDAC_W0_2_8) 32 RW 0000_0000h

1844h Peripheral Domain Access Control (PDAC_W1_2_8) 32 RW 0000_0000h

1848h Peripheral Domain Access Control (PDAC_W0_2_9) 32 RW 0000_0000h

184Ch Peripheral Domain Access Control (PDAC_W1_2_9) 32 RW 0000_0000h

1850h Peripheral Domain Access Control (PDAC_W0_2_10) 32 RW 0000_0000h

1854h Peripheral Domain Access Control (PDAC_W1_2_10) 32 RW 0000_0000h

1858h Peripheral Domain Access Control (PDAC_W0_2_11) 32 RW 0000_0000h

185Ch Peripheral Domain Access Control (PDAC_W1_2_11) 32 RW 0000_0000h

1860h Peripheral Domain Access Control (PDAC_W0_2_12) 32 RW 0000_0000h

1864h Peripheral Domain Access Control (PDAC_W1_2_12) 32 RW 0000_0000h

1868h Peripheral Domain Access Control (PDAC_W0_2_13) 32 RW 0000_0000h

186Ch Peripheral Domain Access Control (PDAC_W1_2_13) 32 RW 0000_0000h

1870h Peripheral Domain Access Control (PDAC_W0_2_14) 32 RW 0000_0000h

1874h Peripheral Domain Access Control (PDAC_W1_2_14) 32 RW 0000_0000h

1878h Peripheral Domain Access Control (PDAC_W0_2_15) 32 RW 0000_0000h

187Ch Peripheral Domain Access Control (PDAC_W1_2_15) 32 RW 0000_0000h
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1880h Peripheral Domain Access Control (PDAC_W0_2_16) 32 RW 0000_0000h

1884h Peripheral Domain Access Control (PDAC_W1_2_16) 32 RW 0000_0000h

1888h Peripheral Domain Access Control (PDAC_W0_2_17) 32 RW 0000_0000h

188Ch Peripheral Domain Access Control (PDAC_W1_2_17) 32 RW 0000_0000h

1890h Peripheral Domain Access Control (PDAC_W0_2_18) 32 RW 0000_0000h

1894h Peripheral Domain Access Control (PDAC_W1_2_18) 32 RW 0000_0000h

1898h Peripheral Domain Access Control (PDAC_W0_2_19) 32 RW 0000_0000h

189Ch Peripheral Domain Access Control (PDAC_W1_2_19) 32 RW 0000_0000h

18A0h Peripheral Domain Access Control (PDAC_W0_2_20) 32 RW 0000_0000h

18A4h Peripheral Domain Access Control (PDAC_W1_2_20) 32 RW 0000_0000h

18A8h Peripheral Domain Access Control (PDAC_W0_2_21) 32 RW 0000_0000h

18ACh Peripheral Domain Access Control (PDAC_W1_2_21) 32 RW 0000_0000h

18B0h Peripheral Domain Access Control (PDAC_W0_2_22) 32 RW 0000_0000h

18B4h Peripheral Domain Access Control (PDAC_W1_2_22) 32 RW 0000_0000h

18B8h Peripheral Domain Access Control (PDAC_W0_2_23) 32 RW 0000_0000h

18BCh Peripheral Domain Access Control (PDAC_W1_2_23) 32 RW 0000_0000h

18C0h Peripheral Domain Access Control (PDAC_W0_2_24) 32 RW 0000_0000h

18C4h Peripheral Domain Access Control (PDAC_W1_2_24) 32 RW 0000_0000h

18C8h Peripheral Domain Access Control (PDAC_W0_2_25) 32 RW 0000_0000h

18CCh Peripheral Domain Access Control (PDAC_W1_2_25) 32 RW 0000_0000h

18D0h Peripheral Domain Access Control (PDAC_W0_2_26) 32 RW 0000_0000h

18D4h Peripheral Domain Access Control (PDAC_W1_2_26) 32 RW 0000_0000h

18D8h Peripheral Domain Access Control (PDAC_W0_2_27) 32 RW 0000_0000h

18DCh Peripheral Domain Access Control (PDAC_W1_2_27) 32 RW 0000_0000h

18E0h Peripheral Domain Access Control (PDAC_W0_2_28) 32 RW 0000_0000h

18E4h Peripheral Domain Access Control (PDAC_W1_2_28) 32 RW 0000_0000h

18E8h Peripheral Domain Access Control (PDAC_W0_2_29) 32 RW 0000_0000h

18ECh Peripheral Domain Access Control (PDAC_W1_2_29) 32 RW 0000_0000h

18F0h Peripheral Domain Access Control (PDAC_W0_2_30) 32 RW 0000_0000h

18F4h Peripheral Domain Access Control (PDAC_W1_2_30) 32 RW 0000_0000h

18F8h Peripheral Domain Access Control (PDAC_W0_2_31) 32 RW 0000_0000h
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18FCh Peripheral Domain Access Control (PDAC_W1_2_31) 32 RW 0000_0000h

1900h Peripheral Domain Access Control (PDAC_W0_2_32) 32 RW 0000_0000h

1904h Peripheral Domain Access Control (PDAC_W1_2_32) 32 RW 0000_0000h

1908h Peripheral Domain Access Control (PDAC_W0_2_33) 32 RW 0000_0000h

190Ch Peripheral Domain Access Control (PDAC_W1_2_33) 32 RW 0000_0000h

1910h Peripheral Domain Access Control (PDAC_W0_2_34) 32 RW 0000_0000h

1914h Peripheral Domain Access Control (PDAC_W1_2_34) 32 RW 0000_0000h

1918h Peripheral Domain Access Control (PDAC_W0_2_35) 32 RW 0000_0000h

191Ch Peripheral Domain Access Control (PDAC_W1_2_35) 32 RW 0000_0000h

1920h Peripheral Domain Access Control (PDAC_W0_2_36) 32 RW 0000_0000h

1924h Peripheral Domain Access Control (PDAC_W1_2_36) 32 RW 0000_0000h

1928h Peripheral Domain Access Control (PDAC_W0_2_37) 32 RW 0000_0000h

192Ch Peripheral Domain Access Control (PDAC_W1_2_37) 32 RW 0000_0000h

1930h Peripheral Domain Access Control (PDAC_W0_2_38) 32 RW 0000_0000h

1934h Peripheral Domain Access Control (PDAC_W1_2_38) 32 RW 0000_0000h

1938h Peripheral Domain Access Control (PDAC_W0_2_39) 32 RW 0000_0000h

193Ch Peripheral Domain Access Control (PDAC_W1_2_39) 32 RW 0000_0000h

1940h Peripheral Domain Access Control (PDAC_W0_2_40) 32 RW 0000_0000h

1944h Peripheral Domain Access Control (PDAC_W1_2_40) 32 RW 0000_0000h

1948h Peripheral Domain Access Control (PDAC_W0_2_41) 32 RW 0000_0000h

194Ch Peripheral Domain Access Control (PDAC_W1_2_41) 32 RW 0000_0000h

1950h Peripheral Domain Access Control (PDAC_W0_2_42) 32 RW 0000_0000h

1954h Peripheral Domain Access Control (PDAC_W1_2_42) 32 RW 0000_0000h

1958h Peripheral Domain Access Control (PDAC_W0_2_43) 32 RW 0000_0000h

195Ch Peripheral Domain Access Control (PDAC_W1_2_43) 32 RW 0000_0000h

1960h Peripheral Domain Access Control (PDAC_W0_2_44) 32 RW 0000_0000h

1964h Peripheral Domain Access Control (PDAC_W1_2_44) 32 RW 0000_0000h

1968h Peripheral Domain Access Control (PDAC_W0_2_45) 32 RW 0000_0000h

196Ch Peripheral Domain Access Control (PDAC_W1_2_45) 32 RW 0000_0000h

1970h Peripheral Domain Access Control (PDAC_W0_2_46) 32 RW 0000_0000h

1974h Peripheral Domain Access Control (PDAC_W1_2_46) 32 RW 0000_0000h
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1978h Peripheral Domain Access Control (PDAC_W0_2_47) 32 RW 0000_0000h

197Ch Peripheral Domain Access Control (PDAC_W1_2_47) 32 RW 0000_0000h

1980h Peripheral Domain Access Control (PDAC_W0_2_48) 32 RW 0000_0000h

1984h Peripheral Domain Access Control (PDAC_W1_2_48) 32 RW 0000_0000h

1990h Peripheral Domain Access Control (PDAC_W0_2_50) 32 RW 0000_0000h

1994h Peripheral Domain Access Control (PDAC_W1_2_50) 32 RW 0000_0000h

1998h Peripheral Domain Access Control (PDAC_W0_2_51) 32 RW 0000_0000h

199Ch Peripheral Domain Access Control (PDAC_W1_2_51) 32 RW 0000_0000h

19A0h Peripheral Domain Access Control (PDAC_W0_2_52) 32 RW 0000_0000h

19A4h Peripheral Domain Access Control (PDAC_W1_2_52) 32 RW 0000_0000h

2000h Memory Region Descriptor (MRGD_W0_0_0) 32 RW 0000_0000h

2004h Memory Region Descriptor (MRGD_W1_0_0) 32 RW 0000_001Fh

2008h Memory Region Descriptor (MRGD_W2_0_0) 32 RW 0000_0000h

200Ch Memory Region Descriptor (MRGD_W3_0_0) 32 RW 0000_0000h

2010h Memory Region Descriptor (MRGD_W4_0_0) 32 RW 0000_0000h

2020h Memory Region Descriptor (MRGD_W0_0_1) 32 RW 0000_0000h

2024h Memory Region Descriptor (MRGD_W1_0_1) 32 RW 0000_001Fh

2028h Memory Region Descriptor (MRGD_W2_0_1) 32 RW 0000_0000h

202Ch Memory Region Descriptor (MRGD_W3_0_1) 32 RW 0000_0000h

2030h Memory Region Descriptor (MRGD_W4_0_1) 32 RW 0000_0000h

2040h Memory Region Descriptor (MRGD_W0_0_2) 32 RW 0000_0000h

2044h Memory Region Descriptor (MRGD_W1_0_2) 32 RW 0000_001Fh

2048h Memory Region Descriptor (MRGD_W2_0_2) 32 RW 0000_0000h

204Ch Memory Region Descriptor (MRGD_W3_0_2) 32 RW 0000_0000h

2050h Memory Region Descriptor (MRGD_W4_0_2) 32 RW 0000_0000h

2060h Memory Region Descriptor (MRGD_W0_0_3) 32 RW 0000_0000h

2064h Memory Region Descriptor (MRGD_W1_0_3) 32 RW 0000_001Fh

2068h Memory Region Descriptor (MRGD_W2_0_3) 32 RW 0000_0000h

206Ch Memory Region Descriptor (MRGD_W3_0_3) 32 RW 0000_0000h

2070h Memory Region Descriptor (MRGD_W4_0_3) 32 RW 0000_0000h

2200h Memory Region Descriptor (MRGD_W0_1_0) 32 RW 0000_0000h
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2204h Memory Region Descriptor (MRGD_W1_1_0) 32 RW 0000_001Fh

2208h Memory Region Descriptor (MRGD_W2_1_0) 32 RW 0000_0000h

220Ch Memory Region Descriptor (MRGD_W3_1_0) 32 RW 0000_0000h

2210h Memory Region Descriptor (MRGD_W4_1_0) 32 RW 0000_0000h

2220h Memory Region Descriptor (MRGD_W0_1_1) 32 RW 0000_0000h

2224h Memory Region Descriptor (MRGD_W1_1_1) 32 RW 0000_001Fh

2228h Memory Region Descriptor (MRGD_W2_1_1) 32 RW 0000_0000h

222Ch Memory Region Descriptor (MRGD_W3_1_1) 32 RW 0000_0000h

2230h Memory Region Descriptor (MRGD_W4_1_1) 32 RW 0000_0000h

2240h Memory Region Descriptor (MRGD_W0_1_2) 32 RW 0000_0000h

2244h Memory Region Descriptor (MRGD_W1_1_2) 32 RW 0000_001Fh

2248h Memory Region Descriptor (MRGD_W2_1_2) 32 RW 0000_0000h

224Ch Memory Region Descriptor (MRGD_W3_1_2) 32 RW 0000_0000h

2250h Memory Region Descriptor (MRGD_W4_1_2) 32 RW 0000_0000h

2260h Memory Region Descriptor (MRGD_W0_1_3) 32 RW 0000_0000h

2264h Memory Region Descriptor (MRGD_W1_1_3) 32 RW 0000_001Fh

2268h Memory Region Descriptor (MRGD_W2_1_3) 32 RW 0000_0000h

226Ch Memory Region Descriptor (MRGD_W3_1_3) 32 RW 0000_0000h

2270h Memory Region Descriptor (MRGD_W4_1_3) 32 RW 0000_0000h

2280h Memory Region Descriptor (MRGD_W0_1_4) 32 RW 0000_0000h

2284h Memory Region Descriptor (MRGD_W1_1_4) 32 RW 0000_001Fh

2288h Memory Region Descriptor (MRGD_W2_1_4) 32 RW 0000_0000h

228Ch Memory Region Descriptor (MRGD_W3_1_4) 32 RW 0000_0000h

2290h Memory Region Descriptor (MRGD_W4_1_4) 32 RW 0000_0000h

22A0h Memory Region Descriptor (MRGD_W0_1_5) 32 RW 0000_0000h

22A4h Memory Region Descriptor (MRGD_W1_1_5) 32 RW 0000_001Fh

22A8h Memory Region Descriptor (MRGD_W2_1_5) 32 RW 0000_0000h

22ACh Memory Region Descriptor (MRGD_W3_1_5) 32 RW 0000_0000h

22B0h Memory Region Descriptor (MRGD_W4_1_5) 32 RW 0000_0000h

22C0h Memory Region Descriptor (MRGD_W0_1_6) 32 RW 0000_0000h

22C4h Memory Region Descriptor (MRGD_W1_1_6) 32 RW 0000_001Fh
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22C8h Memory Region Descriptor (MRGD_W2_1_6) 32 RW 0000_0000h

22CCh Memory Region Descriptor (MRGD_W3_1_6) 32 RW 0000_0000h

22D0h Memory Region Descriptor (MRGD_W4_1_6) 32 RW 0000_0000h

22E0h Memory Region Descriptor (MRGD_W0_1_7) 32 RW 0000_0000h

22E4h Memory Region Descriptor (MRGD_W1_1_7) 32 RW 0000_001Fh

22E8h Memory Region Descriptor (MRGD_W2_1_7) 32 RW 0000_0000h

22ECh Memory Region Descriptor (MRGD_W3_1_7) 32 RW 0000_0000h

22F0h Memory Region Descriptor (MRGD_W4_1_7) 32 RW 0000_0000h

2400h Memory Region Descriptor (MRGD_W0_2_0) 32 RW 0000_0000h

2404h Memory Region Descriptor (MRGD_W1_2_0) 32 RW 0000_001Fh

2408h Memory Region Descriptor (MRGD_W2_2_0) 32 RW 0000_0000h

240Ch Memory Region Descriptor (MRGD_W3_2_0) 32 RW 0000_0000h

2410h Memory Region Descriptor (MRGD_W4_2_0) 32 RW 0000_0000h

2420h Memory Region Descriptor (MRGD_W0_2_1) 32 RW 0000_0000h

2424h Memory Region Descriptor (MRGD_W1_2_1) 32 RW 0000_001Fh

2428h Memory Region Descriptor (MRGD_W2_2_1) 32 RW 0000_0000h

242Ch Memory Region Descriptor (MRGD_W3_2_1) 32 RW 0000_0000h

2430h Memory Region Descriptor (MRGD_W4_2_1) 32 RW 0000_0000h

2440h Memory Region Descriptor (MRGD_W0_2_2) 32 RW 0000_0000h

2444h Memory Region Descriptor (MRGD_W1_2_2) 32 RW 0000_001Fh

2448h Memory Region Descriptor (MRGD_W2_2_2) 32 RW 0000_0000h

244Ch Memory Region Descriptor (MRGD_W3_2_2) 32 RW 0000_0000h

2450h Memory Region Descriptor (MRGD_W4_2_2) 32 RW 0000_0000h

2460h Memory Region Descriptor (MRGD_W0_2_3) 32 RW 0000_0000h

2464h Memory Region Descriptor (MRGD_W1_2_3) 32 RW 0000_001Fh

2468h Memory Region Descriptor (MRGD_W2_2_3) 32 RW 0000_0000h

246Ch Memory Region Descriptor (MRGD_W3_2_3) 32 RW 0000_0000h

2470h Memory Region Descriptor (MRGD_W4_2_3) 32 RW 0000_0000h

2600h Memory Region Descriptor (MRGD_W0_3_0) 32 RW 0000_0000h

2604h Memory Region Descriptor (MRGD_W1_3_0) 32 RW 0000_001Fh

2608h Memory Region Descriptor (MRGD_W2_3_0) 32 RW 0000_0000h
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260Ch Memory Region Descriptor (MRGD_W3_3_0) 32 RW 0000_0000h

2610h Memory Region Descriptor (MRGD_W4_3_0) 32 RW 0000_0000h

2620h Memory Region Descriptor (MRGD_W0_3_1) 32 RW 0000_0000h

2624h Memory Region Descriptor (MRGD_W1_3_1) 32 RW 0000_001Fh

2628h Memory Region Descriptor (MRGD_W2_3_1) 32 RW 0000_0000h

262Ch Memory Region Descriptor (MRGD_W3_3_1) 32 RW 0000_0000h

2630h Memory Region Descriptor (MRGD_W4_3_1) 32 RW 0000_0000h

2640h Memory Region Descriptor (MRGD_W0_3_2) 32 RW 0000_0000h

2644h Memory Region Descriptor (MRGD_W1_3_2) 32 RW 0000_001Fh

2648h Memory Region Descriptor (MRGD_W2_3_2) 32 RW 0000_0000h

264Ch Memory Region Descriptor (MRGD_W3_3_2) 32 RW 0000_0000h

2650h Memory Region Descriptor (MRGD_W4_3_2) 32 RW 0000_0000h

2660h Memory Region Descriptor (MRGD_W0_3_3) 32 RW 0000_0000h

2664h Memory Region Descriptor (MRGD_W1_3_3) 32 RW 0000_001Fh

2668h Memory Region Descriptor (MRGD_W2_3_3) 32 RW 0000_0000h

266Ch Memory Region Descriptor (MRGD_W3_3_3) 32 RW 0000_0000h

2670h Memory Region Descriptor (MRGD_W4_3_3) 32 RW 0000_0000h

2800h Memory Region Descriptor (MRGD_W0_4_0) 32 RW 0000_0000h

2804h Memory Region Descriptor (MRGD_W1_4_0) 32 RW 0000_001Fh

2808h Memory Region Descriptor (MRGD_W2_4_0) 32 RW 0000_0000h

280Ch Memory Region Descriptor (MRGD_W3_4_0) 32 RW 0000_0000h

2810h Memory Region Descriptor (MRGD_W4_4_0) 32 RW 0000_0000h

2820h Memory Region Descriptor (MRGD_W0_4_1) 32 RW 0000_0000h

2824h Memory Region Descriptor (MRGD_W1_4_1) 32 RW 0000_001Fh

2828h Memory Region Descriptor (MRGD_W2_4_1) 32 RW 0000_0000h

282Ch Memory Region Descriptor (MRGD_W3_4_1) 32 RW 0000_0000h

2830h Memory Region Descriptor (MRGD_W4_4_1) 32 RW 0000_0000h

2840h Memory Region Descriptor (MRGD_W0_4_2) 32 RW 0000_0000h

2844h Memory Region Descriptor (MRGD_W1_4_2) 32 RW 0000_001Fh

2848h Memory Region Descriptor (MRGD_W2_4_2) 32 RW 0000_0000h

284Ch Memory Region Descriptor (MRGD_W3_4_2) 32 RW 0000_0000h
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2850h Memory Region Descriptor (MRGD_W4_4_2) 32 RW 0000_0000h

2860h Memory Region Descriptor (MRGD_W0_4_3) 32 RW 0000_0000h

2864h Memory Region Descriptor (MRGD_W1_4_3) 32 RW 0000_001Fh

2868h Memory Region Descriptor (MRGD_W2_4_3) 32 RW 0000_0000h

286Ch Memory Region Descriptor (MRGD_W3_4_3) 32 RW 0000_0000h

2870h Memory Region Descriptor (MRGD_W4_4_3) 32 RW 0000_0000h

2880h Memory Region Descriptor (MRGD_W0_4_4) 32 RW 0000_0000h

2884h Memory Region Descriptor (MRGD_W1_4_4) 32 RW 0000_001Fh

2888h Memory Region Descriptor (MRGD_W2_4_4) 32 RW 0000_0000h

288Ch Memory Region Descriptor (MRGD_W3_4_4) 32 RW 0000_0000h

2890h Memory Region Descriptor (MRGD_W4_4_4) 32 RW 0000_0000h

28A0h Memory Region Descriptor (MRGD_W0_4_5) 32 RW 0000_0000h

28A4h Memory Region Descriptor (MRGD_W1_4_5) 32 RW 0000_001Fh

28A8h Memory Region Descriptor (MRGD_W2_4_5) 32 RW 0000_0000h

28ACh Memory Region Descriptor (MRGD_W3_4_5) 32 RW 0000_0000h

28B0h Memory Region Descriptor (MRGD_W4_4_5) 32 RW 0000_0000h

28C0h Memory Region Descriptor (MRGD_W0_4_6) 32 RW 0000_0000h

28C4h Memory Region Descriptor (MRGD_W1_4_6) 32 RW 0000_001Fh

28C8h Memory Region Descriptor (MRGD_W2_4_6) 32 RW 0000_0000h

28CCh Memory Region Descriptor (MRGD_W3_4_6) 32 RW 0000_0000h

28D0h Memory Region Descriptor (MRGD_W4_4_6) 32 RW 0000_0000h

28E0h Memory Region Descriptor (MRGD_W0_4_7) 32 RW 0000_0000h

28E4h Memory Region Descriptor (MRGD_W1_4_7) 32 RW 0000_001Fh

28E8h Memory Region Descriptor (MRGD_W2_4_7) 32 RW 0000_0000h

28ECh Memory Region Descriptor (MRGD_W3_4_7) 32 RW 0000_0000h

28F0h Memory Region Descriptor (MRGD_W4_4_7) 32 RW 0000_0000h

2A00h Memory Region Descriptor (MRGD_W0_5_0) 32 RW 0000_0000h

2A04h Memory Region Descriptor (MRGD_W1_5_0) 32 RW 0000_001Fh

2A08h Memory Region Descriptor (MRGD_W2_5_0) 32 RW 0000_0000h

2A0Ch Memory Region Descriptor (MRGD_W3_5_0) 32 RW 0000_0000h

2A10h Memory Region Descriptor (MRGD_W4_5_0) 32 RW 0000_0000h
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2A20h Memory Region Descriptor (MRGD_W0_5_1) 32 RW 0000_0000h

2A24h Memory Region Descriptor (MRGD_W1_5_1) 32 RW 0000_001Fh

2A28h Memory Region Descriptor (MRGD_W2_5_1) 32 RW 0000_0000h

2A2Ch Memory Region Descriptor (MRGD_W3_5_1) 32 RW 0000_0000h

2A30h Memory Region Descriptor (MRGD_W4_5_1) 32 RW 0000_0000h

2A40h Memory Region Descriptor (MRGD_W0_5_2) 32 RW 0000_0000h

2A44h Memory Region Descriptor (MRGD_W1_5_2) 32 RW 0000_001Fh

2A48h Memory Region Descriptor (MRGD_W2_5_2) 32 RW 0000_0000h

2A4Ch Memory Region Descriptor (MRGD_W3_5_2) 32 RW 0000_0000h

2A50h Memory Region Descriptor (MRGD_W4_5_2) 32 RW 0000_0000h

2A60h Memory Region Descriptor (MRGD_W0_5_3) 32 RW 0000_0000h

2A64h Memory Region Descriptor (MRGD_W1_5_3) 32 RW 0000_001Fh

2A68h Memory Region Descriptor (MRGD_W2_5_3) 32 RW 0000_0000h

2A6Ch Memory Region Descriptor (MRGD_W3_5_3) 32 RW 0000_0000h

2A70h Memory Region Descriptor (MRGD_W4_5_3) 32 RW 0000_0000h

2A80h Memory Region Descriptor (MRGD_W0_5_4) 32 RW 0000_0000h

2A84h Memory Region Descriptor (MRGD_W1_5_4) 32 RW 0000_001Fh

2A88h Memory Region Descriptor (MRGD_W2_5_4) 32 RW 0000_0000h

2A8Ch Memory Region Descriptor (MRGD_W3_5_4) 32 RW 0000_0000h

2A90h Memory Region Descriptor (MRGD_W4_5_4) 32 RW 0000_0000h

2AA0h Memory Region Descriptor (MRGD_W0_5_5) 32 RW 0000_0000h

2AA4h Memory Region Descriptor (MRGD_W1_5_5) 32 RW 0000_001Fh

2AA8h Memory Region Descriptor (MRGD_W2_5_5) 32 RW 0000_0000h

2AACh Memory Region Descriptor (MRGD_W3_5_5) 32 RW 0000_0000h

2AB0h Memory Region Descriptor (MRGD_W4_5_5) 32 RW 0000_0000h

2AC0h Memory Region Descriptor (MRGD_W0_5_6) 32 RW 0000_0000h

2AC4h Memory Region Descriptor (MRGD_W1_5_6) 32 RW 0000_001Fh

2AC8h Memory Region Descriptor (MRGD_W2_5_6) 32 RW 0000_0000h

2ACCh Memory Region Descriptor (MRGD_W3_5_6) 32 RW 0000_0000h

2AD0h Memory Region Descriptor (MRGD_W4_5_6) 32 RW 0000_0000h

2AE0h Memory Region Descriptor (MRGD_W0_5_7) 32 RW 0000_0000h
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2AE4h Memory Region Descriptor (MRGD_W1_5_7) 32 RW 0000_001Fh

2AE8h Memory Region Descriptor (MRGD_W2_5_7) 32 RW 0000_0000h

2AECh Memory Region Descriptor (MRGD_W3_5_7) 32 RW 0000_0000h

2AF0h Memory Region Descriptor (MRGD_W4_5_7) 32 RW 0000_0000h

2C00h Memory Region Descriptor (MRGD_W0_6_0) 32 RW 0000_0000h

2C04h Memory Region Descriptor (MRGD_W1_6_0) 32 RW 0000_001Fh

2C08h Memory Region Descriptor (MRGD_W2_6_0) 32 RW 0000_0000h

2C0Ch Memory Region Descriptor (MRGD_W3_6_0) 32 RW 0000_0000h

2C10h Memory Region Descriptor (MRGD_W4_6_0) 32 RW 0000_0000h

2C20h Memory Region Descriptor (MRGD_W0_6_1) 32 RW 0000_0000h

2C24h Memory Region Descriptor (MRGD_W1_6_1) 32 RW 0000_001Fh

2C28h Memory Region Descriptor (MRGD_W2_6_1) 32 RW 0000_0000h

2C2Ch Memory Region Descriptor (MRGD_W3_6_1) 32 RW 0000_0000h

2C30h Memory Region Descriptor (MRGD_W4_6_1) 32 RW 0000_0000h

2C40h Memory Region Descriptor (MRGD_W0_6_2) 32 RW 0000_0000h

2C44h Memory Region Descriptor (MRGD_W1_6_2) 32 RW 0000_001Fh

2C48h Memory Region Descriptor (MRGD_W2_6_2) 32 RW 0000_0000h

2C4Ch Memory Region Descriptor (MRGD_W3_6_2) 32 RW 0000_0000h

2C50h Memory Region Descriptor (MRGD_W4_6_2) 32 RW 0000_0000h

2C60h Memory Region Descriptor (MRGD_W0_6_3) 32 RW 0000_0000h

2C64h Memory Region Descriptor (MRGD_W1_6_3) 32 RW 0000_001Fh

2C68h Memory Region Descriptor (MRGD_W2_6_3) 32 RW 0000_0000h

2C6Ch Memory Region Descriptor (MRGD_W3_6_3) 32 RW 0000_0000h

2C70h Memory Region Descriptor (MRGD_W4_6_3) 32 RW 0000_0000h

2C80h Memory Region Descriptor (MRGD_W0_6_4) 32 RW 0000_0000h

2C84h Memory Region Descriptor (MRGD_W1_6_4) 32 RW 0000_001Fh

2C88h Memory Region Descriptor (MRGD_W2_6_4) 32 RW 0000_0000h

2C8Ch Memory Region Descriptor (MRGD_W3_6_4) 32 RW 0000_0000h

2C90h Memory Region Descriptor (MRGD_W4_6_4) 32 RW 0000_0000h

2CA0h Memory Region Descriptor (MRGD_W0_6_5) 32 RW 0000_0000h

2CA4h Memory Region Descriptor (MRGD_W1_6_5) 32 RW 0000_001Fh

Table continues on the next page...

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2739 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

2CA8h Memory Region Descriptor (MRGD_W2_6_5) 32 RW 0000_0000h

2CACh Memory Region Descriptor (MRGD_W3_6_5) 32 RW 0000_0000h

2CB0h Memory Region Descriptor (MRGD_W4_6_5) 32 RW 0000_0000h

2CC0h Memory Region Descriptor (MRGD_W0_6_6) 32 RW 0000_0000h

2CC4h Memory Region Descriptor (MRGD_W1_6_6) 32 RW 0000_001Fh

2CC8h Memory Region Descriptor (MRGD_W2_6_6) 32 RW 0000_0000h

2CCCh Memory Region Descriptor (MRGD_W3_6_6) 32 RW 0000_0000h

2CD0h Memory Region Descriptor (MRGD_W4_6_6) 32 RW 0000_0000h

2CE0h Memory Region Descriptor (MRGD_W0_6_7) 32 RW 0000_0000h

2CE4h Memory Region Descriptor (MRGD_W1_6_7) 32 RW 0000_001Fh

2CE8h Memory Region Descriptor (MRGD_W2_6_7) 32 RW 0000_0000h

2CECh Memory Region Descriptor (MRGD_W3_6_7) 32 RW 0000_0000h

2CF0h Memory Region Descriptor (MRGD_W4_6_7) 32 RW 0000_0000h

2E00h Memory Region Descriptor (MRGD_W0_7_0) 32 RW 0000_0000h

2E04h Memory Region Descriptor (MRGD_W1_7_0) 32 RW 0000_001Fh

2E08h Memory Region Descriptor (MRGD_W2_7_0) 32 RW 0000_0000h

2E0Ch Memory Region Descriptor (MRGD_W3_7_0) 32 RW 0000_0000h

2E10h Memory Region Descriptor (MRGD_W4_7_0) 32 RW 0000_0000h

2E20h Memory Region Descriptor (MRGD_W0_7_1) 32 RW 0000_0000h

2E24h Memory Region Descriptor (MRGD_W1_7_1) 32 RW 0000_001Fh

2E28h Memory Region Descriptor (MRGD_W2_7_1) 32 RW 0000_0000h

2E2Ch Memory Region Descriptor (MRGD_W3_7_1) 32 RW 0000_0000h

2E30h Memory Region Descriptor (MRGD_W4_7_1) 32 RW 0000_0000h

2E40h Memory Region Descriptor (MRGD_W0_7_2) 32 RW 0000_0000h

2E44h Memory Region Descriptor (MRGD_W1_7_2) 32 RW 0000_001Fh

2E48h Memory Region Descriptor (MRGD_W2_7_2) 32 RW 0000_0000h

2E4Ch Memory Region Descriptor (MRGD_W3_7_2) 32 RW 0000_0000h

2E50h Memory Region Descriptor (MRGD_W4_7_2) 32 RW 0000_0000h

2E60h Memory Region Descriptor (MRGD_W0_7_3) 32 RW 0000_0000h

2E64h Memory Region Descriptor (MRGD_W1_7_3) 32 RW 0000_001Fh

2E68h Memory Region Descriptor (MRGD_W2_7_3) 32 RW 0000_0000h
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2E6Ch Memory Region Descriptor (MRGD_W3_7_3) 32 RW 0000_0000h

2E70h Memory Region Descriptor (MRGD_W4_7_3) 32 RW 0000_0000h

2E80h Memory Region Descriptor (MRGD_W0_7_4) 32 RW 0000_0000h

2E84h Memory Region Descriptor (MRGD_W1_7_4) 32 RW 0000_001Fh

2E88h Memory Region Descriptor (MRGD_W2_7_4) 32 RW 0000_0000h

2E8Ch Memory Region Descriptor (MRGD_W3_7_4) 32 RW 0000_0000h

2E90h Memory Region Descriptor (MRGD_W4_7_4) 32 RW 0000_0000h

2EA0h Memory Region Descriptor (MRGD_W0_7_5) 32 RW 0000_0000h

2EA4h Memory Region Descriptor (MRGD_W1_7_5) 32 RW 0000_001Fh

2EA8h Memory Region Descriptor (MRGD_W2_7_5) 32 RW 0000_0000h

2EACh Memory Region Descriptor (MRGD_W3_7_5) 32 RW 0000_0000h

2EB0h Memory Region Descriptor (MRGD_W4_7_5) 32 RW 0000_0000h

2EC0h Memory Region Descriptor (MRGD_W0_7_6) 32 RW 0000_0000h

2EC4h Memory Region Descriptor (MRGD_W1_7_6) 32 RW 0000_001Fh

2EC8h Memory Region Descriptor (MRGD_W2_7_6) 32 RW 0000_0000h

2ECCh Memory Region Descriptor (MRGD_W3_7_6) 32 RW 0000_0000h

2ED0h Memory Region Descriptor (MRGD_W4_7_6) 32 RW 0000_0000h

2EE0h Memory Region Descriptor (MRGD_W0_7_7) 32 RW 0000_0000h

2EE4h Memory Region Descriptor (MRGD_W1_7_7) 32 RW 0000_001Fh

2EE8h Memory Region Descriptor (MRGD_W2_7_7) 32 RW 0000_0000h

2EECh Memory Region Descriptor (MRGD_W3_7_7) 32 RW 0000_0000h

2EF0h Memory Region Descriptor (MRGD_W4_7_7) 32 RW 0000_0000h

3000h Memory Region Descriptor (MRGD_W0_8_0) 32 RW 0000_0000h

3004h Memory Region Descriptor (MRGD_W1_8_0) 32 RW 0000_001Fh

3008h Memory Region Descriptor (MRGD_W2_8_0) 32 RW 0000_0000h

300Ch Memory Region Descriptor (MRGD_W3_8_0) 32 RW 0000_0000h

3010h Memory Region Descriptor (MRGD_W4_8_0) 32 RW 0000_0000h

3020h Memory Region Descriptor (MRGD_W0_8_1) 32 RW 0000_0000h

3024h Memory Region Descriptor (MRGD_W1_8_1) 32 RW 0000_001Fh

3028h Memory Region Descriptor (MRGD_W2_8_1) 32 RW 0000_0000h

302Ch Memory Region Descriptor (MRGD_W3_8_1) 32 RW 0000_0000h
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3030h Memory Region Descriptor (MRGD_W4_8_1) 32 RW 0000_0000h

3040h Memory Region Descriptor (MRGD_W0_8_2) 32 RW 0000_0000h

3044h Memory Region Descriptor (MRGD_W1_8_2) 32 RW 0000_001Fh

3048h Memory Region Descriptor (MRGD_W2_8_2) 32 RW 0000_0000h

304Ch Memory Region Descriptor (MRGD_W3_8_2) 32 RW 0000_0000h

3050h Memory Region Descriptor (MRGD_W4_8_2) 32 RW 0000_0000h

3060h Memory Region Descriptor (MRGD_W0_8_3) 32 RW 0000_0000h

3064h Memory Region Descriptor (MRGD_W1_8_3) 32 RW 0000_001Fh

3068h Memory Region Descriptor (MRGD_W2_8_3) 32 RW 0000_0000h

306Ch Memory Region Descriptor (MRGD_W3_8_3) 32 RW 0000_0000h

3070h Memory Region Descriptor (MRGD_W4_8_3) 32 RW 0000_0000h

3200h Memory Region Descriptor (MRGD_W0_9_0) 32 RW 0000_0000h

3204h Memory Region Descriptor (MRGD_W1_9_0) 32 RW 0000_001Fh

3208h Memory Region Descriptor (MRGD_W2_9_0) 32 RW 0000_0000h

320Ch Memory Region Descriptor (MRGD_W3_9_0) 32 RW 0000_0000h

3210h Memory Region Descriptor (MRGD_W4_9_0) 32 RW 0000_0000h

3220h Memory Region Descriptor (MRGD_W0_9_1) 32 RW 0000_0000h

3224h Memory Region Descriptor (MRGD_W1_9_1) 32 RW 0000_001Fh

3228h Memory Region Descriptor (MRGD_W2_9_1) 32 RW 0000_0000h

322Ch Memory Region Descriptor (MRGD_W3_9_1) 32 RW 0000_0000h

3230h Memory Region Descriptor (MRGD_W4_9_1) 32 RW 0000_0000h

3240h Memory Region Descriptor (MRGD_W0_9_2) 32 RW 0000_0000h

3244h Memory Region Descriptor (MRGD_W1_9_2) 32 RW 0000_001Fh

3248h Memory Region Descriptor (MRGD_W2_9_2) 32 RW 0000_0000h

324Ch Memory Region Descriptor (MRGD_W3_9_2) 32 RW 0000_0000h

3250h Memory Region Descriptor (MRGD_W4_9_2) 32 RW 0000_0000h

3260h Memory Region Descriptor (MRGD_W0_9_3) 32 RW 0000_0000h

3264h Memory Region Descriptor (MRGD_W1_9_3) 32 RW 0000_001Fh

3268h Memory Region Descriptor (MRGD_W2_9_3) 32 RW 0000_0000h

326Ch Memory Region Descriptor (MRGD_W3_9_3) 32 RW 0000_0000h

3270h Memory Region Descriptor (MRGD_W4_9_3) 32 RW 0000_0000h
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3280h Memory Region Descriptor (MRGD_W0_9_4) 32 RW 0000_0000h

3284h Memory Region Descriptor (MRGD_W1_9_4) 32 RW 0000_001Fh

3288h Memory Region Descriptor (MRGD_W2_9_4) 32 RW 0000_0000h

328Ch Memory Region Descriptor (MRGD_W3_9_4) 32 RW 0000_0000h

3290h Memory Region Descriptor (MRGD_W4_9_4) 32 RW 0000_0000h

32A0h Memory Region Descriptor (MRGD_W0_9_5) 32 RW 0000_0000h

32A4h Memory Region Descriptor (MRGD_W1_9_5) 32 RW 0000_001Fh

32A8h Memory Region Descriptor (MRGD_W2_9_5) 32 RW 0000_0000h

32ACh Memory Region Descriptor (MRGD_W3_9_5) 32 RW 0000_0000h

32B0h Memory Region Descriptor (MRGD_W4_9_5) 32 RW 0000_0000h

32C0h Memory Region Descriptor (MRGD_W0_9_6) 32 RW 0000_0000h

32C4h Memory Region Descriptor (MRGD_W1_9_6) 32 RW 0000_001Fh

32C8h Memory Region Descriptor (MRGD_W2_9_6) 32 RW 0000_0000h

32CCh Memory Region Descriptor (MRGD_W3_9_6) 32 RW 0000_0000h

32D0h Memory Region Descriptor (MRGD_W4_9_6) 32 RW 0000_0000h

32E0h Memory Region Descriptor (MRGD_W0_9_7) 32 RW 0000_0000h

32E4h Memory Region Descriptor (MRGD_W1_9_7) 32 RW 0000_001Fh

32E8h Memory Region Descriptor (MRGD_W2_9_7) 32 RW 0000_0000h

32ECh Memory Region Descriptor (MRGD_W3_9_7) 32 RW 0000_0000h

32F0h Memory Region Descriptor (MRGD_W4_9_7) 32 RW 0000_0000h

3400h Memory Region Descriptor (MRGD_W0_10_0) 32 RW 0000_0000h

3404h Memory Region Descriptor (MRGD_W1_10_0) 32 RW 0000_001Fh

3408h Memory Region Descriptor (MRGD_W2_10_0) 32 RW 0000_0000h

340Ch Memory Region Descriptor (MRGD_W3_10_0) 32 RW 0000_0000h

3410h Memory Region Descriptor (MRGD_W4_10_0) 32 RW 0000_0000h

3420h Memory Region Descriptor (MRGD_W0_10_1) 32 RW 0000_0000h

3424h Memory Region Descriptor (MRGD_W1_10_1) 32 RW 0000_001Fh

3428h Memory Region Descriptor (MRGD_W2_10_1) 32 RW 0000_0000h

342Ch Memory Region Descriptor (MRGD_W3_10_1) 32 RW 0000_0000h

3430h Memory Region Descriptor (MRGD_W4_10_1) 32 RW 0000_0000h

3440h Memory Region Descriptor (MRGD_W0_10_2) 32 RW 0000_0000h
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3444h Memory Region Descriptor (MRGD_W1_10_2) 32 RW 0000_001Fh

3448h Memory Region Descriptor (MRGD_W2_10_2) 32 RW 0000_0000h

344Ch Memory Region Descriptor (MRGD_W3_10_2) 32 RW 0000_0000h

3450h Memory Region Descriptor (MRGD_W4_10_2) 32 RW 0000_0000h

3460h Memory Region Descriptor (MRGD_W0_10_3) 32 RW 0000_0000h

3464h Memory Region Descriptor (MRGD_W1_10_3) 32 RW 0000_001Fh

3468h Memory Region Descriptor (MRGD_W2_10_3) 32 RW 0000_0000h

346Ch Memory Region Descriptor (MRGD_W3_10_3) 32 RW 0000_0000h

3470h Memory Region Descriptor (MRGD_W4_10_3) 32 RW 0000_0000h

3480h Memory Region Descriptor (MRGD_W0_10_4) 32 RW 0000_0000h

3484h Memory Region Descriptor (MRGD_W1_10_4) 32 RW 0000_001Fh

3488h Memory Region Descriptor (MRGD_W2_10_4) 32 RW 0000_0000h

348Ch Memory Region Descriptor (MRGD_W3_10_4) 32 RW 0000_0000h

3490h Memory Region Descriptor (MRGD_W4_10_4) 32 RW 0000_0000h

34A0h Memory Region Descriptor (MRGD_W0_10_5) 32 RW 0000_0000h

34A4h Memory Region Descriptor (MRGD_W1_10_5) 32 RW 0000_001Fh

34A8h Memory Region Descriptor (MRGD_W2_10_5) 32 RW 0000_0000h

34ACh Memory Region Descriptor (MRGD_W3_10_5) 32 RW 0000_0000h

34B0h Memory Region Descriptor (MRGD_W4_10_5) 32 RW 0000_0000h

34C0h Memory Region Descriptor (MRGD_W0_10_6) 32 RW 0000_0000h

34C4h Memory Region Descriptor (MRGD_W1_10_6) 32 RW 0000_001Fh

34C8h Memory Region Descriptor (MRGD_W2_10_6) 32 RW 0000_0000h

34CCh Memory Region Descriptor (MRGD_W3_10_6) 32 RW 0000_0000h

34D0h Memory Region Descriptor (MRGD_W4_10_6) 32 RW 0000_0000h

34E0h Memory Region Descriptor (MRGD_W0_10_7) 32 RW 0000_0000h

34E4h Memory Region Descriptor (MRGD_W1_10_7) 32 RW 0000_001Fh

34E8h Memory Region Descriptor (MRGD_W2_10_7) 32 RW 0000_0000h

34ECh Memory Region Descriptor (MRGD_W3_10_7) 32 RW 0000_0000h

34F0h Memory Region Descriptor (MRGD_W4_10_7) 32 RW 0000_0000h

3600h Memory Region Descriptor (MRGD_W0_11_0) 32 RW 0000_0000h

3604h Memory Region Descriptor (MRGD_W1_11_0) 32 RW 0000_001Fh
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

3608h Memory Region Descriptor (MRGD_W2_11_0) 32 RW 0000_0000h

360Ch Memory Region Descriptor (MRGD_W3_11_0) 32 RW 0000_0000h

3610h Memory Region Descriptor (MRGD_W4_11_0) 32 RW 0000_0000h

3620h Memory Region Descriptor (MRGD_W0_11_1) 32 RW 0000_0000h

3624h Memory Region Descriptor (MRGD_W1_11_1) 32 RW 0000_001Fh

3628h Memory Region Descriptor (MRGD_W2_11_1) 32 RW 0000_0000h

362Ch Memory Region Descriptor (MRGD_W3_11_1) 32 RW 0000_0000h

3630h Memory Region Descriptor (MRGD_W4_11_1) 32 RW 0000_0000h

3640h Memory Region Descriptor (MRGD_W0_11_2) 32 RW 0000_0000h

3644h Memory Region Descriptor (MRGD_W1_11_2) 32 RW 0000_001Fh

3648h Memory Region Descriptor (MRGD_W2_11_2) 32 RW 0000_0000h

364Ch Memory Region Descriptor (MRGD_W3_11_2) 32 RW 0000_0000h

3650h Memory Region Descriptor (MRGD_W4_11_2) 32 RW 0000_0000h

3660h Memory Region Descriptor (MRGD_W0_11_3) 32 RW 0000_0000h

3664h Memory Region Descriptor (MRGD_W1_11_3) 32 RW 0000_001Fh

3668h Memory Region Descriptor (MRGD_W2_11_3) 32 RW 0000_0000h

366Ch Memory Region Descriptor (MRGD_W3_11_3) 32 RW 0000_0000h

3670h Memory Region Descriptor (MRGD_W4_11_3) 32 RW 0000_0000h

3800h Memory Region Descriptor (MRGD_W0_12_0) 32 RW 0000_0000h

3804h Memory Region Descriptor (MRGD_W1_12_0) 32 RW 0000_001Fh

3808h Memory Region Descriptor (MRGD_W2_12_0) 32 RW 0000_0000h

380Ch Memory Region Descriptor (MRGD_W3_12_0) 32 RW 0000_0000h

3810h Memory Region Descriptor (MRGD_W4_12_0) 32 RW 0000_0000h

3820h Memory Region Descriptor (MRGD_W0_12_1) 32 RW 0000_0000h

3824h Memory Region Descriptor (MRGD_W1_12_1) 32 RW 0000_001Fh

3828h Memory Region Descriptor (MRGD_W2_12_1) 32 RW 0000_0000h

382Ch Memory Region Descriptor (MRGD_W3_12_1) 32 RW 0000_0000h

3830h Memory Region Descriptor (MRGD_W4_12_1) 32 RW 0000_0000h

4000h Memory Slot Access Control (MSAC_W0_0_0) 32 RW 0000_0000h

4004h Memory Slot Access Control (MSAC_W1_0_0) 32 RW 0000_0000h

4008h Memory Slot Access Control (MSAC_W0_0_1) 32 RW 0000_0000h
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Offset Register Width

(In bits)

Access Reset value

400Ch Memory Slot Access Control (MSAC_W1_0_1) 32 RW 0000_0000h

4400h Memory Slot Access Control (MSAC_W0_1_0) 32 RW 0000_0000h

4404h Memory Slot Access Control (MSAC_W1_1_0) 32 RW 0000_0000h

4800h Memory Slot Access Control (MSAC_W0_2_0) 32 RW 0000_0000h

4804h Memory Slot Access Control (MSAC_W1_2_0) 32 RW 0000_0000h

4808h Memory Slot Access Control (MSAC_W0_2_1) 32 RW 0000_0000h

480Ch Memory Slot Access Control (MSAC_W1_2_1) 32 RW 0000_0000h

4810h Memory Slot Access Control (MSAC_W0_2_2) 32 RW 0000_0000h

4814h Memory Slot Access Control (MSAC_W1_2_2) 32 RW 0000_0000h

4818h Memory Slot Access Control (MSAC_W0_2_3) 32 RW 0000_0000h

481Ch Memory Slot Access Control (MSAC_W1_2_3) 32 RW 0000_0000h

4820h Memory Slot Access Control (MSAC_W0_2_4) 32 RW 0000_0000h

4824h Memory Slot Access Control (MSAC_W1_2_4) 32 RW 0000_0000h

4828h Memory Slot Access Control (MSAC_W0_2_5) 32 RW 0000_0000h

482Ch Memory Slot Access Control (MSAC_W1_2_5) 32 RW 0000_0000h

4830h Memory Slot Access Control (MSAC_W0_2_6) 32 RW 0000_0000h

4834h Memory Slot Access Control (MSAC_W1_2_6) 32 RW 0000_0000h

43.6.1.2 Control Register (CR)

Offset

Register Offset

CR 0h

Function

This register provides the status about the XRDC and global enable bits for the entire module's operation. A fully operational XRDC 
requires all global bits, GVLD{C,P,M}, to be asserted simultaneously. Undefined behavior results if they are not all asserted.

Access: Secure Read/write
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 LK1 0 DBDS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R GVLD
C 

GVLD
P 

0 HRL GVLD
M W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31

—

Reserved

30

LK1

Lock Status

This read-only field is the lock status of the TRDC_CR. This field is set when all GVLD bits are set; 
GVLDC=GVLDP=GVLDM=1b1. Once set, this bit remains asserted until the next reset.

0b - The CR can be written by any secure privileged write.

1b - The CR is locked (read-only) until the next reset.

29-20

—

Reserved

19-16

DBDS

Deny by Default (DBD) Status

This field describes the access status during the "deny by default" window of time. The reset value is 
determined by the deny by default fuses.

0000b - Not in Deny by Default window

1000b - Deny by default and (ELE + CA35 SecPriv allowed)

1001b - Deny by default and (ELE + CM33 allowed)

1010b - Deny by default and (ELE + CM33 SecPriv allowed)

1011b - Deny by default and (ELE + CM33 SecPriv + CA35 SecPriv allowed)

1100b - Deny by default and (ELE allowed)

1110b - All accesses denied

1111b - All accesses allowed

15

GVLDC

Global Valid for MRCs

XRDC global MRC enable/disable. Once set, this bit remains set until the next reset.

Table continues on the next page...
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Field Function

0b - XRDC MRCs are disabled.

1b - XRDC MRCs are enabled.

14

GVLDP

Global Valid for PACs/MSCs

XRDC global PAC/MSC enable/disable. Once set, this bit remains set until the next reset.

0b - XRDC PACs/MSCs are disabled.

1b - XRDC PACs/MSCs are enabled.

13-5

—

Reserved

4-1

HRL

Hardware Revision Level

This read-only field specifies the XRDC’s hardware and definition revision level. It can be read by software 
to determine the functional definition of the module.

0

GVLDM

Global Valid for MDACs(XRDC global enable/disable).

XRDC global MRC enable/disable. Once set, this field remains set until the next reset.

0b - XRDC MDACs are disabled.

1b - XRDC MDACs are enabled.

43.6.1.3 Hardware Configuration Register 0 (HWCFG0)

Offset

Register Offset

HWCFG0 F0h

Function

This read-only register contains information on the XRDC’s hardware configuration. Specifically, it defines the number of 
implemented domains and bus masters along with the number of instances of memory region controllers (MRCs) and peripheral 
access controllers (PACs). The register value at reset is device-specific. Attempted writes are error terminated.

Access: Secure Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MID NMSC NPAC NMRC 

W

Reset 0 0 0 1 1 0 1 0 0 0 0 0 1 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R NMSTR NDID 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1

Fields

Field Function

31-28

MID

Module ID

27-26

NMSC

Number of MSCs

This field defines the number of MSCs minus 1 in the device. Add one to the field value to get the actual 
number of memory slot controllers [1-4].

25-24

NPAC

Number of PACs

This field defines the number of PACs minus 1 in the device. Add one to the field value to get the actual 
number of peripheral access controllers [1-4].

23-16

NMRC

Number of MRCs

This field defines the number of MRCs minus 1 in the device. Add one to the field value to get the actual 
number of memory region controllers [1-16].

15-8

NMSTR

Number of bus masters

This read-only field defines the number of bus masters minus 1 in the device. Add one to the field value to 
get the actual number of bus masters [1-64].

7-0

NDID

Number of domains

This read-only field defines the number of domains minus 1 in the device. Add one to the field value to get 
the actual number of domains [1-16].

43.6.1.4 Hardware Configuration Register 1 (HWCFG1)

Offset

Register Offset

HWCFG1 F4h
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Function

This register contains information on the XRDC’s hardware configuration. It provides a mechanism for software to determine 
its domain number by simply reading the register. See Domain error capture management for more details on typical usage. 
Attempted writes are error terminated.

Access: Secure Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 u u u u

Fields

Field Function

31-4

—

Reserved

3-0

DID

Domain identifier number

This field provides the domain number [0-15] of the requesting bus master. The reset value is determined 
by the hardware configuration.

43.6.1.5 Hardware Configuration Register 2 (HWCFG2)

Offset

Register Offset

HWCFG2 F8h

Function

This register contains information on the XRDC’s hardware configuration. It provides a bitmap signaling the presence of a 
process identifier (PID) register sourced from the given bus master. The HWCFG2 register is associated with bus masters [31-0]. 
Attempted writes are error terminated.

Access: Secure Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PIDP3

1 
PIDP3

0 
PIDP2

9 
PIDP2

8 
PIDP2

7 
PIDP2

6 
PIDP2

5 
PIDP2

4 
PIDP2

3 
PIDP2

2 
PIDP2

1 
PIDP2

0 
PIDP1

9 
PIDP1

8 
PIDP1

7 
PIDP1

6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIDP1

5 
PIDP1

4 
PIDP1

3 
PIDP1

2 
PIDP1

1 
PIDP1

0 
PIDP9 PIDP8 PIDP7 PIDP6 PIDP5 PIDP4 PIDP3 PIDP2 PIDP1 PIDP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

PIDP31

Process identifier

Process identifier present from bus master 31. This field provides a bitmap to signal that bus master 31 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 31 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 31 sources a process identifier register to the XRDC_MDAC logic.

30

PIDP30

Process identifier

Process identifier present from bus master 30. This field provides a bitmap to signal that bus master 30 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 30 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 30 sources a process identifier register to the XRDC_MDAC logic.

29

PIDP29

Process identifier

Process identifier present from bus master 29. This field provides a bitmap to signal that bus master 29 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 29 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 29 sources a process identifier register to the XRDC_MDAC logic.

28

PIDP28

Process identifier

Process identifier present from bus master 28. This field provides a bitmap to signal that bus master 28 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 28 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 28 sources a process identifier register to the XRDC_MDAC logic.
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Table continued from the previous page...

Field Function

27

PIDP27

Process identifier

Process identifier present from bus master 27. This field provides a bitmap to signal that bus master 27 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 27 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 27 sources a process identifier register to the XRDC_MDAC logic.

26

PIDP26

Process identifier

Process identifier present from bus master 26. This field provides a bitmap to signal that bus master 26 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 26 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 26 sources a process identifier register to the XRDC_MDAC logic.

25

PIDP25

Process identifier

Process identifier present from bus master 25. This field provides a bitmap to signal that bus master 25 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 25 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 25 sources a process identifier register to the XRDC_MDAC logic.

24

PIDP24

Process identifier

Process identifier present from bus master 24. This field provides a bitmap to signal that bus master 24 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 24 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 24 sources a process identifier register to the XRDC_MDAC logic.

23

PIDP23

Process identifier

Process identifier present from bus master 23. This field provides a bitmap to signal that bus master 23 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 23 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 23 sources a process identifier register to the XRDC_MDAC logic.

22

PIDP22

Process identifier

Process identifier present from bus master 22. This field provides a bitmap to signal that bus master 22 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 22 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 22 sources a process identifier register to the XRDC_MDAC logic.
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Table continued from the previous page...

Field Function

21

PIDP21

Process identifier

Process identifier present from bus master 21. This field provides a bitmap to signal that bus master 21 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 21 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 21 sources a process identifier register to the XRDC_MDAC logic.

20

PIDP20

Process identifier

Process identifier present from bus master 20. This field provides a bitmap to signal that bus master 20 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 20 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 20 sources a process identifier register to the XRDC_MDAC logic.

19

PIDP19

Process identifier

Process identifier present from bus master 19. This field provides a bitmap to signal that bus master 19 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 19 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 19 sources a process identifier register to the XRDC_MDAC logic.

18

PIDP18

Process identifier

Process identifier present from bus master 18. This field provides a bitmap to signal that bus master 18 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 18 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 18 sources a process identifier register to the XRDC_MDAC logic.

17

PIDP17

Process identifier

Process identifier present from bus master 17. This field provides a bitmap to signal that bus master 17 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 17 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 17 sources a process identifier register to the XRDC_MDAC logic.

16

PIDP16

Process identifier

Process identifier present from bus master 16. This field provides a bitmap to signal that bus master 16 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 16 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 16 sources a process identifier register to the XRDC_MDAC logic.
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Field Function

15

PIDP15

Process identifier

Process identifier present from bus master 15. This field provides a bitmap to signal that bus master 15 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 15 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 15 sources a process identifier register to the XRDC_MDAC logic.

14

PIDP14

Process identifier

Process identifier present from bus master 14. This field provides a bitmap to signal that bus master 14 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 14 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 14 sources a process identifier register to the XRDC_MDAC logic.

13

PIDP13

Process identifier

Process identifier present from bus master 13. This field provides a bitmap to signal that bus master 13 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 13 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 13 sources a process identifier register to the XRDC_MDAC logic.

12

PIDP12

Process identifier

Process identifier present from bus master 12. This field provides a bitmap to signal that bus master 12 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 12 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 12 sources a process identifier register to the XRDC_MDAC logic.

11

PIDP11

Process identifier

Process identifier present from bus master 11. This field provides a bitmap to signal that bus master 11 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 11 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 11 sources a process identifier register to the XRDC_MDAC logic.

10

PIDP10

Process identifier

Process identifier present from bus master 10. This field provides a bitmap to signal that bus master 10 
sources a process identifier register to the XRDC_MDAC logic.

0b - Bus master 10 does not source a process identifier register. The XRDC_MDAC logic 
provides the needed PID for processor cores.

1b - Bus master 10 sources a process identifier register to the XRDC_MDAC logic.
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Field Function

9

PIDP9

Process identifier

Process identifier present from bus master 9. This field provides a bitmap to signal that bus master 9 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 9 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 9 sources a process identifier register to the XRDC_MDAC logic.

8

PIDP8

Process identifier

Process identifier present from bus master 8. This field provides a bitmap to signal that bus master 8 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 8 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 8 sources a process identifier register to the XRDC_MDAC logic.

7

PIDP7

Process identifier

Process identifier present from bus master 7. This field provides a bitmap to signal that bus master 7 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 7 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 7 sources a process identifier register to the XRDC_MDAC logic.

6

PIDP6

Process identifier

Process identifier present from bus master 6. This field provides a bitmap to signal that bus master 6 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 6 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 6 sources a process identifier register to the XRDC_MDAC logic.

5

PIDP5

Process identifier

Process identifier present from bus master 5. This field provides a bitmap to signal that bus master 5 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 5 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 5 sources a process identifier register to the XRDC_MDAC logic.

4

PIDP4

Process identifier

Process identifier present from bus master 4. This field provides a bitmap to signal that bus master 4 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 4 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 4 sources a process identifier register to the XRDC_MDAC logic.
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Field Function

3

PIDP3

Process identifier

Process identifier present from bus master 3. This field provides a bitmap to signal that bus master 3 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 3 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 3 sources a process identifier register to the XRDC_MDAC logic.

2

PIDP2

Process identifier

Process identifier present from bus master 2. This field provides a bitmap to signal that bus master 2 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 2 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 2 sources a process identifier register to the XRDC_MDAC logic.

1

PIDP1

Process identifier

Process identifier present from bus master 1. This field provides a bitmap to signal that bus master 1 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 1 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 1 sources a process identifier register to the XRDC_MDAC logic.

0

PIDP0

Process identifier

Process identifier present from bus master 0. This field provides a bitmap to signal that bus master 0 sources 
a process identifier register to the XRDC_MDAC logic.

0b - Bus master 0 does not source a process identifier register. The XRDC_MDAC logic provides 
the needed PID for processor cores.

1b - Bus master 0 sources a process identifier register to the XRDC_MDAC logic.

43.6.1.6 Hardware Configuration Register 3 (HWCFG3)

Offset

Register Offset

HWCFG3 FCh

Function

This register contains information on the XRDC’s hardware configuration. Specifically, it provides a bitmap signaling the presence 
of a process identifier (PID) register sourced from the given bus master. The HWCFG3 register is associated with bus masters 
[63-32], while the HWCFG2 register covers bus masters [31-0]. Attempted writes are error terminated.

Access: Secure Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PIDPn 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PIDPn 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PIDPn

Process identifier

Process identifier present from bus master n, where n = [63-32]. This field provides a bitmap to signal 
that bus master n (where n is defined as 32 + bit number) sources a process identifier register to the 
XRDC_MDAC logic.

0 Bus master “n” does not source a process identifier register. The XRDC_MDAC logic provides the needed 
PID for processor cores.

1 Bus master “n” sources a process identifier register to the XRDC_MDAC logic.

43.6.1.7 Master Domain Assignment Configuration Register (MDACFG0 - MDACFG16)

Offset

For m = 0 to 16:

Register Offset

MDACFGm 100h + (m × 1h)

Function

This register defines the number of implemented domain assignment registers for bus master m, where m+1 can specify from 1 
to 64 bus masters. These registers are organized as a byte-sized data array and can be read using 8-, 16- or 32-bit accesses. An 
all-zero value (NCM = 0, NMDAR = 0) indicates a non-existent bus master. Attempted writes are error terminated.

Typically, processor bus masters have one or more domain assignment registers, while non-processor masters have a single 
domain assignment register.

Access: Secure Read
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Diagram

Bits 7 6 5 4 3 2 1 0

R NCM 0 NMDAR 

W

Reset See Register reset values.

Register reset values

Register Reset value

MDACFG0 02h

MDACFG1–MDACFG16 81h

Fields

Field Function

7

NCM

Non-CPU Master

This read-only field signals that bus master m is a non-CPU master. It specifies that the format of the 
associated MDA_Wr_m register defines a non-processor domain assignment. This field is zero for a 
non-existent bus master.

0b - Bus master is a processor.

1b - Bus master is a non-processor.

6-4

—

Reserved

3-0

NMDAR

Number of master domain assignment registers for bus master m

This read-only field specifies the number of registers associated with the master domain assignment 
register for a given bus master. The value is limited to the range [0-8], where zero indicates a non-existent 
bus master and non-zero values indicate the number of implemented registers associated with this MDAm.

43.6.1.8 Memory Region Configuration Register (MRCFG0 - MRCFG12)

Offset

For r = 0 to 12:

Register Offset

MRCFGr 140h + (r × 1h)

Function

This read-only register defines the number of implemented memory region descriptors for each MRCr, where r+1 can specify up 
to 16 instances. These registers are organized as a byte-sized data array and can be read using 8-, 16- or 32-bit accesses. A zero 
value indicates a non-existent memory region controller instance. Attempted writes are error terminated.
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Access: Secure Read

Diagram

Bits 7 6 5 4 3 2 1 0

R 0 NMRGD 

W

Reset See Register reset values.

Register reset values

Register Reset value

MRCFG0 04h

MRCFG1 08h

MRCFG2–MRCFG3 04h

MRCFG4–MRCFG7 08h

MRCFG8 04h

MRCFG9–MRCFG10 08h

MRCFG11 04h

MRCFG12 02h

Fields

Field Function

7-5

—

Reserved

4-0

NMRGD

Number of memory region descriptors for memory region controller n

Number of memory region descriptors for MRCr. This field specifies the number of memory region 
descriptors associated with a given memory region controller instance. The value is limited to the range 
[0-16], where zero indicates a non-existent MRC instance and non-zero values indicate the number of 
implemented memory region descriptors [4, 8,12,16] associated with the XRDC_MRCr submodule.

43.6.1.9 Fault Domain ID (FDID)

Offset

Register Offset

FDID 1FCh
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FDID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

FDID

Domain ID of Faulted Access

This field indicates the domainID of the fault that will be used to index the array of domain error information. 
The user queries the DERRLOCx registers to find the DomainID of the faulting access and must write this 
register with the domain ID before reading the Domain Error registers.

43.6.1.10 Domain Error Location Register (DERRLOC0 - DERRLOC7)

Offset

For d = 0 to 7:

Register Offset

DERRLOCd 200h + (d × 4h)

Function

This array of read-only registers provide the instance number of the submodule where (an) access violation(s) occurred. These 
registers are organized as a word array, which is indexed by the faulting domain number, d. The two fields of this register provide 
a bitmap of instances associated with all submodules containing captured error information for that domain. These instance 
numbers are then used as indices into the DERR_W0_i, DERR_W1_i, and DERR_W3_i register arrays. See Domain error capture 
management for more details.

When an access violation is detected by either a memory region controller (MRC) or a peripheral access controller (PAC), address 
and attribute information of the offending access is captured. Using the faulting domainID number as the index, d, this array of 
read-only registers provide additional information signaling the instance number of the submodule where the access violation(s) 
occurred. Since the resulting exception handler needs the submodule instance to retrieve the captured address and attribute 
information from DERR_W0_i and DERR_W1_i, these registers provide the instance number details.

Attempted writes are error terminated.

Access: Secure Read
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 MSCINST PACINST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MRCINST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-20

MSCINST

MSC instance

This field is a bitmap indicating the presence of a detected access violation for domain d in the implemented 
instances of the MSC. The least-significant bit of this field (bit 20) corresponds to MSC instance 0. The 
most-significant bit of this field (bit 23) corresponds to MSC instance 3, and so on. Multiple bits can be set 
at any time indicating access violations for this domain have been detected across multiple instances of 
the MSCs.

For each bit in this field:

• 0 - The memory slot controller has not detected an access violation or is not physically present.

• 1 - The memory slot controller has detected one or more access violations for this domain.

19-16

PACINST

PAC instance

This field is a bitmap indicating the presence of a detected access violation for domain d in the implemented 
instances of the PAC. The least-significant bit of this field (bit 16) corresponds to PAC instance 0. The 
most-significant bit of this field (bit 19) corresponds to PAC instance 3, and so on. Multiple bits can be set 
at any time indicating access violations for this domain have been detected across multiple instances of 
the PACs.

For each bit in this field:

• 0 - The peripheral access controller has not detected an access violation or is not physically present.

• 1 - The peripheral access controller has detected one or more access violations for this domain.

15-0

MRCINST

MRC instance

This field is a bitmap indicating the presence of a detected access violation for domain d in the implemented 
instances of the MRC. The least-significant bit of this field (bit 0) corresponds to MRC instance 0. The 
most-significant bit of this field (bit 3) corresponds to MRC instance 3, and so on. Multiple bits can be set 
at any time indicating access violations for this domain have been detected across multiple instances of 
the MRCs.

Table continues on the next page...
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Table continued from the previous page...

Field Function

For each bit in this field:

• 0 - The memory region controller has not detected an access violation or is not physically present.

• 1 - The memory region controller has detected one or more access violations for this domain.

43.6.1.11 Domain Error Word0 Register (DERR_W0_0 - DERR_W0_22)

Offset

Register Offset

DERR_W0_0 400h

DERR_W0_1 410h

DERR_W0_2 420h

DERR_W0_3 430h

DERR_W0_4 440h

DERR_W0_5 450h

DERR_W0_6 460h

DERR_W0_7 470h

DERR_W0_8 480h

DERR_W0_9 490h

DERR_W0_10 4A0h

DERR_W0_11 4B0h

DERR_W0_12 4C0h

DERR_W0_16 500h

DERR_W0_17 510h

DERR_W0_18 520h

DERR_W0_20 540h

DERR_W0_21 550h

DERR_W0_22 560h

Function

This read-only register array provides the address of an access violation detected by either a memory region controller (MRC) or 
a peripheral access controller (PAC). These registers are organized as a word array, which is indexed by the violating submodule 
instance number. That is, the index, i, of this array is the instance number of the submodule that detected the access violation. 
The submodule instance numbers are provided by the DERRLOC registers. The memory-mapped error capture detail registers 
are organized as 20 sequential 16-byte entries. The first 16 register sets associated with the MRCs. The following register sets 
are associated with the PACs. Each 16-byte structure contains DERR_W0_i, DERR_W1_i, and DERR_W3_i.
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The error capture registers in the MRC and PAC submodules contain physical registers for each domain, but are organized in 
the DERR_W0_i and DERR_W1_i registers to provide the information for the requesting domain only. Thus, the access violation 
exception handler for each domain only has visibility into the captured error information for its own domain. See Domain error 
capture management for more details.

When an access violation is detected and the offending information captured, subsequent updates to this register are disabled 
until the required data pattern is written to the DERR_W3_i register. At that time, this register is cleared and re-enabled to capture 
the next access violation.

Attempted writes are error terminated as are attempted reads of an MRC or PAC instance that is not physically present.

Access: Secure Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

EADDR

Error address

This is the access address that generated an access violation.

43.6.1.12 Domain Error Word1 Register (DERR_W1_0 - DERR_W1_22)

Offset

Register Offset

DERR_W1_0 404h

DERR_W1_1 414h

DERR_W1_2 424h

DERR_W1_3 434h

DERR_W1_4 444h

DERR_W1_5 454h

DERR_W1_6 464h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

DERR_W1_7 474h

DERR_W1_8 484h

DERR_W1_9 494h

DERR_W1_10 4A4h

DERR_W1_11 4B4h

DERR_W1_12 4C4h

DERR_W1_16 504h

DERR_W1_17 514h

DERR_W1_18 524h

DERR_W1_20 544h

DERR_W1_21 554h

DERR_W1_22 564h

Function

This read-only register array provides the attributes of an access violation detected by either a memory region controller (MRC) 
or a peripheral access controller (PAC). These registers are organized as a word array, which is indexed by the violating 
submodule instance number. Refer to register Domain Error Location(DERRLOCd), Domain Error Word0 Register(DERR_W0_
i), and Domain error capture management for more information.

Access: Secure Read

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R EST 0 EPORT 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 ERW EATR 0 EDID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30 Error state

Table continues on the next page...
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Table continued from the previous page...

Field Function

EST This field signals the state of access violations for this domain in this instance of the memory region 
controller or peripheral access controller. Once an access violation has been detected and the faulting 
address and attribute information stored, subsequent errors are simply recorded as an overrun condition 
without any data captured.

After retrieving the faulting address and attributes, the error capture mechanism must be rearmed by 
performing a write to DERR_W3_i.

00b - No access violation has been detected.

01b - No access violation has been detected.

10b - A single access violation has been detected.

11b - Multiple access violations for this domain have been detected by this submodule instance. 
Only the address and attribute information for the first error have been captured in DERR_W0_i 
and DERR_W1_i.

29-27

—

Reserved

26-24

EPORT

Error port

This field identifies the encoded port number of the MRC that detected the access violation. The MRC port 
number connection is device-specific. See the chip configuration details for more information. For access 
violations detected by the PAC, this field is cleared.

23-12

—

Reserved

11

ERW

Error read/write

This field signals whether the captured access violation occurred on a read or write reference.

0b - Read access

1b - Write access

10-8

EATR

Error attributes

This field captures certain attributes of the access violation.

000b - Secure user mode, instruction fetch access.

001b - Secure user mode, data access.

010b - Secure privileged mode, instruction fetch access.

011b - Secure privileged mode, data access.

100b - Nonsecure user mode, instruction fetch access.

101b - Nonsecure user mode, data access.

110b - Nonsecure privileged mode, instruction fetch access.

111b - Nonsecure privileged mode, data access.

Table continues on the next page...

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2765 / 5781



Table continued from the previous page...

Field Function

7-4

—

Reserved

3-0

EDID

Error domain identifier

This field captures the domain identifier of the access violation.

43.6.1.13 Domain Error Word3 Register (DERR_W3_0 - DERR_W3_22)

Offset

Register Offset

DERR_W3_0 40Ch

DERR_W3_1 41Ch

DERR_W3_2 42Ch

DERR_W3_3 43Ch

DERR_W3_4 44Ch

DERR_W3_5 45Ch

DERR_W3_6 46Ch

DERR_W3_7 47Ch

DERR_W3_8 48Ch

DERR_W3_9 49Ch

DERR_W3_10 4ACh

DERR_W3_11 4BCh

DERR_W3_12 4CCh

DERR_W3_16 50Ch

DERR_W3_17 51Ch

DERR_W3_18 52Ch

DERR_W3_20 54Ch

DERR_W3_21 55Ch

DERR_W3_22 56Ch

Function

This register is used to rearm the error capture logic and clear the DERR_W0_i and DERR_W1_i registers. After the domain 
access violation error details have been read, typically in an exception service routine, a 32-bit word write to this register is required 
to rearm the error capture logic.

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2766 / 5781



A read of this location returns zeroes. Attempted reads of a memory region controller (MRC) or peripheral access controller (PAC) 
instance that is not physically present are error terminated.

See Domain error capture management for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W RECR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RECR

Rearm Error Capture Registers

This 2-bit, write-only field controls the rearming of the domain error capture registers. Once an access 
violation has been detected with the faulting address and attribute information stored, subsequent errors are 
simply recorded as an overrun condition without any data captured.

Writing 01b to this field rearms the error capture mechanism and clears the DERR_W0_i and DERR_W1_i 
registers. A write of any value other than 01b has no effect.

29-0

—

Reserved

43.6.1.14 Process Identifier (PID0)

Offset

Register Offset

PID0 700h

Function

In the XRDC's access control definition, each processor has a corresponding process identifier (PID) which performs two 
important functions: the PID[5] bit defines the secure/nonsecure attribute associated with an executing task, and the entire value 
can be used to group tasks into different domains.

While certain processors include this register in their programming model definitions, others do not. This register is provided for 
those processors that do not include a PID register in their programming models. Secure privileged software saves and restores 
the PID as part of any context switch.
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This data structure defines an array of 32-bit values, one per MDA module, that define the PID. Since this register resource is only 
applicable to processor cores, the data structure is typically sparsely populated. The HWCFG[2-3] registers provide a bitmap of 
the implemented PIDn registers. This data structure is indexed using the corresponding MDA instance number.

For processors only supporting the 3-state access control model (SecurePriv, SecureUser, NonsecureUser), the nonsecure[n] 
output signal from the MDAC submodule is forced to zero while in privileged mode to enable precise state transitions between user 
and privileged modes. Specifically, the MDAC logic for bus master n forms the nonsecure attribute output signal as a function of 
2 configuration bits: PIDm[TSM] and HWCFG{2,3}[n]. See Table 440.

When TSM is enabled, the output DID is a function of the mode:

TSM=1, mode = SecurePriv, DID_out= {2’b00, did_in[1:0]}

TSM=1, mode = SecureUser, if calculated_did=0,1, DID_out=2 else DID_out=calculated_did

TSM=1, mode = NonecureUser, if calculated_did=0,1, DID_out=2 else DID_out=calculated_did

Where calculated_did is a function of did_in, DIDB, and DIDSs.

NonsecurePriv is an invalid mode when TSM=1.

Furthermore, when SP4SM is enabled, the MDAC doesn't use the MDA[DIDS,DID] fields. The MDAC tracks the access control 
mode and generates specific domainIDs. In SecPriv mode, the DID is forced to 0. In NonsecurePriv mode, the DID is forced to 
1. In SecureUser and NonsecureUser modes, the DID is forced to 0 if DIDin is 0 or 1, and passes DIDin = DIDout for DIDs >=2.

Depending on the operating clock domain of each MDAC instance, there may be optional information stored in the corresponding 
PIDm register to properly implement the LK2 = 2 functionality.

Reads of the PIDn register return the contents of this register, or the PIDn value directly sourced from a processor. For 
non-processor bus masters, this register does not exist and any attempted read is error terminated.

Table 440. Generation of the nonsecure_out[n] Attribute

Configuration

{PIDn[TSM], HWCFG{2,3}[n]}

local_nonsecure[n] nonsecure_out[n]

00b nonsecure_in[n] local_nonsecure[n]

01b nonsecure_in[n] local_nonsecure[n] & ~priv_in[n]

10b PIDn[5] local_nonsecure[n] & ~priv_in[n]

11b pid_in[n][5] local_nonsecure[n] & ~priv_in[n]

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
LK2 TSM 

SP4S
M 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30-29

LK2

Lock

This field provides a locking mechanism that can be used to limit the ability to write the register. Once set, 
these bits individually remain asserted until the next reset.

If the processor sources its PIDm directly, that is, HWCFG{2-3}[PIDPm = 1], then privileged reads of this 
memory location return zero for this field.

00b - Register can be written by any secure privileged write.

01b - Register can be written by any secure privileged write.

10b - Register can only be written by a secure privileged write from bus master m.

11b - Register is locked (read-only) until the next reset.

28

TSM

Three-state model

If asserted, this bit indicates the associated processor core only supports the 3-state access control model. 
This indicator is “sticky”, that is, once set, it remains set until the next reset. It can only be programmed in 
secure mode.

For processors only supporting the 3-state access control model, this field must be set before loading any 
nonsecure value into the PID.

See Table 440 for the specification of the privileged and nonsecure attributes generated by MDAC.

27

SP4SM

Special 4-state model

This indicator is “sticky”, that is, once set, it remains set until the next reset. It can only be programmed in 
secure mode.

If asserted, a Mealy finite state machine in each processor MDAC tracks the current 2-bit access mode and 
generates specific domainIDs for specific modes.

Domain ID is set as following:

State Domain ID Description

SecurePriv 0x0 Hardware-enforced association 
between SecurePriv mode 
& DID=0x0

NonsecurePriv 0x1 Hardware-enforced association 
between NonsecurePriv mode 
& DID=0x1

SecureUser >= 0x2 Software-defined DID configured 
via the core MDAn registers 
(MDAC hardware gaurantees the 
DID is greater than or equal to 2

NonsecureUser >= 0x2 Software-defined DID configured 
via the core MDAn registers 
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Table continued from the previous page...

Field Function

State Domain ID Description

(MDAC hardware guarantees the 
DID is greater than or equal to 2

Refer to Special 4-State Model for more details.

26-6

—

Reserved

5-0

PID

Process identifier

The PIDm[5] bit determines the secure (0) or nonsecure (1) attribute for transactions associated with the 
corresponding processor.

If the processor sources its PIDn directly, then secure privileged reads of this memory location return the 
processor register for this field.

43.6.1.15 Master Domain Assignment (MDA_W0_0_DFMT0 - MDA_W1_0_DFMT0)

Offset

Register Offset

MDA_W0_0_DFMT0 800h

MDA_W1_0_DFMT0 804h

Function

The MDA_Wr_m registers provide a 2-dimensional data structure for assigning bus masters to domains. The number of 
implemented registers is defined by MDACFGm[NMDAR]. This per-master domain assignment is then repeated for each bus 
master (MDAm). Thus, m specifies the master number and r refers to the specific MDA register for a given bus master.

Each Wr within the MDAm structure is a word-sized definition; there are two formats supported, one for processor cores and 
another for non-processors. Processor masters typically support one or more Wr domain definitions, while non-processor masters 
support a single Wr.

The MDAC submodule is responsible for the generation of domain identifiers for every transaction from every bus master. If there 
is a single Wr for a given master, then the specified domain identifier is used directly. If there are multiple Wr values for a given 
master, then the MDAC evaluates the conditional terms to determine a “hit”. For all Wr hits, their corresponding domain identifiers 
are simply logically summed together (boolean OR). Use cases are typically expected to hit in a single Wr for a processor master. 
Special care is needed if none of the conditional terms hit in any Wr evaluation; for this case, the generated DID = 0 and software 
needs to be aware of any potential access rights granted for this DID.

Each MDA_Wr_m register has one of two programming models depending on the state of the domain format field, DFMT. The 
model described in this section is for DFMT = 0. This definition allows three different specifications of the DID for processors. The 
DFMT = 1 model is described in the following section, Master Domain Assignment (MDA_W0_1_DFMT1 - MDA_W0_16_DFMT1) .

Access: Secure Read/write
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK1 

DFMT 0 0
PID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PIDM PE DIDS DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

This field indicates the domain assignment is valid. It is further qualified by CR[GVLDM] = 1. If CR[GVLDM] 
is cleared, the DID output is defined by the SoC-specific default DID value. See the XRDC chip configuration 
section for more details. If both MDA_Wr_m[VLD] and CR[GVLDM] are asserted, the DID output is defined 
by the remaining contents of this register.

0b - The Wr domain assignment is invalid.

1b - The Wr domain assignment is valid.

30

LK1

1-bit Lock

This field provides a locking mechanism that can be used to limit the ability to write the register. Once set, 
this bit remains asserted until the next reset.

0b - Register can be written by any secure privileged write.

1b - Register is locked (read-only) until the next reset.

29

DFMT

Domain format

Identifies this register's domain assignment.

 
This bitfield access is ROZ

  NOTE  

0b - Processor-core domain assignment

1b - Non-processor domain assignment

28

—

Reserved

27-22

—

Reserved

21-16 Process Identifier

Table continues on the next page...
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Table continued from the previous page...

Field Function

PID This field specifies that the process identifier is to be combined with the PIDM field and included 
in the domain hit determination. The optional inclusion of the PID and PIDM is controlled by the 
MDA_Wr_m[PE] field.

15-14

—

Reserved

13-8

PIDM

Process Identifier Mask

This field provides a masking capability so that multiple process identifiers can be included as part of the 
domain hit determination. If a bit in the PIDM is set, then the corresponding bit of the PID is ignored in the 
comparison. The optional inclusion of the PID and PIDM is controlled by the MDA_Wr_m[PE] field.

7-6

PE

Process identifier enable

This field controls the optional inclusion of the PID, qualified by PIDM, into the domain hit evaluation. It 
provides the ability to include inclusive or exclusive sets of masked PID values.

00b - No process identifier is included in the domain hit evaluation.

01b - No process identifier is included in the domain hit evaluation.

10b - The process identifier is included in the domain hit evaluation as defined by the expression: 
partial_domain_hit = (PE == 2) && ((PID & ~PIDM) == (XRDC_PIDn[PID] & ~PIDM))

11b - The process identifier is included in the domain hit evaluation as defined by the expression: 
partial_domain_hit = (PE == 3) && ~((PID & ~PIDM) == (XRDC_PIDn[PID] & ~PIDM))

5-4

DIDS

DID Select

This field selects the source of the domain identifier.

00b - Use MDAm[3:0] as the domain identifier.

01b - Use the input DID as the domain identifier.

10b - Use MDAm[3:2] concatenated with the low-order 2 bits of the input DID (DID_in[1:0]) as the 
domain identifier.

11b - Reserved for future use.

3-0

DID

Domain identifier

When the DIDB=1., this 4-bit field is the domain ID attribute that sent on accesses from the bus master 
connected to the MDAC.

43.6.1.16 Master Domain Assignment (MDA_W0_1_DFMT1 - MDA_W0_16_DFMT1)

Offset

For m = 1 to 16:

Register Offset

MDA_W0_m_DFMT1 800h + (m × 20h)
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Function

This register is identical to Master Domain Assignment (MDA_W0_0_DFMT0 - MDA_W1_0_DFMT0) except that the domain 
format field, DFMT, is 1. This format supports two different specifications of the DID for non-core bus masters.

Access: Secure Read/write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK1 

DFMT 0 0 0

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
DIDB SA PA DID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

This field indicates the domain assignment is valid. It is further qualified by CR[GVLDM] = 1. If CR[GVLDM] 
is cleared, the DID output is defined by the SoC-specific default DID value. See the XRDC chip configuration 
section for more details. If both MDA_Wr_m[VLD] and CR[GVLDM] are asserted, the DID output is defined 
by the remaining contents of this register.

0b - The Wr domain assignment is invalid.

1b - The Wr domain assignment is valid.

30

LK1

1-bit Lock

This field provides a locking mechanism that can be used to limit the ability to write the register. Once set, 
this bit remains asserted until the next reset.

0b - Register can be written by any secure privileged write.

1b - Register is locked (read-only) until the next reset.

29

DFMT

Domain format

Identifies this register's domain assignment.

 
This bitfield access is ROO

  NOTE  

0b - Processor-core domain assignment

1b - Non-processor domain assignment

28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-22

—

Reserved

21-16

—

Reserved

15-14

—

Reserved

13-9

—

Reserved

8

DIDB

DID Bypass

If asserted, this bit enables the bypassing of an input DID value as the domain identifier for this 
non-processor bus master. This capability allows non-processor bus masters, for example, a DMA to 
masquerade as a processor.

Once set, this field is “sticky” and remains set until the next reset.

MDAC DID Input

0 0

1 0

2 DMA master ID

3 2

4 2

32 1

33 DMA master ID

34 CAU3 master ID

0b - Use MDAn[3:0] as the domain identifier.

1b - Use the DID input as the domain identifier.

7-6

SA

Secure attribute

This field defines the secure/nonsecure attribute for non-processor cores.

 
The bus master’s input secure/nonsecure attribute is used if SA = 1X, or this VLD = 0.

  NOTE  

00b - Force the bus attribute for this master to secure.

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Force the bus attribute for this master to nonsecure.

10b - Use the bus master’s secure/nonsecure attribute directly.

11b - Use the bus master’s secure/nonsecure attribute directly.

5-4

PA

Privileged attribute

This field defines the privileged/user attribute for non-processor cores.

 
The bus master’s input privileged/user attribute is used if PA = 1X, or this VLD = 0.

  NOTE  

00b - Force the bus attribute for this master to user.

01b - Force the bus attribute for this master to privileged.

10b - Use the bus master’s privileged/user attribute directly.

11b - Use the bus master’s privileged/user attribute directly.

3-0

DID

Domain identifier

When the DIDB=1., this 4-bit field is the domain ID attribute that sent on accesses from the bus master 
connected to the MDAC.

43.6.1.17 Peripheral Domain Access Control (PDAC_W0_0_0 - PDAC_W0_2_52)

Offset

Register Offset

PDAC_W0_0_0 1000h

PDAC_W0_0_1 1008h

PDAC_W0_0_2 1010h

PDAC_W0_0_3 1018h

PDAC_W0_0_4 1020h

PDAC_W0_0_5 1028h

PDAC_W0_0_6 1030h

PDAC_W0_0_7 1038h

PDAC_W0_0_8 1040h

PDAC_W0_0_9 1048h

PDAC_W0_0_10 1050h

PDAC_W0_0_11 1058h

PDAC_W0_0_12 1060h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W0_0_13 1068h

PDAC_W0_0_14 1070h

PDAC_W0_0_15 1078h

PDAC_W0_0_16 1080h

PDAC_W0_0_17 1088h

PDAC_W0_0_18 1090h

PDAC_W0_0_19 1098h

PDAC_W0_0_20 10A0h

PDAC_W0_0_21 10A8h

PDAC_W0_0_22 10B0h

PDAC_W0_0_23 10B8h

PDAC_W0_0_24 10C0h

PDAC_W0_0_25 10C8h

PDAC_W0_0_26 10D0h

PDAC_W0_0_27 10D8h

PDAC_W0_0_28 10E0h

PDAC_W0_0_29 10E8h

PDAC_W0_0_30 10F0h

PDAC_W0_0_31 10F8h

PDAC_W0_0_32 1100h

PDAC_W0_0_33 1108h

PDAC_W0_0_34 1110h

PDAC_W0_0_35 1118h

PDAC_W0_0_36 1120h

PDAC_W0_0_37 1128h

PDAC_W0_0_38 1130h

PDAC_W0_0_39 1138h

PDAC_W0_0_40 1140h

PDAC_W0_0_41 1148h

PDAC_W0_0_42 1150h

PDAC_W0_0_43 1158h

PDAC_W0_0_44 1160h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W0_0_45 1168h

PDAC_W0_0_46 1170h

PDAC_W0_0_47 1178h

PDAC_W0_0_48 1180h

PDAC_W0_0_49 1188h

PDAC_W0_0_50 1190h

PDAC_W0_0_51 1198h

PDAC_W0_0_52 11A0h

PDAC_W0_0_53 11A8h

PDAC_W0_0_54 11B0h

PDAC_W0_0_55 11B8h

PDAC_W0_0_56 11C0h

PDAC_W0_0_57 11C8h

PDAC_W0_0_58 11D0h

PDAC_W0_0_59 11D8h

PDAC_W0_0_60 11E0h

PDAC_W0_1_0 1400h

PDAC_W0_1_1 1408h

PDAC_W0_1_2 1410h

PDAC_W0_1_3 1418h

PDAC_W0_1_4 1420h

PDAC_W0_1_5 1428h

PDAC_W0_1_6 1430h

PDAC_W0_1_7 1438h

PDAC_W0_1_8 1440h

PDAC_W0_1_9 1448h

PDAC_W0_1_10 1450h

PDAC_W0_1_11 1458h

PDAC_W0_1_12 1460h

PDAC_W0_1_13 1468h

PDAC_W0_1_14 1470h

PDAC_W0_1_15 1478h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W0_1_16 1480h

PDAC_W0_1_17 1488h

PDAC_W0_1_18 1490h

PDAC_W0_1_19 1498h

PDAC_W0_1_20 14A0h

PDAC_W0_1_21 14A8h

PDAC_W0_1_22 14B0h

PDAC_W0_2_0 1800h

PDAC_W0_2_1 1808h

PDAC_W0_2_2 1810h

PDAC_W0_2_3 1818h

PDAC_W0_2_4 1820h

PDAC_W0_2_5 1828h

PDAC_W0_2_6 1830h

PDAC_W0_2_7 1838h

PDAC_W0_2_8 1840h

PDAC_W0_2_9 1848h

PDAC_W0_2_10 1850h

PDAC_W0_2_11 1858h

PDAC_W0_2_12 1860h

PDAC_W0_2_13 1868h

PDAC_W0_2_14 1870h

PDAC_W0_2_15 1878h

PDAC_W0_2_16 1880h

PDAC_W0_2_17 1888h

PDAC_W0_2_18 1890h

PDAC_W0_2_19 1898h

PDAC_W0_2_20 18A0h

PDAC_W0_2_21 18A8h

PDAC_W0_2_22 18B0h

PDAC_W0_2_23 18B8h

PDAC_W0_2_24 18C0h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W0_2_25 18C8h

PDAC_W0_2_26 18D0h

PDAC_W0_2_27 18D8h

PDAC_W0_2_28 18E0h

PDAC_W0_2_29 18E8h

PDAC_W0_2_30 18F0h

PDAC_W0_2_31 18F8h

PDAC_W0_2_32 1900h

PDAC_W0_2_33 1908h

PDAC_W0_2_34 1910h

PDAC_W0_2_35 1918h

PDAC_W0_2_36 1920h

PDAC_W0_2_37 1928h

PDAC_W0_2_38 1930h

PDAC_W0_2_39 1938h

PDAC_W0_2_40 1940h

PDAC_W0_2_41 1948h

PDAC_W0_2_42 1950h

PDAC_W0_2_43 1958h

PDAC_W0_2_44 1960h

PDAC_W0_2_45 1968h

PDAC_W0_2_46 1970h

PDAC_W0_2_47 1978h

PDAC_W0_2_48 1980h

PDAC_W0_2_50 1990h

PDAC_W0_2_51 1998h

PDAC_W0_2_52 19A0h

Function

The PDAC_Wr_c_s registers provide a 3-dimensional data structure for defining access control policies per domain for each 
implemented slave peripheral. Refer to the Access control policies table below . There are 2 word-sized registers assigned for 
each peripheral "address slot" (Wr).

Each Wr within the PDACs structure is a word-sized definition; a total of two words (64 bits) is needed to define the access control 
policies for all the domains.
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These registers also allow an exclusive access lock to be optionally included in the access control evaluation for peripherals 
shared by multiple domains. If enabled, the state of the lock dynamically modifies the access control policies so that only the 
domain "owning" it has write permission into the peripheral. The write permissions for all other domains are revoked based on the 
lock state. If the lock is disabled, the DxACP fields are evaluated normally.

The PAC submodule uses the peripheral access address to select the appropriate PDACs register, and then uses the domain 
identifier associated with the access to select the appropriate DxACP field. The selected DxACP field is then evaluated against the 
attributes associated with the memory transaction to determine the validity of the access. See DxACP evaluation for more details. 
If allowed, the access proceeds, else an access violation is signaled, the transfer error terminated and the appropriate address 
and attribute information captured in the corresponding error detail registers.

Access: Secure Read/write

Table 441. Access control policies

Policy SecurePriv SecureUser NonsecurePriv NonsecureUser

111 r, w r, w r, w r, w

110 r, w r, w r, w none

101 r, w r, w r r

100 r, w r, w none none

011 r, w r none none

010 r, w none none none

001 r none none none

000 none none none none

Access: Secure Read/write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 EALO 
D7ACP D6ACP D5ACP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D5AC
P 

D4ACP D3ACP D2ACP D1ACP D0ACP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

—

Reserved

29-28

—

Reserved

27-24

EALO

Excessive Access Lock Owner

When EAL=11, this 4-bit read only field indicates which domain owns the exclusive access lock. See section 
Exclusive Access Lock for details on usage of the exclusive access lock. This field is reserved for devices 
that do not include the exclusive access lock.

23-21

D7ACP

Domain 7 access control policy

Refer to Domain 0 access control policy.

20-18

D6ACP

Domain 6 access control policy

Refer to Domain 0 access control policy.

17-15

D5ACP

Domain 5 access control policy

Refer to Domain 0 access control policy.

14-12

D4ACP

Domain 4 access control policy

Refer to Domain 0 access control policy.

11-9

D3ACP

Domain 3 access control policy

Refer to Domain 0 access control policy.

8-6

D2ACP

Domain 2 access control policy

Refer to Domain 0 access control policy.

5-3

D1ACP

Domain 1 access control policy

Refer to Domain 0 access control policy.

2-0

D0ACP

Domain 0 access control policy

This field defines the access control rights for the selected domain. The encodings specify read and write 
access capabilities based on the 4 operating states. These fields are only implemented for supported 
domainIDs; unsupported domainIDs are not implemented and default to a zero value providing no 
access rights.

Refer to the table Table 441
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43.6.1.18 Peripheral Domain Access Control (PDAC_W1_0_0 - PDAC_W1_2_52)

Offset

Register Offset

PDAC_W1_0_0 1004h

PDAC_W1_0_1 100Ch

PDAC_W1_0_2 1014h

PDAC_W1_0_3 101Ch

PDAC_W1_0_4 1024h

PDAC_W1_0_5 102Ch

PDAC_W1_0_6 1034h

PDAC_W1_0_7 103Ch

PDAC_W1_0_8 1044h

PDAC_W1_0_9 104Ch

PDAC_W1_0_10 1054h

PDAC_W1_0_11 105Ch

PDAC_W1_0_12 1064h

PDAC_W1_0_13 106Ch

PDAC_W1_0_14 1074h

PDAC_W1_0_15 107Ch

PDAC_W1_0_16 1084h

PDAC_W1_0_17 108Ch

PDAC_W1_0_18 1094h

PDAC_W1_0_19 109Ch

PDAC_W1_0_20 10A4h

PDAC_W1_0_21 10ACh

PDAC_W1_0_22 10B4h

PDAC_W1_0_23 10BCh

PDAC_W1_0_24 10C4h

PDAC_W1_0_25 10CCh

PDAC_W1_0_26 10D4h

PDAC_W1_0_27 10DCh

PDAC_W1_0_28 10E4h

PDAC_W1_0_29 10ECh

Table continues on the next page...
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Register Offset

PDAC_W1_0_30 10F4h

PDAC_W1_0_31 10FCh

PDAC_W1_0_32 1104h

PDAC_W1_0_33 110Ch

PDAC_W1_0_34 1114h

PDAC_W1_0_35 111Ch

PDAC_W1_0_36 1124h

PDAC_W1_0_37 112Ch

PDAC_W1_0_38 1134h

PDAC_W1_0_39 113Ch

PDAC_W1_0_40 1144h

PDAC_W1_0_41 114Ch

PDAC_W1_0_42 1154h

PDAC_W1_0_43 115Ch

PDAC_W1_0_44 1164h

PDAC_W1_0_45 116Ch

PDAC_W1_0_46 1174h

PDAC_W1_0_47 117Ch

PDAC_W1_0_48 1184h

PDAC_W1_0_49 118Ch

PDAC_W1_0_50 1194h

PDAC_W1_0_51 119Ch

PDAC_W1_0_52 11A4h

PDAC_W1_0_53 11ACh

PDAC_W1_0_54 11B4h

PDAC_W1_0_55 11BCh

PDAC_W1_0_56 11C4h

PDAC_W1_0_57 11CCh

PDAC_W1_0_58 11D4h

PDAC_W1_0_59 11DCh

PDAC_W1_0_60 11E4h

PDAC_W1_1_0 1404h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W1_1_1 140Ch

PDAC_W1_1_2 1414h

PDAC_W1_1_3 141Ch

PDAC_W1_1_4 1424h

PDAC_W1_1_5 142Ch

PDAC_W1_1_6 1434h

PDAC_W1_1_7 143Ch

PDAC_W1_1_8 1444h

PDAC_W1_1_9 144Ch

PDAC_W1_1_10 1454h

PDAC_W1_1_11 145Ch

PDAC_W1_1_12 1464h

PDAC_W1_1_13 146Ch

PDAC_W1_1_14 1474h

PDAC_W1_1_15 147Ch

PDAC_W1_1_16 1484h

PDAC_W1_1_17 148Ch

PDAC_W1_1_18 1494h

PDAC_W1_1_19 149Ch

PDAC_W1_1_20 14A4h

PDAC_W1_1_21 14ACh

PDAC_W1_1_22 14B4h

PDAC_W1_2_0 1804h

PDAC_W1_2_1 180Ch

PDAC_W1_2_2 1814h

PDAC_W1_2_3 181Ch

PDAC_W1_2_4 1824h

PDAC_W1_2_5 182Ch

PDAC_W1_2_6 1834h

PDAC_W1_2_7 183Ch

PDAC_W1_2_8 1844h

PDAC_W1_2_9 184Ch

Table continues on the next page...
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Register Offset

PDAC_W1_2_10 1854h

PDAC_W1_2_11 185Ch

PDAC_W1_2_12 1864h

PDAC_W1_2_13 186Ch

PDAC_W1_2_14 1874h

PDAC_W1_2_15 187Ch

PDAC_W1_2_16 1884h

PDAC_W1_2_17 188Ch

PDAC_W1_2_18 1894h

PDAC_W1_2_19 189Ch

PDAC_W1_2_20 18A4h

PDAC_W1_2_21 18ACh

PDAC_W1_2_22 18B4h

PDAC_W1_2_23 18BCh

PDAC_W1_2_24 18C4h

PDAC_W1_2_25 18CCh

PDAC_W1_2_26 18D4h

PDAC_W1_2_27 18DCh

PDAC_W1_2_28 18E4h

PDAC_W1_2_29 18ECh

PDAC_W1_2_30 18F4h

PDAC_W1_2_31 18FCh

PDAC_W1_2_32 1904h

PDAC_W1_2_33 190Ch

PDAC_W1_2_34 1914h

PDAC_W1_2_35 191Ch

PDAC_W1_2_36 1924h

PDAC_W1_2_37 192Ch

PDAC_W1_2_38 1934h

PDAC_W1_2_39 193Ch

PDAC_W1_2_40 1944h

PDAC_W1_2_41 194Ch

Table continues on the next page...
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Table continued from the previous page...

Register Offset

PDAC_W1_2_42 1954h

PDAC_W1_2_43 195Ch

PDAC_W1_2_44 1964h

PDAC_W1_2_45 196Ch

PDAC_W1_2_46 1974h

PDAC_W1_2_47 197Ch

PDAC_W1_2_48 1984h

PDAC_W1_2_50 1994h

PDAC_W1_2_51 199Ch

PDAC_W1_2_52 19A4h

Function

Refer to the "Peripheral Domain Access Control (PDAC_W0_c_s)" section for the description.

Access: Secure Read/write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK2 

0
EAL 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

Valid. This field indicates the peripheral domain access control definition is valid. It is further qualified by 
CR[GVLDP] = 1 and fuse_deny_by_default.

• fuse_deny_by_default = 0

If CR[GVLDP] or this VLD flag is cleared, all accesses to the peripheral are allowed.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• fuse_deny_by_default = 1

During DBD mode, this field and descriptor are not used for access evaluation.

After exiting DBD mode, if VLD is set, accesses to the slot are evaluated against the the peripheral 
domain access control register. If VLD field is cleared, accesses to this slot are evaluated against the 
deny_by_default access control policy.

Any write to PDAC_W0_s clears the PDAC_W1_s[VLD] indicator so a coherent register state can 
be supported.

0b - The PDACs assignment is invalid.

1b - The PDACs assignment is valid.

30-29

LK2

Lock

This 2-bit field provides a mechanism to limit writes to the PDACs register to protect its contents. Once set, 
these bits individually remain asserted until the next reset.

 
This 2-bit lock does not apply to the EAL field.

  NOTE  

00b - Entire PDACs can be written.

01b - Entire PDACs can be written.

10b - Domain x can only update the DxACP field and the LK2 field; no other PDACs fields can be 
written.

11b - PDACs is locked (read-only) until the next reset.

28-26

—

Reserved

25-24

EAL

Exclusive Access Lock

This 2-bit field provides a mechanism to dynamically modify the DxACP permission evaluation such that 
only one domain has access permissions at a time. This field is written independently of the rest of the W1 
register. Writes with a value of 00 do not affect the exclusive access lock and are used to update other fields 
of the W1 register. Writes with a non-zero value do not update other fields of the W1 register. Neither the 
global configuration lock nor the descriptor lock applies to this field. See section Exclusive Access Lock 
for details on usage of the exclusive access lock. This field is reserved for devices that do not include the 
exclusive access lock.

00b - Lock disabled

01b - Lock disabled until next reset

10b - Lock enabled, lock state = available

11b - Lock enabled, lock state = not available

23-21

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

20-18

—

Reserved

17-15

—

Reserved

14-12

—

Reserved

11-9

—

Reserved

8-6

—

Reserved

5-3

—

Reserved

2-0

—

Reserved

43.6.1.19 Memory Region Descriptor (MRGD_W0_0_0 - MRGD_W0_12_1)

Offset

Registers in this array exist only for the following combinations of index values.

Index n Index m

0, 2–3, 8, 11 0–3

1, 4–7, 9–10 0–7

12 0–1

Register Offset

MRGD_W0_n_m 2000h + (n × 200h) + (m × 20h)

Function

 
Access to MRGD_Wm_n registers where m=4-7 does not return transfer error.

  NOTE  

The MRGD_Wo_n_m registers provide a 3-dimensional data structure for defining access control policies (Table 442) per domain 
for each supported memory region. There are five word-size registers (Wo) defined in each memory region. There are up to 16 
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memory region controllers (MRCs), n, each supporting up to 16 memory region descriptors (MRGD), m. The number of MRCs is 
defined by HWCFG0[NMRC].

Each instance of a MRC submodule can monitor up to 8 system buses concurrently.

 
An AXI port counts as two system buses since the read address and write address channels operate independently.

  NOTE  

Each Wo within the MRGDm structure is a word-sized definition; a total of four words (128 bits, W0-W3) are needed to completely 
define the memory region descriptor.

XRDC uses a base address plus a size (0-modulo-size) to specify memory regions. This format provides addressing capabilities 
that are equivalent to those provided in the Arm Cortex-M processor core memory protection unit.

The region descriptor also allows an exclusive access lock to be optionally included in the access control evaluation for memory 
regions shared by multiple domains. If enabled, the state of the lock dynamically modifies the access control policies so that only 
the domain "owning" it has write permission into the region. The write permissions for all other domains are revoked based on the 
lock state. If the semaphore is not owned by any domain, the DxACP fields are evaluated normally.

The MRC submodule evaluates multiple system bus access addresses versus the programmed address ranges to determine a 
region hit. Once a region hit has been determined, the MRC then uses the domain identifier associated with the access to select 
the appropriate DxACP field from the corresponding MRGDn. The selected DxACP field is then evaluated against the attributes 
associated with the memory transaction to determine the validity of the access. See Memory region descriptor hit determination 
and Memory region DxACP evaluation for more details. If allowed, the access proceeds, else an access violation is signaled, the 
transfer error terminated and the appropriate address and attribute information captured in the corresponding error detail registers.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SRTADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SRTADDR 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

SRTADDR

Start Address

This field defines the most significant bits of the 0-modulo-32 byte start address of the memory region. The 
minimum region size is 32 bytes.

4-0

—

Reserved

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2789 / 5781



43.6.1.20 Memory Region Descriptor (MRGD_W1_0_0 - MRGD_W1_12_1)

Offset

Registers in this array exist only for the following combinations of index values.

Index n Index m

0, 2–3, 8, 11 0–3

1, 4–7, 9–10 0–7

12 0–1

Register Offset

MRGD_W1_n_m 2004h + (n × 200h) + (m × 20h)

Function

Refer to Memory Region Descriptor (MRGD_W0_0_0 - MRGD_W0_12_1) for description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ENDADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ENDADDR 

1

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

Fields

Field Function

31-5

ENDADDR

End Address

This field defines the most significant bits of the 31-modulo-32 byte end address of the memory region.

4-0

—

Reserved

43.6.1.21 Memory Region Descriptor (MRGD_W2_0_0 - MRGD_W2_12_1)

Offset

Registers in this array exist only for the following combinations of index values.
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Index n Index m

0, 2–3, 8, 11 0–3

1, 4–7, 9–10 0–7

12 0–1

Register Offset

MRGD_W2_n_m 2008h + (n × 200h) + (m × 20h)

Function

Refer to Memory Region Descriptor (MRGD_W0_0_0 - MRGD_W0_12_1) for description.

Table 442. Policy

SP > SU > NP > NU SP > SU > NP > NU

DxSEL CodeRegion = 0 CodeRegion = 1

111 110_110_110_110 = 0xDB6 110_110_111_111 = 0xDBF

110 110_110_110_000 = 0xDB0 110_110_111_000 = 0xDB8

101 110_110_100_100 = 0xDA4 110_111_000_000 = 0xDC0

100 110_110_000_000 = 0xD80 111_000_000_000 = 0xE00

011 110_000_000_000 = 0xC00 001_001_001_001 = 0x249

010 ACCSET2 ACCSET2

001 ACCSET1 ACCSET1

000 000_000_000_000 = 0x000 000_000_000_000 = 0x000

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 EALO 
D7SEL D6SEL D5SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D5SEL D4SEL D3SEL D2SEL D1SEL D0SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

EALO

Exclusive Access Lock Owner

When EAL=11, this 4-bit read only field indicates which domain owns the exclusive access lock. See section 
Exclusive Access Lock for details on usage of the exclusive access lock. This field is reserved for devices 
that do not include the exclusive access lock.

23-21

D7SEL

Domain 7 select

Refer to Domain 0 select.

20-18

D6SEL

Domain 6 select

Refer to Domain 0 select.

17-15

D5SEL

Domain 5 select

Refer to Domain 0 select.

14-12

D4SEL

Domain 4 select

Refer to Domain 0 select.

11-9

D3SEL

Domain 3 select

Refer to Domain 0 select.

8-6

D2SEL

Domain 2 select

Refer to Domain 0 select.

5-3

D1SEL

Domain 1 select

Refer to Domain 0 select.

2-0

D0SEL

Domain 0 select

This field selects the access flags in Table 442(with the coderegion=0,coderegion=1). 3‐bit select of 
4*{r,w,x} access flag sets for domain 0.

• DxSEL = 0, 3‐7 Select one predefined constant {r,w,x} flags, = f(MRGD_W4_n[CR])

• DxSEL = 1 Select ACCSET1 4*{r,w,x} fully‐programmable access flags

• DxSEL = 2 Select ACCSET2 4*{r,w,x} fully‐programmable access flags

See Table 442.

43.6.1.22 Memory Region Descriptor (MRGD_W3_0_0 - MRGD_W3_12_1)

Offset

Registers in this array exist only for the following combinations of index values.
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Index n Index m

0, 2–3, 8, 11 0–3

1, 4–7, 9–10 0–7

12 0–1

Register Offset

MRGD_W3_n_m 200Ch + (n × 200h) + (m × 20h)

Function

Refer to Memory Region Descriptor (MRGD_W0_0_0 - MRGD_W0_12_1) for description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CR 

0 0
EAL 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CR

Code Region Indicator

Code region indicator (0=data, 1=code); selects between two sets of constant {r,w,x} flags(See Table 
442)

30-29

—

Reserved

28-26

—

Reserved

25-24

EAL

Exclusive Access Lock

This 2-bit field provides a mechanism to dynamically modify the DxACP permission evaluation such that 
only one domain has access permissions at a time. This field is written independently of the rest of the W3 
register. Writes with a value of 00 do not affect the exclusive access lock and are used to update other fields 
of the W1 register. Writes with a non-zero value do not update other fields of the W3 register. Neither the 

Table continues on the next page...
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Table continued from the previous page...

Field Function

global configuration lock nor the descriptor lock applies to this field. See section Exclusive Access Lock 
for details on usage of the exclusive access lock. This field is reserved for devices that do not include the 
exclusive access lock.

00b - Lock disabled

01b - Lock disabled until next reset

10b - Lock enabled, lock state = available

11b - Lock enabled, lock state = not available

23-21

—

Reserved

20-18

—

Reserved

17-15

—

Reserved

14-12

—

Reserved

11-9

—

Reserved

8-6

—

Reserved

5-3

—

Reserved

2-0

—

Reserved

43.6.1.23 Memory Region Descriptor (MRGD_W4_0_0 - MRGD_W4_12_1)

Offset

Registers in this array exist only for the following combinations of index values.

Index n Index m

0, 2–3, 8, 11 0–3

1, 4–7, 9–10 0–7

12 0–1
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Register Offset

MRGD_W4_n_m 2010h + (n × 200h) + (m × 20h)

Function

Refer to Memory Region Descriptor (MRGD_W0_0_0 - MRGD_W0_12_1) for description.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK2 LKAS2 ACCSET2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
LKAS1 ACCSET1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

This field indicates the peripheral domain access control definition is valid. It is further qualified by 
CR[GVLDC] = 1. If CR[GVLDC] is set and VLD is cleared, every access to the peripherals is not allowed.

Any write to MRGD_W[0-3]_n clears the MRGD_W4_n[VLD] indicator so a coherent register state can 
be supported.

0b - The MRGDn assignment is invalid.

1b - The MRGDn assignment is valid.

30-29

LK2

Lock

This 2-bit field provides a mechanism to limit writes to the MRGDn register to protect its contents. Once set, 
these bits individually remain asserted until the next reset.

 
This 2-bit lock does not apply to the EAL field.

  NOTE  

00b - Entire MRGDn can be written.

01b - Entire MRGDn can be written.

10b - Domain x can only update the DxACP field and the LK2 field; no other MRGDn fields can be 
written.

11b - MRGDn is locked (read-only) until the next reset.

28 Lock ACCSET2

Table continues on the next page...
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Table continued from the previous page...

Field Function

LKAS2 If mode = SecurePriv, then writes update all 4 sets of {r,w,x} access flags

If mode = SecureUser, then writes update {SU, NP, NU}{r,w,x} flags, but SP{r,w,x} flags are not affected

 
Any write to MRGD_W[0-3]_n clears the MRGD_W4_n[LKAS2] field.

  NOTE  

0b - Writes to ACCSET2 affect lesser modes

1b - ACCSET2 cannot be modified

27-16

ACCSET2

SET 2 of Programmable access flags.

• BIT 11:9 – SPR, SPW, SPX

SP{R,W,X} Read, write, execute flags for SecPriv mode (SP); flag = 0 inhibits access, flag = 1 
allows access

• BIT 8:6 – SUR, SUW, SUX

SU{R,W,X} Read, write, execute flags for SecUser mode (SU); flag = 0 inhibits access, flag = 1 
allows access

• BIT 5:3 – NPR, NPW, NPX

NP{R,W,X} Read, write, execute flags for NonsecPriv mode (NP); flag = 0 inhibits access, flag = 1 
allows access

• BIT 2:0 – NUR, NUW, NUX

NU{R,W,X} Read, write, execute flags for NonsecUser mode (NU); flag = 0 inhibits access, flag = 1 
allows access

 
Any write to MRGD_W[0-3]_n clears the MRGD_W4_n[ACCSET2] field.

  NOTE  

15-13

—

Reserved

12

LKAS1

Lock ACCSET1

If mode = SecurePriv, then writes update all 4 sets of {r,w,x} access flags

If mode = SecureUser, then writes update {SU, NP, NU}{r,w,x} flags, but SP{r,w,x} flags are not affected

 
Any write to MRGD_W[0-3]_n clears the MRGD_W4_n[LKAS1] field.

  NOTE  

0b - Writes to ACCSET1 affect lesser modes

1b - ACCSET1 cannot be modified

11-0

ACCSET1

SET 1 of Programmable access flags.

• BIT 11:9 – SPR, SPW, SPX

Table continues on the next page...
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Table continued from the previous page...

Field Function

SP{R,W,X} Read, write, execute flags for SecPriv mode (SP); flag = 0 inhibits access, flag = 1 
allows access

• BIT 8:6 – SUR, SUW, SUX

SU{R,W,X} Read, write, execute flags for SecUser mode (SU); flag = 0 inhibits access, flag = 1 
allows access

• BIT 5:3 – NPR, NPW, NPX

NP{R,W,X} Read, write, execute flags for NonsecPriv mode (NP); flag = 0 inhibits access, flag = 1 
allows access

• BIT 2:0 – NUR, NUW, NUX

NU{R,W,X} Read, write, execute flags for NonsecUser mode (NU); flag = 0 inhibits access, flag = 1 
allows access

 
Any write to MRGD_W[0-3]_n clears the MRGD_W4_n[ACCSET1] field.

  NOTE  

43.6.1.24 Memory Slot Access Control (MSAC_W0_0_0 - MSAC_W0_2_6)

Offset

Registers in this array exist only for the following combinations of index values.

Index c Index s

0 0–1

1 0

2 0–6

Register Offset

MSAC_W0_c_s 4000h + (c × 400h) + (s × 8h)

Function

The MSAC_Wr_c_s registers provide a 3-dimensional data structure for defining access control policies per domain for each 
implemented memory slot. Refer to the Access control policies table below . There are 2 word-sized registers assigned for each 
memory "address slot" (Wr).

Each Wr within the MSACs structure is a word-sized definition; a total of two words (64 bits) is needed to define the access control 
policies for all the domains.

These registers also allow an exclusive access lock to be optionally included in the access control evaluation for memory slots 
shared by multiple domains. If enabled, the state of the lock dynamically modifies the access control policies so that only the 
domain "owning" it has write permission into the memory slot. The write permissions for all other domains are revoked based on 
the lock state. If the lock is disabled, the DxACP fields are evaluated normally.
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The MSC submodule uses the memory access address to select the appropriate MSACs register, and then uses the domain 
identifier associated with the access to select the appropriate DxACP field. The selected DxACP field is then evaluated against the 
attributes associated with the memory transaction to determine the validity of the access. See DxACP evaluation for more details. 
If allowed, the access proceeds, else an access violation is signaled, the transfer error terminated and the appropriate address 
and attribute information captured in the corresponding error detail registers.

Access: Secure Read/write

Table 443. Access control policies

Policy SecurePriv SecureUser NonsecurePriv NonsecureUser

111 r, w r, w r, w r, w

110 r, w r, w r, w none

101 r, w r, w r r

100 r, w r, w none none

011 r, w r none none

010 r, w none none none

001 r none none none

000 none none none none

Access: Secure Read/write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 EALO 
D7ACP D6ACP D5ACP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D5AC
P 

D4ACP D3ACP D2ACP D1ACP D0ACP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

—

Reserved

29-28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-24

EALO

Excessive Access Lock Owner

When EAL=11, this 4-bit read only field indicates which domain owns the exclusive access lock. See section 
Exclusive Access Lock for details on usage of the exclusive access lock. This field is reserved for devices 
that do not include the exclusive access lock.

23-21

D7ACP

Domain 7 access control policy

Refer to Domain 0 access control policy.

20-18

D6ACP

Domain 6 access control policy

Refer to Domain 0 access control policy.

17-15

D5ACP

Domain 5 access control policy

Refer to Domain 0 access control policy.

14-12

D4ACP

Domain 4 access control policy

Refer to Domain 0 access control policy.

11-9

D3ACP

Domain 3 access control policy

Refer to Domain 0 access control policy.

8-6

D2ACP

Domain 2 access control policy

Refer to Domain 0 access control policy.

5-3

D1ACP

Domain 1 access control policy

Refer to Domain 0 access control policy.

2-0

D0ACP

Domain 0 access control policy

This field defines the access control rights for the selected domain. The encodings specify read and write 
access capabilities based on the 4 operating states. These fields are only implemented for supported 
domainIDs; unsupported domainIDs are not implemented and default to a zero value providing no 
access rights.

Refer to the table Table 443

43.6.1.25 Memory Slot Access Control (MSAC_W1_0_0 - MSAC_W1_2_6)

Offset

Registers in this array exist only for the following combinations of index values.

Index c Index s

0 0–1

Table continues on the next page...
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Table continued from the previous page...

Index c Index s

1 0

2 0–6

Register Offset

MSAC_W1_c_s 4004h + (c × 400h) + (s × 8h)

Function

Refer to the "Memory Slot Access Control (MSAC_W0_c_s)" section for the description.

Access: Secure Read/write

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD LK2 

0
EAL 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VLD

Valid

Valid. This field indicates the memory slot access control definition is valid. It is further qualified by 
CR[GVLDP] = 1 and fuse_deny_by_default.

• fuse_deny_by_default = 0

If CR[GVLDP] or this VLD flag is cleared, all accesses to the memory slot are allowed.

• fuse_deny_by_default = 1

During DBD mode, this field and descriptor are not used for access evaluation.

After exiting DBD mode, if VLD is set, accesses to the slot are evaluated against the the memory 
slot access control register. If VLD field is cleared, accesses to this slot are evaluated against the 
deny_by_default access control policy.

Any write to MSAC_W0_s clears the MSAC_W1_s[VLD] indicator so a coherent register state can 
be supported.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - The MSACs assignment is invalid.

1b - The MSACs assignment is valid.

30-29

LK2

Lock

This 2-bit field provides a mechanism to limit writes to the MSACs register to protect its contents. Once set, 
these bits individually remain asserted until the next reset.

 
This 2-bit lock does not apply to the EAL field.

  NOTE  

00b - Entire MSACs can be written.

01b - Entire MSACs can be written.

10b - Domain x can only update the DxACP field and the LK2 field; no other MSACs fields can be 
written.

11b - MSACs is locked (read-only) until the next reset.

28-26

—

Reserved

25-24

EAL

Exclusive Access Lock

This 2-bit field provides a mechanism to dynamically modify the DxACP permission evaluation such that 
only one domain has access permissions at a time. This field is written independently of the rest of the W1 
register. Writes with a value of 00 do not affect the exclusive access lock and are used to update other 
fields of the W1 register. Writes with a non-zero value do not update other fields of the W1 register. Neither 
the global configuration lock nor the descriptor lock apply to this field. See section Exclusive Access Lock 
for details on usage of the exclusive access lock. This field is reserved for devices that do not include the 
exclusive access lock.

00b - Lock disabled

01b - Lock disabled until next reset

10b - Lock enabled, lock state = available

11b - Lock enabled, lock state = not available

23-21

—

Reserved

20-18

—

Reserved

17-15

—

Reserved

14-12 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

11-9

—

Reserved

8-6

—

Reserved

5-3

—

Reserved

2-0

—

Reserved

43.7 Functional description
This section provides more details on the operation and implementation of the XRDC submodules.

43.7.1 Deny By Default Mode
The fuse input, FUSE_DENY_BY_DEFAULT, determines if Deny By Default mode (DBD) is enabled out of reset. If the fuse is not 
blown, the XRDC does not monitor any accesses until its checkers are programmed and it is globally enabled.

If FUSE_DENY_BY_DEFAULT is blown, the XRDC enters DBD mode as reset negates. In this mode, all accesses are denied 
by default *EXCEPT* for the DIDs that are allowed via configuration parameters (XRDC_USE_DBD_FUSE, XRDC_DBD_DID) or 
fuses (FUSE_RDC_CPU_CONFIG). Accesses that are denied by default are terminated with a bus error.

The XRDC must be fully programmed - all permissions for memory regions/memory slots and peripheral slots are programmed 
*before* enabling the XRDC via simultaneous assertion of XRDC_CR[GVLDC ,GVLDP, GVLDM].

The XRDC exits DBD mode when XRDC_CR[GVLDC ,GVLDP ,GVLDM] bits are all asserted. The CR[GVLD*] bits are sticky and 
the XRDC remains enabled until the next reset.

The XRDC peripheral access and memory slot controllers (PACs and MSCs) have different behavior when 
FUSE_DENY_BY_DEFAULT is blown and DBD mode has been exited. For peripheral slots that are not valid, the deny 
by default permissions are enforced on accesses to the slot, even when not in DBD mode. To disallow r/w accesses to the slot, 
the descriptor must be programmed and its valid bit asserted.

43.7.2 Manager (XRDC_MGR)
The MGR submodule is responsible for coordinating XRDC's programming model reads and writes.

The complete programming model is large, requiring four 4-Kbyte slave peripheral address space slots, although most devices 
define a sparsely populated subset. Additionally, the programming model is distributed across the various submodule instances 
(MDAC, MRC, PAC, MSC). The MGR submodule provides the required hardware management for all programming model 
accesses, generating and distributing the appropriate address decodes and write data to the MDAC, MRC, PAC and MSC 
submodule instances, collecting and combining all the register read data buses and responses.

MGR implements the Control Register, all the read-only hardware configuration registers (HWCFG[0-3], MDACFGn, MRCFG) 
and the program-visible versions of the domain error capture registers. To support the domain error reporting functionality, the 
MGR submodule collects the individual captured error indicator output signals from all the submodule instances and remaps them 
so they are organized into a instance bitmap by domain as specified by the DERRLOCn register array.
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43.7.3 Master Domain Assignment Controller (XRDC_MDAC)
The MDAC submodule is responsible for the generation of the domainID on every memory transaction for every bus master in 
the device. The resulting domainID and {nonsecure, privileged} signals are generated and then treated as address attributes and 
associated with each transaction as it moves through the system.

MDAC modules that drive the domainIDs (DIDs) for processor cores include an option of processor-identifier (PID) matching in 
order to select between DIDs. This is accomplished by first enabling PID checking by setting XRDC_MDA_Wm_n[PE] = [2,3]. 
With PID matching enabled, a domain hit is determined by matching XRDC_MDA_Wm_n[PID] with the PID input or PID in the 
XRDC_PID register. The PIDM field can be used to match specific groups of PIDs.

As a simple example, assume a system with two domainIDs.

• domainID 1 is for critical tasks (“critical” is system-specific and may refer to timing, safety, and so on.).

• domainID 2 is for non-critical tasks.

• Two domainIDs require two MDA_Wm_n registers, MDA_W0 and MDA_W1.

Further assume the processor’s task identifier defines whether a task is critical or non-critical as defined by system software.

• PIDs [0-15] are assigned to critical tasks.

• PIDs != [0-15] are assigned to noncritical tasks.

During startup, software initializes the MDA_W[0-1] registers. MDA_W0 defines DID = 1 for PIDs [0-15] and MDA_W1 defines DID 
= 2 for PIDs != [0-15].

1. MDA_W0 = 0x8000_0F81

• VLD = 1

• PID = 0x0

• PIDM = 0xF

• PE = 2

• DIDS = 0

• DID = 1

2. MDA_W1 = 0x8000_0FC2

• VLD = 1

• PID = 0x0

• PIDM = 0xF

• PE = 3

• DIDS = 0

• DID = 2

As the processor executes, it loads the appropriate task ID into its PID register as the task is started. The processor’s PID register 
value is input to the corresponding MDAC module and used by the MDA_Wm comparison logic. The system then dynamically 
generates two domainIDs and the downstream XRDC access check logic can distinguish and enforce different access control 
rights based on the different domainIDs.

A special mode is provided for driving the DID of non-processor masters. This is enabled with the DID bypass (DIDB) bit.  The 
MDAC has a DID input that can be driven by a master and used directly as the DID output.  This allows variability in the DID as 
dictated by the master and is intended to be used by DMA masters that masquerade as, (that is, drive the DID of) the master that 
programmed it. 

NXP Semiconductors
Extended Trusted Resource Domain Controller (XRDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2803 / 5781



 
Do not change the XRDC_MDAC configuration of a master while that master is active and XRDC_CR[GVLD] is set.

  NOTE  

  
  1 // MDAC registers
  2 unsigned int    xrdc_hwcfg0;
  3 unsigned int    xrdc_hwcfg2;
  4 unsigned int    xrdc_hwcfg3;
  5 unsigned char   xrdc_mdacfg[64];
  6 unsigned int    xrdc_pid[64];
  7 unsigned int    xrdc_mda[64][8];
  8 
  9 // miscellaneous global variables
 10 unsigned int    xrdc_cr_gvld;
 11 
 12 evaluate_MDA (instance_number,nonsecure_in,priv_in,master_in,pid_in,did_in)
 13   unsigned int  instance_number;  // master instance number
 14   unsigned int  nonsecure_in;     // nonsecure input attribute
 15   unsigned int  priv_in;          // privileged input attribute
 16   unsigned int  master_in;        // master number input attribute
 17   unsigned int  pid_in;           // process identifier input attribute
 18   unsigned int  did_in;           // domain identifier input attribute
 19 
 20   unsigned int  NMDAR;            // number of master domain assignment regs
 21   unsigned int  NCM;              // non-core master indicator
 22   unsigned int  local_vld;        // local register valid
 23   unsigned int  local_pid;        // local copy of process identifier
 24   unsigned int  local_nonsecure;  // local copy of nonsecure attribute
 25   unsigned int  tsm_register;     // tsm (3-state model) from xrdc_pid[n]
 26   unsigned int  hwcfg23_pid_in;   // select pid_in from xrdc_hwcfg{2,3}[n]
 27   unsigned int  pid_register;     // pid  register from xrdc_mda[n][m]
 28   unsigned int  pidm_register;    // pidm register from xrdc_mda[n][m]
 29   unsigned int  local_did;        // local copy of did
 30   unsigned int  i,j;              // loop counters
 31 
 32   // evaluation of domain assignments and generation of domain identifier
 33   // this evaluation and generation of the DID requires multiple steps
 34   // if MDAn == non-core master {
 35   //    select specified DID   = (DIDB) ? did_in : xrdc_mda_w0[did]
 36   //    generate {nonsecure, privileged} attributes = f(xrdc_mda_w0[sa,pa]
 37   // }  else {
 38   //    MDAn == processor core
 39   //    select local_pid       = ((xrdc_hwcfg{2,3} & (1 << n)) != 0)
 40   //                           ?   pid_in : xrdc_pid[n]
 41   //    extract pid_register  from xrdc_mda_wm_n[21:16 == pid]
 42   //    extract pidm_register from xrdc_mda_wm_n[13: 8 == pidm]
 43   //    select local_did       = f(xrdc_mda_wm_n[ 5: 4 == dids])
 44   //    generate did_out       = f(xrdc_mda_wm_n[ 7: 6 == pe])
 45   //    select local_nonsecure = f(tsm, xrdc_hwcfg{2,3} & (1 <<n))
 46   //                           = nonsecure_in, (xrdc_pid[n] & 0x20) >> 5,
 47   //                                                 pid_in & 0x20) >> 5
 48   //    generate nonsecure_out
 49   //    generate privileged_out
 50   // }
 51 
 52   i = instance_number;                  // index into programming model
 53 
 54   // determine the number of MDA_Wm_n registers for this master and type
 55   NMDAR =  xrdc_mdacfg[i] & 0xf;        // # of mda domain assignment regs
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 56   NCM   = (xrdc_mdacfg[i] & 0x80) >> 7; // non-core master
 57 
 58   if (xrdc_cr_gvld == 0) {              // pass default value if gvld = 0
 59       nonsecure_out[i]  = nonsecure_in[i];
 60       privileged_out[i] = priv_in[i];
 61       did_out[i]        = master_in[i];
 62   } else {
 63 
 64       nonsecure_out[i]  = 0;
 65       privileged_out[i] = 0;
 66       did_out[i]        = 0;
 67 
 68       for (j = 0; j < NMDAR; j++) {
 69           if (NCM == 1) {               // check for non-core master
 70               // check for valid, dftm = 1
 71               if ((xrdc_mda[i][j] & 0xa0000000) == 0xa0000000) {
 72                   did_out[i] |= ((xrdc_mda[i][j] & 0x100) != 0)
 73                               ?  did_in[i]                 // bypass did_in[i]
 74                               :  xrdc_mda[i][j] & 0xf;  // source mda[did]
 75 
 76                   // define the nonsecure, priviledge attributes
 77                   // isolate sa, pa fields
 78                   switch ((xrdc_mda[i][j] & 0xf0) >> 4) {
 79                       case 0x0:                         // sa = 00, pa = 00
 80                           nonsecure_out[i]  = 0;
 81                           privileged_out[i] = 0;
 82                           break;
 83 
 84                       case 0x1:                         // sa = 00, pa = 01
 85                           nonsecure_out[i]  = 0;
 86                           privileged_out[i] = 1;
 87                           break;
 88 
 89                       case 0x2:                         // sa = 00, pa = 10
 90                       case 0x3:                         // sa = 00, pa = 11
 91                           nonsecure_out[i]  = 0;
 92                           privileged_out[i] = priv_in[i];
 93                           break;
 94 
 95                       case 0x4:                         // sa = 01, pa = 00
 96                           nonsecure_out[i]  = 1;
 97                           privileged_out[i] = 0;
 98                           break;
 99 
100                       case 0x5:                         // sa = 01, pa = 01
101                           nonsecure_out[i]  = 1;
102                           privileged_out[i] = 1;
103                           break;
104 
105                       case 0x6:                         // sa = 01, pa = 10
106                       case 0x7:                         // sa = 01, pa = 11
107                           nonsecure_out[i]  = 1;
108                           privileged_out[i] = priv_in[i];
109                           break;
110 
111                       case 0x8:                         // sa = 10, pa = 00
112                       case 0xc:                         // sa = 11, pa = 00
113                           nonsecure_out[i]  = nonsecure_in[i];
114                           privileged_out[i] = 0;
115                           break;
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116 
117                       case 0x9:                         // sa = 10, pa = 01
118                       case 0xd:                         // sa = 11, pa = 01
119                           nonsecure_out[i]  = nonsecure_in[i];
120                           privileged_out[i] = 1;
121                           break;
122 
123                       case 0xa:                         // sa = 10, pa = 10
124                       case 0xb:                         // sa = 10, pa = 11
125                       case 0xe:                         // sa = 11, pa = 10
126                       case 0xf:                         // sa = 11, pa = 11
127                           nonsecure_out[i]  = nonsecure_in[i];
128                           privileged_out[i] = priv_in[i];
129                           break;
130                   }
131               }
132           } else {                                      // core master
133                   // define the local_pid for this master
134                   if (i < 32) {                         // chk pidp0
135                       hwcfg23_pid_in  = ((xrdc_hwcfg2 & (1 << i)) == 1);
136                       local_pid       =  (hwcfg23_pid_in)
137                                       ?   pid_in[i]               // bypass
138                                       :  (xrdc_pid[i] & 0xff); // source pid
139                   
140                   } else {                                     // chk pidp1
141                       hwcfg23_pid_in  = ((xrdc_hwcfg3 & (1 << i)) == 1);
142                       local_pid       =  (hwcfg23_pid_in == 1)
143                                       ?   pid_in[i]               // bypass
144                                       :  (xrdc_pid[i] & 0xff); // source pid
145                   }
146                       
147                   // select the specified did source as "local_did"
148                   switch ((xrdc_mda[i][j] & 0x30) >> 4)   {    // get dids
149                       case 0:                                  // dids = 00
150                           local_did   = xrdc_mda[i][j] & 0xf;
151                           break;
152 
153                       case 1:                                  // dids = 01
154                           local_did   = did_in[i];
155                           break;
156 
157                       case 2:                                  // dids = 10
158                       case 3:                                  // dids = 11
159                           local_did   = (xrdc_mda[i][j] & 0xc)
160                                       | (did_in[i] & 0x3);
161                           break;
162                   }
163 
164                   // optionally include pid & pidm combination in did eval
165                   // extract pid and pidm fields from the xrdc_mda register
166                   pid_register  = (xrdc_mda[i][j] & 0x3f0000) >> 16;
167                   pidm_register = (xrdc_mda[i][j] & 0x3f00)   >>  8;
168 
169                   switch ((xrdc_mda[i][j] & 0xc0) >> 6) {      // get pe
170                       case 0:                                  // pe = 00
171                       case 1:                                  // pe = 01
172                           did_out[i] |= local_did;             // src local
173                           break;
174 
175                       // pe = 10; include  pid/pidm compare
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176                       case 2: 
177                           if ((pid_register & ~pidm_register) ==
\                                    (local_pid & ~pidm_register)) {
178                               did_out[i] |= local_did;         // src local
179                           }
180                           break;
181 
182                       // pe = 11; include ~pid/pidm compare
183                       case 3:
184                           if ((pid_register & ~pidm_register) !=
\                                    (local_pid & ~pidm_register)) {
185                               did_out[i] |= local_did;         // src local
186                           }
187                           break;
188                   }
189 
190                   // generate nonsecure_out and privileged_out attributes
191                   // nonsecure_out = f(xrdc_pid[tsm], hwcfg23_pid_in,
\                                          local_pid[5], priv_in)
192                   // define the local_nonsecure for this master
193                   tsm_register    = ((xrdc_pid[i] & 0x10000000) >> 28);
194                   local_nonsecure =  (tsm_register)
195                                   ? ((local_pid & 0x20) >> 5)
196                                   :   nonsecure_in;
197 
198                   switch ((tsm_register << 1) | hwcfg23_pid_in) {
199                       case 0:
200                           nonsecure_out[i] |= local_nonsecure;
201                           break;
202                       case 1:
203                       case 2:
204                       case 3:
205                           nonsecure_out[i] |= local_nonsecure & ~priv_in[i];
206                           break;
207                   }
208 
209                   privileged_out[i] |= priv_in[i];
210           }
211       }   
212   }   
213 }

43.7.4 Special 4-State Model
When the special 4-state model (SP4SM) is enabled, a Mealy finite state machine in each processor MDACn tracks the current 
2-bit access mode and generates specific domainIDs for specific modes.

The mode states and their transitions are shown in the diagram. In this configuration, the access mode states include SecurePriv 
(10), SecureUser (11), NonecurePriv (00) and NonsecureUser (01) .
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Figure 286. Secure SP4SM

43.7.5 DxACP evaluation
Fundamental to the XRDC's operation is the actual access violation check performed by the memory region (MRC) and peripheral 
access (PAC) controllers.

Previous descriptions have detailed the domain assignment mechanisms and the tracking of the domain identifier as an address 
attribute through the system bus switching fabric(s). As transactions reach the slave memory and peripheral controllers, the 
address is used to select the appropriate memory region descriptor or peripheral access control register. Once the appropriate 
register has been selected, the next function is the actual access evaluation.

For this step, the domainID of the current transaction selects the appropriate 3-bit DxACP (domain "x" access control policy) from 
the source register. The DxACP field defines the access rights for the domain based on the 4-level model combined with the 
transaction's access attributes (read = 0/write = 1, secure = 0/nonsecure = 1, user = 0/privileged = 1).

The 4-level model is defined by the concatenation of two address attributes: secure/nonsecure and user/privileged attributes. 
These two attribute signals (nonsecure, privileged) and the resulting access levels are defined as:

        if {nonsecure, privileged} == 0b01, then level = SecurePriv(ileged)
        if {nonsecure, privileged} == 0b00, then level = SecureUser
        if {nonsecure, privileged} == 0b11, then level = NonsecurePriv(ileged)
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        if {nonsecure, privileged} == 0b10, then level = NonsecureUser
    

Recall the resulting hierarchical access control model specifies:

SecurePriv > SecureUser > NonsecurePriv > NonsecureUser

The XRDC's evaluation of the access control policy is defined by Table 444.

Table 444. Domain x Access Control Policy Definition

Allowable Accesses

Policy
Secure

Priv

Secure

User

Nonsecure

Priv

Nonsecure

User

111 r, w r, w r, w r, w

110 r, w r, w r, w none

101 r, w r, w r r

100 r, w r, w r none

011 r, w r, w none none

010 r, w none none none

001 r r none none

000 none none none none

Unimplemented domains default to an all-zero DxACP field providing no access rights.

    1   evaluate_DxACP (regw0, regw1, did, nonsecure, privileged, write)
    2       unsigned int    regw0;
    3       unsigned int    regw1;
    4       unsigned int    did;
    5       unsigned int    nonsecure;
    6       unsigned int    privileged;
    7       unsigned int    write;
    8   
    9   {
   10       unsigned int    DxACP;              // 3-bit access control policy
   11       unsigned int    i;
   12       unsigned int    access_error;
   13   
   14       // select the DxACP field from the <reg>w{0,1}
   15       if (did < 8)
   16               DxACP = (regw0 >> (3*did))       & 0x7; // extract DxACP
   17       else
   18               DxACP = (regw1 >> (3*(did & 7))) & 0x7; // extract DxACP
   19   
   20       // build a 6-bit concatenation of read/write + 3-bit DxACP + 2 attributes
   21       i = (write << 5)
   22         | (DxACP << 2)
   23         | (nonsecure << 1)
   24         |  privileged;
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   25       
   26       switch (i) {
   27       
   28           // DxACP =       {SecPriv,SecUser,NscPriv, NscUser}
   29           // DxACP = 000 = {none,   none,   none,    none}
   30           case 0x00:    // {write, DxACP, nonsecure, priv} = 0, 000, 00
   31           case 0x01:    // {write, DxACP, nonsecure, priv} = 0, 000, 01
   32           case 0x02:    // {write, DxACP, nonsecure, priv} = 0, 000, 10
   33           case 0x03:    // {write, DxACP, nonsecure, priv} = 0, 000, 11
   34           case 0x20:    // {write, DxACP, nonsecure, priv} = 1, 000, 00
   35           case 0x21:    // {write, DxACP, nonsecure, priv} = 1, 000, 01
   36           case 0x22:    // {write, DxACP, nonsecure, priv} = 1, 000, 10
   37           case 0x23:    // {write, DxACP, nonsecure, priv} = 1, 000, 11
   38               access_error = 1;
   39               break;
   40           
   41           // DxACP = 001 = {r   ,   r   ,   none,    none}
   42           case 0x04:    // {write, DxACP, nonsecure, priv} = 0, 001, 00
   43           case 0x05:    // {write, DxACP, nonsecure, priv} = 0, 001, 01
   44               access_error = 0;
   45               break;
   46           case 0x06:    // {write, DxACP, nonsecure, priv} = 0, 001, 10
   47           case 0x07:    // {write, DxACP, nonsecure, priv} = 0, 001, 11
   48           case 0x24:    // {write, DxACP, nonsecure, priv} = 1, 001, 00
   49           case 0x25:    // {write, DxACP, nonsecure, priv} = 1, 001, 01
   50           case 0x26:    // {write, DxACP, nonsecure, priv} = 1, 001, 10
   51           case 0x27:    // {write, DxACP, nonsecure, priv} = 1, 001, 11
   52               access_error = 1;
   53               break;
   54           
   55           // DxACP = 010 = {r+w ,   none,   none,    none}
   56           case 0x09:    // {write, DxACP, nonsecure, priv} = 0, 010, 01
   57           case 0x29:    // {write, DxACP, nonsecure, priv} = 1, 010, 01
   58               access_error = 0;
   59               break;
   60           case 0x08:    // {write, DxACP, nonsecure, priv} = 0, 010, 00
   61           case 0x0a:    // {write, DxACP, nonsecure, priv} = 0, 010, 10
   62           case 0x0b:    // {write, DxACP, nonsecure, priv} = 0, 010, 11
   63           case 0x28:    // {write, DxACP, nonsecure, priv} = 1, 010, 00
   64           case 0x2a:    // {write, DxACP, nonsecure, priv} = 1, 010, 10
   65           case 0x2b:    // {write, DxACP, nonsecure, priv} = 1, 010, 11
   66               access_error = 1;
   67               break;
   68           
   69           // DxACP = 011 = {r+w ,   r+w ,   none,    none}
   70           case 0x0c:    // {write, DxACP, nonsecure, priv} = 0, 011, 00
   71           case 0x0d:    // {write, DxACP, nonsecure, priv} = 0, 011, 01
   72           case 0x2c:    // {write, DxACP, nonsecure, priv} = 1, 011, 00
   73           case 0x2d:    // {write, DxACP, nonsecure, priv} = 1, 011, 01
   74               access_error = 0;
   75               break;
   76           case 0x0e:    // {write, DxACP, nonsecure, priv} = 0, 011, 10
   77           case 0x0f:    // {write, DxACP, nonsecure, priv} = 0, 011, 11
   78           case 0x2e:    // {write, DxACP, nonsecure, priv} = 1, 011, 10
   79           case 0x2f:    // {write, DxACP, nonsecure, priv} = 1, 011, 11
   80               access_error = 1;
   81               break;
   82           
   83           // DxACP = 100 = {r+w ,   r+w ,   r   ,    none}
   84           case 0x10:    // {write, DxACP, nonsecure, priv} = 0, 100, 00
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   85           case 0x11:    // {write, DxACP, nonsecure, priv} = 0, 100, 01
   86           case 0x13:    // {write, DxACP, nonsecure, priv} = 0, 100, 11
   87           case 0x30:    // {write, DxACP, nonsecure, priv} = 1, 100, 00
   88           case 0x31:    // {write, DxACP, nonsecure, priv} = 1, 100, 01
   89               access_error = 0;
   90               break;
   91           case 0x12:    // {write, DxACP, nonsecure, priv} = 0, 100, 10
   92           case 0x32:    // {write, DxACP, nonsecure, priv} = 1, 100, 10
   93           case 0x33:    // {write, DxACP, nonsecure, priv} = 1, 100, 11
   94               access_error = 1;
   95               break;
   96           
   97           // DxACP = 101 = {r+w ,   r+w ,   r   ,    r   }
   98           case 0x14:    // {write, DxACP, nonsecure, priv} = 0, 101, 00
   99           case 0x15:    // {write, DxACP, nonsecure, priv} = 0, 101, 01
  100           case 0x16:    // {write, DxACP, nonsecure, priv} = 0, 101, 10
  101           case 0x17:    // {write, DxACP, nonsecure, priv} = 0, 101, 11
  102           case 0x34:    // {write, DxACP, nonsecure, priv} = 1, 101, 00
  103           case 0x35:    // {write, DxACP, nonsecure, priv} = 1, 101, 01
  104               access_error = 0;
  105               break;
  106           case 0x36:    // {write, DxACP, nonsecure, priv} = 1, 101, 10
  107           case 0x37:    // {write, DxACP, nonsecure, priv} = 1, 101, 11
  108               access_error = 1;
  109               break;
  110           
  111           // DxACP = 110 = {r+w ,   r+w ,   r+w ,    none}
  112           case 0x18:    // {write, DxACP, nonsecure, priv} = 0, 110, 00
  113           case 0x19:    // {write, DxACP, nonsecure, priv} = 0, 110, 01
  114           case 0x1b:    // {write, DxACP, nonsecure, priv} = 0, 110, 11
  115           case 0x38:    // {write, DxACP, nonsecure, priv} = 1, 110, 00
  116           case 0x39:    // {write, DxACP, nonsecure, priv} = 1, 110, 01
  117           case 0x3b:    // {write, DxACP, nonsecure, priv} = 1, 110, 11
  118               access_error = 0;
  119               break;
  120           case 0x1a:    // {write, DxACP, nonsecure, priv} = 0, 110, 10
  121           case 0x3a:    // {write, DxACP, nonsecure, priv} = 1, 110, 10
  122               access_error = 1;
  123               break;
  124           
  125           // DxACP = 111 = {r+w ,   r+w ,   r+w ,    r+w }
  126           case 0x1c:    // {write, DxACP, nonsecure, priv} = 0, 111, 00
  127           case 0x1d:    // {write, DxACP, nonsecure, priv} = 0, 111, 01
  128           case 0x1e:    // {write, DxACP, nonsecure, priv} = 0, 111, 10
  129           case 0x1f:    // {write, DxACP, nonsecure, priv} = 0, 111, 11
  130           case 0x3c:    // {write, DxACP, nonsecure, priv} = 1, 111, 00
  131           case 0x3d:    // {write, DxACP, nonsecure, priv} = 1, 111, 01
  132           case 0x3e:    // {write, DxACP, nonsecure, priv} = 1, 111, 10
  133           case 0x3f:    // {write, DxACP, nonsecure, priv} = 1, 111, 11
  134               access_error = 0;
  135               break;
  136       }
  137   
  138       return access_error;
  139   }

After the DxACP evaluation is complete and the access error signal generated, the transaction is allowed to continue if it 
has sufficient access rights, else the access is aborted with the address and attribute information captured in the appropriate 
error registers.
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43.7.6 Exclusive Access Lock
The exclusive access lock is a hardware mechanism to dynamically modify the DxACP permission evaluation such that only one 
domain has access to a peripheral or memory region at any given time. Once an exclusive access lock is enabled, it is enabled 
until the next reset and the lock must be acquired by a domain to enable its access permissions. Only one domain can own the 
lock at a time and only the lock owner’s access permissions are enabled, read and write permissions for all other domains are 
revoked. Some devices do not have exclusive access locks, see the appropriate section of the reference manual to determine if 
a device includes this feature.

Owning an exclusive access lock only enables permissions granted by the DxACP field, it does not grant permissions. Only 
domains with some read or write permissions (non-zero DxACP value) can acquire or release a lock. A lock can be held 
indefinitely. Typically a lock is released after required accesses are completed to allow other domains to acquire the lock as 
needed. In normal operation, only the domain that owns the lock can release it. There is a safeguarded means for a domain which 
does not own a lock to force a lock release.

The exclusive access lock is enabled, acquired and released by writing to the 2-bit EAL descriptor field. Neither the global 
configuration lock nor the descriptor lock applies to this field. The EAL field can be written to independently of the rest of the 
descriptor fields. Non-zero writes (01,10,11) to the EAL field do not affect other fields of the register. Likewise, a write of 00 does 
not affect the exclusive access lock and other fields of the register are updated. This convention eliminates the need to perform a 
read, modify, write operation to control the exclusive access lock. For devices without the exclusive access lock feature, the EAL 
field is a read only, reserved space and register writes are not affected by non-zero writes to the EAL field.

The EAL values are shown table below.

EAL Lock Enabled Lock State Access Permissions Allowed Transitions

00 No --- Per DxACP evaluation 01 disable lock

10 enable lock

01 No --- Per DxACP evaluation None

10 Yes Available Write permissions 
revoked for all domains

11 acquire lock

11 Yes Not available Per DxACP evaluation 
for the domain that 
owns the lock, write 
permissions revoked 
for all other domains

10 release lock

If EAL=11, the owner of the lock is indicated by the 4-bit, read only EALO field. The EALO field is used in the lock acquisition 
procedure to determine when the lock acquisition is successful. Domains with a DxACP field value of 000 cannot acquire or 
release the lock.

The EAL field has a reset value of 00 which disables the exclusive access lock. The lock is disabled until the next reset by writing 
0x01000000 to the W1 register (PAC/MSC) or W3 register (MRC) which sets EAL=01. Alternatively, the exclusive access lock is 
enabled until the next reset and set to the available state by writing 0x02000000 to the W1 register (PAC/MSC) or W3 register 
(MRC) which sets EAL=10.

Once the exclusive access lock is enabled, domains must acquire the lock to enable their access permissions. Only one domain 
can own the lock at a time. The procedure for acquiring the lock is as follows:

1. Set EAL = 11 by writing 0x03000000 to the W1 register (PAC/MSC) or W3 register (MRC)

2. Read EALO

3. If EALO = DID then the lock is acquired, else delay and repeat steps 1-3.

The DID value can be determined by reading the SR.
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The exclusive access lock is released by writing 0x02000000 to the W1 register (PAC/MSC) or W3 register (MRC) which sets 
EAL=10. Only the domain that owns the lock (EALO=DID) may release the lock with the normal lock release write.

A lock can be forced to the available state (EAL=10) by a domain that does not own the lock through the forced lock release 
procedure. The procedure to force an exclusive access lock release is as follows:

1. Write 0x02000046 to W1 register (PAC/MSC) or W3 register (MRC)

2. Write 0x02000052 to W1 register (PAC/MSC) or W3 register (MRC)

Only the EAL field and the least significant byte of the forced release writes are significant and detected by hardware. The two 
writes must be consecutive, any intervening write to the register resets the sequence. No other register fields are affected by 
the forced release write. Once the lock is released, it can be acquired by any domain. As a convention, normal lock release 
writes should use 0x02000000 to clearly distinguish normal release writes from other configuration register writes and forced 
release writes.

43.7.7 Memory Region Controller (XRDC_MRC)
The XRDC's Memory Region Controller provides domain-based, hardware access control for all system bus references targeted 
at non-peripheral memory spaces. Using pre-programmed region descriptors which define memory spaces and their associated 
access rights per domain identifier, the MRC concurrently monitors system bus transactions and evaluates the appropriateness 
of each transfer. Memory references that have sufficient access control rights are allowed to complete, while references that are 
not mapped to any region descriptor or have insufficient rights are terminated with an access error response.

The XRDC architectural framework supports up to 16 MRC instances, where each MRC instance can support {4, 8, 12, 16} region 
descriptors, concurrently monitoring up to 8 slave memory ports. Note, monitoring an AXI protocol port counts as two ports since 
there are independent read address and write address channels. Conversely, an AHB connection counts as a single port.

A partial, simplified one-dimensional block diagram of an instance of the MRC module is shown in Figure 287. In this figure, a single 
slave bus port is shown. When the remaining slave ports are considered, the MRC hardware's two-dimensional connection matrix, 
broadcasting each system bus slave port access across the implemented memory region descriptors, is the resulting structure 
with the basic access evaluation macro shown as the replicated submodule block. In Figure 287, the system bus fabric slave port 
is shown on the left, the memory region descriptor registers are in the middle, and the peripheral bus interface on the right side. 
The evaluation macro contains two magnitude comparators connected to the start and end address registers from each region 
descriptor as well as the combinational logic blocks to determine the region hit and, based on the domainID associated with the 
reference, access violations.
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Figure 287. MRC access evaluation macro hardware structure

For each access, the MRC hardware performs a two-step evaluation process. First, the access is compared to all memory region 
descriptors to determine hit/miss status, and then, using the domainID associated with the reference plus the address attributes 
{write, nonsecure, privileged}, the access rights are examined using the method detailed in DxACP evaluation.

43.7.7.1 Memory region descriptor hit determination

To determine if the current reference hits in a given region, two magnitude comparators are used in conjunction with the region's 
start and end addresses. The boolean equation for this portion of the hit determination is defined as:

      
 region_hit_n = ((addr >= start_addr) & (addr <= end_addr)) & valid
    

where addr is the current system reference address, start_addr] and end_addr are the start and end addresses, and valid is 
the valid bit, all from memory region descriptor n.

Note there are no hardware checks to verify that end_addr ≥ start_addr, and it is software's responsibility to properly load 
appropriate values into these fields of the region descriptor.

Also, the region hit determination is based only on an address comparison of the first byte being accessed; that is, the MRC does 
not check the size of the access to make sure it entirely fits within the region.

43.7.7.2 Memory region DxACP evaluation

For each region descriptor hit, the MRC logic then evaluates the access rights defined by the MRGD_Wm_n registers. Specifically, 
the domainID attribute selects the appropriate DxACP field from the MRGD_W{2,3}_n registers and then the {write, nonsecure, 
privileged} address attributes are compared with the access policy defined by the selected DxACP. See DxACP evaluation for 
additional details on this function.

While CR[GVLDC] = 1, and for each bus slave port being monitored, the MRC performs a reduction-AND of all the individual 
(no_hit | error) terms from each access evaluation macro. Recall as specified in Memory region descriptor hit determination, an 
invalid MRGD_Wm_n (MRGD_W3_n[VLD] = 0) forces the region_hit_n evaluation to be negated.

This expression then terminates the bus cycle with an error and reports an access error for three conditions:
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1. If the access does not hit in any region descriptor, an access error is reported.

2. If the access hits in a single region descriptor and that region signals a domain violation, then an access error is reported.

3. If the access hits in multiple (overlapping) regions and one region signals a violation, then an access error is reported.

The third condition reflects that priority is given to access denying over access allowing for overlapping regions.

Unimplemented domain identifiers default to all-zero DxACP fields providing no access rights. Additionally, these fields are 
RAZ/WI.

43.7.7.3 MRC C code description

The functionality of the MRC evaluation is described in the C code below.

1       unsigned int evaluate_MRGDn (
2       unsigned int n,                 /* mrgdID */
3       unsigned int dID,               /* domainID */
4       unsigned int r,                 /* dataRead */
5       unsigned int w,                 /* dataWrite */
6       unsigned int x,                 /* instFetch */
7       unsigned int accMode)           /* accessMode */
8      {
9       unsigned int dxSel;             /* domain "x" select */
10      unsigned int codeRegion;        /* code or data region identifier */
11      unsigned int rwx12;             /* selected 12‐bit {r,w,x} flags */
12      unsigned int rwx3;              /* final 3‐bit {r,w,x} flags */
13      unsigned int memAccess;         /* encoded memory access: r=4, w=2, x=1 */
14      unsigned int accError;          /* access error: noError = 0, error = 1 */
15  
16       memAccess = 4 r + 2 w + x;     /* encoded access type */
17  
18      if (dID < 8) {
19        dxSel = (MRGD[n][2] >> (dID * 3)) & 0x7;            /* extract dxSEL */
20      } else {
21        dxSel = (MRGD[n][3] >> ((dID‐8) * 3)) & 0x7;    /* extract dxSEL */
22      }
23  
24      codeRegion = (MRGD[n][4]                                        /* extract CR indicator */
25  
26  /* use the dxSEL value to select the 12‐bit set of {r,w,x} flags */
27  
28    switch (dxSel) {
29  
30      case 0:
31            rwx12 = 0x000;                        /* r,w,x = 000_000_000_000 */
32          break;
33  
34      case 1:
35            rwx12 = ( MRGD[n][4]) & 0xfff;
36          break;
37  
38      case 2:
39            rwx12 = (MRGD[n][4] >> 16) & 0xfff;
40          break;
41  
42      case 3:
43          if (codeRegion == 1)
44              rwx12 = 0x249;                        /* r,w,x = 001_001_001_001 */
45          else
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46              rwx12 = 0xc00;                        /* r,w,x = 110 000 000 000 */
47          break;
48  
49      case 4:
50          if (codeRegion == 1)
51              rwx12 = 0xe00;                        /* r,w,x = 111_000_000_000 */
52          else
53              rwx12 = 0xd80;                        /* r,w,x = 110_110_000_000 */
54          break;
55  
56      case 5:
57          if (codeRegion == 1)
58              rwx12 = 0xdc0;                        /* r,w,x = 110_111_000_000 */
59          else
60              rwx12 0xda4;                          /* r,w,x 110 110 100 100 */
61          break;
62      case 6:
63          if (codeRegion == 1)
64              rwx12 = 0xdb8;                        /* r,w,x = 110_110_111_000 */
65          else
66              rwx12 = 0xdb0;                        /* r,w,x = 110_110_110_000 */
67          break;
68      case 7:
69          if (codeRegion == 1)
70              rwx12 0xdbf;                          /* r,w,x = 110 110 111 111 */
71          else
72              rwx12 = 0xdb6;                        /* r,w,x = 110_110_110_110 */
73          break;    
74      }
75  
76  /* extract the 3‐bit {r,w,x} flags based on the accMode */
77  
78        switch (accMode & 3) {    
79      case 3:                                     /* accMode = NonsecurePriv */
80          rwx3 = (rwx12 >> 3) &7;
81          break;
82      case 2:                                     /* accMode = NonsecureUser */
83          rwx3 = (rwx12 >> 0) &7;
84          break;
85      case 1:                                     /* accMode = SecurePriv */
86          rwx3 = (rwx12 >> 9) &7;
87          break;
88      case 0:                                     /* accMode = SecureUser */
89          rwx3 = (rwx12 >> 6) &7;
90          break;
91      }
92  
93      rwx3 ^= 7;                                  /* invert 3‐bit {r,w,x} flags */
94      if ((rwx3 & memAccess) == 0) {
95          accError = 0;
96      } else {
97          accError = 1;
98      }
99      return(accError);
100    }  
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43.7.8 Peripheral Access Controller (XRDC_PAC)
The peripheral access controller performs an access control evaluation similar to that of the memory region controller (Memory 
Region Controller (XRDC_MRC), but using dedicated "memory region descriptors" with one unique PDAC_W[0-1]_n register per 
slave peripheral slot. The presence of a one and only one memory region descriptor per slave peripheral address space slot in 
the PAC simplifies the required functionality compared to the MRC.

The functionality of the PAC evaluation is described in the C code of below This code begins with the description of the data 
structures corresponding to the PAC-associated registers (lines 1-3). It then performs a check of the global valid bit (CR[GVLDP]) 
(lines 25-27), followed by the extraction of the peripheral slot number from the system address (line 32), then followed by the 
access of the selected PDAC_W[0-1]_n registers (lines 33-34). Next, a check of the optional inclusion of a hardware semaphore 
and its current state is performed (lines 37-46). Finally, if the access is still allowed, an evaluation of the appropriate DxACP 
permission field is made (line 48) as detailed in DxACP evaluation and the state of the peripheral access error control signal 
returned (line 52).

    1      // PAC registers
    2      unsigned int    xrdc_cr_gvldp;
    3      unsigned int    xrdc_pdac[512][2];
    4       
    5   evaluate_PAC (sysAddr, write, privileged, nonsecure, did)
    6       unsigned int    sysAddr;                    // system address
    7       unsigned int    write;                      // read/write attribute
    8       unsigned int    privileged;                 // user/privileged attribute
    9       unsigned int    nonsecure;                  // secure/nonsecure attribute
   10       unsigned int    did;                        // domain identifier
   11   {
   12       unsigned int    ips_slot_number;            // f(system address)
   13       unsigned int    pdacw0;                     // selected PAC_W0_n register
   14       unsigned int    pdacw1;                     // selected PAC_W1_n register
   15       unsigned int    pac_ealo;                // local copy of referenced ealo
   16       unsigned int    peripheral_access_error;
   17   
   18       // the evaluation of the PACn involves a 4-step process:
   19       //   1) select the appropriate PDACn using the system address 
   20       //   2) using the DID for the access, select the appropriate DxACP field
   21       //   3) evaluate the state of the (optional) ealo for this access
   22       //   4) using the {secure/nonsecure, user/priviledged} attributes, eval DxACP
   23   
   24       // first, check the global XRDC valid bit
   25       if (xrdc_cr_gvldp == 0) {
   26           peripheral_access_error = 0;
   27             }
   28
   29       else {
   30           // extract the peripheral slot number from the system address
   31           // sysAddr[20:12] = slot select [0-511]
   32           ips_slot_number = (sysAddr & 0x001ff000) >> 12;
   33           pdacw0 = xrdc_pdac[ips_slot_number][0];
   34           pdacw1 = xrdc_pdac[ips_slot_number][1];
   35       
   36           peripheral_access_error = 0;
   37           if ((pdacw1 & 0x80000000) == 0x80000000) {          // PDACn is valid
   38               // semaphore check
   39               pac_ealo = ealo[(pdacw0 & 0x3f000000) >> 24]; // local copy
   40               // check if it is enabled on a write and if not idle, nor == (did+1)
   41               if (((pdacw0 & 0x40000000) == 0x40000000)   &  // se
   42                    (write == 1)                           &  // wt
   43                    (pac_ealo != 0)                        &  // ealo != idle
   44                    (pac_ealo != (did+1)))               {     // ealo != did
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   45                   peripheral_access_error = 1;
   46               } else {
   47                   // perform the standard DxACP check
   48                   peripheral_access_error = evaluate_DxACP(pdacw0, pdacw1, did,
   \                                                      nonsecure, privileged, write);
   49               }
   50           }
   51             }
   52             return peripheral_access_error;
   53   }
        

43.7.9 Memory Slot Controller (XRDC_MSC)
The memory slot controller performs an access control evaluation identical to that of the peripheral access controller Peripheral 
Access Controller (XRDC_PAC), using dedicated "memory slot descriptors" with one unique MSC_W[0-1]_n register per memory 
slot. The presence of a one and only one memory region descriptor per memory address space in the MSC simplifies the 
required functionality.

43.8 Initialization information
Out of reset, CR[GVLDC, GVLDP, GVLDM] bits are cleared and XRDC disabled allowing secure privileged startup code to 
configure the entire programming model. The initialization process typically is performed in 3 steps:

1. Read the various hardware configuration registers (HWCFG{0-3}, MDACFGn, MRCFGn) to obtain the implemented 
hardware capabilities for the device.

2. Using the information retrieved in Step 1 coupled with the desired domain architecture, program all the register data 
structures for domain assignment (MDA_Wm_n), memory region descriptors (MRGD_Wm_n), peripheral access control 
registers (PDAC_Wm_n), and memory slot access control registers (MSC_Wm_n). There are individual valid bits included 
in all these registers which typically would be asserted. Additionally, there are also lock mechanisms available if register 
settings need to be configured and marked as read-only.

3. Once the XRDC programming model is loaded, the CR is written with GVLD {C, P, M} asserted. At that point, the XRDC 
is fully operational.

43.9 Application information
As described in Introduction, the XRDC architecture is intended to provide a broad, highly-capable framework for access control, 
system memory protection and peripheral isolation. The resulting microarchitecture implementation is distributed throughout the 
core platform, highly configurable via hardware design parameters and software programmability. The considerable number of 
hardware design parameters allows the XRDC architecture to be a very scalable solution, able to service a wide spectrum of SoC 
devices from ultra-low end MCUs to multi-core high performance embedded microprocessors.

43.9.1 Master domain assignments
The typical use case related to master domain assignments is to include one (or more) processor core(s) in a single domain, 
possibly coupled with other bus master devices like DMA, etc. The definition of a domain may be static, based simply on 
the combination of a processor and other optional bus masters. Alternatively, the processor's operation may be configured to 
dynamically select between a very small number of domains. The maximum number of possible CPU domain definitions is limited 
by MDACFGn value. In particular, the optional inclusion of PID value(s) to be used to create multiple classes of CPU with different 
domain values.

For example, "critical" tasks, whether safety-critical, performance-critical, etc. can be grouped together in one domain and all other 
tasks into a second domain. Non-processor bus masters typically have a single MDA_Wm_n configuration register associated 
with them. The domainID and {nonsecure, privileged} attributes are usually statically assigned, unless the module can "inherit" 
attributes from a processor programming it (like certain modules like DMAs).
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The MDA_Wm_n registers, along with the memory region descriptors and the peripheral domain access control registers all have 
lock features that allow the register resources to be converted into read-only resources to protect the written configuration.

43.9.2 Memory region descriptor management
There are two important concepts to consider in managing the memory region descriptors.

First, recall that the association between each MRCn instance and the slave memory regions it monitors is SoC-dependent. The 
device-specific configuration specifies the number of implemented memory region descriptors in a given instance and the specific 
port numbers associated with the slave memories being monitored.

Second, as detailed in Memory region DxACP evaluation, recall that, once the XRDC is enabled, every memory reference must hit 
in one or more regions, else an access violation is reported. These are also two other conditions were access errors are reported:

1. If the access hits in a single region descriptor and that region signals a domain violation, then an access error is 
reported.

2. If the access hits in multiple (overlapping) regions and all regions signal violations, then an access error is reported.

43.9.3 Domain error capture management
Recall when a domain access violation is detected by either a memory region controller or a peripheral access controller, address 
and attribute information of the offending access is captured. The DERRLOCn read-only registers provide additional information 
signaling the instance number of the submodule where the access violation(s) occurred. Since the resulting exception handler 
needs the submodule instance to retrieve the captured address and attribute information from DERR_W0_n and DERR_W1_n, 
the DERRLOCn registers provide the instance number details.

These registers are organized as a word array, indexed by the faulting domain number, with the contents of each register providing 
a bitmap signaling the instance number(s) associated with all submodules containing captured error information for that domain.

It is recommended that the exception handler begin by reading the HWCFG1 register to determine its domainID. Next, it uses the 
just-retrieved domainID to index into the DERRLOCn array. The resulting DERRLOCn value is then examined to determine the 
instance number of the reporting MRC and/or PAC submodule.

There may be multiple access violations, across multiple instances, pending for a given domain. It is suggested that exception 
handler use a "find first one" instruction (alternatively known as "count leading zeroes") to quickly and efficiently find the 
instance number containing access violation details. Once the instance number has been determined, the captured error 
address (DERR_W0_n) and attribute information (DERR_W1_n) can easily be retrieved from the domain error registers. The 
2-bit DERR_W1_n[EST] field provides information signaling whether one or more errors have been detected by the submodule 
instance. A special write to DERR_W3_n is required to reset (and rearm) the EST error capture state machine.

This process is repeated until all errors associated with a given domainID have been processed.

A graphical representation of this 2-step retrieval of the domain error address and attributes is shown in Figure 288.
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Figure 288. Two-step retrieval of domain error address and attributes
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Chapter 44
PowerQuad
44.1 Chip-specific PowerQuad information
Table 445. Reference links to related information

Topic Related module Reference

Full description PowerQuad PowerQuad

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

44.1.1 Module instances
This device has one instance of the Powerquad module.

44.1.2 PowerQuad Coprocessor
PowerQuad is a Digital Signal Co-Processing companion to a Cortex-M v8M CPU core. It can be accessed via Co-processor 
interface provided by the Cortex CPU, and via AHB address space. The aim of the PowerQuad co-processor is to serve the 
following purposes:

• To provide significant energy reduction for the execution of Digital Signal Processing algorithms

• To accelerate Digital Signal processing operations significantly compared to Cortex-M core

• To provide hardware acceleration for common DSP functions (mainly from CMSIS-DSP library).

44.2 Overview

The PowerQuad is a hardware accelerator targeting common calculations in DSP applications. It consists of seven internal 
computation engines:

• Transform

• Transcendental function

• Trigonometry function

• Dual biquad IIR filter

• Matrix accelerator

• FIR filter

• CORDIC

44.2.1 Features
The key features of the PowerQuad are:

• 4x single precision floating point MAC

• AHB DMA - read/write data for input/computations/results. The PowerQuad handles 128-bit wide RAM for input/
computations/results.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2821 / 5781



• Coprocessor interface for tightly coupled opcodes (use two MACs, can run two in parallel): sin(x), cos(x), ln(x), e^(x), 
e^(-x), 1/(x), 1/sqrt(x), sqrt(x), biquad(x).

• FFT/iFFT/DCT/iDCT machine

• Matrix operation: Add, Sub, Dot, Prod, Mult, Inverse, Transpose, Scale

• Convolution/Correlation/FIR

• Arctan / Arctanh (Can be customized to compute any CORDIC function)

• Alignment of operators when using private RAM not required. For example, for a FIR filter 5 taps long, the taps do not 
have to be placed at a location which is 8 word aligned.

• FFT engine supports pre-scaling not only with a positive shift value (shift left), but also right shift (use same register to 
control).

With the assistance of the PowerQuad, the Arm Cortex-M33 core can be freed to perform other tasks. While the PowerQuad is 
executing the assigned computation task, the Cortex-M33 core can prepare the next PowerQuad task, resulting in a pipeline of 
PowerQuad tasks.

44.2.2 Block diagram
This block diagram is a simplified representation of the PowerQuad.

Transform Engine (FFT/DCT)

Transcendental Functions Engine

Dual Biquad IIR Engine

Matrix Accelerator Engine

FIR Engine

Floating Point Compute Engine

2-Iteration per cycle CORDIC (Fixed-point)

Co-Proc 
I/F

AHB slave 
I/F

AHB Master 
I/F

128bit 
Wide 
RAM 

Master 
I/F

Radix 8 FFT Butterfly Unit

PowerQuad

Registers Control

Figure 289. PowerQuad architecture

44.3 Functional description

44.3.1 PowerQuad operation
After the clock to the PowerQuad is applied, based on the requested operation, one of the computation engines is activated. When 
the result is ready, an event/interrupt will be generated to inform the Cortex-M33 core that the result is ready. Alternatively the 
Cortex-M33 core can also poll the PowerQuad status.
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All PowerQuad operations fall into one of two access types: via the coprocessor interface (CP), and via the AHB slave 
interface (AHB).

• When accessing the PowerQuad via the coprocessor interface, executing a correctly formatted coprocessor instruction 
launches it, and executing a second coprocessor instruction retrieves the result.

• When accessing the PowerQuad via the AHB slave interface, writing to the PowerQuad launches it. Completion can optionally 
generate an interrupt, or be polled via the INST_BUSY bit (cleared to zero) in the CONTROL register. Results are then 
retrieved via one or more AHB reads.

RAM

RAM

RAM

RAM

32bit AHB 128bit
PQ

Figure 290. PowerQuad using RAM Bank 4 (16kB) as the 128 bit wide RAM scratch pad

44.3.1.1 PowerQuad coprocessor operation

The Arm v8-M architecture (Arm Cortex-M33 core) introduces a coprocessor interface allowing PowerQuad access via MCR 
(Move from Coprocessor to Register) and MRC (Move from Register to Coprocessor) opcodes. Using this method, up to two 
registers can be transferred between the Cortex-M33 core and the PowerQuad.

On submitting the data and/or opcodes to a coprocessor, the Cortex-M33 core can continue executing other tasks while the 
coprocessor computes in parallel.

In the PowerQuad, this interface is used for short (several cycles) operations for which the Cortex-M33 core provides data from 
one of its registers and the result is stored back in the Cortex-M33 core register.

When the data is provided to the PowerQuad in fixed point or floating point format, it is internally handled as floating point 
(conversion from fixed to floating point is done automatically if needed).

Result of PowerQuad operations can be fixed or floating point (conversion from floating to fixed point, if needed).

The functions handled in this way are:

• sin(x), cos(x), ln(x), e^(x), e^(-x), 1/(x), 1/sqrt(x), sqrt(x)

• biquad(x)

44.3.1.2 PowerQuad AHB operation

Large data operations are handled in a memory mapped fashion. The Cortex-M33 core writes to the PowerQuad Control 
registers to select the function, provide 4 memory regions with source/s destination addresses, and temporary scratch address 
for intermediate results (where applicable such as FFT, Matrix Inversion). These regions are: Input A, Input B, Output, and Temp

Table 446. Register overview (base address 0x4015 0000)

Address Name Description Access Comments

0x000 OUTBASE Base address register for output region RW Input A, B and Output 
region settings

0x004 OUTFORMAT Data format for output region RW

Table continues on the next page...
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Table 446. Register overview (base address 0x4015 0000) (continued)

Address Name Description Access Comments

0x008 TMPBASE Base address register for temp region RW

0x00C TMPFORMAT Data format for region Temp RW

0x010 INABASE Base address register for input A region RW

0x014 INAFORMAT Data format for region input A RW

0x018 INBBASE Base address register for input B region RW

0x01C INBFORMAT Data format for region input B RW

0x100 CONTROL PowerQuad Control register RW Command Register

0x104 LENGTH Length register RW Maximum row/column 
length is 16 by 16 for 
matrix operations.

For vector operations, 
the maximum size is 
256 (vector operations 
have only one dimension 
for length.)

0x108 CPPRE Coprocessor Pre-scale register RW 0

0x10C MISC Miscellaneous use register RW 0

0x110 CURSORY Cursory register RW Cordic Engine Input and 
Output registers

0x180 CORDIC_X Cordic input X register RW

0x184 CORDIC_Y Cordic input Y register RW

0x188 CORDIC_Z Cordic input Z register RW

0x18C ERRSTAT Read/Write register where error statuses are 
captured (sticky)

RW1C Interrupt and Status Flags

0x190 INTREN Determines which conditions will assert the 
interrupt output.

RW

0x194 EVENTEN Determines which conditions will assert the Event 
Trigger output.

RW

0x198 INTRSTAT INTERRUPT STATUS register RW1C

0x200 - 0x23C GPREGS[16] General purpose register bank (16 x 32 bits) RW Computing Registers

0x240 - 0x25C COMPREGS[8] Compute register bank (8 x 32 bits) RW
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Completion can be polled in the Control register INST_BUSY bit (cleared to ‘0’), or an interrupt/event from the PowerQuad can 
be generated.

The functions handled in this way are:

• Matrix (add, sub, scale, invert, transpose, multiply, dot, product)

• FFT/IFFT/DCT/IDCT (note that DCT is partial in the PowerQuad and requires some adjustments)

• FIR/ Convolution/ Correlation.

44.3.2 Using the PowerQuad with the Arm Cortex-M33 core
In a conventional MCU without PowerQuad, the main CPU performs the computation work. When a more critical task needs to 
be serviced, the processor has to save registers in the stack, service the task, then retrieve registers from the stack and continue 
computation work. Using the PowerQuad overcomes the single task flow.

While the conventional approach is to program compute tasks sequentially and anticipate conditional branching, the user is 
encouraged to treat the PowerQuad as a coprocessor, allowing multiple tasks by rearranging them and reducing the branching 
to speed up computational processing.

The PowerQuad engines serve to compute the assigned functions that can be up to 25 times faster than the Cortex-M33 core 
alone. The values in the the following tables are representative of the performance of PowerQuad and Cortex-M33 executing the 
following functions from RAM.

Table 447. FFT/iFFT/DCT/iDCT functions

Function Using the 
armCortex-M33 
core (s)

Using PowerQuad (s) Improved Performance Conditions

rfft_q15 207.2E-6 15.1E-6 13.7 Frequency:198MHz

IAR 8.50.1

SDK 2.9.1

Running on RAM

Optimization O3

rfft_q31 261.7E-6 15.1E-6 17.3

cfft_q15 315.6E-6 16.8E-6 18.8

cfft_q31 400.1E-6 16.8E-6 23.8

ifft_q15 315.5E-6 16.8E-6 18.8

ifft_q31 408.1E-6 16.8E-6 24.3

Table 448. Convolution/Correlation/FIR functions

Function Using the 
armCortex-M33 
core (s)

Using PowerQuad (s) Improved Performance Conditions

fir_q15 10.7E-6 1.1E-6 9.8 Frequency:198MHz

IAR 8.50.1

SDK 2.9.1

Running on RAM

Optimization O3

fir_q31 8.3E-6 1.1E-6 7.5

fir_f32 10.0E-6 1.1E-6 9.3

conv_q15 2.1E-6 762.6E-9 2.8

Table continues on the next page...
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Table 448. Convolution/Correlation/FIR functions (continued)

Function Using the 
armCortex-M33 
core (s)

Using PowerQuad (s) Improved Performance Conditions

conv_q31 1.7E-6 757.6E-9 2.2

conv_f32 1.9E-6 742.4E-9 2.6

correl_q15 2.3E-6 762.6E-9 3.0

correl_q31 1.9E-6 762.6E-9 2.4

correl_f32 1.9E-6 742.4E-9 2.5

Table 449. Matrix Engine

Function Using the 
armCortex-
M33 core (s)

Using PowerQuad (s) Improved 
Performance

Conditions

mat_add_q15 10.4E-6 4.7E-6 2.2 Frequency:198MHz

IAR 8.50.1

SDK 2.9.1

Running on RAM

Optimization O3

mat_add_q31 9.2E-6 4.7E-6 2.0

mat_add_f32 15.6E-6 4.7E-6 3.3

mat_sub_q15 10.4E-6 4.7E-6 2.2

mat_sub_q31 9.2E-6 4.7E-6 2.0

mat_sub_f32 15.6E-6 4.7E-6 3.3

mat_mult_q15 171.6E-6 14.6E-6 11.8

mat_mult_q31 182.0E-6 14.6E-6 12.5

mat_mult_f32 180.3E-6 32.8E-6 5.5

mat_inverse_f32 91.8E-6 26.6E-6 3.5

mat_trans_q15 8.3E-6 3.9E-6 2.1

mat_trans_q31 9.6E-6 3.9E-6 2.4

mat_trans_f32 8.3E-6 4.5E-6 1.9

mat_scale_q15 14.3E-6 3.5E-6 4.0

mat_scale_q31 15.6E-6 3.6E-6 4.4

mat_scale_f32 13.0E-6 3.2E-6 4.1
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44.4 Memory map and register definition
This section includes the PowerQuad module memory map and detailed descriptions of all registers.

 
This module does not generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

44.4.1 PowerQuad register descriptions

44.4.1.1 PowerQuad memory map

POWERQ base address: 2840_0000h

Offset Register Width

(In bits)

Access Reset value

0h Output Base (OUTBASE) 32 RW 0000_0000h

4h Output Format (OUTFORMAT) 32 RW 0000_0000h

8h Temporary Base (TMPBASE) 32 RW 0000_0000h

Ch Temporary Format (TMPFORMAT) 32 RW 0000_0000h

10h Input A Base (INABASE) 32 RW 0000_0000h

14h Input A Format (INAFORMAT) 32 RW 0000_0000h

18h Input B Base (INBBASE) 32 RW 0000_0000h

1Ch Input B Format (INBFORMAT) 32 RW 0000_0000h

100h Control (CONTROL) 32 RW 0000_0000h

104h Length (LENGTH) 32 RW 0000_0000h

108h Coprocessor Pre-scale (CPPRE) 32 RW 0000_0000h

10Ch Miscellaneous (MISC) 32 RW 0000_0000h

110h Cursory (CURSORY) 32 RW 0000_0000h

180h Cordic input X (CORDIC_X) 32 RW 0000_0000h

184h Cordic Input Y (CORDIC_Y) 32 RW 0000_0000h

188h Cordic Input Z (CORDIC_Z) 32 RW 0000_0000h

18Ch Error Status (ERRSTAT) 32 RW 0000_0000h

190h Interrupt Enable (INTREN) 32 RW 0000_0000h

194h Event Enable (EVENTEN) 32 RW 0000_0000h

198h Interrupt Status (INTRSTAT) 32 RW 0000_0000h

200h - 23Ch General Purpose Register Bank n (GPREG0 - GPREG15) 32 RW 0000_0000h

240h - 25Ch Compute Register Bank n (COMPREG0 - COMPREG7) 32 RW 0000_0000h
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44.4.1.2 Output Base (OUTBASE)

Offset

Register Offset

OUTBASE 0h

Function
Base address register for output region

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUTBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUTBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUTBASE

Base address register for the output region

44.4.1.3 Output Format (OUTFORMAT)

Offset

Register Offset

OUTFORMAT 4h

Function
Data format for output region
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_SCALER Reserved 

OUT_FORMAT
EXT 

Reserved 
OUT_FORMATI

NT W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

OUT_SCALER

Output Scaler Value

(for scaled 'q31' formats)

7-6

—

Reserved

5-4

OUT_FORMAT
EXT

Output External Format

(00:q15; 01:q31; 10:float)

3-2

—

Reserved

1-0

OUT_FORMATI
NT

Output Internal Format

(00:q15; 01:q31; 10:float)

44.4.1.4 Temporary Base (TMPBASE)

Offset

Register Offset

TMPBASE 8h

Function
Base address register for temporary region
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TMPBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TMPBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TMPBASE

Base address register for the temporary region

44.4.1.5 Temporary Format (TMPFORMAT)

Offset

Register Offset

TMPFORMAT Ch

Function
Data format for temporary region

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TMP_SCALER Reserved 

TMP_FORMAT
EXT 

Reserved 
TMP_FORMATI

NT W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-8

TMP_SCALER

Temporary Scaler Value

(for scaled 'q31' formats)

7-6

—

Reserved

5-4

TMP_FORMAT
EXT

Temporary External Format

(00:q15; 01:q31; 10:float)

3-2

—

Reserved

1-0

TMP_FORMATI
NT

Temporary Internal Format

(00:q15; 01:q31; 10:float)

44.4.1.6 Input A Base (INABASE)

Offset

Register Offset

INABASE 10h

Function
Base address register for input A region

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INABASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INABASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

INABASE

Input A Base

Base address register for the input A region

44.4.1.7 Input A Format (INAFORMAT)

Offset

Register Offset

INAFORMAT 14h

Function
Data format for region input A

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INA_SCALER Reserved 

INA_FORMATE
XT 

Reserved 
INA_FORMATI

NT W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

INA_SCALER

Input A Scaler Value

(for scaled 'q31' formats)

7-6

—

Reserved

5-4 Input A External Format

(00:q15; 01:q31; 10:float)

Table continues on the next page...
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Table continued from the previous page...

Field Function

INA_FORMATE
XT

3-2

—

Reserved

1-0

INA_FORMATI
NT

Input A Internal Format

(00:q15; 01:q31; 10:float)

44.4.1.8 Input B Base (INBBASE)

Offset

Register Offset

INBBASE 18h

Function
Base address register for input B region

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INBBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INBBASE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INBBASE

Input B Base

Base address register for the input B region
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44.4.1.9 Input B Format (INBFORMAT)

Offset

Register Offset

INBFORMAT 1Ch

Function
Data format for region input B

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INB_SCALER Reserved 

INB_FORMATE
XT 

Reserved 
INB_FORMATI

NT W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

INB_SCALER

Input B Scaler Value

(for scaled 'q31' formats)

7-6

—

Reserved

5-4

INB_FORMATE
XT

Input B External Format

(00:q15; 01:q31; 10:float)

3-2

—

Reserved

1-0

INB_FORMATI
NT

Input B Internal Format

(00:q15; 01:q31; 10:float)
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44.4.1.10 Control (CONTROL)

Offset

Register Offset

CONTROL 100h

Function
PowerQuad Control Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INST_
BU... Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DECODE_MACHINE DECODE_OPCODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

INST_BUSY

Instruction Busy

Instruction busy signal when high indicates processing is on

30-8

—

Reserved

7-4

DECODE_MAC
HINE

Decode Machine

0 : Coprocessor , 1 : matrix , 2 : fft , 3 : fir , 4 : stat , 5 : cordic , 6 -15 : NA

3-0

DECODE_OPC
ODE

Decode Opcode

Opcode specific to decode_machine
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44.4.1.11 Length (LENGTH)

Offset

Register Offset

LENGTH 104h

Function
Length Register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INST_LENGTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INST_LENGTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INST_LENGTH

Instruction Length

When FIR : fir_xlength = inst_length[15:0] , fir_tlength = inst_len[31:16].

When MTX : rows_a = inst_length[4:0] , cols_a = inst_length[12:8] , cols_b = inst_length[20:16]

 
Maximum row/column is 16 by 16, regardless of 5 bit allowance.

For vector operations, the maximum size is 256 (vector operations have only one dimension 
for length.)

  NOTE  

44.4.1.12 Coprocessor Pre-scale (CPPRE)

Offset

Register Offset

CPPRE 108h

Function
Pre-scale register
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CPPR
E_S...

CPPR
E_S...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CPPRE_OUT CPPRE_IN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17

CPPRE_SAT8

Saturation 8

0b - 8 bits

1b - 16 bits

16

CPPRE_SAT

Saturation

Sub-32 bit saturation

0b - No saturation

1b - Forces sub-32 bit saturation

15-8

CPPRE_OUT

Output

Co-processor fixed-point output

7-0

CPPRE_IN

Input

Co-processor scaling of input

44.4.1.13 Miscellaneous (MISC)

Offset

Register Offset

MISC 10Ch

Function
The Miscellaneous register is used for the scaling factor.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INST_MISC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INST_MISC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INST_MISC

For Matrix : Used for scaling factor

44.4.1.14 Cursory (CURSORY)

Offset

Register Offset

CURSORY 110h

Function
Cursory register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CURS
ORY W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

CURSORY

Cursory Mode

0b - Disable Cursory mode

1b - Enable Cursory Mode

44.4.1.15 Cordic input X (CORDIC_X)

Offset

Register Offset

CORDIC_X 180h

Function

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CORDIC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CORDIC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CORDIC_X

Cordic Input x
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44.4.1.16 Cordic Input Y (CORDIC_Y)

Offset

Register Offset

CORDIC_Y 184h

Function

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CORDIC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CORDIC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CORDIC_Y

Cordic Input y

44.4.1.17 Cordic Input Z (CORDIC_Z)

Offset

Register Offset

CORDIC_Z 188h

Function
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CORDIC_Z 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CORDIC_Z 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CORDIC_Z

Cordic Input z

44.4.1.18 Error Status (ERRSTAT)

Offset

Register Offset

ERRSTAT 18Ch

Function
Error Status is a Read/Write register where error statuses are captured (sticky).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

BUSE
RROR 

UNDE
RFL...

FIXED
OV...

NAN 
OVER
FLOW W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-5

—

Reserved

4

BUSERROR

Bus Error

0b - No Error

1b - Error on Bus

3

UNDERFLOW

Underflow

0b - No Error

1b - Error on Underflow

2

FIXEDOVERFL
OW

Fixed Point Overflow

0b - No Error

1b - Error on Fixed Point Overflow

1

NAN

Floating Point NaN

0b - No Error

1b - Error on Floating Point NaN

0

OVERFLOW

Floating Point Overflow

0b - No Error

1b - Error on Floating Point Overflow

44.4.1.19 Interrupt Enable (INTREN)

Offset

Register Offset

INTREN 190h

Function
Determines which conditions will assert the interrupt output.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

INTR_
CO...

Reserved 
INTR_
BE...

INTR_
UF...

INTR_
FI...

INTR_
NAN 

INTR_
OF...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

INTR_COMP

Interrupt on Instruction Completion

0b - Disable

1b - Enable interrupt on instruction completion

6-5

—

Reserved

4

INTR_BERR

Interrupt on AHBM Bus Error

0b - Disable

1b - Enable interrupt on AHBM Bus Error

3

INTR_UFLOW

Interrupt on Subnormal Truncation

0b - Disable

1b - Enable interrupt on subnormal truncation

2

INTR_FIXED

Interrupt on Fixed Point Overflow

0b - Disable

1b - Enable interrupt on fixed point overflow

1

INTR_NAN

Interrupt Floating Point NaN

0b - Disable

1b - Enable interrupt on floating point NaN

0

INTR_OFLOW

Interrupt Floating Point Overflow

0b - Disable

1b - Enable interrupt on floating point overflow
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44.4.1.20 Event Enable (EVENTEN)

Offset

Register Offset

EVENTEN 194h

Function
The EVENTEN Enable register determines which conditions assert the Event Trigger output.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

EVEN
T_C...

Reserved 
EVEN
T_B...

EVEN
T_U...

EVEN
T_F...

EVEN
T_N...

EVEN
T_O...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7

EVENT_COMP

Event Trigger on Instruction Completion

0b - Disable

1b - Enable event trigger on instruction completion

6-5

—

Reserved

4

EVENT_BERR

Event Trigger on AHBM Bus Error

0b - Disable

1b - Enable event trigger on AHBM bus error

3

EVENT_UFLO
W

Event Trigger on Subnormal Truncation

0b - Disable

1b - Enable event trigger on subnormal truncation

2 Event Trigger on Fixed Point Overflow

Table continues on the next page...
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Table continued from the previous page...

Field Function

EVENT_FIXED 0b - Disable

1b - Enable event trigger on fixed point overflow

1

EVENT_NAN

Event Trigger on Floating Point NaN

0b - Disable

1b - Enable event trigger on floating point NaN

0

EVENT_OFLO
W

Event Trigger on Floating Point Overflow

0b - Disable

1b - Enable event trigger on Floating point overflow

44.4.1.21 Interrupt Status (INTRSTAT)

Offset

Register Offset

INTRSTAT 198h

Function
A write of any value clears the Interrupt Status bit.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

INTR_
ST...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

INTR_STAT

Interrupt Status

0b - No new interrupt

1b - Interrupt captured

44.4.1.22 General Purpose Register Bank n (GPREG0 - GPREG15)

Offset

For a = 0 to 15:

Register Offset

GPREGa 200h + (a × 4h)

Function
The General Purpose Register Bank is n x 32 bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GPREG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GPREG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

GPREG

General Purpose Register Bank

44.4.1.23 Compute Register Bank n (COMPREG0 - COMPREG7)

Offset

For a = 0 to 7:
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Register Offset

COMPREGa 240h + (a × 4h)

Function
The Compute Register Bank is n x 32 bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COMPREG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COMPREG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

COMPREG

Compute Register Bank
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Chapter 45
CASPER
45.1 Chip-specific CASPER information
Table 450. Reference links to related information

Topic Related module Reference

Full description CASPER CASPER

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

45.1.1 Module instances
This device has one instance of the CASPER module.

45.1.2 CASPER Coprocessor
The Cryptographic Accelerator and Signaling Processing Engine with RAM-sharing (CASPER) peripheral provides acceleration 
of asymmetric cryptographic algorithms as well as optionally of certain signal processing algorithms. The cryptographic 
acceleration is normally used in conjunction with pure-hardware blocks for hashing and symmetric cryptography, thereby 
providing performance and energy efficiency for a range of cryptographic uses.

45.2 Overview

 
API descriptions and other contents will be added to this chapter in a future release.

  NOTE  

The Cryptographic Accelerator (CASPER) engine provides acceleration of asymmetric cryptographic algorithms.

Using CASPER in conjunction with hardware blocks for hashing and symmetric cryptography leads to higher performance.

Supported crypto functions are implemented in the SDK (Software Development Kit) and the Mbed™ TLS examples use the 
CASPER peripheral for computations.
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45.2.1 Block diagram

Res[3] Res[2] Res[1] Res[0]

Note: only selected In:Out mappings

c c c c c

A C D B

32 32 32 32
Mask

32 or 64 32 or 64
no carry

32

Key:

         : 32 + 32 = 33 Add/XOR/AddMask

         : 32 x 32 = 64 MUL/CarrylessMul

         : 32b reg: As Slave and via RAM
                             Mastering interface

Figure 291. CASPER block diagram

45.2.2 Features
In a conventional MCU without CASPER, the core performs the computation work. Using CASPER frees up the core to do other 
tasks while CASPER does the computation.

CASPER helps with the acceleration of RSA, DH, and ECC over GF(p) operations, based on the Montgomery method for fast 
modular multiplications. More specifically:

• RSA modular exponentiation

• ECC scalar multiplication, point on curve check

• ECDSA signature generation and verification

Casper includes arithmetic and modular operations such as addition, subtraction, multiplication, modular reduction, modular 
inversion, comparison, and Montgomery multiplication.

The CASPER engines serve to compute the assign functions faster than the core. This table shows a performance comparison 
for the various functions:

Table 451. CASPER performance improvements

Operation Algorithm Software-only version

Arm® Cortex™-M33

@100 MHz

With CASPER acceleration

Cortex-M33

@100Mhz

Performance 
improvement

Signing ECDSA-secp256r1 258.5 ms 57.7 ms 4.48 times

Table continues on the next page...
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Table 451. CASPER performance improvements (continued)

Operation Algorithm Software-only version

Arm® Cortex™-M33

@100 MHz

With CASPER acceleration

Cortex-M33

@100Mhz

Performance 
improvement

Verification ECDSA-secp256r1 500 ms 58.59 ms 8.53 times

Key exchange ECDHE-secp256r1 469 ms 92.59 ms 5.07 times

Key exchange ECDH-secp256r1 250 ms 46.88 ms 5.33 times

45.3 Functional description

45.3.1 CASPER operation
The chip has user-specified portion of RAM for scratch pad purposes.

The CASPER module consist of:

• 4 x 32-bits (ABCD) Data registers, feeding the two multipliers.

• A mask register used for creating an XOR mask for unmasking ABCD and masking output for side channel protection

• The Multiplier has a special 1st sum mechanism to add the inner products back to complete a 64 x 64 multiply, which is much 
faster than a separated adder

• 4 (RES[0-3]) Results registers, which can be used with four adders, and do Add-Mask and XOR operations

• Special access to 2 RAMs (up to 8 kB) in parallel

— The block can access these 2 RAM banks simultaneously, allowing for 2 (64 bits at a time) operations to work in parallel

• Interleaving RAMs (i.e., one is for the even words and one is for the odd words) allowing for 64 bit word pairs (128 bit) wide 
to be accessed every time

• A clock enable model so that when the speed of the clock is faster than the pipe, the clock enables support for an MCP 
(multi-cyclic path) approach to completion of the operations

45.3.2 CASPER co-processor operation
Arm v8-M architecture (Cortex-M33 core) introduces a co-processor interface allowing CASPER access via MCR (Move from 
Coprocessor to Register) and MRC (Move from Register to Coprocessor) opcodes. Using these opcodes, up to two registers can 
be transferred between the core and CASPER.

When submitting the data and/or opcodes to a co-processor, the core can continue executing other tasks while the co-processor 
computes in parallel.

The CRm register index is used as the word address, with CRn as the bank.

For example, RES2 is offset 0x38 in memory, and CRm = (0x38 >> 2) = 0xE. It allows access to registers between offset 0x00 
and 0x3C with CRn = 0x0. To access the higher registers, the CRn register can be set to 1, 2, or 3. For example, MASK can be 
accessed using CRn = 1, and CRm = 8. It can be computed as 0x60 >> 2 = 0x18, where the lower nibble goes into CRm, and the 
upper nibble into CRn.

The MCRR instruction allows access to pairs, including CTRL0/CTRL1, A/B, C/D, RES0/RES1, RES2/RES3 only. The lower index 
of the pair is used in CRm, with MCR.
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45.3.3 CASPER AHB operation
A bus slave (AHB) and Cortex-M33 coprocessor interface so the application can access the control and data/results registers 
as needed.

The application may setup the operation, the iteration count, and the offset registers (offsets into the RAMs) optimized to allow 
two words (for example STRD or STM with memory, MCRR with CP) to configure and start in one write operation.

45.3.4 CASPER modes
The CASPER modes table lists descriptions of modes.

• Coarsely integrated operand scanning = CIOS

• Most Significant Word = MSW

• Least Significant Word = LSW

Table 452. CASPER modes

Mode Name Description Comments

0x01 MUL6464_NOSUM Walking 1 or more of J loop, doing 
w[j]=ab*cd[j] base on 64x64=128

Writes out results, but does not read in to add

0x02 MUL6464_SUM Walking 1 or more of J loop, doing 
c,w[j]=w[j]+ab*cd[j] base on 64x64=128

Sums by reading result word (w[j]) and adding 
before writing back. This does not read the final 2 
words before writing, since it is assumed they are 
farthest reached (w[i+j])

0x03 MUL6464_FULLSUM Walking 1 or more of J loop, doing 
c,w[j]=w[j]+ab*cd[j] base on 64x64=128, 
sum all of w

Reads all of w, including the MSWs, it can have a 
carry in the carry bit

Includes 1st loop half of CIOS multiply use 
(before reduce)

0x04 MUL6464_REDUCE Walking 1 or more of J loop, doing 
c,w[j-1]=w[j]+m*cd[j] base on 64x64=128, 
but skip 1st write.

Note that m is in ab and is w[0]*Np

• Does not compute m into ab, need to this first.

• The reduction pass of a CIOS double J loop. 
So, it writes to the preceding result double-
word, except the 1st time, where it throws away 
the low-order 64 bits.

• The full Montgomery use is FULLSUM 1st (1st 
J loop), then processor computes 1st product 
result of w[0]*Np64 (modulus N\Q as a 64 
bit value)

• This operation follows same as FULLSUM 
except it skips 1st write so it can write 
to previous

0x08 ADD64 ADD with ABOFF, and in/out RESOFF 
base on c,r=r+a+c

Uses 64 bits at a time, producing 65 bit output. Final 
carry in the carry bit.

0x09 SUB64 SUBTRACT with ABOFF, and in/out 
RESOFF base on r=r-a

Uses 64 bits at a time, and if a is larger, final borrow 
is implicit, but carry bit set if borrowed.

Solved using r=r+(~a+1)

Table continues on the next page...
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Table 452. CASPER modes (continued)

Mode Name Description Comments

0x0C RSUB64 SUBTRACT with ABOFF, and in/out 
RESOFF base on r=r-a

Uses 64 bits at a time, and if a is larger, final borrow 
is implicit, but carry bit set if borrowed.

Solved using r=r+(~a+1)

0x0A DOUBLE64 ADD to self with RESOFF base 
on c,r=r+r+c

Doubles a value, same as *2 or <<1

Uses 64 bits at a time, producing a 65 bit output, 
with final carry in the carry bit.

0x0B XOR64 XOR with ABOFF, and in/out RESOFF 
base on r=r^a

Uses 64 bits at a time, producing 64 bit output. No 
carry bit.

0x14 COPY Copy from ABOFF to RESOFF using 64 
bits at a time

0x16 FILL Fill RESOFF with value in A and B, 64 bits 
at a time

0x17 ZERO Fill RESOFF WITH 0s, 64 bits at a time

45.4 Memory map and register definition
This section includes the CASPER module memory map and detailed descriptions of all registers.

 
This module does not generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

45.4.1 CASPER register descriptions

45.4.1.1 CASPER memory map

CASPER base address: 2841_0000h

Offset Register Width

(In bits)

Access Reset value

0h Control 0 (CTRL0) 32 RW 0000_0000h

4h Control 1 (CTRL1) 32 RW 0000_0000h

Ch Status (STATUS) 32 RW 0000_0000h

10h Interrupt Enable Set (INTENSET) 32 RW 0000_0000h

14h Interrupt Enable Clear (INTENCLR) 32 RW 0000_0000h

18h Interrupt status (INTSTAT) 32 R 0000_0000h

20h A Register (AREG) 32 RW 0000_0000h

24h B Register (BREG) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

28h C Register (CREG) 32 RW 0000_0000h

2Ch D Register (DREG) 32 RW 0000_0000h

30h Result Register 0 (RES0) 32 RW 0000_0000h

34h Result Register 1 (RES1) 32 RW 0000_0000h

38h Result Register 2 (RES2) 32 RW 0000_0000h

3Ch Result Register 3 (RES3) 32 RW 0000_0000h

60h Mask (MASK) 32 RW 0000_0000h

64h Remask (REMASK) 32 RW 0000_0000h

80h Lock (LOCK) 32 RW 0000_0000h

45.4.1.2 Control 0 (CTRL0)

Offset

Register Offset

CTRL0 0h

Function
Contains the offsets of AB and CD in the RAM.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved CDOFF 

Reserv
ed 

CDBP
AIR W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ABOF
F 

Reserv
ed 

ABBP
AIR W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

28-18

CDOFF

CD Offset

Word or DWord Offset of CD, with D at [2]=0 and C at [2]=1 as far as the code sees (normally will be an 
interleaved bank so only sequential to AHB). Word offset only allowed with 32 bit operation. Ideally not in 
the same RAM as the AB values.

17

—

Reserved

16

CDBPAIR

CDOFF Bank Pair

Which bank-pair the offset CDOFF is within. This must be 0 if only 2-up

0b - Bank-pair 0 (1st)

1b - Bank-pair 1 (2nd)

15-3

—

Reserved

2

ABOFF

AB Offset

Word or DWord Offset of AB values, with B at [2]=0 and A at [2]=1 as far as the code sees (normally will 
be an interleaved bank so only sequential to AHB). Word offset only allowed if 32 bit operation. Ideally 
not in the same RAM as the CD values if 4-up.

1

—

Reserved

0

ABBPAIR

ABOFF Bank Pair

Which bank-pair the offset ABOFF is within. This must be 0 if only 2-up.

0b - Bank-pair 0 (1st)

1b - Bank-pair 1 (2nd)

45.4.1.3 Control 1 (CTRL1)

Offset

Register Offset

CTRL1 4h

Function
Contains the opcode mode, iteration count, and result offset (in RAM) and also launches the accelerator. Note: with CP 
version: CTRL0 and CRTL1 can be written in one go with MCRR.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CSKIP 

Reserv
ed 

RESOFF 
Reserv

ed 
RESB
PAIR W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MODE ITER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

CSKIP

Skip Rules on Carry

Skip rules on Carry if needed. This operation will be skipped based on Carry value (from previous 
operation) if not 0:

00b - No Skip

01b - Skip if Carry is 1

10b - Skip if Carry is 0

11b - Set CTRLOFF to CDOFF and Skip

29

—

Reserved

28-18

RESOFF

Result Offset

Word or DWord Offset of result. Word offset only allowed if 32 bit operation. Ideally not in the same RAM 
as the AB and CD values

17

—

Reserved

16

RESBPAIR

RESOFF Bank Pair

Which bank-pair the offset RESOFF is within. This must be 0 if only 2-up. Ideally this is not the same 
bank as ABBPAIR (when 4-up supported).

0b - Bank-pair 0 (1st)

1b - Bank-pair 1 (2nd)

15-8

MODE

Mode

Operation mode to perform. A write 0 means Accelerator is inactive. A write other than 0 means 
accelerator is active.

7-0

ITER

Interation Counter

The Iteration Counter is the number_cycles – 1. Write 0 means does one cycle – does not iterate.
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45.4.1.4 Status (STATUS)

Offset

Register Offset

STATUS Ch

Function
Indicates operational status and would contain the carry bit if used.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

BUSY 
CARR

Y Reserved DONE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5

BUSY

Busy

Indicates if the accelerator is busy performing an operation

0b - Not busy – is idle

1b - Is busy

4

CARRY

Carry

Last carry value if operation produced a carry bit

0b - Carry was 0 or no carry

1b - Carry was 1

3-1

—

Reserved

0 Done

Table continues on the next page...
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Table continued from the previous page...

Field Function

DONE Indicates if the accelerator has finished an operation. Write 1 to clear, or write CTRL1 to clear.

0b - Busy or just cleared

1b - Completed last operation

45.4.1.5 Interrupt Enable Set (INTENSET)

Offset

Register Offset

INTENSET 10h

Function
Sets interrupts

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DONE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

DONE

Done

Set if the accelerator should interrupt when done.

0b - Do not interrupt when done

1b - Interrupt when done

NXP Semiconductors
CASPER

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2857 / 5781



45.4.1.6 Interrupt Enable Clear (INTENCLR)

Offset

Register Offset

INTENCLR 14h

Function
Clears interrupts

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DONE 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

DONE

Done

Written to clear an interrupt set with INTENSET.

0b - If written 0, ignored

1b - If written 1, do not interrupt when done.

45.4.1.7 Interrupt status (INTSTAT)

Offset

Register Offset

INTSTAT 18h

Function
Interrupt status bits (mask of INTENSET and STATUS)
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DONE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

DONE

If set, interrupt is caused by accelerator being done.

0b - Not caused by accelerator being done

1b - Caused by accelerator being done

45.4.1.8 A Register (AREG)

Offset

Register Offset

AREG 20h

Function
AREG is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

REG_VALUE

Register Value

Register to be fed into Multiplier.

45.4.1.9 B Register (BREG)

Offset

Register Offset

BREG 24h

Function
BREG is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

REG_VALUE

Register Value

Register to be fed into Multiplier.

45.4.1.10 C Register (CREG)

Offset

Register Offset

CREG 28h
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Function
CREG is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

REG_VALUE

Register Value

Register to be fed into Multiplier.

45.4.1.11 D Register (DREG)

Offset

Register Offset

DREG 2Ch

Function
DREG is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

REG_VALUE

Register Value

Register to be fed into Multiplier.

45.4.1.12 Result Register 0 (RES0)

Offset

Register Offset

RES0 30h

Function
RES0 is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

REG_VALUE

Register Value

Register to hold working result (from multiplier, adder/xor, etc).

45.4.1.13 Result Register 1 (RES1)

Offset

Register Offset

RES1 34h
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Function
RES1 is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

REG_VALUE

Register to hold working result (from multiplier, adder/xor, etc).

45.4.1.14 Result Register 2 (RES2)

Offset

Register Offset

RES2 38h

Function
RES2 is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

REG_VALUE

Register Value

Register to hold working result (from multiplier, adder/xor, etc).

45.4.1.15 Result Register 3 (RES3)

Offset

Register Offset

RES3 3Ch

Function
RES3 is not normally written or read by the application, but is available when the accelerator is not busy.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
REG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

REG_VALUE

Register to hold working result (from multiplier, adder/xor, etc).

45.4.1.16 Mask (MASK)

Offset

Register Offset

MASK 60h
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Function
Optional mask register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

MASK

Mask

Mask to apply as a side channel countermeasure.

0: No mask to be used.

N: Mask to XOR onto values

45.4.1.17 Remask (REMASK)

Offset

Register Offset

REMASK 64h

Function
Optional re-mask register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

MASK

Mask

Mask to apply as a side channel countermeasure.

0: No mask to be used.

N: Mask to XOR onto values

45.4.1.18 Lock (LOCK)

Offset

Register Offset

LOCK 80h

Function
Security lock register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved KEY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
KEY Reserved LOCK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-4

KEY

Key

Must be written as 0x73D to change the register.

0_0111_0011_1101b - Key Value. If set during write, will allow lock or unlock.

3-1 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

0

LOCK

Lock

Reads back with security level locked to, or 0. Writes as 0 to unlock, 1 to lock.

0b - Unlock

1b - Lock to current security level
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Chapter 46
External Watchdog Monitor (EWM)
46.1 Chip-specific EWM information
Table 453. Reference links to related information

Topic Related module Reference

Full description EWM EWM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

46.1.1 Module instances
This device has one instance of the EWM module.

46.2 Overview
For safety purposes, a redundant watchdog system, EWM, is designed to monitor external circuits and the MCU software flow. 
This provides a backup mechanism to the internal watchdog that resets the MCU's CPU and peripherals.

The internal watchdog is used to monitor the flow and execution of the embedded software within the MCU. It consists of a counter 
that, if allowed to overflow, forces an internal, asynchronous reset to all on-chip peripherals. The counter also optionally asserts 
the RESET_B pin to reset external devices and circuits. The watchdog counter must not overflow if the software code works well 
and services the watchdog to restart the actual counter.

The EWM does not reset the MCU's CPU and peripherals, making it different from internal watchdog. The EWM module provides 
an independent ewm_out_b signal that, when asserted, resets or places an external circuit into a safe mode. The ewm_out_b 
signal asserts upon EWM counter timeout. An optional external input, ewm_in, allows additional control when asserting the 
ewm_out_b signal.
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46.2.1 Block diagram

Clock divider
logic

Low-power
clock

CLKPRESCALER
[CLK_DIV]

LPO_CLK Clock gating
cell

Enable

AND

      EWM refresh 
            and 
    ewm_out_b output
 control mechanism

CMPH[COMPAREH]
CMPL[COMPAREL]
ewm_in
SERV

CTRL[EWMEN]

Counter overflow

8-bit counter

Reset to counter

Counter value

CPU resetOR

EWM refreshed

ewm_out

Figure 292. Block diagram

46.2.2 Features
• Independent LPO_CLK source

• Programmable timeout period, specified in terms of the number of EWM LPO_CLK cycles

• Windowed refresh option that provides:

— A robust check to confirm that the program flow is faster than expected.

— A programmable window.

— Refresh outside the window, leading to assertion of the ewm_out_b signal.

• Robust refresh mechanism:

— Write values of B4h and 2Ch to Service (SERV) within 23 peripheral bus clock cycles.

• One output port, ewm_out_b, which when asserted is used to reset or place the external circuit into Safe mode

• One input port, ewm_in, which allows an external circuit to control the assertion of the ewm_out_b signal

46.3 Functional description
The following sections discuss these aspects of EWM:

• Functional details

• Operating modes

 
If the BUS_CLK is lost, EWM does not generate the ewm_out_b signal and no refresh operation is possible.

  NOTE  

46.3.1 Modes of operation

46.3.1.1 Stop mode

When EWM is in Stop mode, the CPU cannot refresh EWM. After entering Stop mode, the EWM counter freezes.
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Following are the possible ways to exit Stop mode:

• Through a reset: EWM remains disabled in this case.

• Through an interrupt: EWM is re-enabled and the counter continues to be clocked from the same value as prior to Stop 
mode entry.

 
Consider the following if EWM enters Stop mode during the CPU refresh mechanism:

• While exiting Stop mode through an interrupt, the refresh mechanism starts from the previous state. That is, 
if you write the refresh command correctly and EWM enters Stop mode immediately, you must write the next 
command in 23 peripheral bus clocks after exiting Stop mode.

• You must mask all interrupts before executing the EWM refresh instructions.

  NOTE  

46.3.1.2 Debug mode

EWM remains unimpacted when entering Debug mode:

• If EWM is enabled before entering Debug mode, it remains enabled.

• If EWM is disabled before entering Debug mode, it remains disabled.

46.3.2 Using the EWM counter
EWM uses an 8-bit ripple counter that is fed by a clock source independent of the peripheral bus clock source. As the preferred 
timeout is between 1 ms and 100 ms, the actual clock source must be in the kHz range.

The counter is reset to 0 in these conditions:

• After CPU reset

• After the EWM refresh action completes

• At counter overflow

The CPU cannot access the counter value.

46.3.3 Using compare registers
You can write to Compare Low (CMPL) and Compare High (CMPH) only once after a CPU reset and you cannot modify them until 
another CPU reset occurs. These registers are used to create a refresh window for the EWM module.

You cannot program Compare Low (CMPL) and Compare High (CMPH) with the same value. In case of any attempt, the 
ewm_out_b signal asserts as soon as the counter reaches the value of Compare Low (CMPL) + 1.

 
You must update Compare Low (CMPL) and Compare High (CMPH) before enabling EWM, after which the counter 
resets to 0. Therefore, you must provide a reasonable time after POR for the external monitoring circuit to stabilize. 
You must also ensure that the ewm_in pin is deasserted.

  NOTE  

46.3.4 Using the refresh mechanism
Other than the initial configuration of EWM, the CPU can access EWM only through Service (SERV). The CPU must access 
this register by correctly writing unique data within the windowed time frame, as determined by Compare Low (CMPL) and 
Compare High (CMPH) for the correct EWM refresh operation. The following table describes conditions that exist and the refresh 
mechanisms that apply to those conditions.
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Table 454. Refresh mechanisms

Condition Mechanism

The EWM refresh action completes when 
the value of Compare Low (CMPL) ≤ the 
counter value < the value of Compare 
High (CMPH).

The software behaves as expected and the EWM counter resets to 0.

The ewm_out_b output signal remains in Deasserted state if, during the EWM 
refresh action, the ewm_in input is in Deasserted state.

The EWM refresh action completes when 
the counter value < the value of Compare 
Low (CMPL).

The software refreshes EWM before the windowed time frame, the counter resets 
to 0, and the ewm_out_b output signal asserts no matter what the value of the 
ewm_in input signal is.

The counter value reaches the value of 
Compare High (CMPH) prior to completion 
of the EWM refresh action.

The software does not refresh EWM. The EWM counter resets to 0 and the 
ewm_out_b output signal asserts no matter what the value of the ewm_in input 
signal is.

See Service (SERV) for more on the refresh mechanism.

46.3.5 Interrupt
When the ewm_out_b signal asserts, an interrupt request can be generated to indicate the assertion of the EWM reset out 
signal. The interrupt is enabled when CTRL[INTEN] = 1. Writing 0 to this field clears the interrupt request but does not affect the 
ewm_out_b signal, which can be deasserted only by forcing a system reset.

46.3.6 Clocking
The following table shows EWM clocks.

Table 455. EWM Clocks

Clock Description

IPG_CLK This is the system clock and should be turned on for EWM to be able to work properly. 
During low power modes in which the core is powered down, this clock is disabled,

IPG_CLK_S This is the IPS clock and is synchronous with IPG_CLK. It is disabled except during IPS 
write accesses. it is enabled with EWM's IPS_MODULE_EN

lPO_CLOCK This is a low power clock used for running EWM counter. This clock is gated when EWM 
is disabled or when ewm_out_b is asserted.

46.3.7 Using the counter clock prescaler
You can program CLKPRESCALER[CLK_DIV] to divide the EWM counter clock source. This divided clock is used to run the 
EWM counter.

 
The divided clock used to run the EWM counter must not exceed half the frequency of the bus clock.

  NOTE  

46.4 External signals
EWM includes external signals, as shown in the following table.
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All active-low signals are represented with the suffix "_b" throughout the chapter.

  NOTE  

Table 456. Signal descriptions

Signal Description I/O

ewm_in EWM's input for the safety status of external safety circuits. You can 
program the polarity of ewm_in by using CTRL[ASSIN]. The default polarity 
is active-low.

I

ewm_out_b EWM's reset out signal O

46.4.1 Using the ewm_out_b signal
The ewm_out_b signal is a digital output signal used to gate an external circuit (application-specific) that controls critical safety 
functions. For example, EWM_out must be connected to the high-voltage transistor circuits that control an AC motor in a 
large appliance.

The ewm_out_b signal remains deasserted when the CPU regularly refreshes EWM within the programmable refresh window, 
indicating that the application code is executing as expected.

The ewm_out_b signal asserts in any of the following conditions:

• An EWM refresh action occurs when the counter value is less than the value of Compare Low (CMPL).

• The EWM counter value reaches the value of Compare High (CMPH) and no EWM refresh occurs.

• The functionality of the ewm_in pin is enabled and the ewm_in pin asserts when refreshing EWM.

• After any reset.

The ewm_out_b signal asserts after any reset by the virtue of the external pulldown mechanism on the ewm_out_b pin. To deassert 
the ewm_out_b signal, write 1 to CTRL[EWMEN] to enable EWM.

If the ewm_out_b signal shares its pad with a digital I/O pin, this actual pad defers to being an input signal on reset. The ewm_out_b 
signal controls the pad state only after CTRL[EWMEN] enables EWM.

 
The ewm_out_b pad must be in Pulldown state when the EWM functionality is being used and EWM is under reset.

  NOTE  

46.4.2 Using the ewm_out_b pin state in low-power modes
During Wait, Stop, and Power-Down modes, the ewm_out_b pin enters a high-impedance state. You have the option to control the 
logic state of the pin by using an external pull device or by configuring the internal pull device. When the CPU enters Run mode 
from Wait or Stop mode recovery, the pin resumes its previous state before entering Wait or Stop mode. When the CPU enters 
Run mode after exiting Power-Down mode, the pin returns to its reset state.

46.4.3 Using the ewm_in signal
The ewm_in signal is a digital input signal for the safety status of external safety circuits. This signal allows an external circuit to 
control the assertion of the ewm_out_b signal. For example, in the application, an external circuit monitors a critical safety function, 
and if there is a fault with the safety function, the external circuit can actively initiate the ewm_out_b signal, which controls the 
gating circuit.

The ewm_in signal is ignored if EWM is disabled, or if CTRL[INEN] = 0 after any reset.

After you enable EWM (by writing 1 to CTRL[EWMEN]) and the ewm_in functionality (by writing 1 to CTRL[INEN]), the ewm_in 
signal must be in Deasserted state before the CPU starts refreshing EWM. This ensures that the ewm_out_b signal stays in 
Deasserted state; otherwise, the ewm_out_b output signal asserts.
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46.5 Memory map and register definitions
This section contains the module memory map and registers.

 
EWM supports only 8-bit register accesses; 16-bit and 32-bit accesses are not supported.

  NOTE  

46.5.1 EWM register descriptions

46.5.1.1 EWM memory map

EWM0 base address: 2802_E000h

Offset Register Width

(In bits)

Access Reset value

0h Control (CTRL) 8 RW 00h

1h Service (SERV) 8 W 00h

2h Compare Low (CMPL) 8 RW 00h

3h Compare High (CMPH) 8 RW FFh

5h Clock Prescaler (CLKPRESCALER) 8 RW 00h

46.5.1.2 Control (CTRL)

Offset

Register Offset

CTRL 0h

Function

Controls the functionality of EWM.

 
You can write to CTRL[INEN], CTRL[ASSIN], and CTRL[EWMEN] only once after a CPU reset. Modifying these 
fields more than once generates a bus transfer error.

  NOTE  
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Diagram

Bits 7 6 5 4 3 2 1 0

R 0
INTEN INEN ASSIN EWMEN 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-4

—

Reserved

3

INTEN

Interrupt Enable

Enables interrupt request generation.

If this field = 1 and the ewm_out_b signal is asserted, an interrupt request is generated. To deassert interrupt 
requests, write 0 to this field.

0b - Deasserts interrupt requests

1b - Generates interrupt requests

2

INEN

Input Enable

Enables the ewm_in port.

When this field = 1, it enables the ewm_in port.

0b - Disables

1b - Enables

1

ASSIN

Assertion State Select

Specifies the asserted state of the ewm_in signal.

By default, the asserted state of the ewm_in signal is logic 0 (active-low), which is when this field = 0. When 
this field = 1, the ewm_in asserted state is logic 1 (active-high). You can use this field to change the expected 
polarity of the ewm_in signal.

0b - Logic 0

1b - Logic 1

0

EWMEN

EWM Enable

Enables the EWM module.

This field resets the EWM counter to 0 and deasserts the ewm_out_b signal. If this field = 1, it enables the 
EWM module, and if the field = 0, it disables the EWM module. You cannot re-enable this field until the next 
reset because of its write-once nature.

0b - Disables

1b - Enables
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46.5.1.3 Service (SERV)

Offset

Register Offset

SERV 1h

Function

Provides an interface from the CPU to the EWM module.

Attempted reads of this register return 0.

Diagram

Bits 7 6 5 4 3 2 1 0

R 0

W SERVICE 

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

SERVICE

Service

Provides an interface from the CPU to the EWM module.

The EWM refresh mechanism requires the CPU to write these values to this field: a first data byte of B4h, 
followed by a second data byte of 2Ch.

The EWM refresh action is invalid if either of the following conditions is true:

• The first or second data byte is not written correctly.

• The second data byte is not written within a fixed number of peripheral bus cycles of the first 
data byte, known as EWM_refresh_time. The number of peripheral bus clock cycles required for 
EWM_refresh_time is 23.

46.5.1.4 Compare Low (CMPL)

Offset

Register Offset

CMPL 2h

Function

Determines the lower value of the windowed time frame for the correct EWM refresh operation.

This register is reset to 0 after a CPU reset. This provides no minimum time for the CPU to refresh the EWM counter.
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You can write to this register only once after a CPU reset. Writing to the register more than once generates a bus 
transfer error.

  NOTE  

Diagram

Bits 7 6 5 4 3 2 1 0

R
COMPAREL 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

COMPAREL

Compare Low

Configures the minimum counter value when refreshes are allowed. If a refresh is attempted while the 
counter value is lower than COMPAREL, then the ewm_out_b signal is asserted.

To prevent runaway code from changing the value of this field, you must write to this field after a CPU reset 
even if the (default) minimum refresh time is required.

46.5.1.5 Compare High (CMPH)

Offset

Register Offset

CMPH 3h

Function

Determines the higher value of the windowed time frame for the correct EWM refresh operation.

This register is reset to FFh after a CPU reset. This provides a maximum time of up to 256 clocks for the CPU to refresh the 
EWM counter.

 
You can write to this register only once after a CPU reset. Writing to the register more than once generates a bus 
transfer error.

The valid values for this register are up to FEh because the EWM counter never expires when the value of 
COMPAREH = FFh. The expiration happens only if the EWM counter is greater than the value of COMPAREH.

  NOTE  
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Diagram

Bits 7 6 5 4 3 2 1 0

R
COMPAREH 

W

Reset 1 1 1 1 1 1 1 1

Fields

Field Function

7-0

COMPAREH

Compare High

Configures the maximum counter value till when refreshes are allowed. If a refresh is not attempted while 
the counter value is greater than COMPAREH, then the ewm_out_b signal is asserted.

To prevent runaway code from changing the value of this field, you must write to this field after a CPU reset.

46.5.1.6 Clock Prescaler (CLKPRESCALER)

Offset

Register Offset

CLKPRESCALER 5h

Function

Prescales the EWM counter clock source by a clock divider.

This register is reset to 00h after a CPU reset.

 
You can write to this register only once after a CPU reset. Writing to the register more than once generates a bus 
transfer error. You must write the required prescaler value before enabling EWM.

  NOTE  

Diagram

Bits 7 6 5 4 3 2 1 0

R
CLK_DIV 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0 Clock Divider

Prescales the selected low-power clock source for running the EWM counter:

Table continues on the next page...
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Field Function

CLK_DIV Prescaled clock frequency = low-power clock source frequency ÷ (1 + the value of CLK_DIV)

See chip-specific information for low-power clock source frequency used in your device.
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Chapter 47
Low-Power Integrated Timer (LPIT)
47.1 Chip-specific LPIT information
Table 457. Reference links to related information

Topic Related module Reference

Full description LPIT LPIT

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

47.1.1 Module instances
This device has two instances of the LPIT module: LPIT0 and LPIT1.

47.1.2 Trigger assignments
For LPIT0-1 DMA Trigger assignments, see DMAMUX0-2 request assignments

For LPIT0-1 TRIGMUX assignments, see TRIGMUX input and output triggers.

47.1.3 Power mode mapping
The power modes mentioned in the block guide may be different than actual power modes implemented by the chip. For mapping 
of chip and module power modes, see Table 48 and Table 52.

47.1.4 PCC SSADO bit status for Debug and Doze mode enable in LPIT
For Doze Mode, SSADO bit must be set in the PCC register to see the effect of DOZE_EN =1 in LPIT. If SSADO is not set, 
DOZE_EN has not effect and timer will not stop when ever core enters in STOP/WAIT. See MCR[DOZE_EN] and PCC chapter 
for details.

For Debug mode, SSADO bit must be set in the PCC register to see the effect of DBG_EN =1 in LPIT. If SSADO is not set, DBG_EN 
has not effect and timer will stop when ever core is in debug mode. See MCR[DBG_EN] and PCC chapter for details.

47.2 Overview
LPIT is a low-power periodic interrupt timer with multiple timer channels. After a timer reaches a programmed count, the respective 
timer channels generate pre-trigger and trigger output signals, and these outputs can be used to trigger other modules on the chip.
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47.2.1 Block diagram
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Figure 293. Block diagram

47.2.2 Features
LPIT allows you to configure timer channels in a way that they could be:

• Controlled using external triggers (triggers from outside LPIT).

• Controlled using internal triggers (triggers from other timer channels inside LPIT).

• Chained together, to form a larger width timer.

• Reloaded and counted again, or stopped after reaching the programmed count, depending on the timer modes used.

47.3 Functional description

47.3.1 Programming model
The LPIT programming model (see Figure 294) comprises:

• A global register set (common to all timer channels).

• Registers for each timer channel (that control their respective timer channels).

Access to these registers is synchronized with the asynchronous peripheral clock and then affects the timer channel registers:

• Each timer channel contains a 32-bit counter that loads the starting value and down counts after every peripheral clock's 
positive edge.

• After reaching a zero value (a channel timer timeout), a trigger output is generated.

• A timer enable register control field, external or internal triggers, or a previous channel timeout (when using timer chaining) 
control the counter enable.
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• After a channel timer timeout, an interrupt flag is also set to tell the CPU about the timer timeout.

You must configure the following global registers only once:

• Version ID (VERID)

• Parameter (PARAM)

• Module Control (MCR)

• Module Status (MSR)

• Module Interrupt Enable (MIER)

• Set Timer Enable (SETTEN)

• Clear Timer Enable (CLRTEN)

You must configure the following channel registers for each channel:

• Timer Value (TVAL0 - TVAL3)

• Current Timer Value (CVAL0 - CVAL3)

• Timer Control (TCTRL0 - TCTRL3)

Select trigger sources
Select trigger

Counter modes
Chaining channels

Timer reload on trigger
Timer stop on interrupt
Timer start on trigger

Timer enables

Channel registers must
be set for each channel

Global registers must
only be set once

Compare modes:
timeout period

Capture modes:
timer value when
trigger is asserted

32- or 16-bit counter,
trigger accumulator,
or trigger input capture

TCTRLn[...]

SETTEN[...]

Set Timer Enable

MSR[...]

Module Status

Timer interrupt
flags

CVALn[...]

Current Timer
Value

MIER[...]

Module Interrupt Enable

Channel n Timer
Interrupt Enable
MIER[TIEn]

Timer interrupt
enables

TCTRLn[T_EN] becomes 1

Timer enables

CLRTEN[...]

Clear Timer Enable

Disable timers
by clearing
timer enables

5 4 3 2 1

Timer Control

Debug mode
Doze mode
Module clock
Software reset

MCR[...]

Module Control

Device
identifiers

VERID[...]

Version ID

Number of timers
Number of external
trigger inputs

PARAM[...]

Parameter

TVALn[...]

Timer Value

LPIT
programming model

TCTRLn[T_EN]

Load a
starting
value

Read

Figure 294. Programming model
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47.3.2 Interfacing with other modules
The following figure shows the interface of an LPIT module with other modules on the chip:

• The CPU interface provides the clock, reset, and register read and write bus interface. It handles LPIT interrupts.

• The LPIT trigger output signals may trigger other modules on the chip, such as DMA and ADC.

• Similarly, other timer modules may provide trigger inputs to LPIT to control when an LPIT timer channel must start.

IPS bus

Bus clock

Asynchronous
reset Trigger out 0

Triggering

External
trigger inputs
(per channel)

interrupt
Pre-trigger out 0

Trigger out 1

Pre-trigger out 1

Trigger out 2

Pre-trigger out 2

Trigger out n - 1

Pre-trigger out n - 1
Asynchronous

peripheral clock

CPU
interface

Chip

ModulesLPIT

Figure 295. Interfacing with other modules

47.3.3 Chip power modes
LPIT supports the following chip power modes.

Table 458. Chip power modes

Chip mode LPIT operation

Run Normal operation

Sleep and Wait Can continue operating in this mode if MCR[DOZE_EN] = 1 and LPIT is using 
an external or internal clock source that remains operational during Sleep and 
Wait modes.

Low Power Stop (also called Deep 
Sleep)

The Doze Enable (MCR[DOZE_EN]) bit is ignored and the LPIT will be disabled 
for the duration of Low Power mode.

Debug Can continue operating in this mode if MCR[DBG_EN] = 1

47.3.4 Supported timer modes
To configure a timer mode, you must select an appropriate value using TCTRLn[MODE].
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Table 459. Supported timer modes

Timer mode Operation

32-bit periodic counter The counter loads and decrements down to 0, and this sets the timer interrupt flag and asserts the 
output pretrigger.

Dual 16-bit 
periodic counter

• The counter loads and then the lower 16 bits decrement down to 0. This asserts the 
output pretrigger.

• The upper 16 bits then decrement down to 0. This sets the timer interrupt flag and negates the 
output pretrigger.

32-bit 
trigger accumulator

The counter loads after the first trigger rising edge and then decrements down to 0 after each trigger 
rising edge. This sets the timer interrupt flag and asserts the output pretrigger.

32-bit trigger 
input capture

• The counter loads with a value of FFFF_FFFFh and then decrements down to 0.

• If a trigger rising edge is detected, it stores the inverse of the current counter value in Timer Value 
(TVAL0 - TVAL3). This sets the timer interrupt flag and asserts the output pretrigger.

TCTRLn[TSOT], TCTRLn[TSOI], and TCTRLn[TROT] control the timer operation. These fields control the timer load, reload, start, 
and restart of the timers.

 
• The trigger output is asserted one peripheral timer clock cycle after the pre-trigger output. The trigger and 

pre-trigger outputs deassert at the same time.

• The pre-trigger output is asserted for two clock cycles and the trigger output is asserted for one clock cycle 
(except in 16-bit Periodic Counter mode, where both pre-trigger and trigger outputs are asserted for many 
cycles depending on the value of TVALn[TMR_VAL][31:16]).

• Timer changes (that are based on external triggers) take effect after four peripheral clocks, after the actual 
external trigger assertion. This is because of clock synchronization, rise edge detection, and timer update.

  NOTE  

47.3.5 Timer channel modes
You can configure each timer channel in LPIT to work in either compare modes or capture modes.

The timer channels operate on an asynchronous clock, which is independent of the register read and write access clock. Clock 
synchronization between clock domains ensures normal operations.

Table 460. Timer channel modes

Mode Function

Compare The timers decrement when enabled and generate an output pretrigger and trigger output. The 
trigger output is one clock cycle delayed of the pre-trigger pulse. You can configure certain control 
fields to control each timer channel's start, reload, and restart (see Trigger control for timers for more 
information). You can also configure the timer to always decrement from a programmed start value, 
on selected trigger inputs, or previous channel timeout (when channels are chained). By chaining 
timer channels, applications can achieve larger timeout durations.

Capture You can use the timer to perform measurements by using Timer Value (TVAL0 - TVAL3), as the 
timer value is captured when a selected trigger input is asserted. The timer can support once-off or 
multiple measurements, such as frequency measurements.

47.3.6 Trigger control for timers
You can configure various LPIT register fields to control how trigger inputs and the timer operate:
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• TCTRLn[TRG_SEL] helps you select the input trigger for the channel from all other channels' trigger outputs.

• TCTRLn[TRG_SRC] helps you select between the internal and external trigger inputs to the channel.

The selected trigger affects how the timer operates, using the configuration of TCTRLn[TSOT], TCTRLn[TSOI], and 
TCTRLn[TROT] (see Table 461).

Table 461. Fields that control timer operations

If = Then

Timer stop on 
interrupt 

(TCTRLn[TSOI])

1 The counter stops after MSR[TIFn] assertion. To reload and decrement, it requires:

• A trigger (if TCTRLn[TSOT] = 1).

• A T_EN rising edge (if TCTRLn[TSOT] = 0).

0 The counter does not stop after timeout.

Timer reload 
on trigger 

(TCTRLn[TROT])

1 The counter is loaded after each trigger.

0 The counter is loaded after every T_EN rising edge or timeout rising edge (timeout is not 
used in Capture modes).

Timer start on trigger 
(TCTRLn[TSOT])

1 The counter starts decrementing after a trigger. Subsequent triggers are ignored until the 
counter times out.

0 The counter decrements immediately after the next clock edge. When the channel is 
chained or is in Capture mode, TCTRLn[TSOT] has no effect.

In different timer modes, the programmable fields listed in Table 462 affect the timer operation differently.

Table 462. Timer modes and programmable fields

Mode 
(TCTRLn[MODE])

Fields affecting timer operations

32-bit periodic counter TCTRLn[TSOT], TCTRLn[TSOI], and TCTRLn[TROT] affect the timer operation as described in 
Table 461.

Dual 16-bit periodic 
counter

32-bit trigger 
accumulator

• Only TCTRLn[TSOI] controls the timer function.

• TCTRLn[TROT] and TCTRLn[TSOT] have no effect on timer operations.

32-bit input trigger 
capture

• Only TCTRLn[TSOI] and TCTRLn[TROT] control the timer function.

• TCTRLn[TSOT] has no effect on timer operations.

47.3.7 Channel chaining
You can chain individual timer channels together to achieve a larger value of timeout. Chaining enables these channels to work 
in a "nested loop" manner, thereby leading to an effective timeout value of TVALCHn × (TVALCHn-1 + 1).

To chain the channels together, write 1 to TCTRLn[CHAIN] for the corresponding channel. When a channel is chained, that 
channel's timer decrements after the previous channel's timeout pulse, regardless of the timer mode that TCTRLn[MODE] defines.

TCTRLn[TSOT] does not have any effect if you chain the channel timer (channel n) to the previous channel's timer (channel n - 1).

47.3.8 Detailed timing
The following table represents various timing diagrams. The diagrams are not "cycle-accurate," which means, they may not show 
some of the cycles, but they do show the timer channel behavior across several clock cycles.
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Table 463. Timing diagrams

Mode (TCTRLn[MODE]) setting Timing diagram TCTRLn[T
SOT]

TCTRLn[T
ROT]

TCTRLn[T
SOI]

TCTRLn[C
HAIN]

32-bit periodic counter 
(Compare mode)

00 Case 1: TCTRLn[MODE] = 0

• For a use case requiring repeated 
interrupts with reload

• Trigger outputs have equal periods

0 0 0 0

Case 2: TCTRLn[MODE] = 0

• Useful for One-Shot Trigger mode

• Trigger starts again after 
TCTRLn[T_EN] becomes 1

0 0 1 0

Case 3: TCTRLn[MODE] = 0 

• For a use case requiring repeated 
interrupts with reload

• Trigger outputs have 
unequal periods

0 1 0 0

Case 4: TCTRLn[MODE] = 0

• For a one-shot timer with reload 
before timeout of Timer mode

• Timer starts again after you write 1 
to TCTRLn[T_EN]

0 1 1 0

Case 5: TCTRLn[MODE] = 0

• Useful for generating periodic 
interrupts after a predefined event 
(input trigger)

• Output triggers have equal periods

1 0 0 0

Case 6: TCTRLn[MODE] = 0

• Triggers One-Shot Timer mode

• Output trigger period depends on the 
input trigger

1 0 1 0

Case 7: TCTRLn[MODE] = 0

• Repeated interrupts with Reload 
Timer mode

• Outputs triggers have 
unequal periods

1 1 0 0

Case 8: TCTRLn[MODE] = 0

• Case shown for a nonperiodic input 
trigger (might not be a use case)

1 1 1 0

Table continues on the next page...
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Table 463. Timing diagrams (continued)

Mode (TCTRLn[MODE]) setting Timing diagram TCTRLn[T
SOT]

TCTRLn[T
ROT]

TCTRLn[T
SOI]

TCTRLn[C
HAIN]

• If input trigger is periodic and greater 
than timer timeout, it is the same as 
TCTRLn[TROT] = 0

• If input trigger is periodic and less 
than timer timeout, the timer never 
times out and always reloads on the 
input trigger (not a valid use case)

16-bit dual 
periodic counter 
(Compare mode)

01 Case 1: TCTRLn[MODE] = 1

• The effect of TCTRLn[TSOT], 
TCTRLn[TROT], and 
TCTRLn[TSOI] is the same as that of 
TCTRLn[MODE] = 0 (32-bit Counter 
Compare mode)

• Both halves of the counter are 
affected in the same way

0 0 0 0

32-bit trigger 
accumulator mode

10 Case 1: TCTRLn[MODE] = 10

• Useful for a continuous pulse 
counting mode

• Trigger and timeout generated after 
programmed number of pulses 
are accumulated

X X 0 0

Case 2: TCTRLn[MODE] = 10

• Useful for One-Shot Pulse 
Counting mode

• Trigger and timeout generated after 
programmed number of pulses 
are accumulated

X X 1 0

32-bit trigger 
capture mode

11 Case 1: TCTRLn[MODE] = 11

• Useful for determining the duration 
between pulses

• Proper clock selection can ensure 
that the timer does not rollover more 
than once between two pulses

X 0 0 0

Case 2: TCTRLn[MODE] = 11

• Useful for determining the duration 
between pulses

• Selecting a fast timer clock provides 
accurate measurements but it 
can also cause timer rollover 
between pulses

X 1 0 0

Table continues on the next page...
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Table 463. Timing diagrams (continued)

Mode (TCTRLn[MODE]) setting Timing diagram TCTRLn[T
SOT]

TCTRLn[T
ROT]

TCTRLn[T
SOI]

TCTRLn[C
HAIN]

Case 3: TCTRLn[MODE] = 11

• One-Shot Timer Count mode

• You can enable it again by writing 1 
to TCTRLn[T_EN]

X 0 1 0

Timer chaining: effects 
on timing operations

XX Timer chaining X X X 1

47.3.8.1 Case 1: TCTRLn[MODE] = 0

The following figure represents case 1 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 0

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG
Trigger is
ignored

2 clocksPRE_TRIG_OUT

Trigger is
ignored

1 clockTRIG_OUT

Figure 296. Case 1: TSOT = 0, TROT = 0, TSOI = 0, CHAIN = 0

47.3.8.2 Case 2: TCTRLn[MODE] = 0

The following figure represents case 2 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 0

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0
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countdown
is based on the 
selected clock

Timer reloads
and stops after timeout

Timer resets
when TCTRLn[T_EN] = 0

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]
CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG
Trigger is
ignored

2 clocksPRE_TRIG_OUT

Trigger is
ignored

1 clockTRIG_OUT

Figure 297. Case 2: TSOT = 0, TROT = 0, TSOI = 1, CHAIN = 0

47.3.8.3 Case 3: TCTRLn[MODE] = 0

The following figure represents case 3 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 0

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

Trigger reloads
value on input
trigger

Trigger reloads
value on input
trigger

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Timer resets
when TCTRLn[T_EN] = 0

Figure 298. Case 3: TSOT = 0, TROT = 1, TSOI = 0, CHAIN = 0
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47.3.8.4 Case 4: TCTRLn[MODE] = 0

The following figure represents case 4 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 0

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Trigger reloads
value on input
trigger

Trigger reloads value
and stops after timeout

Timer resets
when TCTRLn[T_EN] = 0

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]
CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 299. Case 4: TSOT = 0, TROT = 1, TSOI = 1, CHAIN = 0

47.3.8.5 Case 5: TCTRLn[MODE] = 0

The following figure represents case 5 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 1

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0
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countdown
is based on the 
selected clock

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]
CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

Trigger is
ignored

1 clockTRIG_OUT

Figure 300. Case 5: TSOT = 1, TROT = 0, TSOI = 0, CHAIN = 0

47.3.8.6 Case 6: TCTRLn[MODE] = 0

The following figure represents case 6 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 1

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Timer reloads
and stops after
timeout

Timer reloads
and stops after
timeout

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

Timer starts
on trigger

Timer starts
on trigger

Timer resets when
TCTRLn[T_EN] = 0

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 301. Case 6: TSOT = 1, TROT = 0, TSOI = 1, CHAIN = 0
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47.3.8.7 Case 7: TCTRLn[MODE] = 0

The following figure represents case 7 in which TCTRLn[MODE] = 0 (32-bit periodic counter). LPIT works in Compare mode and 
is configured as follows:

• TCTRLn[TSOT] = 1

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

Timer starts on
trigger

Timer
reloads on
input trigger

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Timer resets
when TCTRLn[T_EN] = 0

Figure 302. Case 7: TSOT = 1, TROT = 1, TSOI = 0, CHAIN = 0

47.3.8.8 Case 8: TCTRLn[MODE] = 0

The following figure represents case 8 in which TCTRLn[MODE] = 0 (32-bit periodic counter).

LPIT works in Compare mode and is configured as follows:

• TCTRLn[TSOT] = 1

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0
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countdown
is based on the 
selected clock

Operation:
-

-

If TCTRLn[MODE] = 0, the counter loads
and then decrements down to 0.
The counter, then, sets the timer interrupt flag
and asserts the output pre-trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

Timer starts
on trigger

Timer starts
on trigger

Timer reloads
on input trigger

Timer starts
on trigger

Timer resets when
TCTRLn[T_EN] = 0 

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 303. Case 8: TSOT = 1, TROT = 1, TSOI = 1, CHAIN = 0

47.3.8.9 Case 1: TCTRLn[MODE] = 1

The following figure represents case 1 in which TCTRLn[MODE] = 1 (16-bit dual periodic counter). LPIT works in Compare mode 
and is configured as follows:

• TCTRLn[TSOT] = 0

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0
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Operation:
-

-

If TCTRLn[MODE] = 1, the counter loads
and the lower 16 bits decrement down to 0.
This asserts the output pre-trigger and trigger
(after one clock).
The upper 16 bits, then, decrement down to 0.
This deasserts the output pre-trigger and trigger,
and sets the timer interrupt flag.

FFFFh
TCTRLn[T_EN]

CVALn[TMR_CUR_VAL]
TMR_VAL_H

IN_TRIG

(TMR_VAL_H - 1) clocks

TMR_VAL_H clocksTMR_VAL_L clocks

Trigger is
ignored

0000h

Countdown is based
on the selected clock

Timer High counts down
after Timer Low times out

Timer reloads
on timeout

Timer resets
when TCTRLn[T_EN] = 0

PRE_TRIG_OUT

Trigger is
ignored

1 clockTRIG_OUT

FFFFh
CVALn[TMR_CUR_VAL]

TMR_VAL_L

0000h

Countdown is based
on the selected clock Timer

reloads on timeout

Timer resets
when TCTRLn[T_EN] = 0

Figure 304. Case 1: TSOT = 0, TROT = 0, TSOI = 0, CHAIN = 0

If TCTRLn[MODE] = 1:

• The effect of timing control fields is similar to the effect of timer control fields when TCTRLn[MODE] = 0. See the individual 
timing diagrams for cases with TCTRLn[MODE] = 0 for more information.

• The timer interrupt (timeout) asserts when {TMR_H,TMR_L} = 0000_0000h.

See the following table for the behavior of timer control fields when TCTRLn[MODE] = 1.

Table 464. Timer control fields when TCTRLn[MODE] = 1

TCTRLn[
TSOT]

TCTRLn[
TROT]

TCTRLn[
TSOI]

Function Effect on timer

0 0 0 • For repeated interrupts with reload

• Trigger outputs have equal periods

Similar to Case 1: TCTRLn[MODE] = 1.

0 0 1 One-shot mode • Similar to Case 2: TCTRLn[MODE] = 0.

• Both timers stop after first count down 
and then time out.

• Timers do not count again until 
TCTRLn[T_EN] becomes 1.

0 1 0 • For repeated interrupts with reload

• Trigger outputs have unequal periods

• Similar to Case 3: TCTRLn[MODE] = 
0 .

• Both timers reload the value of 
TVALn[TMR_VAL] after the trigger 
rising edge.

Table continues on the next page...
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Table 464. Timer control fields when TCTRLn[MODE] = 1 (continued)

TCTRLn[
TSOT]

TCTRLn[
TROT]

TCTRLn[
TSOI]

Function Effect on timer

• Output triggers clear after reload, if 
asserted.

0 1 1 Reloadable one-shot mode • Similar to Case 4: TCTRLn[MODE] = 0.

• If a trigger occurs before timeout, then 
both timers reload and count down (as 
shown); the timers stop after timeout.

• A trigger assertion after timeout reloads 
the value of TVALn[TMR_VAL] into the 
timers.

• The timers do not count again until 
TCTRLn[T_EN] becomes 1 again.

1 0 0 • For generating periodic interrupts after 
a predefined event (input trigger)

• Output triggers have equal periods

• Similar to Case 5: TCTRLn[MODE] = 0.

• After TCTRLn[T_EN] rises, the timers 
do not start until after the first trigger's 
rising edge.

• Subsequent triggers have no effect.

1 0 1 • Triggered one-shot timer mode

• Output trigger period depends on the 
input trigger

• Similar to Case 6: TCTRLn[MODE] = 0.

• After TCTRLn[T_EN] becomes 1, the 
timers do not start until after the first 
trigger's rising edge.

• The timer stops counting after a timeout 
assertion.

• The timer does not start counting again 
until a new trigger's rising edge is 
detected.

1 1 0 • For repeated interrupts with reload 
timer mode

• Output triggers have unequal periods

• Similar to Case 7: TCTRLn[MODE] = 0.

• After TCTRLn[T_EN] becomes 1, the 
timers do not start until the first trigger's 
rising edge.

• Subsequent triggers cause the timer to 
reload the value of TVALn[TMR_VAL] 
into both counters.

• The output triggers clear after a reload, 
if asserted.

1 1 1 • For a nonperiodic input trigger

• If input trigger is periodic and greater 
than timer timeout, then it is the 

• Similar to Case 8: TCTRLn[MODE] = 0.

• After TCTRLn[T_EN] becomes 1, the 
timers do not start until the first trigger's 
rising edge.

Table continues on the next page...
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Table 464. Timer control fields when TCTRLn[MODE] = 1 (continued)

TCTRLn[
TSOT]

TCTRLn[
TROT]

TCTRLn[
TSOI]

Function Effect on timer

same as TCTRLn[TROT] = 0 (which is 
triggered one-shot timer mode; output 
trigger period depends on the input 
trigger)

• The timers stop counting after a timeout 
assertion.

• A trigger's rising edge causes the 
timers to reload and then count down.

47.3.8.10 Case 1: TCTRLn[MODE] = 10

The following figure represents case 1 in which TCTRLn[MODE] = 10. LPIT works in 32-bit trigger accumulator mode and is 
configured as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = X

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0

countdown
is based on the 
selected clock

Timer loads on the first
trigger and decrements on
subsequent triggers

Timer reloads on trigger after
timeout and decrements on
subsequent triggers

Timer resets
when TCTRLn[T_EN] = 0

Operation:
-

-

If TCTRLn[MODE] = 10, the counter loads
on the first trigger rising edge, and then decrements
down to 0 on each trigger's rising edge.
The counter, then, sets the timer interrupt flag,
and asserts the output pre-trigger and trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 305. Case 1: TSOT = X, TROT = X, TSOI = 0, CHAIN = 0

47.3.8.11 Case 2: TCTRLn[MODE] = 10

The following figure represents case 2 in which TCTRLn[MODE] = 10. LPIT works in 32-bit trigger accumulator mode and is 
configured as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = X

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0
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countdown
is based on the 
selected clock

Timer loads on the first
trigger and decrements on
subsequent triggers

Timer reloads on trigger after
timeout and decrements on
subsequent triggers

Timer resets
when TCTRLn[T_EN] = 0

Operation:
-

-

If TCTRLn[MODE] = 10, the counter loads
on the first trigger rising edge, and then decrements
down to 0 on each trigger's rising edge.
This, then, sets the timer interrupt flag,
and asserts the output pre-trigger and trigger.

FFFF_FFFFh
TCTRLn[T_EN]

TVALn[TMR_VAL]

CVALn[TMR_CUR_VAL]

0000_0000h

IN_TRIG

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 306. Case 2: TSOT = X, TROT = X, TSOI = 1, CHAIN = 0

47.3.8.12 Case 1: TCTRLn[MODE] = 11

The following figure represents case 1 in which TCTRLn[MODE] = 11. LPIT works in 32-bit trigger capture mode and is configured 
as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0
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Operation:
-

-

If TCTRLn[MODE] = 1, the counter loads with
FFFF_FFFFh, and then decrement down to 0.
If a trigger rising edge is detected, it stores the
inverse of the current counter in the load value
register, sets the timer interrupt flag, and asserts 
the output pre-trigger and trigger.

FFFF_FFFFh
TCTRLn[T_EN]

CVALn[TMR_CUR_VAL]

IN_TRIG

0000_0000h

Countdown is based
on the selected clock

Timer resets
when TCTRLn[T_EN] = 0

FFFF_FFFFh

TVALn[TMR_VAL]
(read value)

0000_0000h

Inverse value is
stored on trigger

Inverse value is
stored on trigger

Inverse
value is
stored on
triggerCount value small

Count value big
Count value middle

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 307. Case 1: TSOT = X, TROT = 0, TSOI = 0, CHAIN = 0

47.3.8.13 Case 2: TCTRLn[MODE] = 11

The following figure represents case 2 in which TCTRLn[MODE] = 11. LPIT works in 32-bit trigger capture mode and is configured 
as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 0

• TCTRLn[CHAIN] = 0
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Operation:
-

-

If TCTRLn[MODE] = 11, the counter loads with
FFFF_FFFFh, and then decrements down to 0.
If a trigger rising edge is detected, it stores the
inverse of the current counter in the load value
register, sets the timer interrupt flag, and asserts 
the output pre-trigger and trigger.

FFFF_FFFFh
TCTRLn[T_EN]

CVALn[TMR_CUR_VAL]

IN_TRIG

0000_0000h

Countdown is based
on the selected clock

Timer resets
when TCTRLn[T_EN] = 0

FFFF_FFFFh

TVALn[TMR_VAL]
(read value)

0000_0000h

Inverse value is
stored on trigger

Timer does not
rollover if proper
clock is selected

Inverse value is
stored on trigger

Inverse
value is
stored on
trigger

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Figure 308. Case 2: TSOT = X, TROT = 1, TSOI = 0, CHAIN = 0

47.3.8.14 Case 3: TCTRLn[MODE] = 11

The following figure represents case 3 in which TCTRLn[MODE] = 11. LPIT works in 32-bit trigger capture mode and is configured 
as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = 0

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0
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Operation:
-

-

If TCTRLn[MODE] = 11, the counter loads with
FFFF_FFFFh, and then decrements down to 0.
If a trigger rising edge is detected, it stores the
inverse of the current counter in the load value
register, sets the timer interrupt flag, and asserts 
the output pre-trigger and trigger.

FFFF_FFFFh
TCTRLn[T_EN]

CVALn[TMR_CUR_VAL]

IN_TRIG

0000_0000h

Countdown is based
on the selected clock

Timer resets
when TCTRLn[T_EN] = 0

FFFF_FFFFh

TVALn[TMR_VAL]
(read value)

0000_0000h

Inverse value is
stored on trigger

Timer stops
after timer interrupt

2 clocksPRE_TRIG_OUT

1 clockTRIG_OUT

Trigger is
ignored

Figure 309. Case 3: TSOT = X, TROT = 0, TSOI = 1, CHAIN = 0

47.3.8.15 Case 4: TCTRLn[MODE] = 11

Case 4, in which TCTRLn[MODE] = 11, is the same as case 3, except that the timer reloads to FFFF_FFFFh and then stops. The 
timer does not start until TCTRLn[T_EN] becomes 1 again. In this case, LPIT works in 32-bit trigger capture mode and is configured 
as follows:

• TCTRLn[TSOT] = X

• TCTRLn[TROT] = 1

• TCTRLn[TSOI] = 1

• TCTRLn[CHAIN] = 0

NXP Semiconductors
Low-Power Integrated Timer (LPIT)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2899 / 5781



47.3.9 Timer chaining

PRE_TRIG_OUT
(Timer "n - 1")

0000h

Countdown
is based on the
selected clock

TVALn[TMR_VAL]

C
VA

Ln
[T

M
R

_C
U

R
_V

AL
]

TRIG_OUT
(Timer "n - 1")

FFFFh

-

-
-
-

You can chain more than two (or all) timer channels.
NXP recommends you to configure the same trigger source and timer controls
for chained channels.

Timers "n" and "n - 1" effectively form a larger-width timer (64 bits).
from timer "n - 1", regardless of the mode you configure in timer "n".
Chaining causes timer "n" to decrement on every timeout pulse (trigger output pulse)

Effect of chaining

PRE_TRIG_OUT
(Timer "n")

0000h

TVALn[TMR_VAL]

C
VA

Ln
[T

M
R

_C
U

R
_V

AL
]

(T
im

er
 "n

 - 
1"

)
(T

im
er

 "n
 ")

TRIG_OUT
(Timer "n")

FFFFh

2 clocks

Timer resets
when TCTRLn[T_EN] = 0

1 clock

Figure 310. Chaining effects

47.4 Initialization
Table 465. Initializing LPIT

Step Action How or why to perform the step

1 Enable the peripheral clock By writing 1 to MCR[M_CEN].

 
• Accessing certain registers (Module Status (MSR), Set Timer 

Enable (SETTEN), Clear Timer Enable (CLRTEN), Timer Value 
(TVAL0 - TVAL3), Current Timer Value (CVAL0 - CVAL3), and 
Timer Control (TCTRL0 - TCTRL3)) while MCR[M_CEN] = 0 
leads to the assertion of a transfer error for that bus access. 
However, writing to CVALn and reserved registers generates a 
transfer error.

• There might be additional clock gating fields in the chip that gate 
the peripheral clock to this module. When enabling the clock to 
this module, you must configure those additional clock gating 
fields (in addition to configuring MCR[M_CEN]).

  NOTE  

2 Wait for four peripheral 
clock cycles

To allow time for clock synchronization and reset deassertion.

Table continues on the next page...
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Table 465. Initializing LPIT (continued)

Step Action How or why to perform the step

3 Configure timer 
control fields

For each timer channel that is to be enabled:

• Timer mode of operation fields, TCTRLn[MODE]

• Trigger source selection fields, TCTRLn[TRG_SEL] and TCTRLn[TRG_SRC]

• Trigger control fields, TCTRLn[TROT], TCTRLn[TSOT], and TCTRLn[TSOI]

 
You must not update timer control fields when the timer is disabled.

You can disable a timer by using any one of the following methods:

• Write 1 to the specific timer's CLRTEN[CLR_T_EN_n] field.

• Write 0 to TCTRLn[T_EN] for that channel.

  NOTE  

4 Configure the channels that 
are to be chained

By writing 1 to TCTRLn[CHAIN] in the corresponding channel's Timer Control (TCTRL0 
- TCTRL3).

5 Set the timer timeout value By programming an appropriate value in TVALn[TMR_VAL] for the channels that you 
configure in Compare mode.

6 Configure MIER[TIEn] For those channels that are required to generate interrupts after timer timeouts.

7 Configure the low-power 
modes of the module

By writing 1 to MCR[DBG_EN] and MCR[DOZE_EN]. This is common to all 
timer channels.

8 Enable the channel timers By writing 1 to the corresponding TCTRLn[T_EN].

 
When you enable a timer channel in Compare mode, the first decrement takes an additional one or two clock cycles 
because of synchronization logic. This results in the first compare (and therefore interrupt and hardware trigger) 
occurring slightly later. A faster counter clock minimizes this impact.

  NOTE  

Additionally,

• For channels that you configure in Capture mode, you can read the timer value from Timer Value (TVAL0 - TVAL3) when 
a channel timeout occurs.

• At any time, you can read the current value of the timer for any channel by reading the corresponding channel's Current 
Timer Value (CVAL0 - CVAL3). Ensure that MCR[M_CEN] = 1 when doing so.

• MSR[TIFn] are asserted after timer timeout. To clear these timer interrupt flags, write 1 to them.

47.5 Memory map and registers

47.5.1 LPIT register descriptions
The LPIT memory map comprises 32-bit aligned registers, which you can access via 8-bit, 16-bit, or 32-bit accesses. Read and 
write accesses to reserved locations generate a transfer error, and the read bus shows all 0s.

 
• The memory map and complete module are in big-endian (BE) format.

• LPIT does not check whether programmed values in these registers are correct—you must write the 
correct values.

  NOTE  
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47.5.1.1 LPIT memory map

LPIT0 base address: 2803_B000h

LPIT1 base address: 2932_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0100_0000h

4h Parameter (PARAM) 32 R 0000_0404h

8h Module Control (MCR) 32 RW 0000_0000h

Ch Module Status (MSR) 32 RW 0000_0000h

10h Module Interrupt Enable (MIER) 32 RW 0000_0000h

14h Set Timer Enable (SETTEN) 32 RW 0000_0000h

18h Clear Timer Enable (CLRTEN) 32 RW 0000_0000h

20h Timer Value (TVAL0) 32 RW 0000_0000h

24h Current Timer Value (CVAL0) 32 R FFFF_FFFFh

28h Timer Control (TCTRL0) 32 RW 0000_0000h

30h Timer Value (TVAL1) 32 RW 0000_0000h

34h Current Timer Value (CVAL1) 32 R FFFF_FFFFh

38h Timer Control (TCTRL1) 32 RW 0000_0000h

40h Timer Value (TVAL2) 32 RW 0000_0000h

44h Current Timer Value (CVAL2) 32 R FFFF_FFFFh

48h Timer Control (TCTRL2) 32 RW 0000_0000h

50h Timer Value (TVAL3) 32 RW 0000_0000h

54h Current Timer Value (CVAL3) 32 R FFFF_FFFFh

58h Timer Control (TCTRL3) 32 RW 0000_0000h

47.5.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains design version specification numbers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

Indicates the major version number for the module design specification.

23-16

MINOR

Minor Version Number

Indicates the minor version number for the module design specification.

15-0

FEATURE

Feature Number

Indicates the feature set number.

47.5.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Provides parameter settings that are used when incorporating this module into the chip.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EXT_TRIG CHANNEL 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-16

—

Reserved

15-8

EXT_TRIG

Number of External Trigger Inputs

Specifies the number of external triggers implemented in this chip.

7-0

CHANNEL

Number of Timer Channels

Specifies the number of timer channels implemented in this chip.

47.5.1.4 Module Control (MCR)

Offset

Register Offset

MCR 8h

Function
Contains software reset, clock enable, and mode enable fields.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DBG_
EN 

DOZE
_EN 

SW_
RST 

M_
CEN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

DBG_EN

Debug Mode Enable

Stops the timer channels when the chip enters Debug mode.

0b - Stops timer channels

1b - Allows timer channels to continue running

2

DOZE_EN

DOZE Mode Enable

Stops the timer channels when the chip enters Doze mode.

0b - Stops timer channels

1b - Allows timer channels to continue running

1

SW_RST

Software Reset

Resets all timer channels and registers, except Module Status (MSR).

This field remains 1 until software clears it. Before clearing this field, software must wait for four peripheral 
clocks (for clock synchronization and reset propagation).

0b - Does not reset

1b - Resets

0

M_CEN

Module Clock Enable

Enables the peripheral clock to LPIT module timers.

This field must become 1 when accessing the following registers:

• Module Status (MSR)

• Set Timer Enable (SETTEN)

• Clear Timer Enable (CLRTEN)

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Timer Value (TVAL0 - TVAL3)

• Current Timer Value (CVAL0 - CVAL3)

• Timer Control (TCTRL0 - TCTRL3)

The following considerations apply when using this field:

• You must enable both the bus and peripheral clocks to allow clock synchronization and update of the 
aforementioned registers. Accessing these registers when MCR[M_CEN] = 0 asserts a transfer error 
for that bus cycle.

• Writing to Current Timer Value (CVAL0 - CVAL3) and reserved registers always generates a transfer 
error.

 
There may be additional clock gating fields available in this chip that gate the peripheral 
clock to LPIT. You must configure those additional clock gating fields appropriately to 
enable the peripheral clock to LPIT.

  NOTE  

0b - Disable

1b - Enable

47.5.1.5 Module Status (MSR)

Offset

Register Offset

MSR Ch

Function

Contains channel timer interrupt flags.

 
Unless the peripheral clock to the timers is enabled (MCR[M_CEN] = 1), reading or writing to this register generates 
a transfer error.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TIF3 TIF2 TIF1 TIF0 

W W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

TIF3

Channel 3 Timer Interrupt Flag

Specifies whether the channel 3 timer has timed out.

In compare modes, at the end of the timer period, this flag becomes 1.

In capture modes, when the trigger asserts, this flag becomes 1.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not timed out

1b - Timed out

When writing

0b - No effect

1b - Clear the flag

2

TIF2

Channel 2 Timer Interrupt Flag

Specifies whether the channel 2 timer has timed out.

In compare modes, at the end of the timer period, this flag becomes 1.

In capture modes, when the trigger asserts, this flag becomes 1.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not timed out

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Timed out

When writing

0b - No effect

1b - Clear the flag

1

TIF1

Channel 1 Timer Interrupt Flag

Specifies whether the channel 1 timer has timed out.

In compare modes, this flag becomes 1 at the end of the timer period.

In capture modes, this flag becomes 1 when the trigger asserts.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not timed out

1b - Timed out

When writing

0b - No effect

1b - Clear the flag

0

TIF0

Channel 0 Timer Interrupt Flag

Specifies whether the channel 0 timer has timed out.

In compare modes, this flag becomes 1 at the end of the timer period.

In capture modes, this flag becomes 1 when the trigger asserts.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not timed out

1b - Timed out

When writing

0b - No effect

1b - Clear the flag
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47.5.1.6 Module Interrupt Enable (MIER)

Offset

Register Offset

MIER 10h

Function
Contains channel timer interrupt enable fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TIE3 TIE2 TIE1 TIE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

TIE3

Channel 3 Timer Interrupt Enable

Enables interrupt generation when:

• This field = 1.

• The corresponding timer interrupt flag, MSR[TIF3] = 1.

0b - Disable

1b - Enable

2

TIE2

Channel 2 Timer Interrupt Enable

Enables interrupt generation when:

• This field = 1.

• The corresponding timer interrupt flag, MSR[TIF2] = 1.

0b - Disable

1b - Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

TIE1

Channel 1 Timer Interrupt Enable

Enables interrupt generation when:

• This field = 1.

• The corresponding timer interrupt flag, MSR[TIF1] = 1.

0b - Disable

1b - Enable

0

TIE0

Channel 0 Timer Interrupt Enable

Enables interrupt generation when:

• This field = 1.

• The corresponding timer interrupt flag, MSR[TIF0] = 1.

0b - Disable

1b - Enable

47.5.1.7 Set Timer Enable (SETTEN)

Offset

Register Offset

SETTEN 14h

Function

Allows the simultaneous enabling of timer channels.

You can enable timer channels by using either of the following ways:

• Writing 1 to TCTRLn[T_EN] in the respective TCTRLn register.

• Writing 1 to the corresponding SETTEN[SET_T_EN_n] field.

To disable timer channels simultaneously, use Clear Timer Enable (CLRTEN). Writing 0 to the fields of this register has no effect.

 
Unless the peripheral clock to the timers is enabled (MCR[M_CEN] = 1), reading or writing to this register generates 
a transfer error.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 SET_T
_E...

SET_T
_E...

SET_T
_E...

SET_T
_E...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

SET_T_EN_3

Set Timer 3 Enable

Works with TCTRL3[T_EN] and enables timer channel 3.

Writing 0 to this field does not disable the counter; rather it has no effect.

This field becomes 0 if any of the following conditions is true:

• TCTRL3[T_EN] = 0

• You write 1 to CLRTEN[CLR_T_EN_3]

0b - No effect

1b - Enables timer channel 3

2

SET_T_EN_2

Set Timer 2 Enable

Works with TCTRL2[T_EN] and enables timer channel 2.

Writing 0 to this field does not disable the counter; rather it has no effect.

This field becomes 0 if any of the following conditions is true:

• TCTRL2[T_EN] = 0

• You write 1 to CLRTEN[CLR_T_EN_2]

0b - No Effect

1b - Enables timer channel 2

1

SET_T_EN_1

Set Timer 1 Enable

Works with TCTRL1[T_EN] and enables timer channel 1.

Writing 0 to this field does not disable the counter; rather it has no effect.

This field becomes 0 if any of the following conditions is true:

Table continues on the next page...
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Table continued from the previous page...

Field Function

• TCTRL1[T_EN] = 0

• You write 1 to CLRTEN[CLR_T_EN_1]

0b - No Effect

1b - Enables timer channel 1

0

SET_T_EN_0

Set Timer 0 Enable

Works with TCTRL0[T_EN] and enables timer channel 0.

Writing 0 to this field does not disable the counter; rather it has no effect.

This field becomes 0 if any of the following conditions is true:

• TCTRL0[T_EN] = 0

• You write 1 to CLRTEN[CLR_T_EN_0]

0b - No effect

1b - Enables timer channel 0

47.5.1.8 Clear Timer Enable (CLRTEN)

Offset

Register Offset

CLRTEN 18h

Function

Allows the simultaneous disabling of timer channels.

 
Unless the peripheral clock to the timers is enabled (MCR[M_CEN] = 1), reading or writing to this register generates 
a transfer error.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0

W
CLR_T
_E...

CLR_T
_E...

CLR_T
_E...

CLR_T
_E...

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-4

—

Reserved

3

CLR_T_EN_3

Clear Timer 3 Enable

Works with TCTRL3[T_EN] and disables timer channel 3.

Writing 1 to this self-clearing field does not enable the counter. It disables timer channel 3. It also turns 
TCTRL3[T_EN] = 0 for timer channel 3.

0b - No action

1b - Turns TCTRL3[T_EN] = 0 for timer channel 3

2

CLR_T_EN_2

Clear Timer 2 Enable

Works with TCTRL2[T_EN] and disables timer channel 2.

Writing 1 to this self-clearing field does not enable the counter. It disables timer channel 2. It also turns 
TCTRL2[T_EN] = 0 for timer channel 2.

0b - No action

1b - Turns TCTRL2[T_EN] = 0 for timer channel 2

1

CLR_T_EN_1

Clear Timer 1 Enable

Works with TCTRL1[T_EN] and disables timer channel 1.

Writing 1 to this self-clearing field does not enable the counter. It disables timer channel 1. It also turns 
TCTRL1[T_EN] = 0 for timer channel 1.

0b - No action

1b - Turns TCTRL1[T_EN] = 0 for timer channel 1

0

CLR_T_EN_0

Clear Timer 0 Enable

Works with TCTRL0[T_EN] and disables timer channel 0.

Writing 1 to this self-clearing field does not enable the counter. It disables timer channel 0. It also turns 
TCTRL0[T_EN] = 0 for timer channel 0.

0b - No action

1b - Turns TCTRL0[T_EN] = 0 for timer channel 0

47.5.1.9 Timer Value (TVAL0 - TVAL3)

Offset

Register Offset

TVAL0 20h

TVAL1 30h

Table continues on the next page...
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Table continued from the previous page...

Register Offset

TVAL2 40h

TVAL3 50h

Function

Contains timer values:

• In compare modes, this register selects the timeout period for the timer channels.

• In capture modes, this register is loaded with the value of the counter when the trigger asserts.

 
Unless the peripheral clock to the timers is enabled (MCR[M_CEN] = 1), reading or writing to this register generates 
a transfer error.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TMR_VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TMR_VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TMR_VAL

Timer Value

Specifies the timer value and whether it is valid.

• In Compare mode, this field specifies the timer channel start value:

— The timer counts down for (TVALn + 1) cycles until the timer reaches 0, then the timer 
generates an interrupt and loads the TVALn value again.

— Writing a new value to TVALn does not restart the timer channel; instead, the new value is 
loaded "after the timer expires."

— To abort the current timer cycle and start a timer period with a new value, you must disable the 
timer channel and then enable it again.

• In Capture mode, whenever the trigger asserts, this register stores the inverse of the counter value.

Table continues on the next page...
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Field Function

0000_0000_0000_0000_0000_0000_0000_0000b,0000_0000_0000_0000_0000_0000_0000_000
1b - Invalid load value in Compare mode

0000_0000_0000_0000_0000_0000_0000_0010b-1111_1111_1111_1111_1111_1111_1111_111
1b - In Compare mode: the value to be loaded; in Capture mode, the value of the timer

47.5.1.10 Current Timer Value (CVAL0 - CVAL3)

Offset

Register Offset

CVAL0 24h

CVAL1 34h

CVAL2 44h

CVAL3 54h

Function

Indicates the current timer counter value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TMR_CUR_VAL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TMR_CUR_VAL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-0

TMR_CUR_VAL

Current Timer Value

Represents the current timer value, if the timer is enabled.
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47.5.1.11 Timer Control (TCTRL0 - TCTRL3)

Offset

Register Offset

TCTRL0 28h

TCTRL1 38h

TCTRL2 48h

TCTRL3 58h

Function

Contains control fields for each timer channel:

• TRG_SEL for trigger selection

• TRG_SRC for trigger source selection

• TROT for timer reload

• TSOI for timer stoppage

• TSOT for timer decrementing

• MODE for timer operation mode selection

• CHAIN for channel chaining

You must update timer controls when the timer is disabled, and use either of the following ways to disable a timer:

• By writing 1 to the specific timer's CLRTEN[CLR_T_EN_n] field.

• By writing 0 to T_EN for that channel.

 
Unless the peripheral clock to the timers is enabled (MCR[M_CEN] = 1), reading or writing to this register generates 
a transfer error.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TRG_SEL 

TRG_
SRC 

0
TROT TSOI TSOT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MODE CHAIN T_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

TRG_SEL

Trigger Select

Selects the trigger to use for starting and/or reloading the LPIT timer.

This field selects one trigger from the set of internal or external triggers that TRG_SRC provides. TRG_SRC 
helps you make a choice between internal and external trigger signals for each channel.

 
You must change the value of this field when the LPIT timer channel is disabled.

  NOTE  

0000b-0011b - Timer channel 0–3 trigger source

0100b-1111b - Reserved

23

TRG_SRC

Trigger Source

Selects whether to use internal or external trigger sources.

You can select the trigger to be used by using this field or the TRG_SEL field. If a channel does not have 
an associated external trigger, write 1 to TRG_SRC.

See LPIT chip-specific information for the available external trigger options.

0b - External

1b - Internal

22-19

—

Reserved

18

TROT

Timer Reload on Trigger

Specifies whether the timer reloads after the selected trigger.

If this field = 1, the LPIT timer reloads when a rising edge is detected on the selected trigger input. 
The trigger input is ignored if LPIT is disabled during Debug mode (MCR[DBG_EN] = 0) or Doze mode 
(MCR[DOZE_EN] = 0).

0b - Does not reload

1b - Reloads

17

TSOI

Timer Stop on Interrupt

Controls whether the channel timer stops after being timed out.

If this field = 0, the channel timer does not stop after timeout. If this field = 1, the channel timer stops after a 
timeout and then restarts based on the configuration of TSOT. If TSOT = 0, the channel timer restarts after a 
rising edge on T_EN is detected, which means that the timer channel is disabled and then enabled. If TSOT 
= 1, the channel timer restarts after a rising edge on the selected trigger is detected.

0b - Does not stop

1b - Stops

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

TSOT

Timer Start on Trigger

Controls when the timer starts decrementing.

If this field = 0, the timer starts decrementing immediately based on the restart condition (controlled by 
TSOI). If this field = 1, the timer starts decrementing when a rising edge on a selected trigger is detected.

0b - Immediately

1b - When a rising edge is detected

15-4

—

Reserved

3-2

MODE

Timer Operation Mode

Configures the channel timer's mode of operation. This field controls how the timer decrements.

00b - 32-bit periodic counter

01b - Dual 16-bit periodic counter

10b - 32-bit trigger accumulator

11b - 32-bit trigger input capture

1

CHAIN

Chain Channel

Specifies whether channel chaining is enabled.

If channel chaining is enabled, the timer channel decrements after the previous channel's timeout (when 
timer channel N-1 trigger asserts). Timer channel 0 cannot be chained. If channel chaining is disabled, the 
channel timer runs independently.

0b - Disabled

1b - Enabled

0

T_EN

Timer Enable

Enables the timer channel.

0b - Disable

1b - Enable
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Chapter 48
Low-Power Timer (LPTMR)
48.1 Chip-specific LPTMR information
Table 466. Reference links to related information

Topic Related module Reference

Full description LPTMR LPTMR

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

48.1.1 Module instances
This device has two instances of the LPTMR module: LPTMR0 and LPTMR1.

48.1.2 LPTMR input sources

The LPTMR_CSR[TPS] bitfield configures the input source used in pulse counter mode. The following tables shows the 
chip-specific input assignments for this bitfield.

Table 467. LPTMR0 pulse counter input options

LPTMR0_CSR[TPS] Pulse counter input number Chip input

00 0 CMP0_OUT

01 1 LPTMR0_ALT1 pin

10 2 LPTMR0_ALT2 pin

11 3 LPTMR0_ALT3 pin

Table 468. LPTMR1 pulse counter input options

LPTMR1_CSR[TPS] Pulse counter input number Chip input

00 0 CMP1_OUT

01 1 LPTMR1_ALT1 pin

10 2 LPTMR1_ALT2 pin

11 3 LPTMR1_ALT3 pin

48.1.3 Power mode mapping
The power modes mentioned in the block guide may be different than actual power modes implemented by the chip. For mapping 
of chip and module power modes, see Table 48 and Table 52.

48.1.4 Clock selection through PCR[PCS]
The following clocks can be selected through PCR[PCS] bitfield of LPTMR0/1.
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Table 469. Clock selection using PCR[PCS] bit

LPTMR0/1 PSR[PCS] Clock Selected

00 LPOCLK

01 RTC1K

10 RTC32K

11 OSCCLK

48.2 Overview
The low-power timer (LPTMR) can be configured to operate as a time counter with optional prescaler, or as a pulse counter with 
optional glitch filter, across all power modes, including the low-power modes. It is reset only on Power on Reset (POR) or Low 
Voltage Detect (LVD), allowing it to be used as a time-of-day counter.

48.2.1 Block diagram
The following figure shows a detailed block diagram for an LPTMR module.

11Pulse counter input 3
10Pulse counter input 2

01Pulse counter input 1

00Pulse counter input 0

Prescaler or glitch filter clock 3

Prescaler or glitch filter clock 2

Prescaler or glitch filter clock 1

Prescaler or glitch filter clock 0

11
10

01

00

PSR[PCS] LPTMR

CSR[TPS]

Glitch filter

Counter

Prescaler

Internal
logic control

with compare

Hardware
trigger Other peripherals

Pe
rip

he
ra

l b
rid

ge

Figure 311. Functional block diagram

48.2.2 Features
• 16-bit time counter or pulse counter with compare

— Optional interrupt can generate asynchronous wake-up from any low-power mode.

— Hardware trigger output.

— Counter supports free-running mode or reset on compare.

• Configurable clock source for prescaler/glitch filter

• Configurable input source for pulse counter

— Rising-edge or falling-edge
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48.3 Functional description

48.3.1 Low-power modes
In low-power modes, LPTMR continues to operate normally. You can configure LPTMR to exit the low-power mode by generating 
either an interrupt or a DMA request.

48.3.2 Clocks
The LPTMR prescaler/glitch filter can be clocked by one of the clocks configured by PSR[PCS]. You must enable the clock source 
before you enable LPTMR.

 
You may need to configure the clock source selected by PSR[PCS] for it to remain enabled in low-power modes. 
Otherwise LPTMR will not operate in low-power modes.

  NOTE  

In Pulse Counter mode, with the glitch filter bypassed, the selected input source directly clocks the CNR, and no other clock source 
is required. To minimize power in this case, configure the glitch filter clock source for a clock that is disabled.

 
The clock source or pulse input source selected for the LPTMR must not exceed the maximum frequency of fLPTMR 
defined in the chip data sheet.

  NOTE  

48.3.3 Reset
LPTMR is reset only on Power on Reset (POR) or Low Voltage Detect (LVD). When configuring the LPTMR registers, you must 
initially write CSR with LPTMR disabled, before configuring PSR and CMR. Then, you must set CSR[TEN] as the last step in the 
initialization. Doing so ensures that LPTMR is configured correctly and the LPTMR counter is reset to zero following a Power on 
Reset (POR) or Low Voltage Detect (LVD).

48.3.4 Prescaler and glitch filter
The LPTMR prescaler and glitch filter share the same logic, which operates as a prescaler in Time Counter mode and as a glitch 
filter in Pulse Counter mode.

 
The prescaler/glitch filter configuration must not be altered when LPTMR is enabled.

  NOTE  

48.3.4.1 Prescaler enabled

In Time Counter mode, when the prescaler is enabled, the output of the prescaler directly clocks the CNR. When LPTMR is 
enabled, the CNR increments every 21 to 216 prescaler clock cycles. After LPTMR is enabled, the first increment of the CNR takes 
an additional one or two prescaler clock cycles due to synchronization logic.

48.3.4.2 Prescaler bypassed

In Time Counter mode, when the prescaler is bypassed, the selected prescaler clock increments the CNR on every clock cycle. 
When LPTMR is enabled, the first increment takes an additional one or two prescaler clock cycles due to synchronization logic.

48.3.4.3 Glitch filter

In Pulse Counter mode, when the glitch filter is enabled, the output of the glitch filter directly clocks the CNR. When LPTMR is first 
enabled, the output of the glitch filter is asserted, that is, logic 1 for active-high and logic 0 for active-low. The following table shows 
the change in glitch filter output with the selected input source.
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Table 470. Glitch filter output with the selected input source

If Then

The selected input source remains deasserted for at least 21 to 
215 consecutive prescaler clock rising edges

The glitch filter output also deasserts.

The selected input source remains asserted for at least 21 to 
215 consecutive prescaler clock rising edges

The glitch filter output also asserts.

 
The input is only sampled on the rising clock edge.

  NOTE  

The CNR increments each time the glitch filter output asserts. In Pulse Counter mode, the maximum rate at which the CNR can 
increment is once every 22 to 216 glitch filter clock edges. When first enabled, the glitch filter waits an additional one or two glitch 
filter clock edges due to synchronization logic.

48.3.4.4 Glitch filter bypassed

In Pulse Counter mode, when the glitch filter is bypassed, the selected input source increments the CNR every time it asserts. 
Before LPTMR is first enabled, the selected input source is forced to be asserted. This prevents the CNR from incrementing if the 
selected input source is already asserted when LPTMR is first enabled.

48.3.5 Counter
The counter (CNR) increments by one on every:

• Prescaler clock in Time Counter mode with prescaler bypassed

• Prescaler output in Time Counter mode with prescaler enabled

• Input source assertion in Pulse Counter mode with glitch filter bypassed

• Glitch filter output in Pulse Counter mode with glitch filter enabled

The CNR is reset when LPTMR is disabled or if the counter register overflows. If CSR[TFC] = 0, then the CNR is also reset 
whenever CSR[TCF] = 1.

When the core is halted in Debug mode:

• If configured for Pulse Counter mode, the CNR continues incrementing.

• If configured for Time Counter mode, the CNR stops incrementing.

The CNR cannot be initialized, but can be read at any time. On each read of the CNR, software must first write to the CNR with 
any value. This synchronizes and registers the current value of the CNR into a temporary register. The contents of the temporary 
register are returned on each read of the CNR.

When reading the CNR, the bus clock must be at least two times faster than the rate at which the LPTMR counter is incrementing, 
otherwise incorrect data may be returned.

48.3.6 Compare
On the next CNR increment when the CNR is equal to the value of the CMR, the following events occur:

• CSR[TCF] is read as 1b.

• LPTMR generates interrupt if CSR[TIE] = 1 also.

• LPTMR generates hardware trigger.

• LPTMR writes 0 to CNR if CSR[TFC] = 0.

When LPTMR is enabled, the CMR can be altered only when CSR[TCF] = 1. When updating the CMR, the CMR must be written 
and CSR[TCF] must be cleared before the LPTMR counter has incremented past the new LPTMR compare value.
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When LPTMR is enabled in Time Counter mode, the first increment will take an additional one or two clock cycles 
due to synchronization logic. This will result in the first compare (and therefore interrupt and hardware trigger) 
occurring slightly later. A faster prescaler clock or larger prescaler value will minimize this impact.

  NOTE  

48.3.7 Interrupt
LPTMR generates an interrupt whenever CSR[TIE] and CSR[TCF] = 1. CSR[TCF] is cleared by disabling LPTMR or by writing a 
logic 1 to it.

You can alter CSR[TIE] and write 1 to CSR[TCF] when LPTMR is enabled.

LPTMR generates an interrupt asynchronously to the system clock. The interrupt can be used to generate a wake-up from any 
low-power mode, provided LPTMR is enabled as a wake-up source.

48.3.8 Hardware trigger
The LPTMR hardware trigger asserts at the same time CSR[TCF] is set and can be used to trigger hardware events in other 
peripherals without software intervention. The hardware trigger is always enabled.

Table 471.

When Then

CMR = 0 and CSR[TFC] = 0. The LPTMR hardware trigger asserts on the first compare and 
does not deassert.

CMR is set to a nonzero value, or if CSR[TFC] = 1. The LPTMR hardware trigger asserts on each compare and 
deasserts on the following increment of CNR.

48.4 External signals
Table 472. External signals

Signal Description Direc
tion

LPTMR_ALTn Pulse Counter Input

LPTMR can select one of the input pins to be used in Pulse Counter mode.

I

State meaning Assertion—If configured for pulse counter mode with 
active-high input, then assertion causes the CNR 
to increment.

Deassertion—If configured for pulse counter mode with 
active-low input, then deassertion causes the CNR 
to increment.

Timing Assertion or deassertion may occur at any time; input may 
assert asynchronously to the bus clock.

48.5 Initialization
Execute these steps to initialize LPTMR:

1. Configure CSR for the selected mode and pin configuration but with CSR[TEN]=0. A value of CSR[TEN]=0 resets the 
counter and clears the flag.
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2. Configure PSR with the selected clock source and prescale/glitch filter configuration.

3. Configure CMR with the selected compare point.

4. Write 1 to CSR[TEN] to enable LPTMR.

48.6 Application information
Application 1: Generate an interrupt every 100 ms using 32.768 kHz clock source

 
This is just an example. See the chip-specific SPC information for the clocks supported on a given device.

  NOTE  

1. Disable LPTMR by writing 0 to CSR[TEN].

2. Select 32.768 kHz clock source by configuring PSR[PCS].

3. Bypass the prescaler/glitch filter by writing 1 to PSR[PBYP].

4. Assert interrupt every 3277 cycles by configuring CMR[COMPARE]=0CCCh.

5. Enable LPTMR by writing 1 to CSR[TEN].

6. Enable the LPTMR interrupt by writing 1 to CSR[TIE].

Application 2: Generate an interrupt once a minute using 32.768 kHz clock source

 
This is just an example. See the chip-specific SPC information for the clocks supported on a given device.

  NOTE  

1. Disable LPTMR by writing 0 to CSR[TEN].

2. Select 32.768 kHz clock source by configuring PSR[PCS].

3. Select the prescaler to divide the prescaler clock by 32768 to increment the counter once a second by configuring 
PSR[PRESCALE] = 00h.

4. Assert an interrupt every 60 seconds by configuring CMR[COMPARE]=003Bh.

5. Enable LPTMR by writing 1 to CSR[TEN].

6. Enable the LPTMR interrupt by writing 1 to CSR[TIE].

48.7 Memory map and register definition
 

The LPTMR registers are reset only on Power on Reset (POR) or Low Voltage Detect (LVD). See Reset for 
more details.

  NOTE  

48.7.1 LPTMR register descriptions

48.7.1.1 LPTMR memory map

LPTMR0 base address: 2809_3000h

LPTMR1 base address: 2809_4000h
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Offset Register Width

(In bits)

Access Reset value

0h Control Status (CSR) 32 RW 0000_0000h

4h Prescale and Glitch Filter (PSR) 32 RW 0000_0000h

8h Compare (CMR) 32 RW 0000_0000h

Ch Counter (CNR) 32 RW 0000_0000h

48.7.1.2 Control Status (CSR)

Offset

Register Offset

CSR 0h

Function
Controls various features of LPTMR.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TDRE 

TCF 
TIE TPS TPP TFC TMS TEN 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8

TDRE

Timer DMA Request Enable

Enables timer DMA request. When TDRE is set, the LPTMR DMA Request is generated whenever TCF 
is also set. Then the TCF is cleared after the DMA Controller completes.

0b - Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Enable

7

TCF

Timer Compare Flag

Sets on the next CNR increment when LPTMR is enabled and CNR equals CMR. TCF is cleared when 
LPTMR is disabled or a logic 1 is written to it.

 
Clear this field before enabling the Timer interrupt or DMA request.

  NOTE  

0b - CNR ≠ (CMR + 1)

1b - CNR = (CMR + 1)

6

TIE

Timer Interrupt Enable

If TIE = 1, then LPTMR generates an interrupt if TCF = 1 also.

0b - Disable

1b - Enable

5-4

TPS

Timer Pin Select

Configures the input source to be used in Pulse Counter mode. You must alter TPS only when LPTMR is 
disabled. The input connections vary by device. For details see the chip configuration information about 
connections to these inputs.

00b - Input 0

01b - Input 1

10b - Input 2

11b - Input 3

3

TPP

Timer Pin Polarity

Configures the polarity of the input source in Pulse Counter mode. You must change TPP only when 
LPTMR is disabled. If TPP = 0, then the pulse counter input source is active-high, and the CNR 
increments on the rising edge. If TPP = 1, then the pulse counter input source is active-low, and the CNR 
increments on the falling edge.

0b - Active-high

1b - Active-low

2

TFC

Timer Free-Running Counter

You must alter TFC only when LPTMR is disabled. If TFC = 0, CNR will reset on the count cycle 
following CNR = CMR. If TFC = 1, CNR will reset on overflow. In both cases, CSR[TCF] will be set to 1 
on the cycle after CNR and CMR match.

0b - Reset when TCF asserts

1b - Reset on overflow

1 Timer Mode Select

Table continues on the next page...
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Table continued from the previous page...

Field Function

TMS Configures the mode of LPTMR. You must alter TMS only when LPTMR is disabled.

0b - Time Counter mode

1b - Pulse Counter mode

0

TEN

Timer Enable

Enables LPTMR timer. When TEN is clear, it resets the LPTMR internal logic, including the CNR and 
TCF. When TEN is set, LPTMR is enabled. When writing 1 to this field, CSR[5:1] must not be altered.

0b - Disable

1b - Enable

48.7.1.3 Prescale and Glitch Filter (PSR)

Offset

Register Offset

PSR 4h

Function
Configures features related to the prescaler/glitch filter.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PRESCALE PBYP PCS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-3 Prescale/Glitch Filter Value

Table continues on the next page...
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Table continued from the previous page...

Field Function

PRESCALE Configures the size of the prescaler in Time Counter mode or the width of the glitch filter in Pulse 
Counter mode. The width of the glitch filter can vary by 1 cycle due to synchronization of the pulse 
counter input. PRESCALE must be altered only when LPTMR is disabled.

0000b - Prescaler divides the prescaler clock by 2; glitch filter does not support this configuration.

0001b - Prescaler divides the prescaler clock by 4; glitch filter recognizes change on input pin 
after 2 rising clock edges.

0010b - Prescaler divides the prescaler clock by 8; glitch filter recognizes change on input pin 
after 4 rising clock edges.

0011b - Prescaler divides the prescaler clock by 16; glitch filter recognizes change on input pin 
after 8 rising clock edges.

0100b - Prescaler divides the prescaler clock by 32; glitch filter recognizes change on input pin 
after 16 rising clock edges.

0101b - Prescaler divides the prescaler clock by 64; glitch filter recognizes change on input pin 
after 32 rising clock edges.

0110b - Prescaler divides the prescaler clock by 128; glitch filter recognizes change on input pin 
after 64 rising clock edges.

0111b - Prescaler divides the prescaler clock by 256; glitch filter recognizes change on input pin 
after 128 rising clock edges.

1000b - Prescaler divides the prescaler clock by 512; glitch filter recognizes change on input pin 
after 256 rising clock edges.

1001b - Prescaler divides the prescaler clock by 1024; glitch filter recognizes change on input pin 
after 512 rising clock edges.

1010b - Prescaler divides the prescaler clock by 2048; glitch filter recognizes change on input pin 
after 1024 rising clock edges.

1011b - Prescaler divides the prescaler clock by 4096; glitch filter recognizes change on input pin 
after 2048 rising clock edges.

1100b - Prescaler divides the prescaler clock by 8192; glitch filter recognizes change on input pin 
after 4096 rising clock edges.

1101b - Prescaler divides the prescaler clock by 16,384; glitch filter recognizes change on input 
pin after 8192 rising clock edges.

1110b - Prescaler divides the prescaler clock by 32,768; glitch filter recognizes change on input 
pin after 16,384 rising clock edges.

1111b - Prescaler divides the prescaler clock by 65,536; glitch filter recognizes change on input 
pin after 32,768 rising clock edges.

2

PBYP

Prescaler/Glitch Filter Bypass

Controls clocking of CNR. When PBYP = 1, the selected prescaler clock in Time Counter mode, or else 
the selected input source in Pulse Counter mode, directly clocks the CNR. When PBYP = 0, the output of 
the prescaler/glitch filter clocks the CNR. You must change PBYP only when LPTMR is disabled.

0b - Prescaler/glitch filter enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Prescaler/glitch filter bypass

1-0

PCS

Prescaler/Glitch Filter Clock Select

Selects the clock to be used by the LPTMR prescaler/glitch filter. You must alter PCS only when LPTMR 
is disabled. See the chip configuration details for information on the connections to these inputs.

• In Time Counter mode, PCS selects the input clock to the prescaler.

• In Pulse Counter mode, PCS selects the input clock to the glitch filter.

00b - Clock 0

01b - Clock 1

10b - Clock 2

11b - Clock 3

48.7.1.4 Compare (CMR)

Offset

Register Offset

CMR 8h

Function
Configures the compare values to the CNR (see Compare for details).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COMPARE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

15-0

COMPARE

Compare Value

On the next CNR increment, if LPTMR is enabled and CNR equals CMR, then:

1. LPTMR writes 1 to TCF.

2. The hardware trigger asserts until the next time CNR increments.

If CMR = 0, the hardware trigger remains asserted until LPTMR is disabled. If LPTMR is enabled, you 
must alter CMR only if TCF = 1.

48.7.1.5 Counter (CNR)

Offset

Register Offset

CNR Ch

Function
Indicates counter values. See Counter for more details.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COUNTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

COUNTER

Counter Value

Contains the current value of the LPTMR counter at the time this register was last written.
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Chapter 49
Timer/Pulse Width Modulation (TPM)
49.1 Chip-specific LPTPM information
Table 473. Reference links to related information

Topic Related module Reference

Full description LPTPM LPTPM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

49.1.1 Module instances
This device has nine instances of the TPM module: TPM0-TPM8.

• TPM0, 3, 4, 7,8: 16-bit timer, 6 channels

• TPM1, 2, 5, 6: 32-bit timer, 2 channels

• TPM0-8: Filter, Combine, Quadrature

• Global triggers: TPM3 clocked from TPM0, TPM2 clocked from TPM1, TPM7 clocked from TPM4, and TPM6 clocked from 
TPM5.

TPM Trigger Options: See TRIGMUX input and output triggers

 
This module name 'LPTPM' is also used interexchangably with 'TPM' throughout this document.

  NOTE  

49.1.2 Doze mode

 
Doze mode is not available when the application domain (AD) enters the Power Down mode.

  NOTE  

49.1.3 LPTPM8 configuration
When LPTPM8 is owned by AD in PCC5.PCC_TPM8[SSADO] = 10 and AD enters in PowerDown mode, the user needs to 
consider LPTPM8 will not have doze mode asserted, therefore SW needs to properly configure desired behavior(operate normally 
or pause).

49.2 Overview
TPM is a 6-channel timer that controls electric motor and power management applications by supporting:

• Input capture

• Output comparison

• Generation of PWM signals

An asynchronous clock that can remain enabled in low-power modes clocks the counter, compare, and capture registers.
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49.2.1 Block diagram
TPM uses one input/output (I/O) pin per channel: CHn (TPM channel n) where n is the channel number.

The central component of TPM is a 16-bit counter with a programmable final value. Its counting can be up or up-down.

C0V

Channel 0

Output modes logic
(generation of channel 0 outputs signals in

output compare, EPWM and CPWM modes)

Input Capture
mode logic

Channel 0
interrupt

Channel 0
output signal (CH0)

Channel N
output signal (CHn)

Channel 0
input signal (CH0)

MOD

SynchronizerExternal trigger source and
external clock input pin (EXTCLK)

Asynchronous counter clock

No clock selected
(counter disable)

TPM counter

Prescaler ÷
(1, 2, 4, 8, 16, 32, 64 or 128)

CH0F

CH0IE

Timer overflow
interruptTOF

TOIE

CPWMS

PS
CMOD

MS0B:MS0A

ELS0B:ELS0A

CNV

Channel N

Output modes logic
(generation of channel N outputs signals in

output compare, EPWM and CPWM modes)

Input Capture
mode logic

Channel N
interrupt

Channel N
input signal (CHn)

CHNF

CHNIEMSNB:MSNA

ELSNB:ELSNA

Figure 312. Block diagram

49.2.2 Features
• Supports selectable clock modes:

— Can increment on every edge of the asynchronous counter clock

— Can increment on the rising edge of an external clock input that is synchronized to the asynchronous counter clock

• Includes a prescaler divided by 1, 2, 4, 8, 16, 32, 64, or 128

• Includes a 16-bit TPM counter:

— Can be a free-running counter or a modulo counter

— The counting can be up or up-down

• Includes 6 channels that can be configured as follows:

— Input Capture mode: the capture can occur on rising edges, falling edges, or both edges.

— Output Compare mode: the output signal can be set, cleared, pulsed, or toggled on the match.
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— Edge-Aligned or Center-Aligned PWM mode for all channels.

• Supports the generation of an interrupt and DMA request per channel

• Supports the generation of an interrupt and DMA request when the counter overflows

• Supports selectable trigger input to either reset the counter to 0 or else cause the counter to start incrementing

— The counter can also optionally stop incrementing on counter overflow.

• Supports the generation of hardware triggers when the counter overflows and per channel

49.3 Functional description

49.3.1 Prescaler
The counter clock source that you select passes through a prescaler that is a 7-bit counter. SC[PS] defines the value of the 
prescaler. The following figure shows an example of the prescaler counter and TPM counter.

1Prescaler counter 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Selected input clock

TPM counts up. 
SC[PS] = 001b
CNT[COUNT] = 0000h

0TPM counter 1 2 3 0 1 2 3 0 1

Figure 313. Example of the prescaler counter

49.3.2 Counter
TPM has a 16-bit counter that the channels use for either input or output modes. The counter updates from the selected clock after 
it has been divided by the prescaler. The TPM counter has these modes of operation:

• Up counting

• Up-down counting

49.3.2.1 Up counting

Up counting is enabled when you write 0 to SC[CPWMS].

In this mode, the TPM counter loads with value 0 and increments until it reaches the value defined in MOD[MOD], then the counter 
reloads with 0.

The TPM period when using up counting is (MOD[MOD] + 0001h) × period of the TPM counter clock.

SC[TOF] becomes 1 when the TPM counter changes from the value defined in MOD[MOD] to 0.
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3 4 0

Set TOF bit

TOF bit

MOD[MOD] = 4h
TPM counter 1 2

Period of TPM counter clock

Period of counting = (MOD[MOD] + 1h) × period of TPM counter clock

3 4 0 1 2 3 4 0 1 2

Set TOF bit Set TOF bit

Figure 314. Example of TPM up counting

 
• Configuring MOD[MOD] = 0 is a redundant condition. In this case, the TPM counter is always equal to the 

value of MOD[MOD], and SC[TOF] remains 1 for each rising edge of the TPM counter clock.

• Configuring MOD[MOD] = 1 and SC[PS] = 0 causes TPM to attempt to set SC[TOF] every second TPM 
counter clock. Because of synchronization delays between the TPM counter clock and the bus clock, you must 
write 1 to SC[TOF] to clear it two counter clock cycles before SC[TOF] can become 1 again.

  NOTE  

49.3.2.2 Up-down counting

You enable up-down counting when you write 1 to SC[CPWMS]. This mode does not support configuring the value of Modulo 
(MOD) to be less than 2.

In this mode, the TPM counter loads with value 0 and increments until it reaches the value defined in MOD[MOD]. Then the counter 
starts decrementing until it returns to 0 and the up-down counting restarts.

The TPM period when using up-down counting is 2 × MOD[MOD] × period of the TPM counter clock.

TPM writes 1 to SC[TOF] when the TPM counter changes from the value defined in MOD[MOD] to (MOD[MOD] – 1).

Set TOF bit

TOF bit

MOD[MOD] = 4h
TPM counter

4

Period of TPM counter clock

Period of counting = 2 × MOD[MOD] × period of TPM counter clock

Set TOF bit

3210 21 430123 21 430123

Figure 315. Example of up-down counting
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49.3.2.3 Counter reset

Any write to CNT[COUNT] resets the TPM counter and forces the channel outputs to their initial values (except for channels in 
Output Compare mode).

49.3.2.4 Global timebase (GTB)

GTB is a TPM function that allows multiple TPM modules to share the same timebase. When CONF[GTBEEN] = 1, the local TPM 
channels use the counter value, counter enable, and overflow indication from TPM that generates GTB. If the local TPM counter 
is not generating GTB, then you can use it as an independent counter or pulse accumulator.

You can configure the local TPM counter to synchronize with GTB by writing 1 to CONF[GTBSYNC]. When synchronized to GTB, 
the local counter uses the counter enable and counter overflow indication from TPM that is generating GTB. This function enables 
you to configure multiple instances of TPM with the same phase, but with different periods (although you must configure GTB with 
the longest period).

49.3.2.5 Counter trigger

You can configure the TPM counter to start, stop, or reset in response to a hardware trigger input. The trigger input synchronizes 
with the asynchronous counter clock, so there is a three-counter-clock delay between the trigger assertion and counter response.

• When CONF[CSOT] = 1, the counter does not start incrementing until the trigger input detects a rising edge.

• When CONF[CSOO] = 1, the counter stops incrementing whenever SC[TOF] = 1. The counter does not increment again 
unless:

— It is disabled.

— CONF[CSOT] = 1 and the trigger input detects a rising edge.

• When CONF[CROT] = 1, the counter resets to 0, as if an overflow occurred, whenever the trigger input detects a rising 
edge. Any PWM channels are updated to their reload state.

• When CONF[CPOT] = 1, the counter pauses incrementing whenever you assert the trigger input. The counter continues 
incrementing when the trigger input negates. PWM output channels are forced to their default state.

You can configure the polarity of the external input trigger with CONF[TRGPOL].

When you enable an internal trigger source, the trigger input is selected from one or more channel input capture events. The input 
capture filters are used with the internal trigger sources. You can use POL[POLn] fields to invert the polarity of the input channels.

The following restrictions apply with input capture channel sources:

• When CONF[CSOT] = 1, the counter starts incrementing only on a rising edge on the channel input, if CnSC[ELSnA] = 1.

• When CONF[CROT] = 1, the counter resets to 0 on either edge of the channel input, as you configure it using CnSC[ELSnB] 
and CnSC[ELSnA].

• When CONF[CPOT] = 1, the counter pauses incrementing whenever you assert the channel input. PWM output channels are 
forced to their default state.

49.3.3 Input capture filter
The input capture filter function is only available in Input Capture or Software Compare mode when Quadrature Decoder mode 
is enabled.

First, the TPM counter clock synchronizes the input signal. After synchronization, the input signal enters the filter block (see 
Figure 316).
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Channel n input after
the synchronizer

Logic to control
the filter counter

Filter counter
Filter outputS Q

C

CLK

CHnFVAL[3:0]

Logic to define
the filter output÷ 4

TPM counter
clock

Figure 316. Channel input filter

When there is a state change in the input signal, TPM resets the counter, and it starts counting up. As long as the new state is 
stable on the input, the counter continues to increment. When the counter is equal to (CHnFVAL[3:0] × 4), the state change of the 
input signal is validated.

TPM resets the counter if the opposite edge appears on the input signal before it is validated. At the next input transition, the 
counter starts counting again. Any pulse that is less than the minimum value selected by (CHnFVAL[3:0] × 4 counter clocks) is 
considered as a glitch and does not pass through the filter. Figure 317 shows a timing diagram of the input filter.

The filter function is disabled when CHnFVAL[3:0] = 0. In this case, the input signal is delayed by 2 rising edges of the counter 
clock. If CHnFVAL[3:0] ≠ 0000, then the input signal is delayed by the minimum pulse width (CHnFVAL[3:0] × 4 system clocks) 
plus a further 3 rising edges of the system clock: two rising edges to the synchronizer, plus one more to the edge detector. In other 
words, the CHnF flag is set for (3 + (4 × CHnFVAL[3:0])) counter clock periods after a valid edge occurs on the channel input (see 
Figure 317 ).

Time

Counter clock ÷ 4

Chanel n input
after the synchronizer

CHnFVAL[3:0] = 0010b

Filter output

Counter

Figure 317. Channel input filter example

49.3.4 Dead time insertion
Dead time insertion is enabled in PWM Combine mode for each pair of channels when CHnFVAL and CH(n + 1)FVAL are 
non-zero. The dead time delay that is used for each TPM channel is defined as (CH(n + 1)FVAL[3:0] × 64) + (CHnFVAL[3:0] × 4).

The dead time delay insertion ensures that two complementary signals (even channel n and odd channel n + 1) do not drive the 
active state at the same time.

If ELSnB:ELSnA = 0:1, ELS(n + 1)B:ELS(n + 1)A = 1:0, COMBINE[COMSWAPn] = 0 and dead time is enabled, then:

• When a channel n match (TPM counter = CnV) occurs, the channel n output remains at the low value until the end of the dead 
time delay, when the channel n output is set.
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• When a channel n + 1 match (TPM counter = C(n + 1)V) occurs, the channel n + 1 output remains at the low value until the 
end of the dead time delay, when the channel n + 1 output is set (see Figure 318).

If ELSnB:ELSnA = 1:0, ELS(n+1)B:ELS(n+1)A = 0:1, COMBINE[COMSWAPn] = 1, and dead time is enabled, then:

• When a channel n + 1 match (TPM counter = C(n + 1)V) occurs, the channel (n + 1) output remains at the low value until the 
end of the dead time delay, when channel n + 1 output is set.

• When a channel n match (TPM counter = CnV) occurs, the channel n output remains at the low value until the end of the dead 
time delay, when channel n output is set (see Figure 319).

Channel n output
(after dead time insertion)

Channel n+1 output
(after dead time insertion)

Channel n output

Channel n match

TPM counter

Channel n+1 match

(before dead time insertion)

Channel n+1 output
(before dead time insertion)

Figure 318. Dead time insertion with ELSnB:ELSnA = 0:1, ELS(n + 1)B:ELS(n + 1)A = 1:0, COMBINE[COMSWAPn] = 
0

Channel n match

TPM counter

Channel n+1 match

(before dead time insertion)

Channel n output
(after dead time insertion)

Channel n+1 output
(after dead time insertion)

Channel n output

Channel n+1 output

(before dead time insertion)

Figure 319. Dead time insertion with ELSnB:ELSnA = 1:0, ELS(n + 1)B:ELS(n + 1)A = 0:1, COMBINE[COMSWAPn] = 
1
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49.3.5 Registers updated from write buffers

49.3.5.1 MOD register update

If SC[CMOD] = 0, then Modulo (MOD) updates whenever you write to MOD[MOD].

If SC[CMOD] ≠ 0, then the MOD register updates according to SC[CPWMS]:

• If CPWM mode is disabled (SC[CPWMS] = 0), then the MOD register updates whenever you write to MOD[MOD], and the 
TPM counter value changes from the value defined in MOD[MOD] to 0.

• If CPWM mode is enabled (SC[CPWMS] = 1), then the MOD register updates whenever you write to MOD[MOD], and the 
TPM counter value changes from the value defined in MOD[MOD] to (MOD[MOD] – 1).

49.3.5.2 CnV register update

If SC[CMOD] = 0, then the CnV register updates whenever you write to CnV[VAL].

If SC[CMOD] ≠ 0, then the CnV register updates according to the selected mode:

• If you select Output Compare mode, then the CnV register updates on the next TPM counter increment (end of the prescaler 
counting) after you write to CnV[VAL].

• If you select EPWM mode, then the CnV register updates after you write to CnV[VAL], and the TPM counter value changes 
from the value defined in MOD[MOD] to 0.

• If you select CPWM mode, then the CnV register updates after you write to CnV[VAL], and the TPM counter value changes 
from the value defined in MOD[MOD] to (MOD[MOD] – 1).

49.3.6 Peripheral triggers
See the chip-specific TPM information for more details.

49.3.6.1 Output triggers

TPM generates output triggers for the counter and for each channel that you can use to trigger events in other peripherals. The 
counter trigger asserts whenever SC[TOF] is 1 and remains asserted until the next increment.

Each TPM channel generates both a pre-trigger output and a trigger output.

1. The pre-trigger output asserts whenever CnSC[CHnF] sets.

2. The trigger output asserts on the first counter increment after the pre-trigger asserts.

3. Both the trigger and pre-trigger negate on the first counter increment after the trigger asserts.

When (COMBINE[COMBINEn] = 1) in Output Compare mode, the pre-trigger output for both channel n and channel n + 1 asserts 
when the CHnF flag is set and negates when the CH(n + 1)F flag is set. The trigger continues to assert on the first counter 
increment, after the pre-trigger asserts and negates at the same time as the pre-trigger negation.

49.3.6.2 Input trigger

You can configure the TPM input trigger to perform the following operations with configurable polarity:

• Increment the counter on trigger rising edge

• Start incrementing the counter on trigger rising edge

• Reset or reload the counter on trigger rising edge

• Pause the counter while trigger high

The TPM input trigger is synchronized and must remain asserted for at least two counter clock cycles, so that the input trigger can 
be detected.
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49.3.7 Modes of operations

49.3.7.1 Input Capture mode

Input Capture mode is enabled when:

• (SC[CPWMS] = 0)

• (MSnB:MSnA = 0:0)

• (ELSnB:ELSnA ≠ 0:0)

When a selected edge occurs on the channel input:

• The CnV register captures the current value of the TPM counter.

• It also writes 1 to CnSC[CHnF] and generates a channel interrupt if CnSC[CHnIE] = 1 (see Figure 320).

When you configure a channel for input capture, the CHn pin is an edge-sensitive input. ELSnB:ELSnA control fields determine 
which edge, falling or rising, triggers the input-capture event. To detect the input signal correctly and to meet Nyquist criteria for 
signal sampling, the maximum frequency for the channel input signal is the counter clock divided by 4.

Input Capture mode ignores any writes to the CnV register.

D

CLK

Qinput
Channel n

interrupt
Channel n

TPM counter
clock

D

CLK

Synchronizer

Edge
detector

CHnF

CnV

TPM counter

CHnIE

Rising edge

Falling edge 1

1

0

Was rising
edge selected?

Was falling
edge selected?

0

00

Q

Figure 320. Input Capture mode

The CHnF flag is set on the third rising edge of the TPM counter clock after a valid edge occurs on the channel input.

49.3.7.2 Output Compare mode
Output Compare mode is enabled when (SC[CPWMS] = 0) and (MSnB:MSnA = X:1).

In this mode, TPM can generate timed pulses with programmable:

• Position

• Polarity

• Duration

• Frequency

When the TPM counter matches the value defined in CnV[VAL] of an output compare channel, then channel n output can be set, 
cleared, or toggled if MSnB = 0. If MSnB = 1, then channel n output is pulsed high or low (as long as the TPM counter matches 
the value defined in CnV[VAL]).
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When you initially configure a channel to Output Compare mode, the channel output is updated with its negated value (logic 0 for 
set/toggle/pulse high and logic 1 for clear/pulse low).

The channel n match (TPM counter = CnV[VAL]) writes 1 to CnSC[CHnF] and generates a channel n interrupt 
(if CnSC[CHnIE] = 1).

CHnF bit

... 0 1 2 3 4 5 0 1 2 3 4 5 0 1 ...

Channel n output

MOD[MOD] = 0005h

TOF bit

CNT

Counter
overflow

Previous value

Previous value

CnV[VAL] = 0003h Channel n Counter
overflow

Counter
overflowmatch

Channel n
match

Figure 321. Example of Output Compare mode when a match toggles the channel output

CHnF bit

... 0 1 2 3 4 5 0 1 2 3 4 5 0 1 ...

Channel n output

MOD[MOD] = 0005h

TOF bit

CNT

Counter
overflow

Previous value

Previous value

CnV[VAL] = 0003h Channel n Counter
overflow

Counter
overflowmatch

Channel n
match

Figure 322. Example of Output Compare mode when a match clears the channel output
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CHnF bit

... 0 1 2 3 4 5 0 1 2 3 4 5 0 1 ...

Channel n output

MOD[MOD] = 0005h

TOF bit

CNT

Counter
overflow

Previous value

Previous value

CnV[VAL] = 0003h Channel n Counter
overflow

Counter
overflowmatch

Channel n
match

Figure 323. Example of Output Compare mode when a match sets the channel output

You can also use Output Compare mode with:

• (SC[CPWMS] = 0) and (MSnB:MSnA = 0:1)

• (SC[CPWMS] = 0) and (ELSnB:ELSnA = 0:0)

This condition is known as Software Compare mode. This mode sets the CHnF flag and generates a channel n interrupt 
(if CHnIE = 1) when the TPM counter reaches the value defined in the CnV register; however, TPM does not modify or control the 
channel n output.

49.3.7.3 Edge-Aligned PWM (EPWM) mode
EPWM mode is enabled when (SC[CPWMS] = 0) and (MSnB:MSnA = 1:0). The EPWM period is determined by 
(MOD[MOD] + 0001h) and the pulse width (duty cycle) is determined by CnV[VAL].

The channel n match (TPM counter = CnV[VAL]) writes 1 to CnSC[CHnF] and generates a channel n interrupt 
(if CnSC[CHnIE] = 1) at the end of the pulse width (see Figure 324).

This type of PWM signal is called edge-aligned because the leading edges of all PWM signals are aligned with the beginning of 
the period, which is the same for all channels within TPM.

Counter overflow Counter overflow

Pulse
width

Period

Channel n match

Channel n output

Channel n match Channel n match

Counter overflow

Figure 324. EPWM period and pulse width with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 1:0) then the channel n output is forced high at the counter overflow or reload (when the TPM counter loads 
with 0), and it is forced low at the channel n match (TPM counter = CnV[VAL]). The channel n output is forced high when you first 
enable or whenever you pause the TPM counter (see Figure 325).

If (ELSnB:ELSnA = 0:0) then the channel n output is forced high at the counter overflow or reload (when the TPM counter loads 
with 0), and it is forced low at the channel n match (TPM counter = CnV[VAL]). The channel n output is forced low when you first 
enable or whenever you pause the TPM counter.
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CHnF bit

... 0 1 2 3 4 5 6 7 8 0 1 2

Channel n output

MOD[MOD] = 0008h

TOF bit

CNT

Counter
overflow

Previous value

CnV[VAL] = 0005h Channel n
match

...

Counter
overflow

Figure 325. EPWM signal with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 0:1) then the channel n output is forced low at the counter overflow or reload (when the TPM counter loads 
with 0), and it is forced high at channel n match (TPM counter = CnV[VAL]). Channel n output is forced low when you first enable 
or whenever you pause the TPM counter (see Figure 326).

If (ELSnB:ELSnA = 1:1) then the channel n output is forced low at the counter overflow or reload (when the TPM counter loads 
with 0), and it is forced high at the channel n match (TPM counter = CnV[VAL]). Channel n output is forced high when you first 
enable or whenever you pause the TPM counter.

CHnF bit

... 0 1 2 3 4 5 6 7 8 0 1 2 ...

Channel n output

MOD[MOD] = 0008h

TOF bit

CNT

Counter
overflow

Previous value

CnV[VAL] = 0005h Channel n Counter
overflowmatch

Figure 326. EPWM signal with ELSnB:ELSnA = 0:1

If (CnV[VAL] = 0000h) then the channel n output is a 0% duty cycle EPWM signal.

If (CnV[VAL] > MOD[MOD]), then the channel n output is a 100% duty cycle EPWM signal and the CHnF flag is not set because 
there is never a channel n match. Therefore, MOD[MOD] must be less than FFFFh to get a 100% duty cycle EPWM signal.

49.3.7.4 Center-Aligned PWM (CPWM) mode
CPWM mode is enabled when (SC[CPWMS] = 1) and (MSnB:MSnA = 1:0).

The CPWM pulse width (duty cycle) is determined by 2 × CnV[VAL] and the period is determined by 2 × MOD[MOD] (see 
Figure 327). You must keep MOD[MOD] in the range of 0001h to 7FFFh because values outside this range can produce 
ambiguous results.

In CPWM mode, the TPM counter counts up until it reaches the value defined in MOD[MOD], and then counts down until it 
reaches 0.
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The channel n match (TPM counter = CnV[VAL]) sets CnSC[CHnF] and generates a channel n interrupt (if CnSC[CHnIE] = 1) 
when TPM is counting down (at the begin of the pulse width), and when TPM is counting up (at the end of the pulse width).

This type of PWM signal is called center-aligned because the pulse width centers for all channels are at the same place when the 
TPM counter is 0.

The other channel modes are not designed to be used with the up-down counter when SC[CPWMS] = 1. Therefore, you must use 
all TPM channels in CPWM mode when SC[CPWMS] = 1.

Channel n output
Pulse width

Counter overflow
TPM counter = MOD

Channel n match
(TPM counts down)

Channel n match
(TPM counts up)

TPM counter = 0

Counter overflow
TPM counter = MOD

(2 x CnV[VAL])

Period (2 x MOD[MOD])

Figure 327. CPWM period and pulse width with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 1:0) then the channel n output is forced high at the channel n match (TPM counter = CnV) when counting down, 
and it is forced low at the channel n match when counting up. The channel n output is forced high when you first enable or reload 
the TPM counter, or whenever you pause it (see Figure 328).

If (ELSnB:ELSnA = 0:0) then the channel n output is forced high at the channel n match (TPM counter = CnV) when counting down, 
and it is forced low at the channel n match when counting up. The channel n output is forced low when you first enable or reload 
the TPM counter, or whenever you pause it.

CHnF bit

... 7 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 7 6 5

Channel n output

MOD[MOD] = 0008h

TOF bit

CNT

Counter
overflow

Previous value

CnV[VAL] = 0005h

Channel n match in
 down counting

Counter
overflow

Channel n match in
down counting

Channel n match in
up counting

...

Figure 328. CPWM signal with ELSnB:ELSnA = 1:0

If (ELSnB:ELSnA = 0:1) then the channel n output is forced low at the channel n match (TPM counter = CnV) when counting down, 
and it is forced high at the channel n match when counting up. The channel n output is forced low when you first enable or reload 
the TPM counter, or whenever you pause it (see Figure 329).

If (ELSnB:ELSnA = 1:1) then the channel n output is forced low at the channel n match (TPM counter = CnV) when counting down, 
and it is forced high at the channel n match when counting up. The channel n output is forced high when you first enable or reload 
the TPM counter, or whenever you pause it.
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Counter
overflow
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CnV[VAL] = 5h
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Counter
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Channel n match in
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Figure 329. CPWM signal with ELSnB:ELSnA = 0:1

If (CnV[VAL] = 0000h) then the channel n output is a 0% duty cycle CPWM signal.

If (CnV[VAL] > MOD[MOD]) then the channel n output is a 100% duty cycle CPWM signal, although the CHnF flag is set when 
the counter changes from incrementing to decrementing. Therefore, MOD[MOD] must be less than FFFFh in order to get a 100% 
duty cycle CPWM signal.

49.3.7.5 Combine PWM mode

Combine PWM mode is enabled when:

• MSnB:MSnA = 1:0

• COMBINE[COMBINEn] = 1

• QDCTRL[QUADEN] = 0

• SC[CPWMS] = 0

In Combine PWM mode, an even channel n and adjacent odd channel n + 1 are combined to generate a PWM signal in the 
channel n output.

Determine the PWM period and pulse width according to Equation 20.

        PWM period = MOD[MOD] + 0001h
        PWM pulse width (duty cycle) = |C(n + 1)V[VAL] - CnV[VAL]|     
      

Equation 20. PWM period and pulse width

• If (CnV[VAL] = C(n + 1)V[VAL] = 0000h), then the channel n output has a 0% duty cycle.

• If (CnV[VAL] = C(n + 1)V[VAL] > MOD[MOD]), then the channel n output has a 100% duty cycle. CHnF flag is not set 
because there is never a channel n match.

Therefore, MOD[MOD] must be less than FFFFh in order to get a 100% duty cycle signal.

The channel n match (TPM counter = CnV[VAL]) writes 1 to CnSC[CHnF] and generates a channel n interrupt (if 
CnSC[CHnIE] = 1). The channel n + 1 match (TPM counter = C(n + 1)V[VAL]), sets the CH(n + 1)F flag and generates 
a channel n + 1 interrupt, if CH(n + 1)IE = 1.
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If channel n (ELSnB:ELSnA = 0:1), then the channel n output is forced low at the beginning of the period (TPM counter = 0) and 
at the channel n + 1 match (TPM counter = C(n + 1)V[VAL]). It is forced high at the channel n match (TPM counter = CnV[VAL]).

If channel n (ELSnB:ELSnA = 1:0), then the channel n output is forced high at the beginning of the period (TPM counter = 0) and 
at the channel n + 1 match (TPM counter = C(n + 1)V[VAL]). It is forced low at the channel n match (TPM counter = CnV). See 
Figure 330 for pictorial representation.

When COMBINE[COMSWAPn] = 1, then the channel n output is forced low or high at the beginning of the period (TPM 
counter = 0) and at the channel n match (TPM counter = CnV[VAL]). It is forced high or low at the channel n + 1 match (TPM 
counter = C(n + 1)V[VAL]).

Channel n + 1 generates the same output as the channel n output, but the channel n + 1 (ELSnB:ELSnA) configuration controls 
the output polarity.

Channel n match

TPM counter

Channel n+1 match

Channel n output
with ELSnB:ELSnA = X:1

Channel n output
with ELSnB:ELSnA = 1:0

Figure 330. Combine mode

The following figures illustrate generation of PWM signals using the Combine mode.

Channel n output

MOD

TPM counter

with ELSnB:ELSnA = X:1

Channel n output
with ELSnB:ELSnA = 1:0

C(n+1)V

CnV

0

Figure 331. Channel n output if (CnV < MOD) and (C(n + 1)V < MOD) and (CnV < C(n + 1)V)
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Channel n output

MOD = C(n+1)V

TPM counter

with ELSnB:ELSnA = X:1

Channel n output
with ELSnB:ELSnA = 1:0

CnV

0

Figure 332. Channel n output if (CnV < MOD) and (C(n + 1)V = MOD)

Channel n output

MOD

TPM counter

with ELSnB:ELSnA = X:1

Channel n output
with ELSnB:ELSnA = 1:0

C(n+1)V

CnV = 0

Figure 333. Channel n output if (CnV = 0) and (C(n + 1)V < MOD)
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Channel n output

MOD

with ELSnB:ELSnA = X:1

Channel n output
with ELSnB:ELSnA = 1:0

CnV =
C(n+1)V = 0

TPM counter

100% duty cycle

0% duty cycle

Figure 334. Channel (n) output if (CnV = C(n + 1)V = 0)

49.3.7.6 Combine Input Capture mode

Combine Input Capture mode is enabled if:

• (COMBINE[COMBINEn] = 1)

• (MSnB:MSnA = 0:0)

• (ELSnB:ELSnA ≠ 0:0)

This mode allows you to measure the pulse width of the signal at the input of channel n of a channel pair. The channel n filter can 
be active in this mode.

QD

CLK

Channel n
input

TPM counter
clock

Synchronizer

QD

CLK
Filter

0

Is filter
enabled?

1 Combine input
capture logic

COMBINE n

ELS(n+1)B:ELS(n+1)A

ELSnB:ELSnA CHnIE

Channel n interrupt

Channel n+1 interrupt

CHnF

CnV

CH(n+1)IE

CH(n+1)F

C(n+1)V

TPM counter

Figure 335. Block diagram

ELSnB:ELSnA fields select the edge that channel n captures. ELS(n + 1)B:ELS(n + 1)A fields select the edge that channel 
n + 1 captures.

This mode uses only the channel n input and ignores the channel n + 1 input. If COMBINE[COMSWAPn] = 1, then it uses only 
the channel n + 1 input and ignores the channel n input.
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Detection of the edge selected by channel n fields at channel n input writes 1 to CnSC[CHnF] and generates a channel n interrupt 
(if CnSC[CHnIE] = 1). Detection of the edge selected by channel n + 1 fields at channel n input sets the CH(n + 1)F flag and 
generates the channel n + 1 interrupt (if CH(n + 1)IE = 1).

The CnV register stores the value of the TPM counter when the channel n input detects the edge selected by channel n. The 
C(n + 1)V register stores the value of the TPM counter when a channel n input detects the edge selected by channel n + 1.

 
• Channel n fields are:

— CHnF

— CHnIE

— MSnA

— ELSnB

— ELSnA

• Channel n + 1 fields are:

— CH(n + 1)F

— CH(n + 1)IE

— MS(n + 1)A

— ELS(n + 1)B

— ELS(n + 1)A

• Use the Combine Input Capture mode with (ELSnB:ELSnA = 0:1 or 1:0) and 
(ELS(n + 1)B:ELS(n + 1)A = 0:1 or 1:0).

  NOTE  

49.3.7.7 Quadrature Decoder mode

Quadrature Decoder mode is enabled if (QDCTRL[QUADEN] = 1). This mode uses channel 0 (phase A) and channel 1 (phase 
B) input signals to control the TPM counter increment and decrement (see Figure 336).

QD

CLK

Channel 0
input

TPM counter
clock

Synchronizer

QD

CLK
Filter

0

Filter
enabled?

Filtered channel 0 signal

Filtered channel 1 signal

CH0FVAL[3:0]

1
POL0 POL1 MOD

TOFDIR QUADIR

TPM counter
direction

TPM counter

QD

CLK

Channel 1
input

Synchronizer

QD

CLK
Filter

0

Filter
enabled?

CH1FVAL[3:0]

1

Enable
Up/down

Figure 336. Block diagram

You can configure the input filter and polarity for channel 0 and channel 1 inputs in Quadrature Decode mode using Filter Control 
(FILTER) and Channel Polarity (POL).
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When Quadrature Decoder mode is enabled, then channel 0 and channel 1 input signals clock the TPM counter. 
Therefore, in this mode, you can only use Software Compare mode for channel 0 and channel 1, and you can only 
use Input Capture or Output Compare mode for other TPM channels.

  NOTE  

QDCTRL[QUADMODE] defines the encoding mode that you use in Quadrature Decoder mode.

• If QDCTRL[QUADMODE] = 1, then count and direction encoding mode is enabled.

• If QDCTRL[QUADMODE] = 0, then phase encoding mode is enabled.

In count and direction encoding mode, the channel 1 input value indicates the counting direction, and the channel 0 input value 
defines the counting rate. A rising edge at the channel 0 input signal updates the TPM counter (see Figure 337).

+1

Channel 1
(counting direction)

Channel 0
(counting rate)

TPM counter

TPM counter

MOD

0
Time

Increment or decrement
+1 +1 +1 +1 +1 +1+1 -1 -1 -1 -1 -1

Figure 337. Quadrature Decoder—count and direction encoding mode

In phase encoding mode, the relationship between channel 0 and channel 1 signals indicates the counting direction, and channel 
0 and channel 1 signals define the counting rate. An edge at either channel 0 or channel 1 signals updates the TPM counter (see 
Figure 338).

If POL[POL0] = 0 and POL[POL1] = 0, then:

• The TPM counter increment happens at:

— A rising edge at channel 0 signal, and channel 1 signal is at logic 0

— A rising edge at channel 1 signal, and channel 0 signal is at logic 1

— A falling edge at channel 1 signal, and channel 0 signal is at logic 0

— A falling edge at channel 0 signal, and channel 1 signal is at logic 1

• The TPM counter decrement happens at:

— A falling edge at channel 0 signal, and channel 1 signal is at logic 0

— A falling edge at channel 1 signal, and channel 0 signal is at logic 1

— A rising edge at channel 1 signal, and channel 0 signal is at logic 0

— A rising edge at channel 0 signal, and channel 1 signal is at logic 1
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+1

Channel 0

Channel 1

TPM counter

TPM counter

MOD

0
Time

Increment or decrement
+1 +1 +1 +1 +1 +1 +1 -1 -1 -1 -1 -1 -1 +1 +1 +1 +1 +1 +1 +1-1 +1 -1 -1 -1 -1 -1 -1 -1 +1 +1 +1 +1 +1 +1 +1

Figure 338. Quadrature Decoder—phase encoding mode

In Figure 339, when the TPM counter changes from the value defined in MOD[MOD] to 0, then SC[TOF] is 1 and 
QDCTRL[TOFDIR] becomes 1. SC[TOF] indicates that a TPM counter overflow has occurred. QDCTRL[TOFDIR] indicates that 
TPM was counting up when the TPM counter overflow occurred.

+1

Channel 0

Channel 1

TPM counter

TPM counter

MOD

0

Set TOF
Set TOFDIR

Time

Increment or decrement
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1

Set TOF
Set TOFDIR

Figure 339. TPM counter overflow in up counting for Quadrature Decoder mode

In Figure 340, when the TPM counter changes from 0 to MOD[MOD], then SC[TOF] is 1 and QDCTRL[TOFDIR] becomes 0. 
SC[TOF] indicates that a TPM counter overflow has occurred. QDCTRL[TOFDIR] indicates that TPM was counting down when 
the TPM counter overflow occurred.
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-1

Channel 0

Channel 1

TPM counter

TPM counter

MOD

0
Time

Increment or decrement
-1 -1 -1 -1 -1 - 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Set TOF
Clear TOFDIR

Set TOF
Clear TOFDIR

Figure 340. TPM counter overflow in down counting for Quadrature Decoder mode

49.3.8 Low-Power mode
During chip Low-Power mode, you can configure TPM to operate normally or to pause all counting.

Chip mode TPM operation

Low-Power mode • When CONF[DOZEEN] = 0, and TPM uses an external or internal clock 
source that remains functional, then counting continues. TPM can generate 
an asynchronous interrupt to exit the chip from Low-Power mode.

• When CONF[DOZEEN] = 1, then counting pauses during Low-Power mode. 
Trigger inputs and input capture events are ignored, and PWM outputs are 
forced to their initial state.

49.3.9 Debug mode
During chip Debug mode, you can configure TPM to operate normally or to pause all counting temporarily.

Chip mode TPM operation

Debug (core is in Debug or Halted mode) • When CONF[DBGMODE] = 00b, then counting pauses until the core returns 
to normal user operating mode. Trigger inputs and input capture events are 
ignored, and PWM outputs are forced to their initial state.

• When CONF[DBGMODE] = 11b, then counting continues.

49.3.10 Clocking
TPM supports two clock domains.

The bus clock domain is used by the register interface and for synchronizing interrupts and DMA requests.

The TPM counter clock domain clocks the counter and prescaler along with the output compare and input capture logic. The 
TPM counter clock is considered asynchronous to the bus clock. It can be a higher or lower frequency than the bus clock. It can 
optionally remain operational in low-power modes. When the global timebase feature is enabled, you must clock any TPM instance 
that is sharing the global timebase by the same TPM counter clock.
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49.3.10.1 Counter Clock mode

SC[CMOD] either disables the TPM counter or enables one of the three possible clock sources for the TPM counter. After any 
reset, SC[CMOD] becomes 0, which disables the TPM counter. You can configure SC[CMOD] for one of the following counter 
clock sources:

• Asynchronous counter clock

• External clock input pin

• External trigger source

You can read or write to SC[CMOD] at any time. Disabling the TPM counter by writing 0 to SC[CMOD] does not affect the TPM 
counter value or other registers, but the TPM counter clock domain must acknowledge this disabling action before SC[CMOD] 
becomes 0.

The external clock input and external trigger source pass through a synchronizer. The TPM counter clock clocks this synchronizer 
to ensure that counter transitions are properly aligned to counter clock transitions. Therefore, to meet Nyquist criteria, and also 
considering jitter, the frequency of the external clock source must be less than half of the counter clock frequency.

49.3.11 Reset
TPM resets whenever any chip reset occurs.

When TPM exits from reset:

• The TPM counter and the prescaler counter are 0 and are stopped (SC[CMOD] = 0).

• The timer overflow interrupt is 0.

• The channel interrupts are 0.

• The channels are in Input Capture mode.

• The channel outputs are 0.

• TPM does not control the channel pins (ELSnB:ELSnA = 0:0).

49.3.12 Interrupts

49.3.12.1 Timer overflow interrupt

TPM generates the timer overflow interrupt when (SC[TOIE] = 1) and (SC[TOF] = 1).

49.3.12.2 Channel n interrupt

TPM generates the channel n interrupt when (CnSC[CHnIE] = 1) and (CnSC[CHnF] = 1).

49.3.13 DMA
The channel and overflow flags generate a DMA transfer request according to SC[DMA] and CnSC[CHnIE]/SC[TOIE] fields. 
See the following table for more information.

Table 474. DMA transfer request

DMA CHnIE/
TOIE

Channel and overflow DMA transfer request Channel and overflow interrupt

0 0 Not generated Not generated

0 1 Not generated Generated if (CHnF/TOF = 1)

Table continues on the next page...
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Table 474. DMA transfer request (continued)

DMA CHnIE/
TOIE

Channel and overflow DMA transfer request Channel and overflow interrupt

1 0 Generated if (CHnF/TOF = 1) Not generated

1 1 Generated if (CHnF/TOF = 1) Generated if (CHnF/TOF = 1)

If DMA = 1, the CHnF/TOF field can be cleared either by completion of the DMA transfer or by writing 1 to CHnF/TOF (see 
Table 475).

Table 475. Clear CHnF/TOF field

DMA How to clear CHnF/TOF

0 CHnF/TOF field is cleared by writing 1 to it.

1 CHnF/TOF field is cleared either when the DMA transfer is completed or by writing 1 to it.

49.4 External signals
Table 476 shows the user-accessible signals for TPM.

Table 476. TPM signal descriptions

Signal Description Direction

EXTCLK External clock

If selected in SC[CMOD], EXTCLK increments the TPM counter on every 
rising edge synchronized to the TPM counter clock. EXTCLK must be less 
than half of the TPM counter clock frequency. The TPM counter prescaler 
selection and settings are also used when EXTCLK is selected.

I

CHn Channel n I/O pin (where n = 5 to 0)

You can configure each CHn to operate either as input or output. CHn is 
an output when configured in Output Compare or PWM mode and the TPM 
counter is enabled; otherwise, CHn is an input.

I/O

49.5 Initialization
To initialize TPM:

1. Write to the following registers, in any order, to configure the counter mode of operation:

• Configuration (CONF)

• Quadrature Decoder Control and Status (QDCTRL)

• Modulo (MOD)

2. Write to the following registers, in any order, to configure the mode of operation for each channel:

• Channel n Value (C0V - C1V)

• Combine Channel (COMBINE)

• Channel Trigger (TRIG)
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• Channel Polarity (POL)

• Filter Control (FILTER)

3. Use Channel n Status and Control (C0SC - C5SC) to configure the mode of operation for each channel and to enable 
the channel.

4. Use Status and Control (SC) to configure the counter mode of operation and to enable the TPM (TPM is enabled and 
counting when SC[CMOD] ≠ 00).

49.6 Application information
To configure TPM counter to generate an overflow interrupt every 64,000 cycles:

1. Write any data to CNT to reset the counter.

2. Write MOD[MOD] = F9FFh to configure counter overflow.

3. Write SC = 48h to enable the counter and overflow interrupt.

4. Write STATUS = 100h to clear the flag during the interrupt routine.

To configure TPM channel 0 for input capture on either edge generating an interrupt:

1. Write C0SC = 4Ch to configure channel 0.

2. Optionally, write CONF = 840000h to configure counter to reset on each channel 0 input capture. Write CONF = 850000h 
to delay starting the counter until the first edge.

3. Write any data to CNT to reset the counter.

4. Write MOD[MOD] = FFFFFFFFh to configure the counter overflow to maximum.

5. Write SC = 48h to enable the counter and overflow interrupt.

6. During the interrupt routine, first check the setting for the STATUS flag:

• If STATUS[TOF] is set, clear flag by writing STATUS = 100h. Note that software is responsible for tracking number of 
overflows between consecutive input capture events.

• If STATUS[CH0F] is set, first read C0V to obtain the input capture value and then clear flag by writing STATUS = 0001h.

To configure TPM channel 0 for output compare to toggle the output pin using an array of counter values:

1. Write C0SC = 54h for interrupt or write C0SC = 15h for DMA.

2. Write C0V = array[0] to configure initial compare value.

3. Write any data to CNT to reset the counter.

4. Write MOD[MOD] = FFFFFFFFh to configure the counter overflow to maximum.

5. Write SC = 08h to enable the counter.

6. Write the next compare value C0V = array[N] during the interrupt routine and then write STATUS = 0001h to clear the flag.

7. Write the next compare value C0V = array[N] during the DMA transfer. DMA transfer will automatically clear the 
channel flag.

The array is an array of counter values where the first output compare occurs at “array[0]” cycles after the counter is enabled and 
subsequent output compares occur at “array[N] – array[N-1]” cycles after the last compare. If the output waveform repeats, then 
MOD can be set to an output compare value where the waveform starts to repeat.

An example of using TPM with the asynchronous DMA is described in AN4631:Using the Asynchronous DMA features of the 
Kinetis L Series.
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49.7 Memory map and register definition
This section provides a detailed description of all TPM registers.

An attempt to access a reserved register location in the TPM memory map generates a bus error.

49.7.1 TPM register descriptions

49.7.1.1 TPM memory map

TPM0 base address: 2809_5000h

TPM1 base address: 2809_6000h

TPM2 base address: 2810_5000h

TPM3 base address: 2810_6000h

TPM4 base address: 2933_0000h

TPM5 base address: 2934_0000h

TPM6 base address: 2982_0000h

TPM7 base address: 2983_0000h

TPM8 base address: 2DA8_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0600_0007h

4h Parameter (PARAM) 32 R See section

8h TPM Global (GLOBAL) 32 RW 0000_0000h

10h Status and Control (SC) 32 RW 0000_0000h

14h Counter (CNT) 32 RW 0000_0000h

18h Modulo (MOD) 32 RW 0000_FFFFh

1Ch Capture and Compare Status (STATUS) 32 RW 0000_0000h

20h Channel n Status and Control (C0SC) 32 RW 0000_0000h

24h Channel n Value (C0V) 32 RW 0000_0000h

28h Channel n Status and Control (C1SC) 32 RW 0000_0000h

2Ch Channel n Value (C1V) 32 RW 0000_0000h

30h Channel n Status and Control (C2SC) 32 RW 0000_0000h

34h Channel n Value (C2V) 32 RW 0000_0000h

38h Channel n Status and Control (C3SC) 32 RW 0000_0000h

3Ch Channel n Value (C3V) 32 RW 0000_0000h

40h Channel n Status and Control (C4SC) 32 RW 0000_0000h

44h Channel n Value (C4V) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

48h Channel n Status and Control (C5SC) 32 RW 0000_0000h

4Ch Channel n Value (C5V) 32 RW 0000_0000h

64h Combine Channel (COMBINE) 32 RW 0000_0000h

6Ch Channel Trigger (TRIG) 32 RW 0000_0000h

70h Channel Polarity (POL) 32 RW 0000_0000h

78h Filter Control (FILTER) 32 RW 0000_0000h

80h Quadrature Decoder Control and Status (QDCTRL) 32 RW 0000_0000h

84h Configuration (CONF) 32 RW 0000_0000h

49.7.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains the module version ID and feature information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1

Fields

Field Function

31-24 Major Version Number

Table continues on the next page...
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Table continued from the previous page...

Field Function

MAJOR Specifies the major version number for the module specification.

23-16

MINOR

Minor Version Number

Specifies the minor version number for the module specification.

15-0

FEATURE

Feature Identification Number

Configures different feature sets for TPM that implements a standard feature set with Filter Control 
(FILTER), Combine Channel (COMBINE), and Quadrature Decoder Control and Status (QDCTRL).

0000_0000_0000_0001b - Standard feature set

0000_0000_0000_0011b - Standard feature set with the filter and combine registers implemented

0000_0000_0000_0101b - Standard feature set with the quadrature register implemented

0000_0000_0000_0111b - Standard feature set with the filter, combine, and quadrature registers 
implemented

49.7.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains values of the module parameters.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WIDTH 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TRIG CHAN 

W

Reset See Register reset values.
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Register reset values

Register Reset value

PARAM TPM0: 0010_0406h
TPM1,TPM2: 0020_0402h
TPM3,TPM4: 0010_0406h
TPM5,TPM6: 0020_0402h
TPM7: 0010_0406h
TPM8: 0010_0806h

Fields

Field Function

31-24

—

Reserved

23-16

WIDTH

Counter Width

Specifies the width of the counter and timer channels.

15-8

TRIG

Trigger Count

Specifies the number of trigger inputs that TPM implements.

7-0

CHAN

Channel Count

Specifies the number of timer channels that TPM implements.

49.7.1.4 TPM Global (GLOBAL)

Offset

Register Offset

GLOBAL 8h

Function
Includes the software reset control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RST 

NOUP
DATE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1

RST

Software Reset

Resets all internal logic and registers, except TPM Global (GLOBAL). This field remains 1 until you write 
0 to it.

0b - Module is not reset

1b - Module is reset

0

NOUPDATE

No Update

Blocks updates to all internal double-buffered registers while this field remains 1. You can still update the 
software visible registers, but changes cannot take effect until you write 0 to this field. At that point they 
update as normal.

0b - Internal double-buffered registers update as normal

1b - Internal double-buffered registers do not update

49.7.1.5 Status and Control (SC)

Offset

Register Offset

SC 10h

Function

Contains the overflow status flag and control fields that you can use to configure:

• Interrupt enable

• Module configuration

• Prescaler factor
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These controls relate to all channels within this module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DMA 

TOF 
TOIE 

CPWM
S 

CMOD PS 
W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8

DMA

DMA Enable

Enables DMA transfers for the overflow flag.

0b - Disable

1b - Enable

7

TOF

Timer Overflow Flag

Indicates whether a TPM overflow has occurred. Hardware sets this flag when the TPM counter value is 
equal to the value defined in MOD[MOD], and increments after this value.

If another TPM overflow occurs between the flag setting and the flag clearing, then the write operation has 
no effect. Therefore, TOF remains set, which indicates that another overflow has occurred. In this case, a 
TOF interrupt request is not lost due to a delay in clearing the previous TOF.

0b - No overflow

1b - Overflow

6

TOIE

Timer Overflow Interrupt Enable

Enables TPM overflow interrupts. A TOF interrupt is generated when SC[TOF] = 1. If TOIE = 0, use 
software polling or DMA request.

0b - Disable

1b - Enable

5

CPWMS

Center-Aligned PWM Select

Enables CPWM mode. This mode configures TPM to operate in up-down counting mode.

This field is write-protected. Disable the TPM counter before you write to this field.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Up counting mode

1b - Up-down counting mode

4-3

CMOD

Clock Mode Selection

Selects the TPM counter clock modes. When disabling the counter, this field remains 1 until acknowledged 
in the TPM clock domain.

00b - TPM counter is disabled

01b - TPM counter increments on every TPM counter clock

10b - TPM counter increments on the rising edge of EXTCLK synchronized to the TPM counter 
clock

11b - TPM counter increments on the rising edge of the selected external input trigger

2-0

PS

Prescale Factor Selection

Selects one of 8 division factors for the clock mode selected by SC[CMOD].

This field is write-protected. Disable the TPM counter before you write to this field.

000b - Divide by 1

001b - Divide by 2

010b - Divide by 4

011b - Divide by 8

100b - Divide by 16

101b - Divide by 32

110b - Divide by 64

111b - Divide by 128

49.7.1.6 Counter (CNT)

Offset

Register Offset

CNT 14h

Function

Contains the TPM counter value. You can write 0 to this register with reset. Writing any value to CNT[COUNT] triggers a reload 
of the counter and forces PWM outputs to their reload state.

When debug is active, the TPM counter does not increment unless you configure it otherwise. Reading this register adds two wait 
states to the register access, because of synchronization delays.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

COUNT

Counter Value

Specifies the TPM counter value.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 CNT[15–0] CNT[31–16]

TPM1 CNT —

TPM2 CNT —

TPM3 CNT[15–0] CNT[31–16]

TPM4 CNT[15–0] CNT[31–16]

TPM5 CNT —

TPM6 CNT —

TPM7 CNT[15–0] CNT[31–16]

TPM8 CNT[15–0] CNT[31–16]
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49.7.1.7 Modulo (MOD)

Offset

Register Offset

MOD 18h

Function

Contains the modulo value for the TPM counter. When the TPM counter reaches the modulo value and increments, SC[TOF] sets 
and the next value of the TPM counter depends on the selected counting method (see Counter).

Writing to the MOD register latches the value into a buffer. This register updates with the value of its write buffer according to MOD 
register update. Additional writes to the MOD write buffer are ignored until the register has been updated.

To avoid confusion about occurrence of the first counter overflow, initialize the TPM counter (write to CNT[COUNT]) before writing 
to the MOD register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MOD 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-0

MOD

Modulo Value

Specifies the modulo value for the TPM counter. Write a single 16-bit or 32-bit access value to this field.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 MOD[15–0] MOD[31–16]

TPM1 MOD —

TPM2 MOD —
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Field Function

Instance Field supported in Field not supported in

TPM3 MOD[15–0] MOD[31–16]

TPM4 MOD[15–0] MOD[31–16]

TPM5 MOD —

TPM6 MOD —

TPM7 MOD[15–0] MOD[31–16]

TPM8 MOD[15–0] MOD[31–16]

49.7.1.8 Capture and Compare Status (STATUS)

Offset

Register Offset

STATUS 1Ch

Function

Contains a copy of the status flag (CnSC[CHF]) for each TPM channel, as well as SC[TOF], for software convenience. Each CHnF 
field in STATUS is a mirror of the corresponding CnSC[CHF]. You can check all CnSC[CHF] fields using only one read of STATUS. 
Writing all ones to STATUS writes 0 to all CnSC[CHF] fields.

Hardware sets the individual channel flags when an event occurs on the channel. If another event occurs between the flag setting 
and the write operation, the write operation has no effect; therefore, CHF remains set, which indicates that another event has 
occurred. In this case, a CHF interrupt request is not lost because of the clearing sequence for a previous CHF.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TOF 0 CH5F CH4F CH3F CH2F CH1F CH0F 

W W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-9

—

Reserved

8

TOF

Timer Overflow Flag

Contains a copy of SC[TOF].

0b - No overflow

1b - Overflow

7-6

—

Reserved

5

CH5F

Channel 5 Flag

Contains a copy of C5SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 STATUS —

TPM1 — STATUS

TPM2 — STATUS

TPM3 STATUS —

TPM4 STATUS —

TPM5 — STATUS

TPM6 — STATUS

TPM7 STATUS —

TPM8 STATUS —

0b - Event not occurred

1b - Event occurred

4

CH4F

Channel 4 Flag

Contains a copy of C4SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).
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Table continued from the previous page...

Field Function

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 STATUS —

TPM1 — STATUS

TPM2 — STATUS

TPM3 STATUS —

TPM4 STATUS —

TPM5 — STATUS

TPM6 — STATUS

TPM7 STATUS —

TPM8 STATUS —

0b - Event not occurred

1b - Event occurred

3

CH3F

Channel 3 Flag

Contains a copy of C3SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 STATUS —

TPM1 — STATUS

TPM2 — STATUS

TPM3 STATUS —
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM4 STATUS —

TPM5 — STATUS

TPM6 — STATUS

TPM7 STATUS —

TPM8 STATUS —

0b - Event not occurred

1b - Event occurred

2

CH2F

Channel 2 Flag

Contains a copy of C2SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 STATUS —

TPM1 — STATUS

TPM2 — STATUS

TPM3 STATUS —

TPM4 STATUS —

TPM5 — STATUS

TPM6 — STATUS

TPM7 STATUS —

TPM8 STATUS —

0b - Event not occurred

1b - Event occurred

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

CH1F

Channel 1 Flag

Contains a copy of C1SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).

0b - Event not occurred

1b - Event occurred

0

CH0F

Channel 0 Flag

Contains a copy of C0SC[CHF]. Sets the flag when an event occurs on the channel (see the register 
description for more).

0b - Event not occurred

1b - Event occurred

49.7.1.9 Channel n Status and Control (C0SC - C5SC)

Offset

Register Offset

C0SC 20h

C1SC 28h

C2SC 30h

C3SC 38h

C4SC 40h

C5SC 48h

Function

Contains the channel-interrupt-status flag and control fields used to configure:

• Interrupt enable

• Channel configuration

• Pin function

Table 477. Mode, edge, and level selection

SC[CPWMS] MSnB:MSnA ELSnB:ELSnA Mode Configuration

0 00 00 None Channel disabled

0 01 00 Software Compare Pin not used for TPM

0 00 01 Input Capture Capture on rising edge only

10 Capture on falling edge only

Table continues on the next page...

NXP Semiconductors
Timer/Pulse Width Modulation (TPM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2968 / 5781



Table 477. Mode, edge, and level selection (continued)

SC[CPWMS] MSnB:MSnA ELSnB:ELSnA Mode Configuration

11 Capture on rising or falling edge

01 01 Output Compare Toggle output on match

10 Clear output on match

11 Set output on match

10 10 Edge-Aligned PWM High-true pulses (clear output 
on counter match, set output on 
counter reload, set output when 
counter first enabled or paused)

00 High-true pulses (clear output 
on counter match, set output 
on counter reload, clear output 
when counter first enabled 
or paused)

01 Low-true pulses (set output on 
counter match, clear output on 
counter reload, clear output 
when counter first enabled 
or paused)

11 Low-true pulses (set output on 
counter match, clear output on 
counter reload, set output when 
counter first enabled or paused)

11 10 Output Compare Pulse output low on match

01 Pulse output high on match

1 10 10 Center-Aligned PWM High-true pulses (clear output 
on counter match-up, set output 
on counter match-down, set 
output on counter reload, or 
when counter first enabled 
or paused)

00 High-true pulses (clear output 
on counter match-up, set output 
on counter match-down, clear 
output on counter reload, or 
when counter first enabled 
or paused)

01 Low-true pulses (set output 
on match-up, clear output on 
match-down, clear output on 
counter reload, or when counter 
first enabled or paused)

11 Low-true pulses (set output 
on match-up, clear output on 

Table continues on the next page...
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Table 477. Mode, edge, and level selection (continued)

SC[CPWMS] MSnB:MSnA ELSnB:ELSnA Mode Configuration

match-down, set output on 
counter reload, or when counter 
first enabled or paused)

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

TPM0 C0SC–C5SC —

TPM1 C0SC–C1SC C2SC–C5SC

TPM2 C0SC–C1SC C2SC–C5SC

TPM3 C0SC–C5SC —

TPM4 C0SC–C5SC —

TPM5 C0SC–C1SC C2SC–C5SC

TPM6 C0SC–C1SC C2SC–C5SC

TPM7 C0SC–C5SC —

TPM8 C0SC–C5SC —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CHF 
CHIE MSB MSA ELSB ELSA 

0
DMA 

W W1C

Reset See Register reset values.

Register reset values

Register Reset value

C0SC–C1SC TPM0–TPM8: 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Register Reset value

C2SC–C5SC TPM0: 0000_0000h
TPM1,TPM2: Register not supported
TPM3,TPM4: 0000_0000h
TPM5,TPM6: Register not supported
TPM7,TPM8: 0000_0000h

Fields

Field Function

31-8

—

Reserved

7

CHF

Channel Flag

Indicates whether an event has occurred on the channel. TPM writes 1 to this field when an event occurs 
on the channel.

If another event occurs between the CHF being set and the write operation, the write operation has no effect; 
therefore, CHF remains set, which indicates that another event has occurred. In this case, a CHF interrupt 
request is not lost due to the delay in clearing the previous CHF.

0b - Event not occurred

1b - Event occurred

6

CHIE

Channel Interrupt Enable

Enables channel interrupts.

0b - Disable

1b - Enable

5

MSB

Channel Mode Select B

Configures further selections in the channel logic. Its functionality depends on the channel mode (see 
Table 477).

4

MSA

Channel Mode Select A

Configures further selections in the channel logic. Its functionality depends on the channel mode (see 
Table 477).

3

ELSB

Edge or Level Select B

Performs the function that depends on the channel mode (see Table 477).

2

ELSA

Edge or Level Select A

Performs the function that depends on the channel mode (see Table 477).

1 Reserved

Table continues on the next page...

NXP Semiconductors
Timer/Pulse Width Modulation (TPM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2971 / 5781



Table continued from the previous page...

Field Function

—

0

DMA

DMA Enable

Enables DMA transfers for the channel.

0b - Disable

1b - Enable

49.7.1.10 Channel n Value (C0V - C1V)

Offset

Register Offset

C0V 24h

C1V 2Ch

Function

Contains the captured TPM counter value for the input modes or the match value for the output modes.

Input Capture mode ignores any write to a CnV register. In compare modes, writing to a CnV register latches the value into a buffer. 
A CnV register updates with the value of its write buffer according to CnV register update.

 
Additional writes to the CnV write buffer are ignored until the register has been updated.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

VAL

Channel Value

Contains the captured TPM counter value for the input modes, or the match value for the output modes. 
Write a single 16-bit or 32-bit access value to this field.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 C0V–C1V[15–0] C0V–C1V[31–16]

TPM1 C0V–C1V —

TPM2 C0V–C1V —

TPM3 C0V–C1V[15–0] C0V–C1V[31–16]

TPM4 C0V–C1V[15–0] C0V–C1V[31–16]

TPM5 C0V–C1V —

TPM6 C0V–C1V —

TPM7 C0V–C1V[15–0] C0V–C1V[31–16]

TPM8 C0V–C1V[15–0] C0V–C1V[31–16]

49.7.1.11 Channel n Value (C2V - C5V)

Offset

Register Offset

C2V 34h

C3V 3Ch

C4V 44h

C5V 4Ch

Function

Contains the captured TPM counter value for the input modes or the match value for the output modes.

Input Capture mode ignores any write to a CnV register. In compare modes, writing to a CnV register latches the value into a buffer. 
A CnV register updates with the value of its write buffer according to CnV register update.
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Additional writes to the CnV write buffer are ignored until the register has been updated.

  NOTE  

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

TPM0 C2V–C5V —

TPM1 — C2V–C5V

TPM2 — C2V–C5V

TPM3 C2V–C5V —

TPM4 C2V–C5V —

TPM5 — C2V–C5V

TPM6 — C2V–C5V

TPM7 C2V–C5V —

TPM8 C2V–C5V —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

VAL

Channel Value

Contains the captured TPM counter value for the input modes, or the match value for the output modes. 
Write a single 16-bit or 32-bit access value to this field.
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49.7.1.12 Combine Channel (COMBINE)

Offset

Register Offset

COMBINE 64h

Function
Contains the control fields used to configure the combine channel modes for each pair of channels n and n+1, where n is all 
the even-numbered channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 COMS
WAP2 

COMBI
NE2 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 COMS
WAP1 

COMB
INE1 

0 COMS
WAP0 

COMB
INE0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-18

—

Reserved

17

COMSWAP2

Combine Channels 4 and 5 Swap

When set in combine mode, the even channel is used for the input capture and first compare, while the 
odd channel is used for the second compare.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 COMBINE —

TPM1 — COMBINE
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Field Function

Instance Field supported in Field not supported in

TPM2 — COMBINE

TPM3 COMBINE —

TPM4 COMBINE —

TPM5 — COMBINE

TPM6 — COMBINE

TPM7 COMBINE —

TPM8 COMBINE —

0b - Even channel

1b - Odd channel

16

COMBINE2

Combine Channels 4 and 5

Enables the combine feature for channels 2 and 3. In Input Capture mode, the combined channels use 
the even channel input. In Software Compare mode, the even channel match asserts the output trigger 
and the odd channel match negates the output trigger. In PWM mode, the even channel match is used 
for the first compare and odd channel match for the second compare.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 COMBINE —

TPM1 — COMBINE

TPM2 — COMBINE

TPM3 COMBINE —

TPM4 COMBINE —

TPM5 — COMBINE

TPM6 — COMBINE

TPM7 COMBINE —

TPM8 COMBINE —
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

0b - Independent

1b - Combined

15-10

—

Reserved

9

COMSWAP1

Combine Channels 2 and 3 Swap

When set in combine modes, the odd channel is used for the input capture and first compare, while the 
even channel is used for the second compare.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 COMBINE —

TPM1 — COMBINE

TPM2 — COMBINE

TPM3 COMBINE —

TPM4 COMBINE —

TPM5 — COMBINE

TPM6 — COMBINE

TPM7 COMBINE —

TPM8 COMBINE —

0b - Even channel

1b - Odd channel

8

COMBINE1

Combine Channels 2 and 3

Enables the combine feature for channels 2 and 3.

In Input Capture mode, the combined channels use the even channel input. In Software Compare mode, 
the even channel match asserts the output trigger, and the odd channel match negates the output trigger. 

Table continues on the next page...
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Table continued from the previous page...

Field Function

In PWM mode, the even channel match is used for the first compare, and odd channel match for the 
second compare.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 COMBINE —

TPM1 — COMBINE

TPM2 — COMBINE

TPM3 COMBINE —

TPM4 COMBINE —

TPM5 — COMBINE

TPM6 — COMBINE

TPM7 COMBINE —

TPM8 COMBINE —

0b - Independent

1b - Combined

7-2

—

Reserved

1

COMSWAP0

Combine Channel 0 and 1 Swap

When set in combine modes, the odd channel is used for the input capture and first compare, while the 
even channel is used for the second compare.

0b - Even channel

1b - Odd channel

0

COMBINE0

Combine Channels 0 and 1

Enables the combine feature for channels 0 and 1.

In Input Capture mode, the combined channels use the even channel input. In Software Compare mode, 
the even channel match asserts the output trigger, and the odd channel match negates the output trigger. 

Table continues on the next page...
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Table continued from the previous page...

Field Function

In PWM mode, the even channel match is used for the first compare and odd channel match for the 
second compare.

0b - Independent

1b - Combined

49.7.1.13 Channel Trigger (TRIG)

Offset

Register Offset

TRIG 6Ch

Function
Configures the trigger input that is used by the channel to capture the counter value in Input Capture mode. In Output 
Compare or PWM mode, configures the trigger input used to modulate the channel output. When modulating the output, the 
output is forced to the channel initial value whenever the trigger is not asserted. The even-numbered channels share the first 
input trigger source, and the odd-numbered channels share the second input trigger source.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TRIG5 TRIG4 TRIG3 TRIG2 TRIG1 TRIG0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5

TRIG5

Channel 5 Trigger
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Table continued from the previous page...

Field Function

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 TRIG —

TPM1 — TRIG

TPM2 — TRIG

TPM3 TRIG —

TPM4 TRIG —

TPM5 — TRIG

TPM6 — TRIG

TPM7 TRIG —

TPM8 TRIG —

0b - No effect

1b - Configures trigger input 1 to be used by channel 5

4

TRIG4

Channel 4 Trigger

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 TRIG —

TPM1 — TRIG

TPM2 — TRIG

TPM3 TRIG —

TPM4 TRIG —

TPM5 — TRIG
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM6 — TRIG

TPM7 TRIG —

TPM8 TRIG —

0b - No effect

1b - Configures trigger input 0 to be used by channel 4

3

TRIG3

Channel 3 Trigger

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 TRIG —

TPM1 — TRIG

TPM2 — TRIG

TPM3 TRIG —

TPM4 TRIG —

TPM5 — TRIG

TPM6 — TRIG

TPM7 TRIG —

TPM8 TRIG —

0b - No effect

1b - Configures trigger input 1 to be used by channel 3

2

TRIG2

Channel 2 Trigger

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM0 TRIG —

TPM1 — TRIG

TPM2 — TRIG

TPM3 TRIG —

TPM4 TRIG —

TPM5 — TRIG

TPM6 — TRIG

TPM7 TRIG —

TPM8 TRIG —

0b - No effect

1b - Configures trigger input 0 to be used by channel 2

1

TRIG1

Channel 1 Trigger

0b - No effect

1b - Configures trigger input 1 to be used by channel 1

0

TRIG0

Channel 0 Trigger

0b - No effect

1b - Configures trigger input 0 to be used by channel 0

49.7.1.14 Channel Polarity (POL)

Offset

Register Offset

POL 70h

Function
Defines the input and output polarity of each of the channels.

NXP Semiconductors
Timer/Pulse Width Modulation (TPM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2982 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
POL5 POL4 POL3 POL2 POL1 POL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5

POL5

Channel 5 Polarity

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 POL —

TPM1 — POL

TPM2 — POL

TPM3 POL —

TPM4 POL —

TPM5 — POL

TPM6 — POL

TPM7 POL —

TPM8 POL —

0b - Active high

1b - Active low

4 Channel 4 Polarity
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Table continued from the previous page...

Field Function

POL4  
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 POL —

TPM1 — POL

TPM2 — POL

TPM3 POL —

TPM4 POL —

TPM5 — POL

TPM6 — POL

TPM7 POL —

TPM8 POL —

0b - Active high

1b - Active low

3

POL3

Channel 3 Polarity

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 POL —

TPM1 — POL

TPM2 — POL

TPM3 POL —

TPM4 POL —

TPM5 — POL
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM6 — POL

TPM7 POL —

TPM8 POL —

0b - Active high

1b - Active low

2

POL2

Channel 2 Polarity

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 POL —

TPM1 — POL

TPM2 — POL

TPM3 POL —

TPM4 POL —

TPM5 — POL

TPM6 — POL

TPM7 POL —

TPM8 POL —

0b - Active high

1b - Active low

1

POL1

Channel 1 Polarity

0b - Active high

1b - Active low

0 Channel 0 Polarity

Table continues on the next page...
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Table continued from the previous page...

Field Function

POL0 0b - Active high

1b - Active low

49.7.1.15 Filter Control (FILTER)

Offset

Register Offset

FILTER 78h

Function
Selects the filter value of the channel inputs, and an additional output delay value for the channel outputs. In PWM Combine 
mode, you can use this field to implement dead-time insertion.

 
To write values to CHnFVAL, ensure that the corresponding channel-interrupt status flag and control (CnSC[5:2]) 
fields are set to 0.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
CH5FVAL CH4FVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH3FVAL CH2FVAL CH1FVAL CH0FVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-20

CH5FVAL

Channel 5 Filter Value

When configured for Input Capture or Software Compare mode, configures the filter value for the channel 
5 input. The filter is disabled when the value is zero. Otherwise, the filter is configured as (CH5FVAL × 4) 
clock cycles.
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Table continued from the previous page...

Field Function

Sets the dead-time insertion time for channel 5 in PWM modes. Dead time insertion is disabled when 
CH5FVAL is zero. Otherwise, dead time insertion for channel 5 is configured as (CH5FVAL × 4) 
clock cycles.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 FILTER —

TPM1 — FILTER

TPM2 — FILTER

TPM3 FILTER —

TPM4 FILTER —

TPM5 — FILTER

TPM6 — FILTER

TPM7 FILTER —

TPM8 FILTER —

19-16

CH4FVAL

Channel 4 Filter Value

When configured for Input Capture or Software Compare mode, configures the filter value for the channel 
4 input when configured for input capture or software compare modes. The filter is disabled when the value 
is zero. Otherwise, the filter is configured as (CH4FVAL × 4) clock cycles.

Sets the dead-time insertion time for channel 4 in PWM modes. Dead time insertion is disabled when 
CH4FVAL is zero. Otherwise, dead time insertion for channel 4 is configured as (CH4FVAL × 4) 
clock cycles.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 FILTER —

TPM1 — FILTER
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM2 — FILTER

TPM3 FILTER —

TPM4 FILTER —

TPM5 — FILTER

TPM6 — FILTER

TPM7 FILTER —

TPM8 FILTER —

15-12

CH3FVAL

Channel 3 Filter Value

When configured for Input Capture or Software Compare mode, configures the filter value for the 
channel 3 input. The filter is disabled when the value is zero. Otherwise, the filter is configured as 
(CH3FVAL×4)clock cycles.

Sets the dead-time insertion time for channel 3 in PWM modes. Dead time insertion is disabled when 
CH3FVAL is zero. Otherwise, dead time insertion for channel 3 is configured as (CH3FVAL×4)clock cycles.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 FILTER —

TPM1 — FILTER

TPM2 — FILTER

TPM3 FILTER —

TPM4 FILTER —

TPM5 — FILTER

TPM6 — FILTER

TPM7 FILTER —

Table continues on the next page...
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

TPM8 FILTER —

11-8

CH2FVAL

Channel 2 Filter Value

When configured for Input Capture or Software Compare mode, configures the filter value for the 
channel 2 input. The filter is disabled when the value is zero. Otherwise, the filter is configured as 
(CH2FVAL×4)clock cycles.

Sets the dead-time insertion time for channel 2 in PWM modes. Dead time insertion is disabled when 
CH2FVAL is zero. Otherwise, dead time insertion for channel 2 is configured as (CH2FVAL×4)clock cycles.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 FILTER —

TPM1 — FILTER

TPM2 — FILTER

TPM3 FILTER —

TPM4 FILTER —

TPM5 — FILTER

TPM6 — FILTER

TPM7 FILTER —

TPM8 FILTER —

7-4

CH1FVAL

Channel 1 Filter Value

When configured for Input Capture or Software Compare mode, configures the filter value for the 
channel 1 input. The filter is disabled when the value is zero. Otherwise, the filter is configured as 
(CH1FVAL×4)clock cycles.

Sets the dead-time insertion time for channel 1 in PWM modes. Dead time insertion is disabled when 
CH1FVAL is zero. Otherwise, dead time insertion for channel 1 is configured as (CH1FVAL×4)clock cycles.

3-0 Channel 0 Filter Value

Table continues on the next page...

NXP Semiconductors
Timer/Pulse Width Modulation (TPM)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 2989 / 5781



Table continued from the previous page...

Field Function

CH0FVAL When configured for Input Capture or Software Compare mode, configures the filter value for the 
channel 0 input. The filter is disabled when the value is zero. Otherwise, the filter is configured as 
(CH0FVAL×4)clock cycles.

Sets the dead time insertion time for channel 0 in PWM modes. Dead time insertion is disabled when 
CH0FVAL is zero. Otherwise, dead time insertion for channel 0 is configured as (CH0FVAL×4)clock cycles.

49.7.1.16 Quadrature Decoder Control and Status (QDCTRL)

Offset

Register Offset

QDCTRL 80h

Function
Contains the control and status fields for Quadrature Decoder mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 QUAD
MODE 

QUADI
R 

TOFDI
R QUAD

EN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

QUADMODE

Quadrature Decoder Mode

Selects the encoding mode used in Quadrature Decoder mode.

0b - Phase encoding mode

1b - Count and direction encoding mode

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

QUADIR

Counter Direction in Quadrature Decode Mode

Indicates whether the counting direction is decreasing or increasing.

0b - Decreasing (counter decrement)

1b - Increasing (counter increment)

1

TOFDIR

Timer Overflow Direction

Indicates if SC[TOF] was set on the top or bottom of counting.

• Field value 0 indicates that SC[TOF] was set on the bottom of counting. There was a TPM 
counter decrement and TPM counter changes from its minimum value (0) to its maximum value 
(MOD[MOD]).

• Field value 1 indicates that SC[TOF] was set on the top of counting. There was a TPM counter 
increment and TPM counter changes from its maximum value (MOD[MOD]) to its minimum value 
(0).

0b - Bottom of counting

1b - Top of counting

0

QUADEN

Quadrature Decoder Enable

Enables Quadrature Decoder mode. In this mode, the channel 0 and channel 1 inputs control the TPM 
counter direction and can only be used for Software Compare mode. Quadrature Decoder mode has 
precedence over the other modes.

0b - Disable

1b - Enable

49.7.1.17 Configuration (CONF)

Offset

Register Offset

CONF 84h

Function

Selects the TPM behavior in Debug mode and Low-Power mode, and the use of an external GTB.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TRGSEL 

TRGS
RC 

TRGP
OL 

0
CPOT CROT CSOO CSOT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 GTBE
EN 

GTBS
YNC 

DBGMODE 
DOZE

EN 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

TRGSEL

Trigger Select

Selects the input trigger that you use to start, reload, and pause the counter. You can configure the source 
of the trigger (external or internal to TPM) by CONF[TRGSRC]. Disable the TPM counter before you change 
this field.

See the chip-specific TPM information for available external trigger options.

The below list shows available internal trigger sources.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

TPM0 CONF[25–24] CONF[26]

TPM1 CONF[25–24] CONF[26]

TPM2 CONF[25–24] CONF[26]

TPM3 CONF[25–24] CONF[26]

TPM4 CONF[25–24] CONF[26]

TPM5 CONF[25–24] CONF[26]

TPM6 CONF[25–24] CONF[26]

TPM7 CONF[25–24] CONF[26]
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Field Function

Instance Field supported in Field not supported in

TPM8 CONF —

01b - Channel 0 pin input capture

10b - Channel 1 pin input capture

11b - Channel 0 or channel 1 pin input capture

23

TRGSRC

Trigger Source

Selects between internal (channel pin input capture) or external trigger sources. CONF[TRGSEL] selects 
this trigger source.

When selecting an internal trigger, configure the selected channel for input captures as follows:

• CONF[CSOT] enables you to start the counter initially using only a rising edge input capture.

• CONF[CROT] enables you to reload the counter using either a rising edge or falling edge input capture.

• CONF[CPOT] enables you to pause the counter using the state of the channel input pin.

You can use Channel Polarity (POL) to invert the polarity of the channel input pins. Disable the TPM counter 
before you change this field.

0b - External

1b - Internal (channel pin input capture)

22

TRGPOL

Trigger Polarity

Selects the polarity of the external trigger source. Disable the TPM counter before you change this field.

0b - Active high

1b - Active low

21-20

—

Reserved

19

CPOT

Counter Pause on Trigger

Specifies that while the trigger remains asserted (level sensitive), and this field is 1, the counter pauses 
incrementing. While being paused, the counter ignores the input capture events and forces PWM outputs 
to their default state.

If the TPM counter pauses during Debug mode or Low-Power mode, then the counter ignores the trigger 
input. Disable the TPM counter before you change this field.

0b - TPM counter continues

1b - TPM counter pauses

18

CROT

Counter Reload on Trigger

Specifies that when you detect a rising edge on the selected trigger input and this field is 1, then the TPM 
counter reloads with 0 (and sets PWM outputs to their reload state).

Table continues on the next page...
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Field Function

If the TPM counter pauses during Debug mode or Low-Power mode, then the counter ignores the trigger 
input. Disable the TPM counter before you change this field.

0b - No reload

1b - Reload

17

CSOO

Counter Stop on Overflow

Specifies that the TPM counter pauses when SC[TOF] = 1 and this field is 1. Reloading the counter with 0 
by writing to Counter (CNT), or by a trigger input, does not cause the counter to stop incrementing. When 
stopped, the counter does not start incrementing unless you first disable and then enable it, or if you detect 
a rising edge on the selected trigger input when CONF[CSOT] is 1. While the counter is paused, it ignores 
the input capture events and forces PWM outputs to their default state.

Disable the TPM counter before you change this field.

0b - TPM counter continues

1b - TPM counter stops

16

CSOT

Counter Start on Trigger

Specifies that until you detect a rising edge on the selected trigger input, and this field is 1, the TPM counter 
pauses incrementing when it is enabled. If the TPM counter pauses due to an overflow, a rising edge on 
the selected trigger input also causes the TPM counter to start incrementing again. While being paused, the 
counter ignores the input capture events, and forces PWM outputs to their default state.

If the TPM counter pauses during Debug mode or Low-Power mode, then the counter ignores the trigger 
input. Disable the TPM counter before you change this field.

0b - Counter starts immediately

1b - Counter starts after detection of a rising edge on the selected input trigger

15-10

—

Reserved

9

GTBEEN

GTB Enable

Configures TPM to use an externally generated GTB counter. When you use an externally generated 
timebase, the channels do not use the internal TPM counter, but you can use the internal TPM counter to 
generate a periodic interrupt or DMA request using Modulo (MOD) and SC[TOF].

0b - Internally generated TPM counter

1b - Externally generated GTB counter

8

GTBSYNC

GTB Synchronization

Enables the TPM counter to synchronize with GTB. It uses the GTB enable, trigger, paused state and 
overflow to ensure that the TPM counter starts incrementing, stops incrementing, and resets at the same 
time as GTB. Disable the TPM counter before you change this field.

0b - Disable

1b - Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-6

DBGMODE

Debug Mode

Configures the TPM behavior in Debug mode (see Debug mode). All other configurations are reserved.

00b - TPM counter pauses

11b - TPM counter continues

5

DOZEEN

Doze Enable

Configures the TPM behavior in Low-Power mode (see Low-Power mode).

0b - TPM counter continues

1b - TPM counter pauses

4-0

—

Reserved
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Chapter 50
Time Stamp Timer (TSTMR)
50.1 Chip-specific TSTMR information
Table 478. Reference links to related information

Topic Related module Reference

Full description TSTMR TSTMR

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

50.1.1 Module instances
This device has two instances of the TIMESTAMP module: TSTMR0 and TSTMR1.

50.2 Overview
The Time Stamp Timer (TIMESTAMP) is a 64-bit clock cycle counter, reset by system reset.

50.2.1 Features
• Free-running Time Stamp Timer

50.3 Functional description
The TIMESTAMP module is a free running incrementing counter that starts running after system reset de-assertion and can be 
read at any time by the software for determining the software ticks. However, the software must follow the read sequence as 
mentioned in the TIMESTAMP register descriptions for correctly reading the TIMESTAMP value. The TIMESTAMP is a 64-bit 
counter and hence requires two 32-bit reads to read the full value. The TIMESTAMP runs off the 1 MHz clock and resets on every 
system reset. The counter only stops when the clock to the TIMESTAMP is disabled.

See the chip-specific TIMESTAMP information for implementation details of this module's instances.

50.4 TIMESTAMP Memory map and register definition
The TIMESTAMP Memory Map/Register Definition can be found here.

 
TIMESTAMP registers can be read with 32-bit accesses only.

  NOTE  

50.4.1 TIMESTAMP register descriptions
This section contains the detailed register descriptions for the TIMESTAMP registers.

50.4.1.1 TIMESTAMP memory map

TSTMR0.TIMESTAMP0 base address: 2802_AC00h

TSTMR1.TIMESTAMP0 base address: 2929_0C00h
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Offset Register Width

(In bits)

Access Reset value

0h Time Stamp Timer Register Low (LOW) 32 R 0000_0000h

4h Time Stamp Timer Register High (HIGH) 32 R 0000_0000h

50.4.1.2 Time Stamp Timer Register Low (LOW)

Offset

Register Offset

LOW 0h

Function

The Time Stamp Timer is a 64-bit clock cycle counter, reset by system reset. It is readable by way of the TIMESTAMP HIGH and 
LOW registers. Only 32-bit read accesses are allowed. Any other access will generate a transfer error.

Note the following:

• A complete read operation should include both TIMESTAMP LOW and HIGH reads. If a HIGH read does not follow a LOW 
read, then any other Time Stamp value read will be locked at a fixed value.

• The TIMESTAMP LOW read should occur first, followed by the TIMESTAMP HIGH read.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

VALUE

Time Stamp Timer Low

Lower 32 bits of the 64-bit time stamp value. The software must read the LOW first, followed by a read to 
HIGH to retrieve the complete value. The all-zero reset value may not be readable because the value will 
increment before it can be read by the software.
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50.4.1.3 Time Stamp Timer Register High (HIGH)

Offset

Register Offset

HIGH 4h

Function

The Time Stamp Timer is a 64-bit counters clock cycle counter, reset by system reset. It is readable by way of the TIMESTAMP 
HIGH and LOW registers. Only 32-bit read accesses are allowed. Any other access will generate a transfer error.

Note the following:

• A complete read operation should include both TIMESTAMP LOW and HIGH reads. If a HIGH read does not follow a LOW 
read, then any other Time Stamp value read will be locked at a fixed value.

• The TIMESTAMP LOW read should occur first, followed by the TIMESTAMP HIGH read.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

VALUE

Time Stamp Timer High

Upper 32 bits of the 64-bit time stamp value. The software must read the LOW first, followed by a read to 
HIGH to retrieve the complete value. The all-zero reset value may not be readable because the value will 
increment before it can be read by the software.
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Chapter 51
Watchdog Timer (WDOG)
51.1 Chip-specific WDOG information
Table 479. Reference links to related information

Topic Related module Reference

Full description WDOG WDOG

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

51.1.1 Module instances
This device has 6 instances of the WDOG module: WDOG0-WDOG5.

• Secure WDOG and Non-Secure WDOG for M33

• Secure WDOG and Non-Secure WDOG for A35

• 1 WDOG for Fusion DSP

• 1 WDOG for HiFi4 DSP

uPower and EdgeLock secure enclave have their own WDOG modules inside their respective subsystems.

51.1.2 Reset delay for WDOG0-5
The following table shows difference in reset delay (in bus cycles) for WDOG0-5 instances.

Table 480. Reset delay for WDOG0-5

WDOG instance Reset delay (bus cycles)

WDOG0-1 128

WDOG2 1023

WDOG3-4 128

WDOG5 1023

51.1.3 Clock selection through CS[CLK]
The following table depicts the clock options selected through CS[CLK] bit of WDOG0-5 instances.

WDOG CS[CLK] bit 
field

Clock Selected

WDOG0/1 WDOG2 WDOG3/4 WDOG5

00 CM33_BUSCLK DSP_BUSCLK XBAR_BUSCLK LPAV_BUSCLK

01 RTC1K RTC1K RTC1K RTC1K

Table continues on the next page...
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Table continued from the previous page...

WDOG CS[CLK] bit 
field

Clock Selected

WDOG0/1 WDOG2 WDOG3/4 WDOG5

10 RTC32K RTC32K RTC32K RTC32K

11 PCC0_BUS clock 
selection

PCC2_BUS clock 
selection

PCC3_BUS clock 
selection

PCC5_BUS clock 
selection

51.2 Overview
WDOG is an independent timer that is available for system use. It provides a safety feature to ensure that the software is executing 
as planned and that the CPU is not stuck in an infinite loop or executing unintended code. If WDOG is not serviced (refreshed) 
within a certain period, it resets the MCU.

51.2.1 Block diagram

M
U

X

÷256

EN

UPDATE

M
U

X

16-bit counter register

Window
protect

Counter
reset

Counter

Control
logic

Control status bit
Write control

Bus cycle
disable protect

overflow

See chip-specific
WDOG information
for clock
source inputs

Compare logic

Compare logic

Bus
clock delay

M
U

X

CLK PRES WIN INT

16-bit timeout value register
Refresh sequence

write control

Backup reset

CPU reset

IRQ interrupt

16-bit window register

WDOG enable

Figure 341. Block diagram

51.2.2 Features
• Configurable clock source inputs independent of the bus clock

• Programmable timeout period

— Programmable 16-bit timeout value

— Optional, fixed 256 clock prescaler when longer timeout periods are needed

• Robust write sequences for counter refresh: provision to refresh the sequence of writing to WDOG Counter (CNT)

• Window mode option for the refresh mechanism

— Programmable 16-bit window value

— Robust check to ensure that program flow is faster than expected

— Early refresh attempts that trigger a reset

• Optional timeout interrupt to allow post-processing diagnostics
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— Interrupt request to CPU with an interrupt vector for an interrupt service routine (ISR)

— Forced reset that occurs 128 bus clocks after the interrupt vector fetch

• Write-once-after-reset configuration fields to ensure that WDOG configuration is not altered mistakenly

• Robust write sequence for unlocking write-once configuration fields

— Unlock sequence of writing to WDOG Counter (CNT), for allowing updates to write-once configuration fields

— You must make updates within 128 bus clocks after unlocking and before WDOG closing unlock window

51.3 Functional description
WDOG provides a fail-safe mechanism to ensure that you can reset the system to a known state of operation in case of system 
failure, such as the CPU clock stopping or there being a runaway condition in the software code. The WDOG counter runs 
continuously off a selectable clock source and expects to be serviced (refreshed) periodically. If it is not refreshed, it generates 
a reset triggering event.

51.3.1 Refresh mechanism
WDOG resets the MCU if the WDOG counter is not refreshed. A robust refresh mechanism makes it very unlikely for a runaway 
code to refresh WDOG.

To refresh the WDOG counter, you must execute a refresh write sequence before the timeout period expires. In addition, in case of 
Window mode, you must not start the refresh sequence until you set the time value in Watchdog Window (WIN). See the following 
figure for more.

0

WIN

Time

TOVAL

WDOG counter

Refresh opportunity
in Window mode

Refresh opportunity (not in Window mode)

Figure 342. Refresh opportunity for the WDOG counter

51.3.1.1 Using Window mode

Software finishing its main control loop faster than expected could be an indication of a problem. Depending on the requirements 
of the application, you can program WDOG to force a reset when refresh attempts are early.

When Window mode is enabled, you must refresh WDOG after the counter has reached a minimum expected time value; 
otherwise, WDOG resets the MCU. The minimum expected time value is specified in Watchdog Window (WIN). Writing 1 to WIN 
enables Window mode.

51.3.1.2 Refreshing WDOG

The refresh write sequence is based on the following methods:

• Either two 16-bit writes (A602h, B480h) or four 8-bit writes (A6h, 02h, B4h, 80h) to WDOG Counter (CNT) if CMD32EN = 
0
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• One 32-bit write (B480_A602h) to WDOG Counter (CNT) if CMD32EN = 1

You must apply these methods before WDOG times out; otherwise, it resets the MCU.

Before starting the refresh sequence, disable the global interrupts. Otherwise, an interrupt could effectively invalidate the 
refresh sequence, if the interrupt occurs before the refresh writes finish. After the sequence finishes, restore the global interrupt 
control state.

See Application information for example code.

51.3.2 Configuring WDOG

51.3.2.1 Configuring WDOG once

All WDOG control fields, timeout value, and window value are write-once after reset. This means that after a write has occurred, 
they cannot be changed unless a reset occurs. You can ensure this by configuring the window and timeout values first, followed 
by the other control fields, when UPDATE = 0.

This provides a robust mechanism to configure WDOG and ensure that a runaway condition cannot mistakenly disable or modify 
the WDOG configuration, after the module is configured.

The new configuration takes effect only after you write to all registers except WDOG Counter (CNT) after reset. Otherwise, WDOG 
uses the reset values by default. If you do not use Window mode (WIN), you do not need to write to Watchdog Window (WIN) to 
bring the new configuration into effect.

51.3.2.2 Reconfiguring WDOG

In some cases (for example, when supporting a bootloader function), you may want to reconfigure or disable WDOG, without 
forcing a reset first:

• By writing 1 to UPDATE on the initial configuration of WDOG after a reset, you can reconfigure WDOG at any time by 
executing an unlock sequence.

• Conversely, if UPDATE remains 0, the only way to reconfigure WDOG is by initiating a reset.

The unlock sequence is similar to the refresh sequence but uses different values.

51.3.2.3 Unlocking WDOG

The unlock sequence is based on the following two methods:

• Either two 16-bit writes (C520h, D928h) or four 8-bit writes (C5h, 20h, D9h, 28h) to WDOG Counter (CNT), after WDOG is 
configured, if CMD32EN = 0

• One 32-bit write (D928_C520h) to WDOG Counter (CNT), after WDOG is configured, if CMD32EN = 1

An improper unlock sequence causes WDOG to reset. On completing the unlock sequence, you must reconfigure WDOG within 
128 bus clocks; otherwise, WDOG closes the unlock window.

 
Because it requires 1024 bus clocks to reconfigure WDOG, you must insert some delays before executing stop or 
wait instructions after reconfiguring WDOG. This ensures that WDOG's new configuration takes effect before the 
MCU enters Low-Power mode. Otherwise, the MCU may not wake up from Low-Power mode.

  NOTE  

51.3.3 Functionality in Debug and Low-Power modes
By default, WDOG is not functional in Debug, Wait, or Stop modes. However, it can remain functional in these modes as follows:

• For Debug mode, write 1 to DBG (this way WDOG is functional in Debug mode even when Debug mode holds the CPU).

• For Wait mode, write 1 to WAIT.

• For Stop mode, write 1 to STOP and WAIT, and ensure that the clock source is active in Stop mode.
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WDOG can generate an interrupt in Stop mode.

For Debug and Stop modes, in addition to the aforementioned configuration, you must use a clock source other 
than the bus clock as the reference clock for the counter; otherwise, WDOG cannot function.

  NOTE  

51.3.4 Fast testing of WDOG
Before executing the application code in safety-critical applications, you must test that WDOG works as expected and resets the 
MCU. Testing every bit of a 16-bit counter by letting it run to the overflow value takes a relatively long time (64 k clocks).

To help minimize the startup delay for application code after reset, WDOG implements a feature that tests its functioning more 
quickly by splitting the counter into its constituent byte-wide stages. The low and high bytes are run independently and tested for 
a timeout against the corresponding byte of WDOG Timeout Value (TOVAL). For a complete coverage when testing the high byte 
of the counter, the test feature feeds the input clock via the 8th bit of the low byte, thus ensuring that the overflow connection from 
the low byte to the high byte is tested.

Using this test feature reduces the test time to 512 clocks (not including overhead, such as, user configuration and reset vector 
fetches). To further speed testing, use a faster clock (such as the bus clock) for the counter reference.

On a POR, the POR field in the system reset register becomes 1, indicating that you must perform the WDOG fast test.

51.3.4.1 Testing each byte of the counter

Perform this procedure to test each byte of the counter:

1. Program the preferred WDOG timeout value in WDOG Timeout Value (TOVAL) during the WDOG configuration period.

2. Select a byte of the counter to test by using the configuration TST = 10b for the low byte, and TST = 11b for the high 
byte.

3. Wait for WDOG to timeout. Optionally, in the idle loop, increment RAM locations as a parallel software counter for 
later comparison. Because RAM is not affected by a WDOG reset, the timeout period of the WDOG counter can be 
compared with the software counter to verify whether the timeout period occurred as expected.

The WDOG counter times out and forces a reset.

4. Confirm that the WDOG flag in the system reset register is set, indicating that WDOG caused the reset (the POR flag 
remains clear).

5. Confirm that TST showing a test (10b or 11b) was performed.

If confirmed, the count and compare functions work for the selected byte. Repeat the procedure, selecting the next byte in step 2.

 
Only a POR writes 0 to TST, which is not affected by other resets.

  NOTE  

51.3.4.2 Entering User mode

After successfully testing the low and high bytes of the WDOG counter, you can configure TST to 01b to indicate that WDOG is 
ready for use in application User mode. Therefore, if a reset occurs again, you can recognize the reset trigger as a real WDOG 
reset caused by runaway or faulty application code.

As an ongoing test when using the default clock source, you can periodically read WDOG Counter (CNT) to ensure that the counter 
is being incremented.

51.3.5 Clocking
You can program CLK to select clock source options in the WDOG counter. See the chip-specific WDOG information for available 
clock inputs and the default option for this chip.
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The option allows you to select a clock source that is independent of the bus clock for applications that need to meet more robust 
safety requirements. Using a clock source other than the bus clock ensures that the WDOG counter continues to run if the bus 
clock is somehow halted (see Backup reset).

For WDOG to function properly, you must enable the default WDOG clock source after its functional reset is deasserted.

An optional fixed prescaler for all clock sources allows longer timeout periods. When PRES = 1, the clock source is prescaled by 
256 before clocking the WDOG counter.

The following table summarizes examples of the different available WDOG timeout periods. In the table, RCP means "reference 
clock period".

Table 481. WDOG timeout availability

Reference clock Prescaler WDOG timeout availability

REF_CLK Pass through 1 × RCP to 65535 × RCP

Enable 256 × RCP to 16776960 × RCP

 
When you switch clock sources during reconfiguration, WDOG holds the counter at zero for 2.5 periods of the 
previous clock source and 2.5 periods of the new clock source after the configuration period (128 bus clocks) ends. 
This delay ensures a smooth transition before restarting the counter with the new configuration.

  NOTE  

51.3.6 Backup reset
The backup reset function is a safeguard feature that independently generates a reset in case the main WDOG logic loses its clock 
(the bus clock) and can no longer monitor the counter. If the WDOG counter overflows twice in succession (without an intervening 
reset), the backup reset function takes effect and generates a reset.

The backup reset becomes valid when an interrupt is enabled and the WDOG clock is not from a bus clock. If an interrupt is 
enabled after the bus clock is cut off before exiting an interrupt routine, the normal WDOG reset is blocked. In this case, the second 
overflow causes a backup reset directly.

 
You must use a clock source other than the bus clock as a reference clock for the counter; otherwise, the backup 
reset function becomes unavailable.

  NOTE  

51.3.7 Interrupts
WDOG can generate an interrupt request to delay resets.

When interrupts are enabled (INT = 1), and after a reset-triggering event (such as a counter timeout or invalid refresh 
attempt), WDOG:

1. Generates an interrupt request.

2. Waits 128 bus clocks (from the interrupt vector fetch, not the reset-triggering event).

3. Forces a reset.

This process allows the ISR to perform tasks such as analyzing the stack to debug code.

When interrupts are disabled (INT = 0), WDOG does not wait before forcing a reset.

51.4 External signals
This module has no external signals.
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51.5 Initialization
See Configuring WDOG once.

51.6 Application information
You must disable WDOG to reconfigure it before the first WDOG timeout. Disabling or reconfiguring WDOG must occur at the very 
beginning of the software code, for example, at the beginning of the startup or main function.

 
• After you configure WDOG, it needs at least 2.5 periods of WDOG clock to take effect. This means you must 

have a gap of at least 2.5 clocks between two configurations.

• When the chip starts from boot ROM and then jumps to flash memory, you must disable WDOG at the 
beginning of the bootloader and enable it after the bootloader exits. To reconfigure WDOG using the flash 
memory program, it also needs the interval of at least 2.5 WDOG clocks after the bootloader exits.

  NOTE  

To disable or reconfigure WDOG without forcing a reset, you must write 1 to UPDATE during the initial WDOG configuration. You 
can use the unlock sequence at any time, within the timeout limit, to reconfigure WDOG.

51.6.1 Disabling WDOG
To disable WDOG, you must first perform the unlock sequence. Then, write 0 to EN. The following code snippet shows an example 
of a 32-bit write.

DisableInterrupts; // disable global interrupt
WDOG_CNT = 0xD928C520; //unlock watchdog
WDOG_CS &= ~WDOG_CS_EN_MASK; //disable watchdog
EnableInterrupts; //enable global interrupt

51.6.2 Disabling WDOG after reset
All WDOG registers are unlocked by reset. Therefore, an unlock sequence is unnecessary but it needs to be written to all WDOG 
registers to make the new configuration take effect. The following code snippet shows an example of disabling WDOG after reset.

DisableInterrupts; // disable global interrupt
WDOG_CS &= ~WDOG_CS_EN_MASK; // disable watchdog
WDOG_TOVAL= 0xFFFF;
while(WDOG_CS[ULK]);  // waiting for lock 
while(~WDOG_CS[RCS]); // waiting for new configuration to take effect 
EnableInterrupts; // enable global interrupt

51.6.3 Configuring WDOG
You can write 0 to UPDATE to configure WDOG. After that, you cannot reconfigure WDOG until a reset. To reconfigure without 
forcing a reset, write 1 to UPDATE when configuring WDOG. The following example code shows how to configure WDOG without 
Window mode, clock source as LPO, interrupt enabled, and timeout value to 256 clocks. The following code snippet shows an 
example of a 32-bit write.

51.6.3.1 Configuring once

DisableInterrupts; // disable global interrupt 
WDOG_CNT = 0xD928C520; //unlock watchdog
while(WDOG_CS[ULK]==0);  //wait until registers are unlocked
WDOG_TOVAL = 256; //set timeout value
WDOG_CS = WDOG_CS_EN(1) | WDOG_CS_CLK(1) | WDOG_CS_INT(1) | 
          WDOG_CS_WIN(0) | WDOG_CS_UPDATE(0);
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while(WDOG_CS[RCS]==0); //wait until new configuration takes effect
EnableInterrupts; //enable global interrupt

51.6.3.2 Configuring for Reconfigurable mode

DisableInterrupts; //disable global interrupt
WDOG_CNT = 0xD928C520; //unlock watchdog
while(WDOG_CS[ULK]==0);  //wait until registers are unlocked
WDOG_TOVAL = 256; //set timeout value
WDOG_CS = WDOG_CS_EN(1) | WDOG_CS_CLK(1) | WDOG_CS_INT(1) | 
          WDOG_CS_WIN(0) | WDOG_CS_UPDATE(1);
while(WDOG_CS[RCS]==0); //wait until new configuration takes effect 
EnableInterrupts; //enable global interrupt

51.6.4 Refreshing WDOG
To refresh WDOG and reset the WDOG counter to zero, you require a refresh sequence. The following code snippet shows an 
example of a 32-bit write.

DisableInterrupts; // disable global interrupt
WDOG_CNT = 0xB480A602; // refresh watchdog
EnableInterrupts; // enable global interrupt

51.7 Memory map and register definition

51.7.1 WDOG register descriptions

51.7.1.1 WDOG memory map

WDOG0 base address: 2802_C000h

WDOG1 base address: 2802_D000h

WDOG2 base address: 2810_1000h

WDOG3 base address: 292A_0000h

WDOG4 base address: 292B_0000h

WDOG5 base address: 2DB2_0000h

Offset Register Width

(In bits)

Access Reset value

0h WDOG Control and Status (CS) 32 RW 0000_0900h

4h WDOG Counter (CNT) 32 RW 0000_0000h

8h WDOG Timeout Value (TOVAL) 32 RW 0000_0400h

Ch Watchdog Window (WIN) 32 RW 0000_0000h
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51.7.1.2 WDOG Control and Status (CS)

Offset

Register Offset

CS 0h

Function
Describes watchdog control and status.

 
TST is cleared (0:0) on POR only. Any other reset does not affect the value of this field.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WIN 

FLG CMD3
2EN 

PRES 
ULK RCS 

CLK EN INT 
UPDA

TE 
TST DBG WAIT STOP 

W W1C

Reset 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15

WIN

WDOG Window

Enables Window mode. See Using Window mode for more information.

You can write to this field only once.

0b - Disable

1b - Enable

14

FLG

WDOG Interrupt Flag

Acts as an interrupt indicator when INT = 1.

0b - No interrupt occurred

1b - An interrupt occurred

13 Command 32 Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

CMD32EN Enables or disables WDOG support for 32-bit (otherwise 16-bit or 8-bit) refresh or unlock command write 
words.

If this field = 0, it disables support for 32-bit refresh or unlock command write words. Only a 16-bit or 8-bit 
write is supported. If this field = 1, it enables support for 32-bit refresh or unlock command write words. A 
16-bit or 8-bit write is not supported.

This is a write-once field, and you must unlock WDOG after writing to this field for reconfiguration.

0b - Disable

1b - Enable

12

PRES

WDOG Prescaler

Enables a fixed 256 prescaling of the WDOG counter reference clock. See Block diagram that shows the 
clock divider option.

This is a write-once field.

0b - Disable

1b - Enable

11

ULK

Unlock Status

Indicates whether WDOG is unlocked.

0b - Locked

1b - Unlocked

10

RCS

Reconfiguration Success

Indicates whether the reconfiguration is successful. This field becomes 1 when new configuration takes 
effect, and becomes 0 with a successful unlock command.

0b - Unsuccessful

1b - Successful

9-8

CLK

WDOG Clock

Indicates the clock source that feeds the WDOG counter.

You can write to this field only once.

7

EN

WDOG Enable

Enables the WDOG counter to start counting.

You can write to this field only once.

0b - Disable

1b - Enable

6

INT

WDOG Interrupt

Table continues on the next page...
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Table continued from the previous page...

Field Function

Configures WDOG to immediately generate an interrupt request upon a reset-triggering event (timeout or 
illegal write to WDOG), before forcing a reset. After the interrupt vector fetch (that takes place after the 
reset-triggering event), the reset occurs after a delay of 128 bus clocks.

If this field = 0, it disables WDOG interrupts (WDOG resets are not delayed). If this field = 1, it enables 
WDOG interrupts (WDOG interrupts are delayed by 128 bus clocks from the interrupt vector fetch).

You can write to this field only once.

0b - Disable

1b - Enable

5

UPDATE

Updates Allowed

Allows you to reconfigure WDOG without a reset. If this field = 0, you cannot update WDOG after the 
initial configuration, without forcing a reset. If this field = 1, you can modify the WDOG configuration 
registers within 1024 bus clocks after performing the unlock write sequence.

You can write to this field only once.

0b - Updates not allowed

1b - Updates allowed

4-3

TST

WDOG Test

Enables Fast Test mode, which allows you to exercise all bits of the counter to demonstrate that WDOG is 
functioning properly. See Fast testing of WDOG for more information.

If this field = 0, it disables WDOG Test mode. If this field = 1, it enables WDOG User mode and disables 
WDOG Test mode. After testing WDOG, you must use this setting to indicate that WDOG is functioning 
normally in User mode. If this field = 10, it enables WDOG Test mode; only the low byte is used. CNTLOW 
is compared with TOVALLOW. If this field = 11, it enables WDOG Test mode; only the high byte is used. 
CNTHIGH is compared with TOVALHIGH.

This write-once field is cleared (0:0) on POR only. Any other reset does not affect the value of this field.

00b - Disable WDOG Test mode

01b - Enable WDOG User mode

10b-11b - Enable WDOG Test mode

2

DBG

Debug Enable

Enables WDOG to operate when the chip is in Debug mode.

You can write to this field only once.

0b - Disable

1b - Enable

1

WAIT

Wait Enable

Enables WDOG to operate when the chip is in Wait mode.

You can write to this field only once.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

0

STOP

Stop Enable

Enables WDOG to operate when the chip is in Stop mode.

You can write to this field only once.

0b - Disable

1b - Enable

51.7.1.3 WDOG Counter (CNT)

Offset

Register Offset

CNT 4h

Function

Provides access to the value of the free-running WDOG counter. You can read the counter register at any time but cannot write 
directly to it. However, the following write sequences to this register have special functions:

1. The refresh sequence resets WDOG counter to 0000h. See Refreshing WDOG for more information.

2. The unlock sequence allows WDOG to be reconfigured without forcing a reset (when UPDATE = 1). See Configuring for 
Reconfigurable mode for more information.

 
All other writes to this register are illegal and force a reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CNTHIGH CNTLOW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-8

CNTHIGH

Counter Low Byte

Contains the WDOG low byte.

7-0

CNTLOW

Counter High Byte

Contains the WDOG high byte.

51.7.1.4 WDOG Timeout Value (TOVAL)

Offset

Register Offset

TOVAL 8h

Function

Contains the 16-bit value used to set the timeout period of WDOG.

The WDOG counter (CNT) is continuously compared with the timeout value (TOVAL). If the counter reaches the timeout value, 
WDOG forces a reset triggering event.

 
Do not write 0 to this register (if TST = 11b, then TOVALHIGH cannot be written as 0; if TST = 10b, then TOVALLOW 
cannot be 0); otherwise, WDOG always generates a reset.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TOVALHIGH TOVALLOW 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-8

TOVALHIGH

Timeout Value High

Contains the high byte of the timeout value.

7-0

TOVALLOW

Timeout Value Low

Contains the low byte of the timeout value.

51.7.1.5 Watchdog Window (WIN)

Offset

Register Offset

WIN Ch

Function

Determines the earliest time that a refresh sequence is considered valid, if WIN = 1. See Refresh mechanism for more information.

The WIN register value must be less than the TOVAL register value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WINHIGH WINLOW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8 High Byte

Table continues on the next page...
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Table continued from the previous page...

Field Function

WINHIGH Contains the high byte of the WDOG window.

7-0

WINLOW

Low Byte

Contains the low byte of the WDOG window.
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Chapter 52
Multirate Timer (MRT)
52.1 Chip-specific MRT information
Table 482. Reference links to related information

Topic Related module Reference

Full description MRT MRT

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

52.1.1 Module instances
This device has one instance of the MRT module.

52.2 Overview
MRT provides a repetitive interrupt timer with 4 channels.

52.2.1 Block diagram

IntVal

Software
write

to
Time

Interval
Value

register

Control

Interrupt
generation

Interrupt
outTimer

4 timer channels (0-3)

Timer channel 0

MRT

Status

-1

Figure 343. Block diagram

52.2.2 Features
• 24-bit interrupt timer.

• There are 4 channels independently counting down from individually set values.

• Repeat Interrupt, One-Shot Interrupt, and One-Shot Stall modes.

• You can program individual time intervals for each channel.

• Each channel operates independently of the other channels.
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52.3 Functional description
The following sections discuss various modes that affect the functionality of MRT.

52.3.1 Operating modes
MRT has the following three operating modes:

• Repeat Interrupt mode

• One-Shot Interrupt mode

• One-Shot Stall mode

52.3.1.1 Repeat Interrupt mode

• Generates repeated interrupts after a selected time interval.

• Gets used for application-based Pulse Width Modulation (PWM) or Pulse Position Modulation (PPM).

When TIMERn is in idle state, writing a nonzero value (IVALUE) to INTVALn immediately loads the time interval value (IVALUE 
-1). Then the timer begins to count down from this value.

After the timer reaches 0

• an interrupt is generated.

• the value in INTVALn (IVALUE -1) is automatically reloaded, and

• the timer starts to count down again.

When the timer is running in Repeat Interrupt mode, you can perform various interval timer actions (change or stop):

Table 483. Possible actions in Repeat Interrupt mode

Action To perform action Timer does this Interrupt

Change the interval value 
on the next interval 
timer cycle.

• Write new value (>0) to INTVALn.

• Write 0 to LOAD.

On the next cycle, the 
timer counts down from 
the new value.

An interrupt is generated 
when the timer reaches 0.

Change the interval value 
immediately (also called 
"change on-the-fly") in the 
interval timer.

• Write new value (>0) to INTVALn.

• Write 1 to LOAD.

The timer immediately 
starts to count down 
from the new timer 
interval value.

An interrupt is generated 
when the timer reaches 0.

Stop the interval timer 
at the end of the 
time interval.

• Write 0 to INTVALn.

• Write 0 to LOAD.

The timer stops at the end 
of the time interval.

An interrupt is generated 
when the timer reaches 0.

Stop the interval 
timer immediately.

• Write 0 to INTVALn.

• Write 1 to LOAD.

The timer 
stops immediately.

No interrupt is generated 
when INTVALn is written.

52.3.1.2 One-Shot Interrupt mode

• In this mode, the timer generates one interrupt after a one-time count.

• This mode allows you to generate an interrupt at any time.

• Using this mode, you can introduce a specific delay in a software task.

When the timer is in an idle state, writing a nonzero value (IVALUE) to INTVALn immediately loads the time interval value (IVALUE 
-1), and the timer starts to count down. As soon as the timer reaches 0, the timer stops and an interrupt is generated (and then 
enters the idle state).

When the timer is running in One-Shot Interrupt mode, you can perform the following interval timer actions (load or stop):
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Table 484. Possible actions in One-Shot Interrupt mode

Action To perform action Timer does this Interrupt

Load a timer 
interval value.

• Write a new time interval value (>0) 
to INTVALn.

• Write 1 to LOAD.

The timer immediately reloads 
the new time interval, and 
starts counting down from the 
new value.

An interrupt is generated when 
the timer reaches 0.

Stop the interval 
timer.

• Write a 0 to INTVALn.

• Write 1 to LOAD.

The timer immediately stops 
counting and moves to the 
idle state.

No interrupt is generated 
when INTVALn is updated.

52.3.1.3 One-Shot Stall mode

• Used for very short delays (for example, when the delay needed is less than the time it takes to arrive at an interrupt 
service routine).

• Designed for very low software overhead that requires only a single write to INTVALn (if the channel is already configured 
for One-Shot stall mode). MRT counts the requested delay when stalling the bus write operation, and then concluding the write 
operation when the delay has finished. No interrupt or status polling is needed.

Use this mode:

• when a short delay is needed between two software-controlled events.

• when a delay is expected before your application can continue.

The CPU consumes a minimum amount of power during One-Shot Stall mode, because no bus transactions occur during 
that period.

One-Shot Stall mode provides a minimum amount of time between the execution of the instruction that performs the write to 
INTVALn and the time that your software resumes execution. Other system events, such as interrupts or other bus masters 
accessing the APB bus where MRT resides, can cause the delay to be longer.

52.3.2 Clocking

This module has no clocking considerations.

52.3.3 Interrupts

A channel provides 3 different interrupts modes listed below and can select the interrupt mode individually per channel. This 
interrupt can be programmed with an independent time interval.

• Repeat interrupt

• Shot interrupt

• Shot bus stall interrupt

52.4 External signals
This module has no external signals.

52.5 Initialization
To initialize:

1. Enable the clock to MRT.

2. Deassert MRT reset.
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3. Ensure that MRT can issue an interrupt in the chip.

See the Chip-specific section for more details.

52.6 Memory map and register descriptions

52.6.1 Multi-Rate Timer (MRT) register descriptions

52.6.1.1 MRT memory map

MRT0 base address: 2810_7000h

Offset Register Width

(In bits)

Access Reset value

0h Time Interval Value (INTVAL0) 32 RW See section

4h Timer (TIMER0) 32 R See section

8h Control (CTRL0) 32 RW See section

Ch Status (STAT0) 32 RW See section

10h Time Interval Value (INTVAL1) 32 RW See section

14h Timer (TIMER1) 32 R See section

18h Control (CTRL1) 32 RW See section

1Ch Status (STAT1) 32 RW See section

20h Time Interval Value (INTVAL2) 32 RW See section

24h Timer (TIMER2) 32 R See section

28h Control (CTRL2) 32 RW See section

2Ch Status (STAT2) 32 RW See section

30h Time Interval Value (INTVAL3) 32 RW See section

34h Timer (TIMER3) 32 R See section

38h Control (CTRL3) 32 RW See section

3Ch Status (STAT3) 32 RW See section

F0h Module Configuration (MODCFG) 32 RW See section

F4h Idle Channel (IDLE_CH) 32 R See section

F8h Global Interrupt Flag (IRQ_FLAG) 32 RW See section
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52.6.1.2 Time Interval Value (INTVAL0 - INTVAL3)

Offset

Register Offset

INTVAL0 0h

INTVAL1 10h

INTVAL2 20h

INTVAL3 30h

Function
Contains MRT load value and controls how the timer is reloaded. The load value is IVALUE -1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LOAD IVALUE 

W Reserved 

Reset 0 u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IVALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LOAD

Force Load Enable

Determines how the timer interval value (IVALUE -1) is loaded into the TIMERn.

LOAD is write only. Reading LOAD always returns 0. If the repeat mode is selected, the load from the 
INTVALn to the TIMERn is processed at the end of the time interval. The INTVALn interval value (IVALUE 
-1) is immediately loaded into the TIMERn when it is running.

0b - No force load

1b - Force load

30-24

—

Reserved

Reserved. Read value is undefined; only 0 should be written.

23-0

IVALUE

Time Interval Load Value.

INTVALn[IVALUE] is loaded into TIMERn, and MRT channel n starts counting down from IVALUE -1. If 
the timer is idle, then writing a nonzero value to INTVALn[IVALUE] starts the timer immediately. If the 
timer is running, then writing a 0 to INTVALn[IVALUE] does the following: if LOAD = 1, then the timer 
stops immediately; if LOAD = 0, then the timer stops at the end of the time interval.
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52.6.1.3 Timer (TIMER0 - TIMER3)

Offset

Register Offset

TIMER0 4h

TIMER1 14h

TIMER2 24h

TIMER3 34h

Function
Holds the current timer value (the TIMERn reads the value of the down counter). TIMERn registers are read only.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved VALUE 

W

Reset u u u u u u u u 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VALUE 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

—

Reserved

Reserved. Read value is undefined; only 0 should be written.

23-0

VALUE

Current Timer Value

Holds the current timer value of the down counter.

The initial value of TIMERn is loaded as (IVALUE -1) from INTVALn, either at the end of the time interval or 
immediately in the following cases: INTVALn is updated in the idle state or INTVALn is updated with LOAD 
= 1. When the timer is in an idle state, reading TIMERn[VALUE] fields returns -1 (00FF FFFFh).
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52.6.1.4 Control (CTRL0 - CTRL3)

Offset

Register Offset

CTRL0 8h

CTRL1 18h

CTRL2 28h

CTRL3 38h

Function
Controls the modes and enables the interrupt for each MRT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W Reserved 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MODE INTEN 

W Reserved 

Reset u u u u u u u u u u u u u 0 0 0

Fields

Field Function

31-3

—

Reserved

2-1

MODE

MRT Operating mode

Selects the timer mode.

00b - Repeat Interrupt mode

01b - One-Shot Interrupt mode

10b - One-Shot Stall mode

11b - Reserved

0

INTEN

Interrupt request

Enables the TIMERn interrupt.

0b - Disabled

1b - Enabled
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52.6.1.5 Status (STAT0 - STAT3)

Offset

Register Offset

STAT0 Ch

STAT1 1Ch

STAT2 2Ch

STAT3 3Ch

Function
Indicates the status of each MRT timer channel.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W Reserved 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INUSE RUN INTFL
AG W Reserved W1C

Reset u u u u u u u u u u u u u 0 0 0

Fields

Field Function

31-3

—

Reserved

2

INUSE

Channel-In-Use flag

Affects the use of Idle Channel (IDLE_CH); the operating details depend on the operating mode bit in 
MODCFG[MULTITASK]. Writing 1 to this bit clears the status.

0b - This timer channel is not in use.

1b - This timer channel is in use.

1

RUN

Timer n State

Indicates the state of TIMERn. STATn[RUN] is read only. TIMERn stops in idle state and runs in running 
state.

0b - Idle state.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Running.

0

INTFLAG

Monitors the interrupt flag. Writing 0 indicates no pending interrupt or no operation. Writing 1 indicates 
pending interrupt, because TIMERn has reached the end of the time interval. If the INTEN bit in the 
CONTROL n is also set to 1, then the interrupt for timer channel n and the global interrupt are generated. 
Writing a 1 to INTFLAG bit clears the interrupt request.

0b - No pending interrupt.

1b - Pending interrupt.

52.6.1.6 Module Configuration (MODCFG)

Offset

Register Offset

MODCFG F0h

Function
Provides information about this particular MRT instance. It also allows selecting an overall mode for the idle channel feature. 
MODCFG[MULTITASK] provides the configuration (number of channels and timer width) for this MRT. A reset of the INUSE(n) 
flags for all channels happens in Hardware Status mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MULTI
TA...W Reserved 

Reset 0 u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NOB NOC 

W Reserved 

Reset u u u u u u u 1 1 0 0 0 0 1 0 0

Fields

Field Function

31

MULTITASK

MULTITASK

Selects the operating mode for STATn[INUSE] and Idle Channel (IDLE_CH).

0b - Hardware status mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Multitask mode

30-9

—

Reserved Read value is undefined; only 0 should be written.

8-4

NOB

Number of Bits

Identifies the number of timer bits in this MRT (24 bits on this chip).

3-0

NOC

Number of Channels

Identifies the number of channels in this MRT.

52.6.1.7 Idle Channel (IDLE_CH)

Offset

Register Offset

IDLE_CH F4h

Function
Returns the number of the first Idle Channel.

Use Idle Channel (IDLE_CH) for finding available channels in MRT. This allows you more flexibility when using MRT—no fixed 
channel assignments are required, and you do not need to search for an available channel. Generally, Idle Channel (IDLE_CH) 
returns the lowest available channel number.

MODCFG[MULTITASK] allows you to use Idle Channel (IDLE_CH) in two ways. MODCFG[MULTITASK] affects both the 
functions of Idle Channel (IDLE_CH), and the function of STATn[INUSE] for each MRT channel:

• MULTITASK = 0: Hardware status mode. The STATn[INUSE] for all MRT channels are reset. Idle Channel (IDLE_CH) 
returns the lowest idle channel number. A channel is considered idle if its RUN flag = 0, and there is no interrupt pending for 
that channel.

• MULTITASK = 1: Multitask mode. In Multitask mode, the STATn[INUSE] allow more control over when MRT channels 
are released for further use. When Idle Channel (IDLE_CH) is read, returning a channel number of an idle channel, the 
STATn[INUSE] for that channel is set by hardware. That channel is not considered idle until its RUN flag = 0, and there is no 
interrupt pending, and its INUSE flag = 0. This allows reserving an MRT channel with a single register read, and there is no 
need to start the channel before that channel is no longer considered idle by Idle Channel (IDLE_CH). It also allows you to 
identify a specific MRT channel. Then you can use that channel more than once without releasing it, removing the need to 
ask for an available channel for every use.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved CHAN Reserved 

W

Reset u u u u u u u u 0 0 0 0 u u u u

Fields

Field Function

31-8

—

Reserved

7-4

CHAN

Idle Channel

Helps in reading IDLE_CH[CHAN] and returns the lowest idle timer channel. The number is positioned 
so that you can use it as an offset from MRT base address. This provides access to the registers for the 
allocated channel. If all timer channels are running, then CHAN = Fh.

3-0

—

Reserved

52.6.1.8 Global Interrupt Flag (IRQ_FLAG)

Offset

Register Offset

IRQ_FLAG F8h

Function
Combines the interrupt flags from the individual timer channels into one register. Setting and clearing each flag behaves in the 
same way as setting and clearing STATn[INTFLAG] in each of the STATUSn registers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W Reserved 

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R GFLA
G3 

GFLA
G2 

GFLA
G1 

GFLA
G0 W Reserved 

Reset u u u u u u u u u u u u 0 0 0 0

Fields

Field Function

31-4

—

Interrupt Flag

Reserved. Read value is undefined; only 0 should be written.

3

GFLAG3

Interrupt Flag

Monitors the interrupt flag of TIMER3 and acts similar to channel 0.

2

GFLAG2

Interrupt Flag

Monitors the interrupt flag of TIMER2 and acts similar to channel 0.

1

GFLAG1

Interrupt Flag

Monitors the interrupt flag of TIMER1 and acts similar to channel 0.

0

GFLAG0

Interrupt Flag

Monitors the interrupt flag of TIMER0. Writing 0 is equivalent to no operation. In the pending interrupt 
state, Timer (TIMER0 - TIMER3) has reached the end of the time interval. If CTRLn[INTEN] in 
CONTROLn also gets 1, then there is a timer channel n interrupt and a global interrupt. Writing 1 to 
IRQ_FLAG[GFLAG0] clears the interrupt request.

0b - No pending interrupt.

1b - Pending interrupt
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Chapter 53
Audio Subsystem
53.1 Audio Subsystem
i.MX 8ULP extends audio capabilities on i.MX 7ULP by adding dedicated DSP cores for voice trigger and audio processing, 
enabling lower latency and power efficiency to support variety of audio applications.

53.1.1 Audio Architecture
For a scalable and flexible solution to support a wide range of audio use cases, 8ULP implements a robust architecture for 
audio applications.

• Audio software can run on A35, M33, HiFi4, or Fusion DSP core to meet use case requirements.

• Audio peripherals, system memories, and DMA engines are locally available to enable low latency and direct accesses.

• Flexible clock multiplexing scheme to allow multiple audio peripherals operate synchronously and multiple audio subsystems 
run concurrently.

• User-defined audio subsystem configuration to meet application needs. Refer to Audio subsystem examples section 
for details.

53.1.2 Audio Features
8ULP implements the following hardware blocks and features to support audio use cases:

• Cadence Fusion F1 DSP processor for active voice command and low power audio processing.

• Cadence HiFi4 DSP processor for high performance and high quality audio processing.

• PowerQuad hardware accelerator with fixed and floating + FFT as a co-processor to M33 core.

• Digital Microphone interface with support of up-to 8 PDM channels with associated decimators and voice activation detect. 
MICFIL also supports synchronization for beam forming.

• Up-to 8 independent SAI instances, each module supporting up-to 4 TX/RX pairs.

• Up-to 2 Medium Quality Sound (MQS) output for cost reduced audio solutions.

• Sony/Philips Digital interface (SPDIF).

• Local DMAs and RAMs allow low latency for audio data transfer between peripherals and memories.

• Dedicated low noise and tunable Audio PLLs with fractional divide.

• Flexible clock multiplexing and cross trigger (via Trigger Mux) allow multiple audio peripherals operate synchronously.

The figure below shows audio blocks in the device.
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Figure 344. 8ULP Audio Subsystem

53.1.3 Audio subsystem examples
Users have the flexibility to define an audio subsystem that meets their application needs. An audio subsystem comprises of a 
CPU for running code, a DSP for audio processing, audio peripherals, DMA for data transfer, memory for code execution and 
audio data buffer, and audio clock source selection. Following are some examples for audio subsystems that can be configured 
on this device.

• Active voice detection and voice command

— M33 core for control code

— Fusion DSP for voice processing

— MICFIL for active voice detection

— DMA0 for data transfer (if needed)

— Shared SRAM for code and data

— Serial NOR flash via FlexSPI0 for extra application code execution memory space if needed

• Low power audio processing on Fusion DSP

— M33 core for control code

— Fusion DSP for audio processing

— SAI2, SAI3, and MQS0 for audio peripherals

— DMA0 for data transfer

— Shared SRAM for code and data

— Serial NOR Flash via FlexSPI0 for extra application code execution memory space if needed

• Low power audio processing on M33

— M33 core for control code

— M33 core or PowerQuad hardware accelerator for audio processing

— SAI0, SAI1, and MQS0 for audio peripherals
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— DMA0 for data transfer

— Shared SRAM for code and data

— Serial NOR flash via FlexSPI0 for extra application code execution memory space if needed

• High quality audio processing on HiFi4 with M33 control

— M33 for control code

— HiFi4 for audio processing

— SAI2, SAI3, SAI6, SAI7, SPDIF, and MQS0 for audio peripherals

— DMA0 or/and DMA2 for data transfer

— Shared SRAM for critical data

— DDR via MDDR or Serial pSRAM via FlexSPI1 for HiFi4 code and data

— Serial NOR flash via FlexSPI0 for extra application code execution memory space if needed.

• High quality audio processing on HiFi4 with A35 control

— A35 for control code

— HiFi4 for audio processing

— SAI4, SAI5, SAI6, SAI7, SPDIF, and MQS1 for audio peripherals

— DMA1 or/and DMA2 for data transfer

— DDR via MDDR controller for A35 and HiFi4 code and data

— Shared SRAM may be used for critical audio data

• Audio on A35

— A35 for audio processing and control code

— SAI4, SAI5, and MQS1 for audio peripherals

— DMA1 for data transfer

— DDR via MDDR for A35 code and data

53.1.4 Audio clock

53.1.4.1 Audio Clock Sources

There are many potential clock sources available in the audio subsystem. In addition

to the external reference clock to the chip, 8ULP includes two low noise PLLs with frequency tunable capability dedicated for audio 
applications. Each Audio PLL resides in a main processing domain RTD and AD.

There are also 4 Audio Master Clock pins multiplexed on GPIOs that allow users to feed an external clock as the master clock for 
audio subsystem.

The full list of available clock sources for the audio on 8ULP is as follows:

• PLL1 Div Clock (Audio PLL1 output)

• PLL3 Div Clock (Audio PLL3 output)

• External Audio Master Clock pins

• SPDIF Rx Clock (Recovered clock , 64 x Fs)

• SPDIF Tx Clock

• SAI[0-7]_TX_BCLK
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• SAI[0-7]_RX_BCLK

In order to provide flexibility in the clock source selection for audio peripherals a level of clock multiplexing is required at the 
SoC level. Additionally, clock dividers should be implemented to reduce the high frequency of certain clock sources to match the 
frequency range of the audio peripherals. The clock multiplexing and clock dividers for each of the audio peripherals are described 
in the following sections.

53.1.4.2 Audio Clock Mux

The Audio Clock Mux is a collection of control registers and multiplexers that are used to route the audio source clocks to 
audio peripherals.

There are three Audio Clock Mux on this device, one for each main power domain: RTD, AD, and LPAV. Each Audio Clock Mux 
is used as a clock source of audio peripherals in that power domain. However, clock inputs to an Audio Clock Mux could come 
from another power domain.

Care should be taken when modifying the control registers and resulting audio clock routing. To prevent clock glitches, the control 
register bits should only be modified when the associated audio peripheral is in a disable state, and they should not be altered 
during audio peripheral operation.

 
In terms of implementation of the clock control logic, every effort should be made to minimize the addition of jitter to 
the audio clocks. In particular, care is needed in terms of the routing of the audio master clock input. Though having 
a dedicated audio master clock pin is a challenge, effort should be made to reduce the number of mux options on 
pin that includes audio master clock input.

  NOTE  

53.1.4.3 AUD_CLK0

The AUD_CLK0 belongs to RTD. This clock is a selectable input clock to the clock MUX of all audio peripherals in RTD and DSP 
domain. The following table lists the clock sources of AUD_CLK0.

Table 485. AUD_CLK0 clock sources

Clock source Select control Description

EXT_AUD_MCLK0 0 External audio master clock input 0 from pin

SAI0_RX_BCLK 2 SAI0 receiver serial bit clock

SAI0_TX_BCLK 3 SAI0 transmitter serial bit clock

SAI1_RX_BCLK 4 SAI1 receiver serial bit clock

SAI1_TX_BCLK 5 SAI1 transmitter serial bit clock

Reserved 10-15 -

53.1.4.4 AUD_CLK1

The AUD_CLK1 belongs to AD. This clock is a selectable input clock to the clock MUX of all audio peripherals in AD domain. The 
following table lists the clock sources of AUD_CLK1.

Table 486. AUD_CLK1 clock sources

Clock source Select control Description

Table continues on the next page...
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Table 486. AUD_CLK1 clock sources (continued)

EXT_AUD_MCLK2 0 External audio master clock input 2 from pin

SAI4_RX_BCLK 1 SAI4 receiver serial bit clock

SAI4_TX_BCLK 2 SAI4 transmitter serial bit clock

SAI5_RX_BCLK 3 SAI5 receiver serial bit clock

SAI5_TX_BCLK 4 SAI5 transmitter serial bit clock

Reserved 5-7 -

53.1.4.5 AUD_CLK2

The AUD_CLK2 belongs to LPAV. This clock is a selectable input clock to the clock MUX of all audio peripherals in LPAV domains. 
The following table lists the clock sources of AUD_CLK2.

Table 487. AUD_CLK2 clock sources

Clock source Select control Description

EXT_AUD_MCLK3 0 External audio master clock input 0 from pin

SAI6_RX_BCLK 1 SAI6 receiver serial bit clock

SAI6_TX_BCLK 2 SAI6 transmitter serial bit clock

SAI7_RX_BCLK 3 SAI7 receiver serial bit clock

SAI7_TX_BCLK 4 SAI7 transmitter serial bit clock

SPDIF_RX 5 S/PDIF receiver recovered clock

Reserved 6-7 -

53.1.4.6 Audio PLL

There are two Audio PLLs in the SoC; PLL1 is on RTD domain, and PLL3 is on AD domain.

For audio application where the data stream is coming from a remote source, the SoC has

to locally tune a clock signal to match to the remote clock. The Audio PLL,

which provides the clock for audio stream, must have synchronization logic to support

on-the-fly configuration change. This allows the SoC to generate a tunable clock for

audio stream. The clock from one of the Audio PLL can be divided by the Fractional PFD and also the dividers in CGC module. 
The divided tunable clock

generated should meet the following requirement:

• Output center frequency of 12.288 MHz or 11.2896 MHz

• Tunable range of +/- 1000 ppm

• Tunable resolution of 1 ppm

• Settling time of < 100 usec
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• RMS TIE jitter (long-term jitter) < 100 psec

• Frequency update must be smooth with no glitches

Audio PLL has the ability to generate fractional multiplier that can be used to generate accurate audio frequencies.

Where Fref = PLL input reference frequency

MULT = 7 bit PLL Multiplier

NUM = 30-bit Numerator for fractional multiplier

DENOM = 30-bit Denominator for fractional multiplier

For 8ULP, typical values for Freq = 24 MHz, MULT = 22.

Here’s an example on PLL settings to generate desired audio frequency.

Desired Freq = 44.1 KHz

Over Sampled Freq = 256 x 44.1 KHz = 11.289 MHz

Multiplier = 22.578 [MULT = 22, NUM = 578, DENOM = 1000]

VCO Output = 24 MHz x 22.578 = 541.872 MHz

VCO Output/DIV = 11.289 MHz = Over sampled Audio Freq,

where DIV = 48 (Post PFD Divider)

Other audio frequencies can be similarly generated by manipulating multiplier, numerator and denominator. The output frequency 
is typically in the range of 10 to 50 MHz, such as:

• 256 x 44.1 kHz = 11.2896 MHz

• 256 x 48 kHz = 12.288 MHz

• 256 x 96 kHz = 24.576 MHz

• 256 x 192 kHz = 49.152 MHz

53.1.4.7 SAI[0-3] clock

Each SAI has a multiplexer to select the audio clock connected to the SAI MCLK clock input. The SAI clock source is selected 
according to the following multiplexer table.

SAI[0-1]

Table 488. SAI0-1 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

AUD_CLK0 1 Common audio clock in RTD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the chip

SAI2
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Table 489. SAI2 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

EXT_AUD_MCLK1 1 External Master Clock input 1

SAI3_RX_BCLK 2 SAI3 receiver serial bit clock

SYS_OSC 3 Main reference clock to the chip

SAI3

Table 490. SAI3 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

EXT_AUD_MCLK1 1 External Master Clock input 1

SAI2_RX_BCLK 2 SAI2 receiver serial bit clock

SYS_OSC 3 Main reference clock to the chip

53.1.4.8 SAI[4-5] clock

Each SAI has a multiplexer to select the audio clock connected to the SAI MCLK clock input. The SAI clock source is selected 
according to the following multiplexer table.

Table 491. SAI4-5 clock sources

Clock source Select control Description

AUD_PLL_CLK1 0 Audio clock generated from the Audio PLL in AD

AUD_CLK1 1 Common audio clock in AD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the SoC

53.1.4.9 SAI[6-7] clock

Each SAI has a multiplexer to select the audio clock connected to the SAI MCLK clock input. The SAI clock source is selected 
according to the following multiplexer table.

Table 492. SAI6-7 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

Table continues on the next page...
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Table 492. SAI6-7 clock sources (continued)

AUD_PLL_CLK1 1 Audio clock generated from the Audio PLL in AD

AUD_CLK0 2 Common audio clock in RTD

AUD_CLK1 3 Common audio clock in AD

AUD_CLK2 4 Common audio clock in LPAV

SYS_OSC 5 Main reference clock to the chip

53.1.4.10 SPDIF Clocking

The SPDIF has a multiplexer to select the audio clock connected to the SPDIF clock input. The SPDIF clock source is selected 
according to the following multiplexer table.

Table 493. SPDIF clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

AUD_PLL_CLK1 1 Audio clock generated from the Audio PLL in AD

AUD_CLK0 2 Common audio clock in RTD

AUD_CLK1 3 Common audio clock in AD

AUD_CLK2 4 Common audio clock in LPAV

SYS_OSC 5 Main reference clock to the chip

53.1.4.11 MQS0 clock

The MQS0 has a multiplexer to select the audio clock connected to the QMS clock input. The MQS0 clock source is selected 
according to the following multiplexer table.

Table 494. MQS0 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

AUD_CLK0 1 Common audio clock in RTD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the chip

53.1.4.12 MQS1 clock

Each MQS1 has a multiplexer to select the audio clock connected to the MQS clock input. The MQS clock source is selected 
according to the following multiplexer table.
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Table 495. MQS1 clock sources

Clock source Select control Description

AUD_PLL_CLK1 0 Audio clock generated from the Audio PLL in AD

AUD_CLK1 1 Common audio clock in AD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the chip

53.1.4.13 TPM[2-3] clock

The TPM module can be used to measure the ratio of two clocks, or to measure the number of clock ticks between two events. 
Each TPM has a multiplexer to select the audio clock connected to the TPM clock input. The TPM [2-3] clock source is selected 
according to the following multiplexer table.

TPM2

Table 496. TPM2 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

EXT_AUD_MCLK1 1 External audio master clock input 1 from pin

TPM2_PCC_ASYNC_CLK 2 PCC clock input to TPM2

Reserved 3

TPM3

Table 497. TPM3 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

AUD_CLK0 1 Common audio clock in RTD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the chip

NOTE: This section only lists TPM clock sources required for audio applications. Other clock sources for TPM clock mux are 
covered in Clocking chapter.

53.1.4.14 TPM[6-7] clock

The TPM module can be used to measure the ratio of two clocks, or to measure the number of clock ticks between two events. 
Each TPM has a multiplexer to select the audio clock connected to the TPM clock input. The TPM[6-7] clock source is selected 
according to the following multiplexer table.
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Table 498. TPM6-7 clock sources

Clock source Select control Description

AUD_PLL_CLK1 0 Audio clock generated from the Audio PLL in AD

AUD_CLK1 1 Common audio clock in AD

AUD_CLK2 2 Common audio clock in LPAV

SYS_OSC 3 Main reference clock to the chip

 
This section only lists TPM clock sources required for audio applications. Other clock sources for TPM clock mux 
are covered in the Clocking chapter.

  NOTE  

53.1.4.15 TPM8 clock

The TPM module can be used to measure the ratio of two clocks, or to measure the number of clock ticks between two events. 
Each TPM has a multiplexer to select the audio clock connected to the TPM clock input. The TPM8 clock source is selected 
according to the following multiplexer table.

Table 499. TPM8 clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

AUD_PLL_CLK1 1 Audio clock generated from the Audio PLL in AD

AUD_CLK0 2 Common audio clock in RTD

AUD_CLK1 3 Common audio clock in AD

AUD_CLK2 4 Common audio clock in LPAV

TPM8_PCC_ASYNC_CLK 5 PCC clock input to TPM8

 
This section only lists TPM clock sources required for audio applications. Other clock sources for TPM clock mux 
are covered in the Clocking chapter.

  NOTE  

53.1.4.16 MICFIL Clocking

MICFIL clock source is selected accordingly to the following multiplexer table.

Table 500. MICFIL clock sources

Clock source Select control Description

AUD_PLL_CLK0 0 Audio clock generated from the Audio PLL in RTD

FRO24_CLK 1 24MHz FRO clock

Table continues on the next page...
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Table 500. MICFIL clock sources (continued)

SYS_OSC 2 Main reference clock to the chip

EXT_AUD_MCLK1 3 External audio master clock input 1 from pin

32K_RTC_CLK 4 32KHz RTC Clock

1MHz_LPO_CLK 5 1MHz LPO Clock

53.1.5 Audio clock diagrams
The following figure shows the audio clock diagram of the chip in real-time domain.
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Figure 345. Audio clock diagram in RTD

The following figure shows the audio clock diagram of the chip in application domain.
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Figure 346. Audio clock diagram in AD

The following figure shows the audio clock diagram of the chip in DSP domain.
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Figure 347. Audio clock diagram in DSPD

The following figure shows the audio clock diagram of the chip in LPAV domain.
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Figure 348. Audio clock diagram in LPAV domain.

53.1.6 Mutliple SAI synchronous mode
Multiple SAI Synchronous mode is enabled by configuring the following registers:

• SIM_RTD.SAI_MULTISYNC_ENABLE_SELECTOR register: SAI 0 to 3 Transmitter/Receiver Multi-Synchronous 
Enable Source

• SIM_APD.SAI_MULTISYNC_ENABLE_SELECTOR register: SAI 4 and 5 Transmitter/Receiver Multi-Synchronous 
Enable Source

• SIM_LPAV.SAI_MULTISYNC_ENABLE_SELECTOR register: SAI 6 and 7 Transmitter/Receiver Multi-Synchronous 
Enable Source

 
Only Frame Sync and Enable signals are connected when enabled through SIM registers.

  NOTE  

BCLK needs to be configured for the "master" SAI instance as source to the domain’s AUD_CLK(CGC0.AUD_CLK0[AUD_CLK0], 
CGC1.AUD_CLK1[AUD_CLK1] and CGC2.AUD_CLK2[AUD_CLK2]), and then choose AUD_CLK as the source for the SAI 
"slave" instance’s MCLK.

SAI2/3, RX/RX BCLKs are not connected to AUD_CLK0/1/2 hence these instances are unable to be used in sync with others

SAI 2 and SAI3 can only be sync’d to each other but not in both direction.

• When SAI2 is ‘master’, SAI3 can be sync’d with SAI2 transmitter

NXP Semiconductors
Audio Subsystem

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3039 / 5781



• When SAI3 is ‘master’, SAI2 can be sync’d with SAI3 receiver

53.1.7 Audio Power Management

53.1.7.1 Power domains

The following table summarizes the power states of Audio subsystems in the power domains they reside.

Table 501. Audio subsystem power states

# AD LPAV1 RTD DSPD Use-cases

1 OFF OFF Deep Sleep2 Always ON 
DSP Domain

or Active

Active Voice trigger

2 OFF Active Active Don’t care Active Speech/Voice (via RTOS)

3 Active Active Active Don’t care Active Speech/Voice (via Linux/Android)3

4 Active Active Active Active Hybrid use-uses with MI (Machine-learning)/
Audio processing/voice trigger 4

1. LPAV being slave domain, can be controlled by either RTD or AD, thus providing flexibility of supporting audio processing 
under RTOS or Linux/Android.

2. Lowest power mode in RTD to keep DSP/Fusion functional.
3. Shown for completeness. Even for Linux/Android, Audio could be driven by RTD similar to #2.
4. Requirement to keep all domains active, is not enforced by Audio use-cases but other complex use-cases.

53.1.7.2 Power states

The Audio subsystem follows power modes specified for this device. An audio block resides in a power domain will have the power 
state of that power domain based on user’s application configuration. This section defines the power states of Audio subsystem 
from logical perspective. In this sense, the Audio subsystem can be on one of 4 states:

1. Off

• Audio subsystem digital power domain(s) powered off

2. Low power

• Audio subsystem digital power domain is on

• Audio clocks and system bus clocks are gated

• Wake-up sources external pins or from elsewhere in the system

3. Slow operation

• Bus operation from the FRO clock or SYS_OSC reference clock

• Audio clocks are derived from SYS_OSC reference clock or the external audio master clock

• Audio PLL and System PLL are off

4. Normal operation

• Audio PLL is on as needed

53.1.8 MICFIL PDM Interface
MICFIL supports the following PDM interface options
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• 2 single channel Microphone

• Single Stereo Microphone

PDM_CLK01

STEREO_DATA0=0

PDM_DATA01

Clock
D-MIC

channel 0Data

Figure 349. Single Independent Channel

+V

Select

PDM_CLK01

PDM_DATA01

Clock
D-MIC

channel 0

D-MIC
channel 1

Data

Data

Select

Figure 350. Two Microphones Sharing Clock and Data lines

+V

Select

PDM_CLK0

PDM_DATA01

Clock
D-MIC

channel 0

D-MIC
channel 1

Data

Data

Figure 351. Stereo Microphone

53.1.9 MICFIL Synchronization
MICFIL on 8ULP adds option to Synchronize the Digital MICs for beam forming. This ensures, Application can bring Digital MICs 
in and out and be assured of exact phase relationship. This will guarantee phase alignment of the DMIC channel to be in-sync with 
specific buffer. Refer eMICFIL block guide for more details.

53.1.10 Medium Quality Sound (MQS)
Typically, a niche audio application will require an external CODEC to deliver the audio quality, however for applications that are 
not demanding can use MQS to provide a medium quality audio via GPIO pin that can directly drive the audio output to a speaker 
or headphone via inexpensive external amplifier/buffer instead of CODEC.

The design for the MQS audio solution IP block is divided into the following steps:

1. Input the PCM audio data (from SAI) into a 16-bit register.

2. Up-sample data to match PWM switching frequency.

3. Perform a simple 2nd order Sigma-Delta smooth on the current data versus previous data.

4. Convert the PCM register into a 6 bit PWM width register and output through a GPIO pin.
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Figure 352. MQS interface to external speaker

MQS output is supported on SAI0 (RTD), SAI4 (AD) and SAI6 (LPAV). See MQS chapter for details.

53.1.11 Audio Passthrough Capability
8ULP provides audio pass-through capability on both Application and Real Time Domain. That said, this allows any one SAI in 
AD/LPAV domain to provide audio signals for any or all other SAI blocks with AD/LPAV domain. Similarly same capability exists 
in RTD.

53.1.11.1 Audio Pass-through in AD/LPAV domain

Each SAI [4-7] can choose :-

• Its own bit clock (BCLK) or one of the shared BCLKs.

• Its own DATA (TXDATA/RXDATA) or one of the shared DATA.

• Its own Frame Sync (TXSYNC/RXSYNC) or one of the shared Frame Sync.

53.1.11.2 Audio Pass-through in RTD domain

Each SAI [0/1/2/3] can choose :-

• Its own bit clock (BCLK) or one of the shared BCLKs.

• Its own DATA (TXDATA/RXDATA) or one of the shared DATA.

• Its own Frame Sync (TXSYNC/RXSYNC) or one of the shared Frame Sync.

NOTE: With TRIGMUX0/1, part of above capability already exists on Frame Sync signal. 

NXP Semiconductors
Audio Subsystem

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3042 / 5781



Chapter 54
Medium Quality Sound (MQS)
54.1 Chip-specific MQS information
Table 502. Reference links to related information

Topic Related module Reference

Full description MQS MQS

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

54.1.1 Module instances
This device has two instances of the MQS module: MQS0 and MQS1.

 
The MQS0 module is connected to SAI0 and MQS1 is connected to SAI4 instance.

  NOTE  

54.2 Overview
Medium quality sound (MQS) is used to generate medium quality audio via a standard GPIO in the pinmux, allowing the user to 
connect stereo speakers or headphones to a power amplifier without an additional DAC chip.

54.2.1 Block Diagram

       Channel        
Split     

       Noise       
Shaping     

       PWM        
Generation     

       mclk       
generation            mclk control     

       Reset and Enable     

       bclk     

       fs     

       sdata     

       hmclk     

       hmclk_divide     

       pwm_ovr     

       reset_b     

       software_reset     

       mqs_enable     

       mclk     

       Left Data     

       Right Data     

       Lowres        
Left Data     

       MQS_LEFT     

       MQS_RIGHT     
       Lowres        

Right Data     

Figure 353. Block Diagram
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54.2.2 Features
MQS has the following sub-modules:

• Channel Split

• Noise Shaping

• PWM Generation

• MCLK Generation

• MCLK Control

• Reset and Enable

54.3 Functional Description
MQS accepts the following inputs:

• 2-channel, LSB-valid 16-bit, MSB shift-out first serial data (sdata)

• Frame sync asserting with the first bit of the frame (fs)

• Bit clock used to shift data out on the negative clock edge (bclk)

The signals from the SAI1 are in left_justified format. MQS provides the SNR target as no more than 20dB for the signals below 
10 kHz. The signals above 10 kHz will have worse THD+N values.

MQS provides only simple audio reproduction. No internal pop, click or distortion artifact reduction methods are provided.

The following sections provides brief descriptions of the MQS sub-blocks.

54.3.1 Channel Split
The Channel Split sub-block splits the I2S signals into separate left channel and right channel audio data.

54.3.2 Noise Shaping
The Noise Shaping sub-block uses the sigma-delta algorithm to generate low-resolution, very high sampling audio, while the audio 
sampling rate is increased.

54.3.3 PWM Generation
Generates the bit stream to the GPIO, which is then used to drive the amplifier and then to drive the external speakers 
or headphones.

54.3.4 MCLK Generation
The MCLK Generation sub-block is used to generate the master clock (mclk). The frequency of mclk is determined by the final bit 
duration of PWM generation module.

54.3.5 MCLK Control
The MCLK Control sub-block is used as a metronome to co-ordinate the different functional blocks working synchronously.

54.3.6 Reset and Enable
The Reset and Enable sub-block is used to generate the reset and enable logic to different clock domains.

54.3.7 Clocking
The following table lists the MQS clocks. See Interface Signals for more information.
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Table 503.

Clock Name Description

hmclk Maximum bit clock

bclk Bit clock from I2S signal

54.4 External Signals
The following table describes the external signals of MQS:

Table 504. MQS External Signals

Signal Description Direction

MQS_LEFT Left signal output O

MQS_RIGHT Right signal output O

54.4.1 Interface Signals
MQS module has the following interface signals.

Table 505.

Signal Name In/Out Bit Width Description Comments

reset_b In 1 asynchronous reset

software_reset In 1 Software reset From IOMUXC_GPR2

mqs_enable In 1 module enable From IOMUXC_GPR2

pwm_ovr In 1 PWM oversampling 
ratio 1=64, 0=32

From IOMUXC_GPR2

hmclk In 1 Maximum bit clock, 
used to generate 
the mclk, divider 
ratio is controlled by 
mqs_hmclk_divide

Max 66.5MHzTypical 
24.576MHz

hmclk_divide In 8 Divider ratio control for 
mclk from hmclk

From IOMUXC_GPR2

bclk In 1 bit clock from I2S 
signal

fs In 1 frame sync from I2S 
signal

sdata In 1 serial audio data from 
I2S signal

54.5 Initialization
The user needs to program the SAI1 to output 2-channel LSB-16 bit active left-justified signal, and then program the related 
IOMUXC_GPR2 bits.
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Due to the different devices connected to MQS, and different high frequency behaviors of the connected analog circuits, the user 
needs choose the appropriate MQS_CLK_DIV and MQS_OVERSAMPLE values for the best audible effects.

54.6 Application Information
MQS has no internal programmable registers. But it does have some programmability from IOMUXC_GPR2.

Register Bitfields Description

MQS_OVERSAMPLE Used to control the PWM oversampling rate compared with mclk.

1—64,

0—32.

MQS_EN MQS enable.

1—Enable MQS,

0—Disable MQS

MQS_SW_RST MQS software reset.

1—Enable software reset for MQS

0—Exit software reset for MQS

MQS_CLK_DIV Divider ration control for mclk from hmclk.

0—mclk frequency = hmclk frequency;

1—mclk frequency = ½*hmclk frequency;

2—mclk frequency = 1/3*hmclk frequency;

…;

n—mclk frequency = 1/(n+1)*hmclk frequency
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Chapter 55
Synchronous Audio Interface (SAI)
55.1 Chip-specific SAI information
Table 506. Reference links to related information

Topic Related module Reference

Full description SAI SAI

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

55.1.1 Module instances
This device has 8 instances of the SAI module: SAI0-SAI7.

• SAI0(M33 Domain): 2TX/RX channels, 16 word TX/RX FIFO

• SAI1(M33 Domain): 4TX/RX channels, 16 word TX/RX FIFO

• SAI2(Fusion Domain): 2TX/RX channels, 16 word TX/RX FIFO

• SAI3(Fusion Domain): 2TX/RX channels, 16 word TX/RX FIFO

• SAI4(A35 Domain): 2TX/RX channels, 16 word TX/RX FIFO

• SAI5(A35 Domain): 4TX/RX channels, 16 word TX/RX FIFO

• SAI6(LPAV Domain): 4TX/RX channels, 16 word TX/RX FIFO

• SAI7(LPAV Domain): 4TX/RX channels, 16 word TX/RX FIFO

55.1.2 Master clock select options
Master Clock (MCLK) option can be selected through RCR2[MSEL] bitfield. To see the actual master clock options implemented 
on this device, see AUD_CLK0, AUD_CLK1, and AUD_CLK2.

55.2 Overview
SAI provides an interface that supports full-duplex serial digital audio interfaces with frame synchronization formats such as I2S, 
AC97, TDM, and Codec/DSP interfaces.
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55.2.1 Block diagram
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Figure 354. Block diagram

55.2.2 Features
Features can vary among chips and also among SAI modules on the same chip. See the chip-specific SAI information at the 
beginning of this chapter.

• Transmitter with independent bit clock and frame sync supporting 2 data lines

• Receiver with independent bit clock and frame sync supporting 2 data lines

• Each data line supports a maximum frame size of 32 words

• Word length of 8 to 32 bits

• Word length configured separately for the first word and remaining words in a frame

• Asynchronous 16 × 32-bit FIFO for each transmit and receive data line supports:

— Graceful restart after FIFO error

— Automatic restart after FIFO error without software intervention

— 8- and 16-bit data packing into each 32-bit FIFO word
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— Multiple-data-line FIFOs combining into single-data-line FIFO

• Independent 32-bit timestamp counters and bit counters for monitoring transmit and receive progress

55.3 Memory map and register definition
A read or write access to an address from offset 100h and above will result in a bus error.

55.3.1 SAI register descriptions

55.3.1.1 SAI memory map

SAI0 base address: 2809_C000h

SAI1 base address: 2809_D000h

SAI2 base address: 2810_F000h

SAI3 base address: 2811_0000h

SAI4 base address: 2988_0000h

SAI5 base address: 2989_0000h

SAI6 base address: 2DA9_0000h

SAI7 base address: 2DAA_0000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID (VERID) 32 R 0301_0002h

4h Parameter (PARAM) 32 R See section

8h Transmit Control (TCSR) 32 RW 0000_0000h

Ch Transmit Configuration 1 (TCR1) 32 RW 0000_0000h

10h Transmit Configuration 2 (TCR2) 32 RW 0000_0000h

14h Transmit Configuration 3 (TCR3) 32 RW 0000_0000h

18h Transmit Configuration 4 (TCR4) 32 RW 0000_0000h

1Ch Transmit Configuration 5 (TCR5) 32 RW 0000_0000h

20h - 2Ch Transmit Data (TDR0 - TDR3) 32 W See section

40h - 4Ch Transmit FIFO (TFR0 - TFR3) 32 R See section

60h Transmit Mask (TMR) 32 RW 0000_0000h

70h Transmit Timestamp Control (TTCR) 32 RW 0000_0000h

74h Transmit Timestamp (TTSR) 32 R 0000_0000h

78h Transmit Bit Count (TBCR) 32 R 0000_0000h

7Ch Transmit Bit Count Timestamp (TBCTR) 32 R 0000_0000h

88h Receive Control (RCSR) 32 RW 0000_0000h

8Ch Receive Configuration 1 (RCR1) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

90h Receive Configuration 2 (RCR2) 32 RW 0000_0000h

94h Receive Configuration 3 (RCR3) 32 RW 0000_0000h

98h Receive Configuration 4 (RCR4) 32 RW 0000_0000h

9Ch Receive Configuration 5 (RCR5) 32 RW 0000_0000h

A0h - ACh Receive Data (RDR0 - RDR3) 32 R See section

C0h - CCh Receive FIFO (RFR0 - RFR3) 32 R See section

E0h Receive Mask (RMR) 32 RW 0000_0000h

F0h Receive Timestamp Control (RTCR) 32 RW 0000_0000h

F4h Receive Timestamp (RTSR) 32 R 0000_0000h

F8h Receive Bit Count (RBCR) 32 R 0000_0000h

FCh Receive Bit Count Timestamp (RBCTR) 32 R 0000_0000h

55.3.1.2 Version ID (VERID)

Offset

Register Offset

VERID 0h

Function
Contains version numbers for the module design and feature set.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-24

MAJOR

Major Version Number

This read only field returns the major version number for the specification.

23-16

MINOR

Minor Version Number

This read only field returns the minor version number for the specification.

15-0

FEATURE

Feature Specification Number

This read only field returns the feature set number.

0000_0000_0000_0000b - Standard feature set.

0000_0000_0000_0010b - Standard feature set with timestamp registers.

55.3.1.3 Parameter (PARAM)

Offset

Register Offset

PARAM 4h

Function
Contains parameter values implemented in the module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 FRAME 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FIFO 0 DATALINE 

W

Reset See Register reset values.

Register reset values

Register Reset value

PARAM SAI0: 0005_0402h
SAI1: 0005_0404h
SAI2–SAI4: 0005_0402h
SAI5–SAI7: 0005_0404h
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Fields

Field Function

31-20

—

Reserved

19-16

FRAME

Frame Size

The maximum number of slots per frame is 2^FRAME.

15-12

—

Reserved

11-8

FIFO

FIFO Size

The number of words in each FIFO is 2^FIFO.

7-4

—

Reserved

3-0

DATALINE

Number of Datalinks

The number of datalines implemented.

55.3.1.4 Transmit Control (TCSR)

Offset

Register Offset

TCSR 8h

Function
Contains transmitter enable fields including resets, error and interrupt enable fields, and error flag fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TE 

STOP
E 

DBGE BCE 
0 0

SR 
0 WSF SEF FEF FWF FRF 

W FR W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WSIE SEIE FEIE FWIE FRIE 

0 0
FWDE FRDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

TE

Transmitter Enable

Enables and disables the transmitter. When software clears this field, the transmitter remains enabled, 
and this bit remains 1, until the end of the current frame.

0b - Transmitter is disabled.

1b - Transmitter is enabled, or transmitter has been disabled and has not yet reached end of 
frame.

30

STOPE

Stop Enable

Configures transmitter operation in Stop mode.

0b - Transmitter disabled in Stop mode.

1b - Transmitter enabled in Stop mode.

29

DBGE

Debug Enable

Enables and disables transmitter operation in Debug mode. The transmit bit clock is not affected by 
Debug mode.

0b - Transmitter is disabled in Debug mode, after completing the current frame.

1b - Transmitter is enabled in Debug mode.

28

BCE

Bit Clock Enable

Enables the transmit bit clock, separately from TE. This field is automatically set whenever TE is set. 
When software clears this field, the transmit bit clock remains enabled, and this bit remains set, until the 
end of the current frame.

0b - Transmit bit clock is disabled.

1b - Transmit bit clock is enabled.

27-26

—

Reserved

25

FR

FIFO Reset

Empties the FIFO, and sets the FIFO read and write pointers to the same value, which may or may not 
be zero.

 
The FIFO reset is asserted for one cycle only.

  NOTE  

Reading this field always returns zero. Reset FIFO pointers when the transmitter is disabled or the FIFO 
error flag is 1.

0b - No effect.

1b - FIFO reset.

24 Software Reset

When 1, resets the internal transmitter logic including the FIFO read and write pointers.

Table continues on the next page...
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Table continued from the previous page...

Field Function

SR Software-visible registers are not affected, except for the status registers.

 
The software reset remains asserted until software clears the bit by writing 0.

  NOTE  

0b - No effect

1b - Software reset

23-21

—

Reserved

20

WSF

Word Start Flag

Indicates that the start of the configured word has been detected. Write a logic 1 to this field to clear this 
flag.

0b - Start of word not detected.

1b - Start of word detected.

19

SEF

Sync Error Flag

Indicates that an error in the externally-generated frame sync has been detected. Write a logic 1 to this 
field to clear this flag.

0b - Sync error not detected.

1b - Frame sync error detected.

18

FEF

FIFO Error Flag

Indicates that an enabled transmit FIFO has underrun. Write a logic 1 to this field to clear this flag.

0b - Transmit underrun not detected.

1b - Transmit underrun detected.

17

FWF

FIFO Warning Flag

Indicates that an enabled transmit FIFO is empty.

0b - No enabled transmit FIFO is empty.

1b - Enabled transmit FIFO is empty.

16

FRF

FIFO Request Flag

Indicates that the number of words in an enabled transmit channel FIFO is less than or equal to the 
transmit FIFO watermark.

0b - Transmit FIFO watermark has not been reached.

1b - Transmit FIFO watermark has been reached.

15-13

—

Reserved

Table continues on the next page...

NXP Semiconductors
Synchronous Audio Interface (SAI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3054 / 5781



Table continued from the previous page...

Field Function

12

WSIE

Word Start Interrupt Enable

Enables and disables word start interrupts.

0b - Disables interrupt.

1b - Enables interrupt.

11

SEIE

Sync Error Interrupt Enable

Enables and disables sync error interrupts.

0b - Disables interrupt.

1b - Enables interrupt.

10

FEIE

FIFO Error Interrupt Enable

Enables and disables FIFO error interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

9

FWIE

FIFO Warning Interrupt Enable

Enables and disables FIFO warning interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

8

FRIE

FIFO Request Interrupt Enable

Enables and disables FIFO request interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

7-5

—

Reserved

4-2

—

Reserved

1

FWDE

FIFO Warning DMA Enable

Enables and disables DMA warning.

0b - Disables the DMA warning.

1b - Enables the DMA warning.

0

FRDE

FIFO Request DMA Enable

Enables and disables DMA requests.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disables the DMA request.

1b - Enables the DMA request.

55.3.1.5 Transmit Configuration 1 (TCR1)

Offset

Register Offset

TCR1 Ch

Function
Configures the watermark level for all enabled transmit channels.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
TFW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

TFW

Transmit FIFO Watermark

Number of 32-bit FIFO words

0000b - 1 FIFO word

0001b - 2 FIFO words

0010b-1110b - (TFW +1) FIFO words

1111b - 16 FIFO words
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55.3.1.6 Transmit Configuration 2 (TCR2)

Offset

Register Offset

TCR2 10h

Function
Contains the SYNC mode and clock setting fields.

 
This register must not be altered when TCSR[TE] is 1.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SYNC BCS BCI MSEL BCP BCD BYP 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DIV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

SYNC

Synchronous Mode

Configures Asynchronous and Synchronous modes of operation. When configured for Synchronous 
mode, the receiver or other SAI peripheral must be configured for Asynchronous operation.

00b - Asynchronous mode

01b - Synchronous with receiver

10b - Synchronous with another SAI transmitter

11b - Synchronous with another SAI receiver

29

BCS

Bit Clock Swap

Swaps the bit clock used by the transmitter. When the transmitter is configured in asynchronous mode 
and this bit is set, the transmitter is clocked by the receiver bit clock (RX_BCLK). This allows the 
transmitter and receiver to share the same bit clock, but the transmitter continues to use the transmit frame 
sync (TX_SYNC).

Table continues on the next page...
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Table continued from the previous page...

Field Function

When the transmitter is configured in Synchronous mode, the transmitter BCS field and receiver BCS field 
must be set to the same value. When both are set, the transmitter and receiver are both clocked by the 
transmitter bit clock (TX_BCLK) but use the receiver frame sync (RX_SYNC).

This field has no effect when synchronous to another SAI peripheral.

0b - Use the normal bit clock source.

1b - Swap the bit clock source.

28

BCI

Bit Clock Input

When this field is 1 and when using an internally generated bit clock in Synchronous or Asynchronous mode, 
the bit clock used by the transmitter is delayed by the pad output delay. (The transmitter is clocked by the 
pad input as if the clock was externally generated.) This setting decreases the data input setup time, but 
increases the data output valid time.

The Slave mode timing from the datasheet should be used for the transmitter when this bit is 1. In 
Synchronous mode, this bit allows the transmitter to use the Slave mode timing from the datasheet, while the 
receiver uses the Master mode timing. This field has no effect when configured for an externally generated 
bit clock or when synchronous to another SAI peripheral.

 
When BCI = 1, both the input buffer and output buffer must be enabled for the BCLK pad.

  NOTE  

0b - No effect.

1b - Internal logic is clocked as if bit clock was externally generated.

27-26

MSEL

MCLK Select

Selects the audio Master Clock option used to generate an internally generated bit clock. This field has 
no effect when configured for an externally generated bit clock.

 
Depending on the device, some Master Clock options might not be available. See the 
chip-specific information for the meaning of each option.

  NOTE  

00b - Bus Clock selected.

01b - Master Clock (MCLK) 1 option selected.

10b - Master Clock (MCLK) 2 option selected.

11b - Master Clock (MCLK) 3 option selected.

25

BCP

Bit Clock Polarity

Configures the polarity of the bit clock.

0b - Bit clock is active high with drive outputs on rising edge and sample inputs on falling edge.

1b - Bit clock is active low with drive outputs on falling edge and sample inputs on rising edge.

24

BCD

Bit Clock Direction

Configures the direction of the bit clock.

Table continues on the next page...
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Field Function

0b - Bit clock is generated externally in Slave mode.

1b - Bit clock is generated internally in Master mode.

23

BYP

Bit Clock Bypass

Bypasses the bit clock divider. Internal bit clock is divide-by-one of the audio master clock.

0b - Internal bit clock is generated from bit clock divider.

1b - Internal bit clock is divide-by-one of the audio master clock.

22-8

—

Reserved

7-0

DIV

Bit Clock Divide

Divides down the audio master clock to generate the bit clock when configured for an internal bit clock. 
The division value is (DIV + 1) * 2.

55.3.1.7 Transmit Configuration 3 (TCR3)

Offset

Register Offset

TCR3 14h

Function

Contains the transmit channel settings.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0
TCE 

W CFR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WDFL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

CFR

Channel FIFO Reset

Resets the FIFO pointers for a specific channel. Reading this field always returns zero. FIFO pointers should 
only be reset when a channel is disabled or the FIFO error flag is set.

The width of CFR field = the number of transmit channels (call it N). For example, if CFR is 2 bits wide, then 
bit position 24 refers to transmit channel 1 FIFO pointer and bit position 25 refers to transmit channel 2 FIFO 
pointer. Writing 1 to bit 24 resets transmit channel 1 FIFO pointer, and writing 1 to bit 25 enables transmit 
channel 2 FIFO pointer. Writing 1 to bit N resets transmit channel N FIFO pointer.

 
When there is only a single channel, there is no need for individual channel FIFO reset 
(TCR3[CFR]). In the case of a single channel, use the global FIFO reset (TCSR[FR]).

  NOTE  

0b - No effect.

1b - Transmit data channel N FIFO is reset.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

SAI0 TCR3[25–24] TCR3[27–26]

SAI1 TCR3 —

SAI2 TCR3[25–24] TCR3[27–26]

SAI3 TCR3[25–24] TCR3[27–26]

SAI4 TCR3[25–24] TCR3[27–26]

SAI5 TCR3 —

SAI6 TCR3 —

SAI7 TCR3 —

23-20

—

Reserved

19-16

TCE

Transmit Channel Enable
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Table continued from the previous page...

Field Function

Enables the corresponding data channel for transmit operation. Changing TCE field takes effect 
immediately for generating the FIFO request and warning flags. It takes effect at the end of each frame for 
transmit operations.

The width of TCE field = the number of transmit channels (call it N). For example, if TCE field is two bits wide, 
then bit position 16 refers to transmit channel 1 and bit position 17 refers to transmit channel 2. Writing 1 to 
bit 16 enables transmit channel 1, and setting bit 17 enables transmit channel 2. Writing 1 to bit N enables 
transmit channel N.

0b - Transmit data channel N is disabled.

1b - Transmit data channel N is enabled.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

SAI0 TCR3[17–16] TCR3[19–18]

SAI1 TCR3 —

SAI2 TCR3[17–16] TCR3[19–18]

SAI3 TCR3[17–16] TCR3[19–18]

SAI4 TCR3[17–16] TCR3[19–18]

SAI5 TCR3 —

SAI6 TCR3 —

SAI7 TCR3 —

15-5

—

Reserved

4-0

WDFL

Word Flag Configuration

Configures which word causes the word start flag (TCSR[WSF]) to become 1. The value written must be one 
less than the word number. For example, writing 0 selects the first word in the frame. When configured to 
a value greater than TCR4[FRSZ], TCSR[WSF] is never 1.
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55.3.1.8 Transmit Configuration 4 (TCR4)

Offset

Register Offset

TCR4 18h

Function

Contains the transmit fields for FIFO Combine mode, FIFO Packing mode, and frame sync settings.

 
This register must not be altered when TCSR[TE] is 1.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 FCON
T 

FCOMB FPACK 
0

FRSZ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SYWD 

0 CHMO
D 

MF FSE 
ONDE

M 
FSP FSD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

FCONT

FIFO Continue on Error

Configures when SAI continues transmitting after a FIFO error has been detected.

0b - On FIFO error, SAI continues from the start of the next frame after the FIFO error flag has 
been cleared.

1b - On FIFO error, SAI continues from the same word that caused the FIFO error to become 1 
after the FIFO warning flag returns to 0.

27-26

FCOMB

FIFO Combine Mode

When FIFO Combine mode is enabled for FIFO writes, software writing to any FIFO data register alternates 
the write among the enabled data channel FIFOs. For example, if two data channels are enabled then the 
first write is performed to the first enabled data channel FIFO and the second write is performed to the 

Table continues on the next page...
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Field Function

second enabled data channel FIFO. Resetting the FIFO or disabling FIFO Combine mode for FIFO writes 
resets the pointer back to the first enabled data channel.

When FIFO Combine mode is enabled for FIFO reads from the transmit shift registers, the transmit data 
channel output alternated between the enabled data channel FIFOs. For example, if two data channels 
are enabled then the first unmasked word is transmitted from the first enabled data channel FIFO and the 
second unmasked word is transmitted from the second enabled data channel FIFO. Since the first word of 
the frame is always transmitted from the first enabled data channel FIFO, it is recommended that the number 
of unmasked words per frame is evenly divisible by the number of enabled data channels.

00b - FIFO Combine mode disabled.

01b - FIFO Combine mode enabled on FIFO reads (from transmit shift registers).

10b - FIFO Combine mode enabled on FIFO writes (by software).

11b - FIFO Combine mode enabled on FIFO reads (from transmit shift registers) and writes (by 
software).

25-24

FPACK

FIFO Packing Mode

Enables packing of 8-bit data or 16-bit data into each 32-bit FIFO word. If the word size is greater than 8 or 
16 bits then only the first 8 or 16 bits are loaded from the FIFO. The first word in each frame always starts 
with a new 32-bit FIFO word and the first bit shifted must be configured within the first packed word. When 
FIFO packing is enabled, the FIFO write pointer only increments when the full 32-bit FIFO word has been 
written by software.

00b - FIFO packing is disabled.

01b - Reserved

10b - 8-bit FIFO packing is enabled.

11b - 16-bit FIFO packing is enabled.

23-21

—

Reserved

20-16

FRSZ

Frame size

Configures the number of words in each frame. The value written must be one less than the number of 
words in the frame. For example, write 0 for one word per frame. The maximum supported frame size is 
32 words.

15-13

—

Reserved

12-8

SYWD

Sync Width

Configures the length of the frame sync in number of bit-clock cycles. The value written must be one less 
than the number of bit-clock cycles. For example, write 0 for the frame sync to assert for one bit-clock 
cycle only. The sync width cannot be configured longer than the first word of the frame.

7-6 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

5

CHMOD

Channel Mode

Configures whether transmit data pins are configured for TDM mode or Output mode.

0b - TDM mode, transmit data pins are 3-stated when slots are masked or channels are disabled.

1b - Output mode, transmit data pins are never 3-stated and output zero when slots are masked 
or channels are disabled.

4

MF

MSB First

Configures whether the LSB or the MSB is transmitted first.

0b - LSB is transmitted first.

1b - MSB is transmitted first.

3

FSE

Frame Sync Early

0b - Frame sync asserts with the first bit of the frame.

1b - Frame sync asserts one bit before the first bit of the frame.

2

ONDEM

On Demand Mode

When 1, and the frame sync is generated internally, a frame sync is only generated when the FIFO 
warning flag is 0.

0b - Internal frame sync is generated continuously.

1b - Internal frame sync is generated when the FIFO warning flag is 0.

1

FSP

Frame Sync Polarity

Configures the polarity of the frame sync.

0b - Frame sync is active high.

1b - Frame sync is active low.

0

FSD

Frame Sync Direction

Configures the direction of the frame sync.

0b - Frame sync is generated externally in Slave mode.

1b - Frame sync is generated internally in Master mode.

55.3.1.9 Transmit Configuration 5 (TCR5)

Offset

Register Offset

TCR5 1Ch
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Function

Contains transmit word width and bit index settings.

 
This register must not be altered when TCSR[TE] is 1.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
WNW 

0
W0W 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FBT 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

WNW

Word N Width

Configures the number of bits in each word, for each word except the first in the frame. The value written 
must be one less than the number of bits per word. Word width of less than 8 bits is not supported.

Bit settings 0 - 6 (0b - 0_0110b) not supported.

0_0111b - 8 bits per word

0_1000b - 9 bits per word

0_1001b-1_1110b - (WNW value + 1) bits per word

1_1111b - 32 bits per word

23-21

—

Reserved

20-16

W0W

Word 0 Width

Configures the number of bits in the first word in each frame. The value written must be one less than the 
number of bits in the first word. Word width of less than 8 bits is not supported if there is only one word 
per frame.

Bit settings 0 - 6 (0b - 0_0110b) not supported.

0_0111b - 8 bits per word

Table continues on the next page...
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Field Function

0_1000b - 9 bits per word

0_1001b-1_1110b - (W0W value + 1) bits per word

1_1111b - 32 bits per word

15-13

—

Reserved

12-8

FBT

First Bit Shifted

Configures the bit index for the first bit transmitted for each word in the frame. If configured for MSB-first, 
the index of the next bit transmitted is one less than the current bit transmitted. If configured for LSB-first, 
the index of the next bit transmitted is one more than the current bit transmitted. The value written must be 
greater than or equal to the word width when configured for MSB-first. The value written must be less than 
or equal to 31-word width when configured for LSB-first.

See Data alignment.

0_0000b - Bit index is 0.

0_0001b-1_1110b - Bit index is FBT value.

1_1111b - Bit index is 31.

7-0

—

Reserved

55.3.1.10 Transmit Data (TDR0 - TDR3)

Offset

Register Offset

TDR0 20h

TDR1 24h

TDR2 28h

TDR3 2Ch

Function

When the transmit FIFO is not full, writes to this register push the data written into the transmit data FIFO. When the transmit FIFO 
is full, writes to this register are ignored.

 
Each module instance supports a different number of registers.

  NOTE  
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Instance Register supported Register not supported

SAI0 TDR0–TDR1 TDR2–TDR3

SAI1 TDR0–TDR3 —

SAI2 TDR0–TDR1 TDR2–TDR3

SAI3 TDR0–TDR1 TDR2–TDR3

SAI4 TDR0–TDR1 TDR2–TDR3

SAI5 TDR0–TDR3 —

SAI6 TDR0–TDR3 —

SAI7 TDR0–TDR3 —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W TDR 

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W TDR 

Reset See Register reset values.

Register reset values

Register Reset value

TDR0–TDR1 SAI0–SAI7: 0000_0000h

TDR2–TDR3 SAI0: Register not supported
SAI1: 0000_0000h
SAI2–SAI4: Register not supported
SAI5–SAI7: 0000_0000h

Fields

Field Function

31-0

TDR

Transmit Data Register
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55.3.1.11 Transmit FIFO (TFR0 - TFR3)

Offset

Register Offset

TFR0 40h

TFR1 44h

TFR2 48h

TFR3 4Ch

Function
The MSB of the read and write pointers is used to distinguish between FIFO full and empty conditions. If the read and write 
pointers are identical, then the FIFO is empty. If the read and write pointers are identical except for the MSB, then the FIFO is 
full.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

SAI0 TFR0–TFR1 TFR2–TFR3

SAI1 TFR0–TFR3 —

SAI2 TFR0–TFR1 TFR2–TFR3

SAI3 TFR0–TFR1 TFR2–TFR3

SAI4 TFR0–TFR1 TFR2–TFR3

SAI5 TFR0–TFR3 —

SAI6 TFR0–TFR3 —

SAI7 TFR0–TFR3 —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R WCP 0 WFP 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 RFP 

W

Reset See Register reset values.
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Register reset values

Register Reset value

TFR0–TFR1 SAI0–SAI7: 0000_0000h

TFR2–TFR3 SAI0: Register not supported
SAI1: 0000_0000h
SAI2–SAI4: Register not supported
SAI5–SAI7: 0000_0000h

Fields

Field Function

31

WCP

Write Channel Pointer

When FIFO Combine mode is enabled for writes, indicates that this data channel is the next FIFO to be 
written.

0b - No effect

1b - FIFO Combine mode is enabled for FIFO writes and this FIFO will be written on the next 
FIFO write.

30-21

—

Reserved

20-16

WFP

Write FIFO Pointer

FIFO write pointer for transmit data channel

15-5

—

Reserved

4-0

RFP

Read FIFO Pointer

FIFO read pointer for transmit data channel

55.3.1.12 Transmit Mask (TMR)

Offset

Register Offset

TMR 60h

Function

This register is double-buffered and updates:

1. When TCSR[TE] first becomes 1.

2. At the end of each frame.

This setup allows the masked words in each frame to change from frame to frame.

NXP Semiconductors
Synchronous Audio Interface (SAI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3069 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TWM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TWM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TWM

Transmit Word Mask

Configures whether the transmit word is masked for the corresponding word in the frame. In this case, 
being masked means that transmit data pins are 3-stated or drive zero and transmit data is not read from 
the FIFO.

0000_0000_0000_0000_0000_0000_0000_0000b - Word N is enabled.

0000_0000_0000_0000_0000_0000_0000_0001b - Word N is masked. The transmit data pins are 
3-stated or drive zero when masked.

55.3.1.13 Transmit Timestamp Control (TTCR)

Offset

Register Offset

TTCR 70h

Function
This register controls the transmit timestamp counter and bit clock counter.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
TSINC TSEN 

W RBC RTSC 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9

RBC

Reset Bit Counter

Resets the bit counter.

0b - Bit counter is not reset.

1b - Bit counter is reset.

8

RTSC

Reset Timestamp Counter

Resets the timestamp counter.

0b - Timestamp counter is not reset.

1b - Timestamp counter is reset.

7-4

—

Reserved

3-2

—

Reserved

1

TSINC

Timestamp Increment

Configures when the timestamp counter starts to increment.

0b - Timestamp counter starts to increment when enabled and the bit counter has incremented.

1b - Timestamp counter starts to increment when enabled.

0

TSEN

Timestamp Enable

Enables the timestamp counter to increment on the bus interface clock.

0b - Timestamp counter is disabled.

1b - Timestamp counter is enabled.
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55.3.1.14 Transmit Timestamp (TTSR)

Offset

Register Offset

TTSR 74h

Function
Returns the current value of the transmit timestamp counter.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TSC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TSC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TSC

Timestamp Counter

Current value of the timestamp counter.

55.3.1.15 Transmit Bit Count (TBCR)

Offset

Register Offset

TBCR 78h

Function
Returns the current value of the transmit bit counter. The bit counter increments for each bit in a frame when the SAI 
transmitter is enabled. Reading this register causes Transmit Bit Count Timestamp (TBCTR) to update with the value of the 
timestamp counter that corresponds to the bit count register value.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BCNT

Bit Counter

Returns the current value of the bit counter.

55.3.1.16 Transmit Bit Count Timestamp (TBCTR)

Offset

Register Offset

TBCTR 7Ch

Function
Returns the value of the timestamp register that corresponds to the value last read from the bit count register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

BCTS

Bit Timestamp

Returns the timestamp counter value that matches the last read of the bit count register.

55.3.1.17 Receive Control (RCSR)

Offset

Register Offset

RCSR 88h

Function
Contains receiver enable fields including resets, error and interrupt enable fields, and error flag fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RE 

STOP
E 

DBGE BCE 
0 0

SR 
0 WSF SEF FEF FWF FRF 

W FR W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WSIE SEIE FEIE FWIE FRIE 

0 0
FWDE FRDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RE

Receiver Enable

Enables and disables the receiver. When software clears this field, the receiver remains enabled, and 
this bit remains 1, until the end of the current frame.

0b - Receiver is disabled.

1b - Receiver is enabled, or receiver has been disabled and has not yet reached end of frame.

30

STOPE

Stop Enable

Configures receiver operation in Stop mode.

0b - Receiver disabled in Stop mode.

1b - Receiver enabled in Stop mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

29

DBGE

Debug Enable

Enables and disables receiver operation in Debug mode. The receive bit clock is not affected by Debug 
mode.

0b - Receiver is disabled in Debug mode, after completing the current frame.

1b - Receiver is enabled in Debug mode.

28

BCE

Bit Clock Enable

Enables the receive bit clock, separately from RE. This field is automatically set whenever RE is set. 
When software clears this field, the receive bit clock remains enabled, and this field remains set, until the 
end of the current frame.

0b - Receive bit clock is disabled.

1b - Receive bit clock is enabled.

27-26

—

Reserved

25

FR

FIFO Reset

Empties the FIFO, and sets the FIFO read and write pointers to the same value, which may or may not be 
zero. Reading this field always returns zero.

 
The FIFO reset is asserted for one cycle only.

  NOTE  

FIFO pointers should only be reset when the receiver is disabled or the FIFO error flag is 1.

0b - No effect.

1b - FIFO reset.

24

SR

Software Reset

Resets the internal receiver logic including the FIFO pointers. Software-visible registers are not affected, 
except for the status registers.

 
The software reset remains asserted until cleared by software. Software clears the bit by 
writing 0.

  NOTE  

0b - No effect.

1b - Software reset.

23-21

—

Reserved

20

WSF

Word Start Flag

Table continues on the next page...
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Field Function

Indicates that the start of the configured word has been detected. Write a logic 1 to this field to clear this 
flag.

0b - Start of word not detected.

1b - Start of word detected.

19

SEF

Sync Error Flag

Indicates that an error in the externally-generated frame sync has been detected. Write a logic 1 to this 
field to clear this flag.

0b - Sync error not detected.

1b - Frame sync error detected.

18

FEF

FIFO Error Flag

Indicates that an enabled receive FIFO has overflowed. Write a logic 1 to this field to clear this flag.

0b - Receive overflow not detected.

1b - Receive overflow detected.

17

FWF

FIFO Warning Flag

Indicates that an enabled receive FIFO is full.

0b - No enabled receive FIFO is full.

1b - Enabled receive FIFO is full.

16

FRF

FIFO Request Flag

Indicates that the number of words in an enabled receive channel FIFO is greater than the receive FIFO 
watermark.

0b - Receive FIFO watermark not reached.

1b - Receive FIFO watermark has been reached.

15-13

—

Reserved

12

WSIE

Word Start Interrupt Enable

Enables and disables word start interrupts.

0b - Disables interrupt.

1b - Enables interrupt.

11

SEIE

Sync Error Interrupt Enable

Enables and disables sync error interrupts.

0b - Disables interrupt.

1b - Enables interrupt.

Table continues on the next page...
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Field Function

10

FEIE

FIFO Error Interrupt Enable

Enables and disables FIFO error interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

9

FWIE

FIFO Warning Interrupt Enable

Enables and disables FIFO warning interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

8

FRIE

FIFO Request Interrupt Enable

Enables and disables FIFO request interrupts.

0b - Disables the interrupt.

1b - Enables the interrupt.

7-5

—

Reserved

4-2

—

Reserved

1

FWDE

FIFO Warning DMA Enable

Enables and disables DMA warnings.

0b - Disables DMA warnings.

1b - Enables DMA warnings.

0

FRDE

FIFO Request DMA Enable

Enables and disables DMA requests.

0b - Disables the DMA request.

1b - Enables the DMA request.

55.3.1.18 Receive Configuration 1 (RCR1)

Offset

Register Offset

RCR1 8Ch

Function

Configures the watermark level for all enabled receiver channels.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
RFW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

RFW

Receive FIFO Watermark

Number of 32-bit FIFO words

0000b - 1 FIFO word

0001b - 2 FIFO words

0010b-1110b - (RFW value + 1) FIFO words

1111b - 16 FIFO words

55.3.1.19 Receive Configuration 2 (RCR2)

Offset

Register Offset

RCR2 90h

Function

Contains the SYNC mode and clock setting fields.

 
This register must not be altered when RCSR[RE] is 1.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SYNC BCS BCI MSEL BCP BCD BYP 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DIV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

SYNC

Synchronous Mode

Configures Asynchronous and Synchronous modes of operation. When configured for a Synchronous 
mode of operation, the transmitter or other SAI peripheral must be configured for asynchronous 
operation.

00b - Asynchronous mode

01b - Synchronous with transmitter

10b - Synchronous with another SAI receiver

11b - Synchronous with another SAI transmitter

29

BCS

Bit Clock Swap

Swaps the bit clock used by the receiver. When the receiver is configured in Asynchronous mode and this 
bit is 1, the receiver is clocked by the transmitter bit clock (TX_BCLK). This setting allows the transmitter and 
receiver to share the same bit clock, but the receiver continues to use the receiver frame sync (RX_SYNC).

When the receiver is configured in Synchronous mode, the transmitter BCS field and receiver BCS field 
must be set to the same value. When both are set, the transmitter and receiver are both clocked by the 
receiver bit clock (RX_BCLK) but use the transmitter frame sync (TX_SYNC).

This field has no effect when synchronous to another SAI peripheral.

0b - Use the normal bit clock source.

1b - Swap the bit clock source.

28

BCI

Bit Clock Input

When this field is set and using an internally generated bit clock in either Synchronous or Asynchronous 
mode, the bit clock used by the receiver is delayed by the pad output delay (the receiver is clocked by the 
pad input as if the clock was externally generated). This setting decreases the data input setup time, but 
increases the data output valid time.

The Slave mode timing from the datasheet should be used for the receiver when this bit is 1. In Synchronous 
mode, this bit allows the receiver to use the Slave mode timing from the datasheet, while the transmitter uses 

Table continues on the next page...
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Field Function

the Master mode timing. This field has no effect when configured for an externally generated bit clock or 
when synchronous to another SAI peripheral.

 
When BCI = 1 both the input buffer and output buffer must be enabled for the BCLK pad.

  NOTE  

0b - No effect.

1b - Internal logic is clocked as if bit clock was externally generated.

27-26

MSEL

MCLK Select

Selects the audio Master Clock option used to generate an internally generated bit clock. This field has 
no effect when configured for an externally generated bit clock.

 
Depending on the device, some Master Clock options might not be available. See the 
chip-specific information for the availability and chip-specific meaning of each option.

  NOTE  

00b - Bus Clock selected.

01b - Master Clock (MCLK) 1 option selected.

10b - Master Clock (MCLK) 2 option selected.

11b - Master Clock (MCLK) 3 option selected.

25

BCP

Bit Clock Polarity

Configures the polarity of the bit clock.

0b - Bit clock is active high with drive outputs on rising edge and sample inputs on falling edge.

1b - Bit clock is active low with drive outputs on falling edge and sample inputs on rising edge.

24

BCD

Bit Clock Direction

Configures the direction of the bit clock.

0b - Bit clock is generated externally in Slave mode.

1b - Bit clock is generated internally in Master mode.

23

BYP

Bit Clock Bypass

Bypasses the bit clock divider, internal bit clock is divide-by-one of the audio master clock.

0b - Internal bit clock is generated from bit clock divider.

1b - Internal bit clock is divide-by-one of the audio master clock.

22-8

—

Reserved

7-0

DIV

Bit Clock Divide

Table continues on the next page...
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Field Function

Divides down the audio master clock to generate the bit clock, when configured for an internal bit clock. 
The division value is (DIV + 1) * 2.

55.3.1.20 Receive Configuration 3 (RCR3)

Offset

Register Offset

RCR3 94h

Function

Contains the receive channel settings.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0
RCE 

W CFR 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WDFL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

CFR

Channel FIFO Reset

Resets the FIFO pointers for a specific channel. Reading this field always returns zero. FIFO pointers should 
only be reset when a channel is disabled or the FIFO error flag is 1.

The width of CFR field = the number of receive channels (call it N). For example, if CFR is two bits wide, 
then bit position 24 refers to receive channel 1 FIFO pointer and bit position 25 refers to receive channel 2 
FIFO pointer. Writing 1 to bit 24 resets receive channel 1 FIFO pointer, and writing 1 to bit 25 enables receive 
channel 2 FIFO pointer. Writing 1 to bit N resets receive channel N FIFO pointer.
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Field Function

0b - No effect.

1b - Receive data channel N FIFO is reset.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

SAI0 RCR3[25–24] RCR3[27–26]

SAI1 RCR3 —

SAI2 RCR3[25–24] RCR3[27–26]

SAI3 RCR3[25–24] RCR3[27–26]

SAI4 RCR3[25–24] RCR3[27–26]

SAI5 RCR3 —

SAI6 RCR3 —

SAI7 RCR3 —

23-20

—

Reserved

19-16

RCE

Receive Channel Enable

Enables the corresponding data channel for receive operation. Changing this field takes effect immediately 
for generating the FIFO request and warning flags. It takes effect at the end of each frame for 
receive operations.

The width of RCE = the number of receive channels (call it N). For example, if RCE is two bits wide, then 
bit position 16 refers to receive channel 1 and bit position 17 refers to receive channel 2. Writing 1 to bit 
16 enables receive channel 1, and writing 1 to bit 17 enables receive channel 2. Writing 1 to bit N enables 
receive channel N.

 
When there is only a single channel, there is no need for individual channel FIFO reset 
(RCR3[CFR]). In the case of a single channel, use the global FIFO reset (RCSR[FR]).

  NOTE  

0b - Receive data channel N is disabled.

1b - Receive data channel N is enabled.

Table continues on the next page...
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Field Function

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

SAI0 RCR3[17–16] RCR3[19–18]

SAI1 RCR3 —

SAI2 RCR3[17–16] RCR3[19–18]

SAI3 RCR3[17–16] RCR3[19–18]

SAI4 RCR3[17–16] RCR3[19–18]

SAI5 RCR3 —

SAI6 RCR3 —

SAI7 RCR3 —

15-5

—

Reserved

4-0

WDFL

Word Flag Configuration

Configures which word causes the word start flag (RCSR[WSF]) to become 1. The value written should 
be one less than the word number (for example, write zero to select the first word in the frame). When 
configured to a value greater than RCR4[FRSZ], then RCSR[WSF] is never 1.

0_0000b - Word 1

0_0001b - Word 2

0_0010b-1_1110b - Word (WDFL value + 1)

1_1111b - Word 32

55.3.1.21 Receive Configuration 4 (RCR4)

Offset

Register Offset

RCR4 98h
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Function

Contains the receive fields for FIFO Combine mode, FIFO Packing mode, and frame sync settings.

 
This register must not be altered when RCSR[RE] is 1.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 FCON
T 

FCOMB FPACK 
0

FRSZ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
SYWD 

0 Reserv
ed 

MF FSE 
ONDE

M 
FSP FSD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

FCONT

FIFO Continue on Error

Configures when SAI continues receiving after a FIFO error has been detected.

0b - On FIFO error, SAI continues from the start of the next frame after the FIFO error flag returns 
to 0.

1b - On FIFO error, SAI continues from the same word that caused the FIFO error to become 1 
after the FIFO warning flag returns to 0.

27-26

FCOMB

FIFO Combine Mode

When FIFO Combine mode is enabled for FIFO reads, software reading any FIFO data register alternates 
the read among the enabled data channel FIFOs. For example, if two data channels are enabled then the 
first read is performed to the first enabled data channel FIFO and the second read is performed to the second 
enabled data channel FIFO. Resetting the FIFO or disabling FIFO Combine mode for FIFO reads resets the 
pointer back to the first enabled data channel.

When FIFO Combine mode is enabled for FIFO writes from the receive shift registers, the first enabled data 
channel input alternates between the enabled data channel FIFOs. For example, if two data channels are 
enabled, then the first unmasked received word is stored in the first enabled data channel FIFO and the 
second unmasked received word is stored in the second enabled data channel FIFO. Since the first word 
of the frame is always stored in the first enabled data channel FIFO, it is recommended that the number of 
unmasked words per frame is evenly divisible by the number of enabled data channels.

00b - FIFO Combine mode disabled.

Table continues on the next page...
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Field Function

01b - FIFO Combine mode enabled on FIFO writes (from receive shift registers).

10b - FIFO Combine mode enabled on FIFO reads (by software).

11b - FIFO Combine mode enabled on FIFO writes (from receive shift registers) and reads (by 
software).

25-24

FPACK

FIFO Packing Mode

Enables packing of 8-bit data or 16-bit data into each 32-bit FIFO word. If the word size is greater than 8 or 
16 bits, only the first 8 or 16 bits are stored in the FIFO. The first word in each frame always starts with a new 
32-bit FIFO word and the first bit shifted must be configured within the first packed word. When FIFO packing 
is enabled, the FIFO read pointer only increments when the full 32-bit FIFO word has been read by software.

00b - FIFO packing is disabled

01b - Reserved

10b - 8-bit FIFO packing is enabled

11b - 16-bit FIFO packing is enabled

23-21

—

Reserved

20-16

FRSZ

Frame Size

Configures the number of words in each frame. The value written must be one less than the number of words 
in the frame. For example, write 0 for one word per frame. The maximum supported frame size is 32 words.

0_0000b - 1 word per frame

0_0001b - 2 words per frame

0_0010b-1_1110b - (FRSZ value + 1) words per frame

1_1111b - 32 words per frame

15-13

—

Reserved

12-8

SYWD

Sync Width

Configures the length of the frame sync in number of bit-clock cycles. The value written must be one less 
than the number of bit-clock cycles. For example, write 0 for the frame sync to assert for one bit-clock 
cycle only. The sync width cannot be configured longer than the first word of the frame.

0_0000b - 1 bit-clock cycle

0_0001b - 2 bit-clock cycle

0_0010b-1_1110b - (SYWD value + 1) bit-clock cycle

1_1111b - 32 bit-clock cycle

7-6

—

Reserved
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Field Function

5

—

Reserved

Software should only write zero to this bit.

4

MF

MSB First

Configures whether the LSB or the MSB is received first.

0b - LSB is received first.

1b - MSB is received first.

3

FSE

Frame Sync Early

0b - Frame sync asserts with the first bit of the frame.

1b - Frame sync asserts one bit before the first bit of the frame.

2

ONDEM

On Demand Mode

When 1, and the frame sync is generated internally, a frame sync is only generated when the FIFO 
warning flag is 0.

0b - Internal frame sync is generated continuously.

1b - Internal frame sync is generated when the FIFO warning flag is 0.

1

FSP

Frame Sync Polarity

Configures the polarity of the frame sync.

0b - Frame sync is active high.

1b - Frame sync is active low.

0

FSD

Frame Sync Direction

Configures the direction of the frame sync.

0b - Frame Sync is generated externally in Slave mode.

1b - Frame Sync is generated internally in Master mode.

55.3.1.22 Receive Configuration 5 (RCR5)

Offset

Register Offset

RCR5 9Ch

Function

Contains receive word and bit index settings.

 
This register must not be altered when RCSR[RE] is 1.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
WNW 

0
W0W 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FBT 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

WNW

Word N Width

Configures the number of bits in each word, for each word except the first in the frame. The value written 
must be one less than the number of bits per word. Word width of less than 8 bits is not supported.

Bit settings 0 - 6 (0b - 0_0110b) are not supported.

0_0111b - 8 bits per word

0_1000b - 9 bits per word

0_1001b-1_1110b - (WNW value + 1) bits per word

1_1111b - 32 bits per word

23-21

—

Reserved

20-16

W0W

Word 0 Width

Configures the number of bits in the first word in each frame. The value written must be one less than the 
number of bits in the first word. Word width of less than 8 bits is not supported if there is only one word 
per frame.

0_0000b - 1 bit per word

0_0001b - 2 bits per word

0_0010b-1_1110b - (W0W value + 1) bits per word

1_1111b - 32 bits per word

15-13

—

Reserved

12-8 First Bit Shifted

Table continues on the next page...
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Field Function

FBT Configures the bit index for the first bit received for each word in the frame. If configured for MSB-first, the 
index of the next bit received is one less than the current bit received. If configured for LSB-first, the index 
of the next bit received is one more than the current bit received. The value written must be greater than 
or equal to the word width when configured for MSB-first. The value written must be less than or equal to 
31-word width when configured for LSB-first.

See Data alignment.

0_0000b - Bit index is 0.

0_0001b-1_1110b - Bit index is FBT value.

1_1111b - Bit index is 31.

7-0

—

Reserved

55.3.1.23 Receive Data (RDR0 - RDR3)

Offset

Register Offset

RDR0 A0h

RDR1 A4h

RDR2 A8h

RDR3 ACh

Function

When the receive FIFO is not empty, reads from this register return the data from the top of the receive FIFO. When the receive 
FIFO is empty, reads from this register are ignored.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

SAI0 RDR0–RDR1 RDR2–RDR3

SAI1 RDR0–RDR3 —

SAI2 RDR0–RDR1 RDR2–RDR3

SAI3 RDR0–RDR1 RDR2–RDR3

SAI4 RDR0–RDR1 RDR2–RDR3
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Instance Register supported Register not supported

SAI5 RDR0–RDR3 —

SAI6 RDR0–RDR3 —

SAI7 RDR0–RDR3 —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RDR 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RDR 

W

Reset See Register reset values.

Register reset values

Register Reset value

RDR0–RDR1 SAI0–SAI7: 0000_0000h

RDR2–RDR3 SAI0: Register not supported
SAI1: 0000_0000h
SAI2–SAI4: Register not supported
SAI5–SAI7: 0000_0000h

Fields

Field Function

31-0

RDR

Receive Data Register
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55.3.1.24 Receive FIFO (RFR0 - RFR3)

Offset

Register Offset

RFR0 C0h

RFR1 C4h

RFR2 C8h

RFR3 CCh

Function
The MSB of the read and write pointers is used to distinguish between FIFO full and empty conditions. If the read and write 
pointers are identical, then the FIFO is empty. If the read and write pointers are identical except for the MSB, then the FIFO is 
full.

 
Each module instance supports a different number of registers.

  NOTE  

Instance Register supported Register not supported

SAI0 RFR0–RFR1 RFR2–RFR3

SAI1 RFR0–RFR3 —

SAI2 RFR0–RFR1 RFR2–RFR3

SAI3 RFR0–RFR1 RFR2–RFR3

SAI4 RFR0–RFR1 RFR2–RFR3

SAI5 RFR0–RFR3 —

SAI6 RFR0–RFR3 —

SAI7 RFR0–RFR3 —

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 WFP 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RCP 0 RFP 

W

Reset See Register reset values.

NXP Semiconductors
Synchronous Audio Interface (SAI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3090 / 5781



Register reset values

Register Reset value

RFR0–RFR1 SAI0–SAI7: 0000_0000h

RFR2–RFR3 SAI0: Register not supported
SAI1: 0000_0000h
SAI2–SAI4: Register not supported
SAI5–SAI7: 0000_0000h

Fields

Field Function

31-21

—

Reserved

20-16

WFP

Write FIFO Pointer

FIFO write pointer for receive data channel.

15

RCP

Receive Channel Pointer

When FIFO Combine mode is enabled for reads, indicates that this data channel is the next FIFO to be 
read.

0b - No effect.

1b - FIFO Combine mode is enabled for FIFO reads and this FIFO will be read on the next FIFO 
read.

14-5

—

Reserved

4-0

RFP

Read FIFO Pointer

FIFO read pointer for receive data channel.

55.3.1.25 Receive Mask (RMR)

Offset

Register Offset

RMR E0h

Function

This register is double-buffered and updates:

1. When RCSR[RE] first becomes 1.

2. At the end of each frame.

This setup allows the masked words in each frame to change from frame to frame.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RWM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RWM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RWM

Receive Word Mask

Configures whether the receive word is masked (received data ignored and not written to receive FIFO) 
for the corresponding word in the frame.

0000_0000_0000_0000_0000_0000_0000_0000b - Word N is enabled.

0000_0000_0000_0000_0000_0000_0000_0001b - Word N is masked.

55.3.1.26 Receive Timestamp Control (RTCR)

Offset

Register Offset

RTCR F0h

Function
Controls the receive timestamp counter and bit clock counter.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
TSINC TSEN 

W RBC RTSC 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-10

—

Reserved

9

RBC

Reset Bit Counter

Reset the receive bit counter.

0b - Bit counter is not reset.

1b - Bit counter is reset.

8

RTSC

Reset Timestamp Counter

Reset the receive timestamp counter.

0b - Timestamp counter is not reset.

1b - Timestamp counter is reset.

7-4

—

Reserved

3-2

—

Reserved

1

TSINC

Timestamp Increment

Configures when the timestamp counter starts to increment.

0b - Timestamp counter starts to increment when enabled and the bit counter has incremented.

1b - Timestamp counter starts to increment when enabled.

0

TSEN

Timestamp Enable

Enables the timestamp counter to increment on the bus interface clock.

0b - Timestamp counter is disabled.

1b - Timestamp counter is enabled.

55.3.1.27 Receive Timestamp (RTSR)

Offset

Register Offset

RTSR F4h

Function
Returns the current value of the receive timestamp counter.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R TSC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TSC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TSC

Timestamp Counter

Current value of the timestamp counter.

55.3.1.28 Receive Bit Count (RBCR)

Offset

Register Offset

RBCR F8h

Function
Returns the current value of the receive bit counter. The bit counter increments for each bit in a frame when the SAI receiver 
is enabled. Reading this register causes Receive Bit Count Timestamp (RBCTR) to update with the value of the timestamp 
counter that corresponds to the bit count register value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

BCNT

Bit Counter

Returns the current value of the bit counter.

55.3.1.29 Receive Bit Count Timestamp (RBCTR)

Offset

Register Offset

RBCTR FCh

Function
Returns the value of the timestamp register that corresponds to the value last read from the bit count register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BCTS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BCTS

Bit Timestamp

Returns the timestamp counter value that matches the last read of the bit count register.

55.4 Functional description
This section provides a complete functional description of SAI.

55.4.1 Modes of operation
Module power modes include:

• Run mode

• Stop mode

• Debug mode
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55.4.1.1 Run mode

In Run mode, the SAI transmitter and receiver operate normally.

55.4.1.2 Stop mode

There are two situations in which the SAI transmitter or receiver can be configured to continue operating in Stop mode:

• The SAI transmitter or receiver is using an externally generated bit clock.

• The SAI transmitter or receiver is using an audio master clock that operates when the chip is in Stop mode.

Write 1 to TCSR[STOPE] to configure the transmitter to run in Stop mode. Write 1 to RCSR[STOPE] to configure the receiver to 
run in Stop mode.

The SAI transmitter and receiver can generate an asynchronous interrupt to wake the CPU from Stop mode.

When the chip enters Stop mode, if TCSR[STOPE] = 0, the transmitter is disabled after completing the current transmit frame. 
Similarly, when the chip enters Stop mode, if RCSR[STOPE] = 0, the receiver is disabled after completing the current receive 
frame. Entry into Stop mode is blocked (not acknowledged) while waiting for the transmitter and receiver to be disabled at the end 
of the current frame.

55.4.1.3 Debug mode

You can configure either or both the SAI transmitter and receiver to continue operating in Debug mode.

• Write 1 to TCSR[DBGE] to configure the transmitter to run in Debug mode.

• Write 1 to RCSR[DBGE] to configure the receiver to run in Debug mode.

When TCSR[DBGE] = 0 and RCSR[DBGE] = 0 and the chip enters Debug mode, SAI is disabled after completing the current 
transmit or receive frame. Debug mode does not affect the transmitter and receiver bit clocks.

55.4.2 Synchronous modes
The SAI transmitter and receiver can operate synchronously to each other or synchronously to other SAI modules.

You can configure the SAI transmitter and receiver to operate with synchronous bit clock and frame sync (see TCR2[SYNC] 
and RCR2[SYNC]).

If both the transmitter and receiver use the transmitter bit clock and frame sync:

• Configure the transmitter for asynchronous operation and the receiver for synchronous operation.

• Enable the receiver in Synchronous mode only after enabling both the transmitter and receiver.

• Enable the transmitter last and disable the transmitter first.

If both the transmitter and receiver use the receiver bit clock and frame sync:

• Configure the receiver for asynchronous operation and the transmitter for synchronous operation.

• Enable the transmitter in Synchronous mode only after enabling both the receiver and transmitter.

• Enable the receiver last and disable the receiver first.

When operating in Synchronous mode, the transmitter and receiver share only the bit clock, frame sync, and transmitter/receiver 
enable. Otherwise, the transmitter and receiver operate independently, although the configuration register settings must be 
consistent across both the transmitter and receiver.

55.4.2.1 Multiple SAI Synchronous mode

Synchronous operation between multiple SAI modules is supported on some chips. This mode requires the source of the bit 
clock and frame sync to be configured for asynchronous operation and the remaining users of the bit clock and frame sync to be 
configured for synchronous operation.
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Synchronous operation between multiple SAI transmitters or receivers also requires you to enable the source of the bit clock and 
frame sync for any of the synchronous transmitters or receivers to be enabled. NXP recommends that the source of the bit clock 
and frame sync is the last enabled and the first disabled.

When operating in Synchronous mode, only the bit clock, frame sync, transmitter enable, and receiver enable are shared. 
Otherwise, the separate SAI modules operate independently, although configuration register settings must be consistent across 
both the transmitter and receiver.

55.4.3 Frame sync configuration
When enabled, SAI continuously transmits and receives frames of data. Each frame consists of a fixed number of words and each 
word consists of a fixed number of bits. Within each frame, you can mask any word, causing the receiver to ignore that word and 
the transmitter to 3-state during that word.

The frame sync signal indicates the start of a frame. A valid frame sync requires a rising edge (if active high) or falling edge (if 
active low) to be detected. The transmitter or receiver cannot be busy with a previous frame. A valid frame sync is ignored (Slave 
mode) or not generated (Master mode) for the first four bit-clock cycles after enabling the transmitter or receiver.

You can configure the transmitter and receiver frame sync independently with any of the following options:

• Can be generated externally or internally.

• Can be active high or active low.

• Can assert with the first bit in frame or assert one bit early.

• Can assert for a duration of between one bit-clock cycle and the first word length.

• Frame length can be from 1 to 32 words.

• Word length of 8 to 32 bits

— First word length and remaining word lengths can be configured separately.

• Transmit/Receive words MSB first or LSB first

These configuration options cannot be changed after enabling the SAI transmitter or receiver.

55.4.4 Data FIFO
Each transmit and receive channel includes a 16 × 32-bit FIFO. Use the Transmit (TDRn) and Receive (RDRn) Data registers to 
access FIFO data.

55.4.4.1 Data alignment

Data in the FIFO can be aligned anywhere within the 32-bit-wide register via the First Bit Shifted configuration field. This field 
selects the bit index (between 31 and 0) of the first bit shifted.

Examples of supported data alignment and the required First Bit Shifted configuration are shown in Figure 355 for LSB-first 
configurations and Figure 356 for MSB-first configurations.
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00000

01100

00000

10000

00000

10100

00000

First Bit Shifted (FBT)

Or

11000

DATA[31:0]

How data is written to the FIFO, using First Bit Shifted field (FBT)
LSB first

00000

FBT values
for

LSB first

00000

01000

DATA[23:0]

DATA[19:0]

DATA[23:0]

DATA[15:0]

DATA[11:0]

DATA[7:0]

DATA[19:0]

DATA[15:0]

DATA[11:0]

DATA[7:0]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TCR5[FBT]

TX Config 5 Register RX Config 5 Register

First Bit Shifted (FBT)

RCR5[FBT]

Number of bits being transferred
shown above:
24-bit data
20-bit data
16-bit data

12-bit data
  8-bit data

Figure 355. SAI first bit shifted, LSB-first

10011

11111

01111

11111

01011

11111

00111

First Bit Shifted (FBT)

Or

11111

DATA[31:0]

How data is written to the FIFO, using First Bit Shifted field (FBT)
MSB first

11111

FBT values
for

MSB first

10111

11111

DATA[23:0]

DATA[19:0]

DATA[23:0]

DATA[15:0]

DATA[11:0]

DATA[7:0]

DATA[19:0]

DATA[15:0]

DATA[11:0]

DATA[7:0]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TCR5[FBT]

TX Config 5 Register RX Config 5 Register

First Bit Shifted (FBT)

RCR5[FBT]

Number of bits being transferred
shown above:
24-bit data
20-bit data
16-bit data

12-bit data
  8-bit data

Figure 356. SAI first bit shifted, MSB-first

55.4.4.2 FIFO pointers

When writing to a Transmit Data register (TDRn), the Write FIFO Pointer (WFP) of the corresponding Transmit FIFO register 
(TFRn) increments after each valid write. SAI supports 8-, 16-, and 32-bit writes to TDRn and the FIFO pointer increments after 
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each individual write. Only use 8-bit writes when transmitting up to 8-bit data; only use 16-bit writes when transmitting up to 
16-bit data.

• If the transmit FIFO is full, writes to TDRn are ignored.

• If the transmit FIFO is empty, write to TDRn at least three bit-clock cycles before the start of the next unmasked word. This 
write avoids a FIFO underrun.

• Before enabling the transmitter, initialize the transmit FIFO with data. The transmitter starts a new frame after enabling the 
transmitter. If no data is in the FIFO, the transmitter immediately generates an error.

When reading a Receive Data register (RDRn), the Read FIFO Pointer (RFP) of the corresponding Receive FIFO register (RFRn) 
increments after each valid read. SAI supports 8-, 16-, and 32-bit reads from RDRn and the FIFO pointer increments after each 
individual read. Only use 8-bit reads when receiving up to 8-bit data; only use 16-bit reads when receiving up to 16-bit data.

• If the receive FIFO is empty, reads to RDRn are ignored.

• If the receive FIFO is full, read RDRn at least three bit-clock cycles before the end of an unmasked word. This read avoids a 
FIFO overrun.

55.4.4.3 FIFO packing

Using FIFO packing, you can store multiple 8- or 16-bit data words in one 32-bit FIFO word for the transmitter or receiver. You 
could emulate this feature by adjusting the number of bits per word and number of words per frame. FIFO packing, however, does 
not require even multiples of words per frame, and it fully supports word masking.

When FIFO packing is enabled, the FIFO pointers only increment when the full 32-bit FIFO word has been written (transmit) or 
read (receive). In this way, FIFO packing supports scenarios where different words within each frame are stored in different areas 
of memory.

Using 16-bit FIFO packing for transmitting, the transmit shift register loads at the start of each frame and after every second 
unmasked transmit word. The first transmitted word is taken from 16-bit word at byte offset 0h. (The first bit is selected by 
TCR5[FBT] and must be configured within this 16-bit word.) The second transmitted word is taken from the 16-bit word at byte 
offset 2h (The first bit is selected by TCR5[FBT][3:0].) The transmitter transmits logic zeroes until the start of the next word after 
the 16-bit word has been transmitted.

Using 16-bit FIFO packing for receiving, the receive shift register is stored after every second unmasked received word. If there is 
an odd number of unmasked-received words in each frame, the receive register is also stored and at the end of each frame. The 
first received word is stored in the 16-bit word at byte offset 0h. (The first bit is selected by RCR5[FBT] and must be configured 
within this 16-bit word.) The second received word is stored in the 16-bit word at byte offset 2h. (The first bit is selected by 
RCR5[FBT][3:0].) The receiver ignores received data until the start of the next word after the 16-bit word has been received.

8-bit FIFO packing is similar to 16-bit packing, except four words are loaded or stored into each 32-bit FIFO word. The first word 
is stored in byte offset 0h, the second word in byte offset 1h, and so on. TCR5[FBT] and/or RCR5[FBT] must be configured within 
byte offset 0h.

55.4.4.4 FIFO Combining mode

This mode enables separate FIFOs for multiple data channels to be used as a single FIFO for software accesses, as a single 
data channel, or both. The enabled data channels must be contiguous and data channel 0 must be enabled when using FIFO 
Combining mode.

You can combine FIFOs for software access by writing transmit FIFO registers and reading receive FIFO registers. Doing so 
enables a DMA controller or software to read or write multiple FIFOs without incrementing the address that is accessed. After 
FIFO Combining mode is enabled (TCR4[FCOMB] > 00b), the first software access to a FIFO register accesses the first enabled 
channel FIFO. The second access to a FIFO register accesses the second enabled channel FIFO. This process continues until 
software accesses the last enabled channel FIFO and the pointer resets back to the first enabled channel FIFO. To reset the 
pointer manually, you can reset the FIFOs or disable FIFO combining on software accesses.

Combining FIFOs for transmit data channels enables one data channel to use the FIFOs of all enabled channel FIFOs. In this case, 
the data output is identical on each enabled data channel. The transmit shift registers for all enabled data channels load at the 
start of each frame. The registers also load upon every Nth unmasked word, where N is the number of enabled data channels. 
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The first word transmitted loads from the first enabled channel FIFO; the second word transmitted loads from the second enabled 
channel FIFO. This loading continues until the end of the frame.

Combining FIFOs for receive data channels enables one data channel to use the FIFOs of all enabled channel FIFOs. In this case, 
the received data from channel 0 is stored in each enabled data channel. The receive shift register for all enabled data channels 
are stored after every Nth unmasked word, where N is the number of enabled data channels. The first word received stores to the 
first enabled channel FIFO; the second word received stores to the second enabled channel FIFO. This storage continues until 
the end of the frame.

 
The first word in each frame always stores to the first enabled data channel. NXP recommends that the number of 
unmasked words in each frame be evenly divisible by the number of enabled data channels.

  NOTE  

Combining FIFOs for data channels loads or stores each channel FIFO at the same time. As a result, FIFO error conditions are 
only checked every Nth word, where N is the number of enabled data channels. If any enabled data channel meets the warning 
flag or request flag conditions, the FIFO warning and request flags assert.

55.4.5 Word mask register
The SAI transmitter and receiver each have a word mask register (Transmit Mask (TMR) and Receive Mask (RMR)) that you can 
use to mask any word in the frame. The word mask register is double buffered. You can update it before the end of each frame 
to mask a particular word in the next frame.

TMR causes the Transmit Data pin to be 3-stated for the length of each selected word and the transmit FIFO is not read for 
masked words.

RMR causes the received data for each selected word to be discarded and not written to the receive FIFO.

55.4.6 Timestamp Counter
The transmitter and receiver implement separate timestamp counters and bit counters. The bit counter increments at the end of 
each bit in a frame whenever the transmitter or receiver is enabled. The bit counter continues to increment if a word is masked or 
a FIFO underrun or overrun condition occurs, but does not increment if an external frame sync is configured and no frame sync 
is detected. The bit counter can be reset by software, due to synchronization delays it can take up to 3 bit clock cycles for the bit 
clock counter to continue incrementing after a bit counter reset.

The timestamp counter increments on the bus interface clock whenever it is enabled, but can be configured to synchronize to 
the bit counter by waiting for the bit counter to increment first (if configured, this synchronization is performed whenever the time 
counter is reset). The current value of the timestamp counter is latched whenever the bit counter increments. Reading the bit 
counter register will cause the latched timestamp value to be saved in the bit counter timestamp register. The timestamp counter 
can be reset by software, this also resets the latched timestamp value and the bit counter timestamp register.

The timestamp counter and bit counter can be used by software to track the progress of the transmitter and receiver. It can also 
be used to calculate the relative frequency of the bit clock against the bus interface clock.

55.4.7 Clocking
SAI clocks include:

• Audio master clock

• Bit clock

• Bus clock

55.4.7.1 Audio master clock

The audio master clock generates the bit clock when the receiver or transmitter is configured for an internally generated bit clock. 
The transmitter and receiver can independently select between the bus clock and up to three audio master clocks to generate the 
bit clock.
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The audio master clock generation and selection is chip-specific. See chip-specific clocking information about how the audio 
master clocks are generated.

55.4.7.2 Bit clock

The SAI transmitter and receiver support asynchronous free-running bit clocks that can be generated internally from an audio 
master clock or supplied externally. There is also the option for synchronous bit clock and frame sync operation between the 
receiver and transmitter or between multiple SAI peripherals.

• If both transmitter and receiver are configured for asynchronous operation, the transmitter and receiver each use their own 
bit clock and frame sync.

• If the transmitter is configured for asynchronous operation and the receiver is configured for synchronous operation, both use 
the transmitter bit clock and frame sync.

• If the receiver is configured for asynchronous operation and the transmitter is configured for synchronous operation, both use 
the receiver bit clock and frame sync.

The software configures synchronous or asynchronous operation, and that choice selects the bit clock and frame sync used.

Externally generated bit clocks must be:

• Enabled before the SAI transmitter or receiver is enabled.

• Disabled after the SAI transmitter or receiver is disabled and completes its current frames.

In asynchronous operation, an SAI transmitter or receiver may use a bit clock externally generated by an SAI that is disabled 
in Stop mode. In this case, software should disable the transmitter or receiver before entering Stop mode. This issue does 
not apply when the transmitter or receiver is in synchronous operation because all synchronous SAI modules are enabled and 
disabled simultaneously.

55.4.7.3 Bus clock

The bus clock is used by the control and configuration registers and to generate synchronous interrupts and DMA requests.

 
Although no minimum bus clock frequency is specified, the frequency must be fast enough (relative to the bit clock 
frequency) to serve the FIFOs. This requirement must be met without generating a transmitter FIFO underrun or 
receiver FIFO overflow condition.

  NOTE  

55.4.8 Reset
SAI is asynchronously reset on system reset. SAI has a Software reset and a FIFO reset.

55.4.8.1 Software reset

The SAI transmitter includes a software reset that resets all transmitter internal logic, including the bit clock generation, status 
flags, and FIFO pointers. The SAI receiver includes a software reset that resets all receiver internal logic, including the bit clock 
generation, status flags, and FIFO pointers.

These software resets do not reset the configuration registers. The software resets remain asserted until cleared by software.

55.4.8.2 FIFO reset

The SAI transmitter includes a FIFO reset that synchronizes the FIFO write pointer to the value of the FIFO read pointer. This FIFO 
reset empties the FIFO contents and is used after TCSR[FEF] becomes 1, and before the FIFO is reinitialized and TCSR[FEF] 
becomes 0. The FIFO reset is asserted for one cycle only.

The SAI transmitter can also reset the FIFO of individual data channels by writing 1 to the appropriate TCR3[CFR] bit. Use only 
when the corresponding TCR3[TCE] bit is 0.
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The SAI receiver includes a FIFO reset that synchronizes the FIFO read pointer to the value of the FIFO write pointer. This FIFO 
reset empties the FIFO contents. Use after the RCSR[FEF] becomes 1 and any remaining data has been read from the FIFO, and 
before RCSR[FEF] becomes 0. The FIFO reset is asserted for one cycle only.

The SAI receiver can also reset the FIFO of individual data channels by writing 1 to the appropriate RCR3[RCE] bit. Use this reset 
only when the corresponding RCR3[RCE] bit is 0.

55.4.9 Interrupts and DMA requests
In SAI, the transmitter and receiver generate separate interrupts and separate DMA requests, but use the same status flags. SAI 
generates asynchronous versions of the transmitter and receiver interrupts to wake up the CPU from Stop mode. Asynchronous 
interrupts are only generated when the system clock is gated but the corresponding BCLK is active.

55.4.9.1 FIFO request flag

The transmit FIFO request flag (TCSR[FRF]) becomes 1 when the number of entries in any enabled transmit FIFO is less than 
or equal to the transmit FIFO watermark configuration (TCR1[TFW]). This flag becomes 0 when the number of entries in each 
enabled transmit FIFO is greater than the transmit FIFO watermark configuration.

The receive FIFO request flag (RCSR[FRF]) becomes 1 when the number of entries in any enabled receive FIFO is greater than 
the receive FIFO watermark configuration (RCR1[RFW]). This flag becomes 0 when the number of entries in each enabled receive 
FIFO is less than or equal to the receive FIFO watermark configuration.

The FIFO request flag can generate an interrupt (TCSR[FRIE] = 1) or a DMA request (TCSR[FRDE] = 1).

55.4.9.2 FIFO warning flag

The transmit FIFO warning flag (TCSR[FWF]) becomes 1 when the number of entries in any of the enabled transmit FIFOs is 
empty. This flag becomes 0 when the number of entries in each enabled transmit FIFO is not empty.

The receive FIFO warning flag (RCSR[FWF]) becomes 1 when the number of entries in any of the enabled receive FIFOs is full. 
This flag becomes 0 when the number of entries in each enabled receive FIFO is not full.

The FIFO warning flag can generate an interrupt (TCSR[FWIE] = 1) or a DMA request (TCSR[FWDE] = 1).

55.4.9.3 FIFO error flag

The Transmit FIFO Error Flag (TCSR[FEF]) becomes 1 when any of the enabled transmit FIFOs underrun. After the error flag 
becomes 1, all enabled transmit channels transmit zero data before TCSR[FEF] becomes 0.

When FIFO Continue on Error is enabled (TCR4[FCONT] = 1), the FIFO continues transmitting data following an underrun without 
software intervention. To ensure that data transmits in the correct order, the transmitter continues from the same word number 
in the frame that caused the FIFO to underrun. It continues only after new data writes to the transmit FIFO. Software should still 
write 0 to the TCSR[FEF] flag, but without reinitializing the transmit FIFOs.

The Receive FIFO Error Flag (RCSR[FEF]) becomes 1 when any enabled receive FIFO overflows. After the flag becomes 1, all 
enabled receive channels discard received data until RCSR[FEF] becomes 0 and the next receive frame starts. Empty all enabled 
receive FIFOs before RCSR[FEF] becomes 0.

When Receive FIFO Continue on Error is enabled (RCR4[FCONT] = 1), the FIFO continues receiving data following an overflow 
without software intervention. To ensure that data is received in the correct order, the receiver continues from the same word 
number in the frame that caused the FIFO to overflow. It continues only after data has been read from the receive FIFO. Software 
should still write 0 to the RCSR[FEF] flag, but without emptying the receive FIFOs.

The FIFO Error Flag can generate only an interrupt.

55.4.9.4 Sync error flag

The Sync Error Flag (TCSR[SEF] or RCSR[SEF]) becomes 1 when both of these conditions are true:

• The frame sync is generated externally.
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• The external frame sync asserts when the transmitter or receiver is busy with the previous frame.

The external frame sync assertion is ignored and the Sync Error Flag becomes 1. When the Sync Error Flag becomes 1, the 
transmitter or receiver continues checking for frame sync assertion when idle or at the end of each frame.

The Sync Error Flag can only generate an interrupt.

55.4.9.5 Word start flag

The Word Start Flag (TCSR[WSF]) becomes 1 at the start of the second bit-clock cycle for the selected word. This word is selected 
via the Word Flag Configuration field (TCR3[WDFL]).

The Word Start Flag can generate an interrupt only.

55.5 External signals

Name Function I/O

TX_BCLK Transmit Bit Clock. The bit clock is an input 
when externally generated and an output when 
internally generated.

I/O

TX_SYNC Transmit Frame Sync. The frame sync is an 
input sampled synchronously by the bit clock 
when externally generated. It is an output 
generated synchronously by the bit clock when 
internally generated.

I/O

TX_DATA[1:0] Transmit Data. The transmit data is generated 
synchronously by the bit clock and is 3-stated 
whenever not transmitting a word.

O

RX_BCLK Receive Bit Clock. The bit clock is an input 
when externally generated and an output when 
internally generated.

I/O

RX_SYNC Receive Frame Sync. The frame sync is an input 
sampled synchronously by the bit clock when 
externally generated. It is an output generated 
synchronously by the bit clock when internally 
generated.

I/O

RX_DATA[1:0] Receive Data. The receive data is sampled 
synchronously by the bit clock.

I

55.6 Initialization
To initialize the SAI:

• Enable the clock to SAI.

• Reset the internal transmitter logic and receiver logic by TCSR[SR] and RCSR[SR].
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Chapter 56
PDM Microphone Interface (MICFIL)
56.1 Chip-specific PDM Microphone Interface (MICFIL) information
Table 507. Reference links to related information

Topic Related module Reference

Full description PDM PDM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

56.1.1 Module instances
This device has one instance of the PDM Microphone Interface module.

 
This module is also known as MICFIL, so PDM and MICFIL are used interchangably throughout the document.

  NOTE  

56.2 Overview
MICFIL delivers audio from microphones to the processor in several applications, such as mobile telephones. As current digital 
audio systems use a multi-bit audio signal (also known as multi-bit PCM) to represent the signal, this module implements the 
required digital interface (a series of filters) to transform a pulse density modulated (PDM) microphone bitstream into a 24-bit PCM 
signal in the audio band, at a configurable output sampling rate.

The implementation of this digital interface is based on the application of digital signal processing techniques used in hardware. 
The MICFIL architecture is designed to save gate count and minimize power consumption.

You can implement MICFIL to work in a multi-channel mode. All channels have the same configuration, but you could 
independently turn on or turn off each input channel.
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56.2.1 Block diagram
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Figure 357. MICFIL block diagram

56.2.2 Features
• Decimation filters:

— Fixed-point filtering

— 24-bit PCM audio output

— Internal clock divider for a programmable PDM clock generation: clock divider bypass capability for low-frequency 
operations 

— Frame synchronization

— Full or partial set of channel operations with individual enable controls

— Programmable decimation rate

— Programmable DC remover at output

— Range adjustment capability

• FIFOs with interrupt and DMA capability: each FIFO having a length of 8 entries
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• HWVAD, equipped with:

— Interrupt capability

— Zero-Crossing Detection (ZCD) option

56.3 Functional description

56.3.1 Time generator
The time generator unit:

• Generates the PDM_CLK to microphones. This clock is the same and is active for all the PDM microphones, which means, 
it is not possible to turn off the PDM_CLK only for one single microphone.

• Delivers the PDM_CLK to all microphones that must operate at the same clock frequency. Each input interface receives a time 
multiplexed PDM bitstream from two PDM microphones and it separates audio information in two channels: left (0) and right 
(1). Every decimation filter, corresponding to its channel, does this processing.

There exists an internal clock divider (see CTRL_2[CLKDIV]) within the time generator that is enabled when CTRL_2[CLKDIVDIS] 
= 0; otherwise, the application clock directly drives the microphones.

 
A soft reset affects the time generator unit (see CTRL_1[SRES]). The PDM_CLK starts with a rising edge after a 
soft reset is issued.

  NOTE  

56.3.1.1 Clock divider

The sampling rate of the microphone input depends on the PDM_CLK rate, which you can trim using an internal clock divider, 
configuring the quality mode (see Quality modes) or trimming the MICFIL's root clock frequency (MICFIL_CLK_ROOT rate).

In case the clock divider is enabled, CTRL_2[CLKDIV] defines the internal clock divider frequency. You must configure 
CTRL_2[CLKDIV] by using Equation 21.

CLKDIV =
8 × OSR × (output rate)

MICFIL_CLK_ROOT rate

Equation 21. CLKDIV value calculation

After calculating the value of CTRL_2[CLKDIV], you can estimate the generated PDM_CLK rate based on Equation 22, where the 
"K" factor value depends on the quality mode shown in Table 508 and floor(x) is the function that takes a real number x as input 
and gives the greatest integer less than or equal to x as output.

PDM_CLK rate =
2 × floor(K × CLKDIV)
MICFIL_CLK_ROOT

Equation 22. PDM_CLK rate calculation

Table 508. K factor value

Quality mode K factor

High Quality 1/2

Medium Quality, Very-Low Quality 0 1

Low Quality, Very-Low Quality 1 2

Very-Low Quality 2 4
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56.3.1.2 I/O timing requirements

The PDM microphones must meet the setup and hold timing requirements shown in Table 509 and Figure 358. The "K" factor value 
in Table 509 depends on the quality mode you select based on Table 508.

 
These timing requirements apply only if the clock divider functionality is enabled (see CTRL_2[CLKDIV]) with 
(CTRL_2[CLKDIVDIS] = 0); otherwise, there are no special timing requirements.

  NOTE  

High
impedance

Left
data

Left
data

Right
data

trs

trh tfh

tfs

PDM_DATA n

PDM_CLK

Right
data

High
impedance

High
impedance

Figure 358. I/O timing requirements

Table 509. Timing parameters

Parameter Value

trs, tfs
≤

floor(K x CLKDIV) − 1
MICFIL_CLK_ROOT rate

Depending on the value of "K," you must ensure that "floor(K x 
CTRL_2[CLKDIV])" > 1 to avoid timing problems.

trh, tfh ≥ 0

56.3.2 Input interface
Figure 359 shows the timing diagram of the input interface signals when the clock divider is enabled. The bitstream incoming from 
the microphone data input "n" (PDM_DATAn) in the first half (right microphone) of the PDM_CLK is directed to channel "2n+1" and 
the data generated during the last half (left microphone) is directed to channel "2n".

RIGHT_A LEFT_B RIGHT_C LEFT_D RIGHT_E LEFT_F RIGHT_G

RIGHT_A RIGHT_C RIGHT_E RIGHT_G

LEFT_B LEFT_D LEFT_F LEFT_H

LEFT_H RIGHT_I LEFT_J

mic. delay

PDM_CLK

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

PDM_DATA n

Channel 2n + 1 (right)

Channel 2n (left)

Figure 359. Input interface signals (CTRL_2[CLKDIVDIS] = 0)
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56.3.3 Decimation filter
A decimation filter facilitates PDM to PCM conversion.

Figure 360 shows the block diagram of the decimation filter. The block consists of:

• A cascade integrator comb (CIC) filter, which is a low-pass filter that you commonly use to filter sigma-delta modulator 
output signals. The filter is implemented in the audio band (20 Hz–20.0 kHz @48 kHz output sampling rate by default) with 
a configurable decimation rate. You can implement it using a series of CIC, compensation, and DC remover filters.

• A DC remover, which is a high-pass filter that you use to remove the DC component of the processed signal with a 
configurable cut-off frequency. Two DC removers exist: one in the input of the decimation filter, embedded in the CIC filter, 
and another in the last stage of the decimation filter.

• Two compensation filters for each channel, which implement a low-pass digital filter with decimation by 2. You can use 
them to compensate the high CIC drop in passband. These filters help the FIR filter block to flatten the overall passband 
response.

You activate the "Sampler" block depending on the quality mode selected (using CTRL_2[QSEL]). In Low-Quality and Very-Low-
Quality 2 modes, the sampling rate is doubled.

The decimation filter output depends on the quality mode that you select by using CTRL[QSEL], based on different compensation 
filter output. You can supply the DC remover with the 2 FS signal, instead of the 1 FS signal, to achieve lower-power consumption, 
bypassing the second compensation decimation filter. The second compensation filter is bypassed when CTRL_2[QSEL] = 110b, 
101b, or 100b (in Very-Low Quality modes).

You can adjust the range of each decimation filter by using a range adjustment block so that you can raise an error interrupt in 
case an adjustment overflow or underflow is detected.

The output of a decimation filter is stored into a FIFO buffer, and each FIFO is mapped to MICFIL Output Result (DATACH0 - 
DATACH7). It is possible to generate either an interrupt or a DMA request when, in each FIFO of all enabled channels, the number 
of data stored surpasses a configured watermark.

Also, independently on decimation filters, there is a Hardware Voice Activity Detector (HWVAD) which implements voice-detection 
algorithms to generate wake-up interrupts. See Hardware voice activity detector.

Sampler
interpolated

by 2

CIC
filter

DC
remover To FIFO

Compensation
filter

decimated
by 2

Compensation
filter

decimated
by 2

CTRL_2[CICOSR]

DC_CTRL[DCCONFIGn]

4FS (see note) 4FS

RANGE_CTRL[RANGEADJn]

Decimation filter

DC_OUT_CTRL[DCCONFIGn]

Range
adjustment

Input
interface

Time
generation

CTRL_1[CHnEN]

PDM
microphone

PDM_DATA n

PDM_CLK

Note: Throughout this diagram, nFS means n× the last-stage output rate (FS).

CTRL_2[CLKDIV]

CTRL_2[QSEL]

2FS FS
0

1

Figure 360. Decimation filter block diagram

56.3.3.1 CIC filter

The CIC filter is an optimized implementation of the low-pass SINC filter, with multiple stages. It is widely used because it requires 
just adders and subtracters. The CIC filter comprises an integrator and a comb as its sub-blocks. As shown in the following figure, 
CTRL_2[CICOSR] and the quality mode you select (see Quality modes) define the CIC decimation rate.

OSR = 16 - CICOSR
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CIC decimation rate =
2 × OSR ; If HQ, VLQ0

; othersOSR

Equation 23. CIC decimation rate

56.3.3.2 DC remover

Two DC removers exist in the filter chain, one in the input and another in the output. The former is integrated in the CIC filter, and 
the latter is placed just before the FIFO. Both can be bypassed independently.

The DC remover eliminates the DC level component of the signal using a high-pass filter with a very low cut-off frequency that you 
select using DC_CTRL[DCCONFIGn]. This filter is bypassed when the value of this field is 11b.

 
See PARAM[DC_OUT_BYPASS] and PARAM[DC_BYPASS] to know whether one of the DC removers is 
permanently disabled in the chip.

  NOTE  

56.3.3.3 Compensation filters

A compensation filter divides the baseband signal into two equal subbands before it could to be decimated by 2. It also 
compensates the CIC filter drop in passband and helps to flatten the overall passband response. MICFIL includes two 
compensation filter stages, with the possibility of bypassing the last one.

56.3.3.4 Filter performance

56.3.3.4.1 Overall filter gain

As shown in Equation 24, the overall filter gain depends on:

• The quality mode you select (see Quality modes).

• The CIC decimation rate (see Equation 23).

• Dynamic range adjustment of the CIC filter (see RANGE_CTRL[RANGEADJn]).

 
To get a better audio performance, you must configure and adjust RANGE_CTRL[RANGEADJn] depending on the 
quality mode selected, as pointed out in the register description.

  NOTE  

Overall filter gain (dB) =
100 × log10 (32 - 2 × CICOSR) + 6.02 × RANGE_CTRL[RANGEADJ ; if QSEL

; others

[HQ,VLQ0]

100 × log10 (16 - CICOSR) + 6.02 × RANGE_CTRL[RANGEADJ

] - 150.50n

] - 150.50n

Equation 24. Overall filter gain

Finally, the input and output dBFS levels relate to each other, as shown in Equation 25.

Output (dBFS) = input (dBFS) + overall filter gain (dB) 

Equation 25. Filter input and output relationship

56.3.3.4.2 Overall passband

The decimation filter passband depends on the quality mode and output rate (FS). For instance, the overall filter passband for 
different output data rates when MICFIL is in High (HQ), Medium (MQ), and Low-Quality (LQ) modes is shown in Table 510.
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Table 510. Filter passband in HQ, MQ, and LQ modes (DC_CTRL[DCCONFIGn] = 0)

Output data rate Overall filter passband

FS 0.0004FS - 0.4167FS

16 kHz 6.67 Hz - 6.67 kHz

48 kHz 20 Hz - 20 kHz

The overall filter passband for different output data rates when MICFIL is in Very-Low Quality (VLQ) modes is shown in Table 511.

Table 511. Filter passband in VLQn modes (DC_CTRL[DCCONFIGn] = 0)

Output data rate Overall filter passband

FS 0.0002FS - 0.2083FS

16 kHz 3.33 Hz - 3.33 kHz

48 kHz 10.00 Hz - 10.00 kHz

96 kHz 20 Hz - 20 kHz

56.3.3.5 Frame synchronization

If CTRL_1[FSYNCEN] = 1, MICFIL sends data to FIFOs in frame size defined by FSYNC[FSYNCLEN]. In this way, if a channel 
is enabled while MICFIL is running (CTRL_1[PDMIEN] = 1), MICFIL starts sending data to its respective FIFO after the current 
frame is sent completely. However, if the channel is disabled, MICFIL stops sending data immediately, even if the act of sending 
frames is incomplete.

CTRL_1[PDMIEN]

CTRL_1[FSYNCEN]

Frame size = 8
(FSYNC_CTRL[FSYNCLEN] = 7)

CTRL_1[CH0EN]

DATACH0

CTRL_1[CH2EN]

DATACH2

Figure 361. Frame synchronization example

56.3.3.6 Quality modes

If the decimation filter is running independently on the selected power mode, MICFIL can operate in multiple different quality 
modes that you can select by using CTRL_2[QSEL]. The decimation and interpolation rates in internal blocks are shown in Table 
512, where the oversampling rate (OSR) depends on the value of CTRL_2[CICOSR], as shown in the following equation.

OSR = 16 - CICOSR

Equation 26. OSR
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You can configure the selected quality dynamically when the decimation filter is running; the output rate is maintained in every 
quality selected.

The passband of the decimation filter depends on the quality mode (see Overall passband).

To maintain the same output rate in the decimation filter when the quality is changed, the PDM_CLK rate changes depending on 
the quality selected. For more on PDM_CLK, see Time generator.

You can enable or disable the sampler and compensation filters according to the selected quality. When they are disabled, you 
can achieve a low-power consumption. The selected quality also determines whether the CIC filter decimation rate is doubled. For 
more, see Decimation filter.

With an increase of the clock rate and OSR, you can expect a better signal-to-noise ratio (SNR) performance, which in turn leads 
to a higher audio quality.

Table 512. Quality modes

Quality mode CTRL_2[QSE
L]

Sampler 
interpolation

CIC filter 
decimation

First-
compensation 

filter 
decimation

Second-
compensation 

filter 
decimation

PDM_CLK 
rate

Passband

High Quality 001 — :(2OSR) :2 :2 Output rate × 
8 × OSR

To ~0.5 × 
output rate

Medium 
Quality 000 — :OSR :2 :2 Output rate × 

4 × OSR
To ~0.5 × 
output rate

Low Quality 111 × 2 :OSR :2 :2 Output rate × 
2 × OSR

To ~0.5 × 
output rate

Very-Low 
Quality 0 110 — :(2OSR) :2 — Output rate × 

4 × OSR
To ~0.25 × 
output rate

Very-Low 
Quality 1 101 — :OSR :2 — Output rate × 

2 × OSR
To ~0.25 × 
output rate

Very-Low 
Quality 2 100 × 2 :OSR :2 — Output rate × 

OSR
To ~0.25 × 
output rate

56.3.3.7 Output rate

The output rate is the sampling rate at the decimation filter output. It depends on the sampling rate of the microphone input and the 
configured quality mode (see Quality modes). Common audio sampling rates are 48 kHz and 16 kHz. In this chapter, the output 
rate is sometimes referred to as FS.

56.3.4 Hardware voice activity detector
The Hardware Voice Activity Detector (HWVAD) is a block responsible for detect voice activity in a channel selected by the user 
as shown in the Figure 362 and Figure 363. The HWVAD takes data from the input of a selected PDM microphone to detect if 
there is any voice activity. If a voice activity is detected, an interrupt could be delivered to the system. It can be configured in 
Envelope-based or Energy-based mode and it should be configured as described in Initialization.
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Figure 362. HWVAD block diagram

The HWVAD can divide the incoming PCM signal from its internal CIC in frames, the frame energy is used to estimate the 
background noise. Both frame energy and noise energy are examined, a voice activity is detected when a specific delta between 
them is detected, then a interrupt will be issued. Optionally a Zero-Crossing Detection block (ZCD) could be enabled to avoid low 
energy voiced speech be missed, improving the voice detection performance.

The HWVAD detector can be enabled by the VADEN bit (VAD_CTRL_1 register) and could be reset by software through the 
VADRST bit (VAD_CTRL_1 register) . It is important to remark that the HWVAD detector could be enabled and/or reset only when 
the MICFIL isn't running i.e. when the BSY_FIL bit in STAT register is cleared.

To perform voice detection a Noise Filter and Signal Filter are used as shown Figure 363. In addition, a minimum block in the output 
of the Noise Filter and a maximum block in the output of the Signal Filter can be used. The result of both blocks can be scaled by 
gain blocks. Finally, the signal and noise estimated are compared, voice is detected when signal is greater than noise.
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Figure 363. HWVAD block diagram (continued)

56.3.4.1 Input setting

The HWVAD input has internally a user configurable High-Pass filter (see VADHPF bit description) and a user configurable gain 
(see VADINPGAIN). Both controls could be used to configure the module based on external noise conditions.
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56.3.4.2 Frame time setting

In order to perform voice detection the signal frames incoming from the CIC filter can be divided in frames whose duration can 
be configured. The frame time will depend on the CIC output rate, the value of VADFRAMET and a constant as is defined in 
Equation 27.

frame time =
VADFRAMET × 192
CIC output rate

Equation 27. Frame time

For instance, in the typical case of the CIC filter output rate would be 192 kHz, the frame time would be 10 ms when VADFRAMET 
is 10.

56.3.4.3 Initialization time

An initialization time can be configured by the VADINITT field. During this initialization time no voice detection event is issued, all 
detectors are kept disabled.

For instance, in case that frame time is 10ms and VADINITT = 10, the initialization time would be 110ms.

initialization time = (VADINITT+1) × frame time

Equation 28. Initialization time

56.3.4.4 Energy calculation

In case VADFRENDIS = 0, the sum of the absolute values of all the samples of each frame are used to detect voice. Otherwise, 
if VADFRENDIS = 1, the absolute value of the samples are used to detect voice i.e. the data incoming from CIC is not divided 
in frames.

56.3.4.5 Pre-filter

The Pre-Filter block is a low-pass filter which can be enabled when VADPREFEN = 1.

56.3.4.6 Energy/Envelope-based detector

To perform voice detection a Noise Filter and Signal Filter are used as shown Figure 363. In addition, a minimum block in the output 
of the Noise Filter and a maximum block in the output of the Signal Filter can be used. The result of both blocks can be scaled by 
gain blocks. Finally, the signal and noise estimated are compared, voice is detected when signal is greater than noise.

56.3.4.6.1 Noise filter

The Noise Filter is a low-pass filter . This filter could be adjusted by the VADNFILADJ field . In case VADNFILAUTO = 1 the noise 
filter is enabled only when voice is not detected, when voice is detected the filter output does not change. In case VADNFILAUTO 
= 0 the filter is always enabled. 

A decimation stage in the input of the Noise Filter can be enabled by the VADNDECEN field.

56.3.4.6.2 Minimum noise

In order to estimate the noise, a block which calculates the minimum value between the input and output of the noise filter is used. 
This block can be enabled by VADNMINEN, otherwise the output of the noise filter is passed directly.

The estimated noise of the output of this block is stored in the VADNDATA register for post-processing via software.

56.3.4.6.3 Signal filter

The Signal Filter is a low-pass filter . This filter will be enabled when VADSFILEN=1, otherwise the filter will be bypassed.
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56.3.4.6.4 Maximum signal

In order to estimate the signal, a block which calculates the maximum value between the input and output of the signal filter can 
be used. This block can be enabled by VADSMAXEN.

56.3.4.6.5 Filter result gain setting

There are two gain adjustment controls, one for the estimated noise (VADNGAIN) and another for signal estimated (VADSGAIN). 
Both gain adjustments outputs are compared, the comparison result determines whether or not there is voice in the channel.

56.3.4.7 Zero-crossing detector

Optionally, the HWVAD performance can be increased by the use of a Zero-Crossing Detection (ZCD) circuit. It is enabled by a 
VADZCDEN bit.

The threshold of the ZCD could be static or calculated dynamically depending on the VADZCDAUTO bit. When it is dynamically 
determined (VADZCDAUTO = 1) the threshold is calculated automatically taking VADZCDTH as initial value, otherwise 
(VADZCDAUTO = 0) the threshold is static in the VADZCDTH user configurable value.

You can use AND or OR to combine the ZCD result with the energy-based or envelope-based detection, it is selected by the 
VADZCDAND bit. The filter coefficient is equal to (VADZCDADJ + 1) × 2-4.

56.3.4.8 Interrupt

The HWVAD issues an interrupt when voice activity is detected and the VADIE bit in the VAD_CTRL_1 register is enabled. The 
voice activity event also will set the VADIF flag in the VAD_STAT register, this bit will be cleared when it is written 1.

56.3.4.9 Extended operation

The VADIF bit could be used for a HWVAD extended operation i.e. using the VADNDATA value to determine a more accurate 
voice detection event by software. The procedure to follow will be:

1. An interrupt is issued by the HWVAD, the VADIF is set.

2. Leave the VADIF asserted while software is processing the VADNDATA field content.

3. When software finishes to process the VADNDATA and detects voice activity:

• If Envelope-based Detection is used, pulse VADST10 by more than 2-cycles and clear VADIF flag.

• If Energy-based Detection is used, clear VADIF flag.

56.3.4.10 VAD soft-reset

The VAD soft-reset is requested by writing 1 to the VADRST bit. It resets the following blocks and/or registers:

• VADIF, VADINSATF fields.

• All internal VAD buffers.

56.3.5 Bus interface
The bus interface manages DMA transactions, interrupt requests, and user register interface with the chip.

MICFIL can deliver an interrupt request or DMA request. Then, the chip or DMA, respectively, could access the filter results stored 
in FIFOs via the internal bus interface.

For detailed information on DMA transactions and interrupt requests, see DMA and Interrupts.

56.3.5.1 FIFO

This is the first-in, first-out (FIFO) buffer that saves the overall filtering results. The length of each FIFO is 8 entries, and there 
exists one FIFO for each channel. A push writes data into the FIFO, and a read pops data from FIFO. The push and pop operations 
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from FIFO are in different clock domains. The push operation uses the MICFIL clock while the pop operation uses the CPU clock. 
The FIFO has a configurable watermark (see FIFO_CTRL[FIFOWMK]). When the amount of data in all FIFOs of the enabled 
channels is greater than the watermark value (FIFO_CTRL[FIFOWMK]), a DMA or IRQ is requested, depending on the value of 
CTRL_1[DISEL]. After CTRL_1[PDMIEN] enables the filters, the initial FIR results are discarded and not written into the FIFOs. 
Approximately 68 initial FIR results are not stored in FIFOs. After the filter generates valid data, the results are pushed into 
the FIFO.

A new filtered result is discarded (not stored) when the FIFO is full and CTRL_1[FIFOOVFn] becomes 1. Similarly, when trying 
a pop operation, if the FIFO is empty, no valid data is read and CTRL_1[FIFOUNDn] becomes 1. In both cases, when overflow 
or underflow occurs, they are flagged in MICFIL FIFO Status (FIFO_STAT) to the respective channel, and an error interrupt is 
generated if CTRL_1[ERREN] is 1.

When you reset the FIFO by writing 1 to CTRL_1[SRES], zero values fill all FIFO positions, as well as push and pop pointers are 
set to their initial positions.

56.3.6 Modes of operation
This section describes the MICFIL operation modes that depend on:

• The chip's power mode.

• The chip's Doze mode.

• The chip's Debug mode.

• The configuration of CTRL_1[MDIS], CTRL_1[DBGE], CTRL_1[DBG],and CTRL_1[DOZEN], as summarized in the 
following table.

Table 513. Mode selection

Related chip modes 
and register fields

Modes of operation

Normal Debug Low-Power Disable/Low-Leakage (DLL)

CTRL_1[MDIS] 0 0 0 0 1

Doze | 
CTRL_1[DOZEN] = 1 0 0 0 0 1 Any

Power mode RUN RUN STOP STOP Any

CTRL_1[DOZEN] Any Any 0 1 Any

CTRL_1[DECFILS] Any Any 1 0 Any

Debug | CTRL_1[DBG] 0 1 Any Any

CTRL_1[DBGE] Any 1 0 Any Any

MICFIL internal clock Enabled Enabled Enabled Gated

Decimation Filter state Run1 Run1 Stop Run1 Stop Stop

HWVAD[n] state Run2 Run2 Stop Run2 Stop

1. Depends on the configuration of CTRL_1[PDMIEN] and CTRL_1[CHnEN].
2. Depends on the configuration of CTRL_1[PDMIEN] and CTRL_1[VADEN].

56.3.6.1 Normal mode

This is the default operational mode for MICFIL. In this mode, you can enable the channel functionality to perform the 
filtering operation.
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56.3.6.2 Debug mode

You could use this mode to check the status of the module, when requested. In this mode, you can stop MICFIL after the remaining 
data processing is complete, depending on the value of CTRL_1[DBGE]. You can activate this mode by writing 1 to CTRL_1[DBG].

If CTRL_1[DBGE] = 0, and CTRL_1[DBG] = 1 when MICFIL is running, MICFIL stops after processing the remaining data. 
Otherwise, if DBGE = 1, MICFIL continues to run.

MICFIL cannot enter Debug mode after entering DLL or Low-Power mode.

The Debug mode affects all channels in MICFIL. Access to output buffers, as well as their related flags, remains operational.

56.3.6.3 Low-Power mode

MICFIL enters Low-Power mode when the chip enters STOP mode and CTRL_1[DOZEN] = 0. In Low-Power mode, MICFIL is 
able to filter the PDM microphone data and perform voice detection such as in Normal mode, and can generate a wake-up event 
through asynchronous DM or IRQ requests, depending on the values of CTRL_1[CHnEN], VADEN, and CTRL_1[PDMIEN].

After MICFIL enters Low-Power mode:

• If CTRL_1[DECFILS] = 1, the chip's Stop mode is acknowledged immediately and the decimation filter keeps running.

• If CTRL_1[DECFILS] = 0, the decimation filter processes the last input sample. After that, the chip's Stop mode is 
acknowledged and the filter is stopped from running.

During this mode, VADEN will continue running if it was previously enabled (VADEN=1) during Normal mode.

You can generate DMA and IRQ requests asynchronously to wake up the CPU.

 
The asynchronous DMA or interrupt requests are generated only in this mode.

  NOTE  

56.3.6.4 DLL mode

In this mode, MICFIL stops after the remaining data processing is complete. MICFIL is in DLL mode when:

• The chip is in STOP mode and CTRL_1[DOZEN] = 1.

• The chip is in Doze mode and CTRL_1[DOZEN] = 1.

• CTRL_1[MDIS] = 1.

If you request DLL mode when MICFIL is running, MICFIL stops after completion to process the remaining data.

You can write only to CTRL_1 and CTRL_2, with the exception of writes to CTRL_1[DBG] and CTRL_1[SRES], which are ignored. 
However, you can still read these fields.

56.3.7 Clocking

Table 514. MICFIL clocks

Clock name Description

MICFIL_CLK, MICFIL_CLK_S Clock that controls the registers

MICFIL_CLK_APP Application clock that operates the filter

Besides the above clock signals, MICFIL generates PDM_CLK for PDM microphones based on MICFIL_CLK_APP frequency and 
the value in CLKDIV.
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56.3.8 Interrupts
If CTRL_1[DISEL] = 10b, an interrupt request indicates that filtering results are stored in the FIFOs to be read by the CPU. In this 
case, you can read the data in DATACHn[DATA], and STAT[CHnF] becomes 1 for the enabled channels when the CHn FIFO 
surpasses the watermark level.

When MICFIL is in Low-Power mode, the CPU clock is disabled, but the MICFIL clock remains enabled. In this case, an 
asynchronous interrupt is delivered to the system. This wakes up the CPU clock, which returns to Normal mode. The system could 
read the FIFO data, after which it must clear STAT[CHnF] to get a new interrupt request.

An error interrupt request can also be generated when an exceptional condition happens, such as an overflow or underflow in a 
channel output, or an overflow or underflow of a FIFO buffer.

CTRL_1[ERREN] enables error interruption and the respective status flag signalizes the type of error:

• OUTOVFn and OUTUNFn for channel outputs errors

• FIFO_STAT[FIFOOVFn] and FIFO_STAT[FIFOUNDn] for FIFO errors

56.3.9 DMA
If CTRL_1[DISEL] = 1, the FIFO stored samples are read through DMA transactions. Then if there is at least one enabled channel 
and all FIFOs of all enabled channels reach their watermark levels, the output interface makes a request for a DMA transaction.

If CTRL_1[PDMIEN] = 1 and the filters start to operate, you must wait until the filter results stabilize and no filter results are stored 
in the FIFOs. Therefore, the first DMA request takes longer to occur than the ones that follow.

STAT[CHnF] becomes 1 after a DMA transaction is complete.

If MICFIL is in Low-Power mode and the watermark level is surpassed, an asynchronous DMA request is delivered to the system. 
Then, the system wakes up the CPU clock, returning to Normal mode to read the FIFO data.

56.4 External signals
Table 515. PDM microphone interface external signals

Signal Description Direction

PDM_DATAn Data bitstream received from the nth PDM microphone 
pair throughout the input interface (see Input interface)

I

PDM_CLK Clock that is delivered to the PDM microphones from the 
clock generator (see Time generator)

O

 
MICFIL does not provide metastability protection or filtering for input data. You must generate the data using the 
provided PDM_CLK.

  NOTE  

56.5 Initialization

56.5.1 Procedure without HWVAD
Perform this procedure for MICFIL initialization without enabling voice activity detector, i.e. (by using only decimation filters):

1. Program CTRL_2[CLKDIV], CTRL_1[CHnEN], FIFO_CTRL[FIFOWMK], CTRL_1[DISEL], CTRL_1[ERREN], and so on, 
as required.

2. Start the module operation by writing 1 to CTRL_1[PDMIEN].

The module is ready to receive data from the input ports of the enabled channels.
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56.5.2 Initialization procedure with HWVAD
In this section is described the initialization procedures to initialize MICFIL with the voice activity detector.

The voice activity detector can work in two modes: Energy-based mode or Envelope-based mode. Optionally, a Zero-Crossing 
Detector can be enabled to improve the voice detection.

The Energy-based method separates the audio signal in frames and estimates the energy of these frames to detect voice activity. 
In the other hand, the Envelope-based method calculates the audio signal envelope to detect voice.

Both methods have the same detection performance, but the Energy-based is recommended for low power applications where is 
expected that the chip is asleep for long periods. Envelope-based detection is recommended for applications where the device 
require to wake faster and it is not asleep for long periods.

The Zero-Crossing Detector is recommended to improve detection with fricatives phonemes (/e.g. /f/ or /s/) in noisy environments.

56.5.2.1 HWVAD in Energy-based mode

The sequence of steps to initialize the voice activity detector in Energy-based mode is as follows:

1. Program the control bitfields as desired for your application (CLKDIV, CHnEN, FIFOWMK, DISEL, ERREN etc.).

2. Configure general HWVAD parameters:

a. CIC oversampling rate (VADCICOSR).

b. Configure the voice source channel (VADCHSEL).

c. Configure the internal initialization timer (VADINITT) if required. More details in Initialization time.

d. Assert VADEN.

3. Configure input, noise and signal gains according to the environmental noise conditions:

a. Configure the input gain (VADINPGAIN).

b. Configure the signal gain (VADSGAIN).

c. Configure the noise gain (VADNGAIN).

4. Enable the high-pass filter if required (VADHPF).

5. Configure the VADNFILADJ field according to environmental noise conditions (VADNFILADJ = 16 is recommended).

6. Put HWVAD in energy-based mode (default values):

a. Keep the VADFRENDIS field cleared.

b. Keep the VADPREFEN field cleared.

c. Keep the VADSFILEN field cleared.

d. Keep the VADSMAXEN field cleared.

e. Keep the VADNFILAUTO field asserted.

f. Keep the VADNMINEN field cleared.

g. Keep the VADNDECEN field cleared.

h. Keep the VADNOREN field cleared.

7. Initialize the Zero-Crossing Detector (Zero-crossing detector initialization) if required.

8. Enable interrupts if required (VADIE and VADERIE).

9. Start the overall module asserting the PDMIEN field.

10. The module is ready to receive data from the input ports of the enabled channels and to trigger interrupts when voice is 
detected.
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Figure 364. Energy-based initialization sequence

56.5.2.2 HWVAD in Envelope-based mode

The sequence of steps to initialize MICIL with the voice activity detector in Envelope-based mode is as follows:

1. Program the control bitfields as desired for your application (CLKDIV, CHnEN, FIFOWMK, DISEL, ERREN etc.).

2. Configure general HWVAD parameters:

a. CIC oversampling rate (VADCICOSR).

b. Configure the voice source channel (VADCHSEL).

c. Configure the internal initialization timer (VADINITT) if required. More details in Initialization time.

d. Assert the VADEN field.

3. Configure input, noise and signal gains according the environment noise conditions:

a. Configure the input gain (VADINPGAIN).

b. Configure the signal gain (VADSGAIN).

c. Configure the noise gain (VADNGAIN).

4. Enable the high-pass filter if required (VADHPF).

5. Put HWVAD in envelope-based mode:

a. Keep VADNFILADJ field cleared.

b. Assert the VADFRENDISfield.

c. Assert the VADPREFEN field.

d. Assert the VADSFILEN field.

e. Assert the VADSMAXEN field.

f. Clear the VADNFILAUTO field.

g. Assert the VADNMINEN field.

h. Assert the VADNDECEN field.

i. Assert the VADNOREN field.

6. Initialize the Zero-Crossing Detector (Zero-crossing detector initialization) if required.

7. Start the overall module asserting the PDMIEN bit.
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8. Wait for VADINITF to be cleared.

9. Write VADST10 field three times.

10. Enable interrupts if required (VADIE and VADERIE).

11. The module is ready to receive data from the input ports of the enabled channels and to trigger interrupts when voice is 
detected.
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Figure 365. Envelope-based initialization sequence

56.5.2.3 Zero-crossing detector initialization

The sequence of steps to initialize the Zero-Crossing Detector in Automatic mode is as follows:

1. Configure VADZCDADJ field.

2. Configure an initial threshold in VADZCDTH field according to the environmental noise conditions if required.

3. Configure VADZCDAND field.

4. Keep VADZCDAUTO field asserted.

5. Assert VADZCDEN field.

The sequence of steps to initialize the Zero-Crossing Detector in Manual mode is as follows:

1. Configure a threshold in VADZCDTH field according to the environmental noise conditions if required.

2. Configure VADZCDAND field.

3. Clear VADZCDAUTO field.

4. Assert VADZCDEN field.

56.6 Application information

56.6.1 Reconfiguration procedure
Perform this procedure to reconfigure MICFIL:

1. Write 0 to CTRL_1[PDMIEN].

2. Wait for STAT[BSY_FIL] to clear.

3. Run a soft-reset cycle.

4. Run an initialization procedure as described in Procedure without HWVAD or Initialization procedure with HWVAD.
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56.7 MICFIL register descriptions
This section provides the memory map and detailed description of all MICFIL registers. Any access to reserved areas can issue 
a slave bus error indication.

You must implement the registers allocated in this memory map for up to 4 pairs of microphones, indicating that 8 channels 
are available.

56.7.1 MICFIL memory map
PDM base address: 2811_1000h

Offset Register Width

(In bits)

Access Reset value

0h MICFIL Control 1 (CTRL_1) 32 RW 8000_0000h

4h MICFIL Control 2 (CTRL_2) 32 RW 0000_0000h

8h MICFIL Status (STAT) 32 RW 0000_0000h

10h MICFIL FIFO Control (FIFO_CTRL) 32 RW 0000_0007h

14h MICFIL FIFO Status (FIFO_STAT) 32 RW 0000_0000h

24h - 40h MICFIL Output Result (DATACH0 - DATACH7) 32 R 0000_0000h

64h MICFIL DC Remover Control (DC_CTRL) 32 R 0000_FFFFh

68h MICFIL Output DC Remover Control (DC_OUT_CTRL) 32 RW 0000_0000h

74h MICFIL Range Control (RANGE_CTRL) 32 RW 0000_0000h

7Ch MICFIL Range Status (RANGE_STAT) 32 RW 0000_0000h

80h Frame Synchronization Control (FSYNC_CTRL) 32 RW 0000_0000h

84h Version ID (VERID) 32 R 020E_0000h

88h Parameter (PARAM) 32 R 010B_0734h

90h Voice Activity Detector 0 Control (VAD0_CTRL_1) 32 RW 0000_0000h

94h Voice Activity Detector 0 Control (VAD0_CTRL_2) 32 RW 000A_0000h

98h Voice Activity Detector 0 Status (VAD0_STAT) 32 RW 8000_0000h

9Ch Voice Activity Detector 0 Signal Configuration (VAD0_SCONFIG) 32 RW 0000_0000h

A0h Voice Activity Detector 0 Noise Configuration (VAD0_NCONFIG) 32 RW 8000_0000h

A4h Voice Activity Detector 0 Noise Data (VAD0_NDATA) 32 R 0000_0000h

A8h Voice Activity Detector 0 Zero-Crossing Detector (VAD0_ZCD) 32 RW 0000_0004h

56.7.2 MICFIL Control 1 (CTRL_1)

Offset

Register Offset

CTRL_1 0h
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Function
Contains control fields for MICFIL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MDIS 

DOZE
N 

PDMIE
N 

DBG 
0

DBGE DISEL 
ERRE

N 

0 DECFI
LS 

0 FSYN
CEN W SRES 

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CH7E
N 

CH6E
N 

CH5E
N 

CH4E
N 

CH3E
N 

CH2E
N 

CH1E
N 

CH0E
N W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

MDIS

Module Disable

Places MICFIL in DLL mode (see DLL mode). The generated PDM_CLK stops, and consequently, the 
microphone generates no data.

 
When this field = 1, only writes to MICFIL Control 1 (CTRL_1) and MICFIL Control 2 
(CTRL_2) are allowed with the exception of writes to CTRL_1[DBG] and CTRL_1[SRES]. A 
slave bus error indication is issued if you write to any other register.

  NOTE  

0b - Normal mode

1b - DLL mode

30

DOZEN

Doze Enable

Enables Doze mode. When the chip is in Doze mode and this field is active, MICFIL enters Stop mode 
(see DLL mode).

0b - Disables

1b - Enables

29

PDMIEN

MICFIL Enable

Starts the module operation. Only the channels that CTRL_1[CHnEN] enables or VAD enabled by 
VADEN start operating. When this field becomes 0, MICFIL stops after it completes the remaining filter 
processing.

 
You must enable this field as the last step when initializing the module (see Initialization).

  NOTE  

0b - Stops MICFIL operation

1b - Starts MICFIL operation

Table continues on the next page...
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Table continued from the previous page...

Field Function

28

DBG

Debug Mode

Specifies the mode (Debug or Normal) that MICFIL operates in.

MICFIL operates in Debug mode, depending on the value of CTRL_1[DBGE]. When Debug mode is 
disabled, MICFIL operates in Normal mode. See Debug mode for more on Debug mode.

 
You can write to this field only when CTRL_1[MDIS] = 0.

  NOTE  

0b - Normal

1b - Debug

27

SRES

Software Reset

Provides the CPU with the capability to initialize MICFIL through the slave-bus interface.

The field always reads 0, and is effective only when CTRL_1[MDIS] = 0. It is a self-clearing field.

 
You must write 1 to this field only when STAT[BSY_FIL] = 0.

  NOTE  

You can use this field to clear data in all filters. It resets the following blocks and registers:

• All internal buffers in decimation filters and voice activity detectors

• All FIFOs

• STAT[CHnF] and MICFIL FIFO Status (FIFO_STAT)

• Time generator

0b - No action

1b - Software reset

26

DBGE

Module Enable in Debug

Enables operation in Debug mode (see Debug mode).

0b - Disables after completing the current frame

1b - Enables operation

25-24

DISEL

DMA Interrupt Selection

Specifies the type of interrupt requests (DMA or filter) that MICFIL performs when the number of FIFO 
elements surpasses the configured watermark. Note that requests are only generated from the channels for 
which CTRL_1[CHnEN] = 1.

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

00b - Disables DMA and interrupt requests

01b - Enables DMA requests

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - Enables interrupt requests

11b - Reserved

23

ERREN

Error Interruption Enable

Enables error interrupts (exceptions).

The following conditions can lead to errors:

• An overflow or underflow in the FIFOs (indicated by FIFO_STAT[FIFOOVFn] or 
FIFO_STAT[FIFOUNDn], respectively)

• An overflow or underflow in the decimations filters (indicated by RANGE_STAT[RANGEOVFn] or 
RANGE_STAT[RANGEUNFn], respectively)

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

0b - Disables

1b - Enables

22-21

—

Reserved

20

DECFILS

Decimation Filter Enable in Stop

Enables decimation filters to run when the chip is in Stop mode (see Low-Power mode for more 
information).

0b - Stops decimation filter

1b - Keeps decimation filter running

19-17

—

Reserved

16

FSYNCEN

Frame Synchronization Enable

Enables frame synchronization (see Frame synchronization).

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

0b - Disables

1b - Enables

15-8

—

Reserved

7-0

CHnEN

Channel n Enable

Enables the decimation filter channel n (see Initialization for more information).
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56.7.3 MICFIL Control 2 (CTRL_2)

Offset

Register Offset

CTRL_2 4h

Function
Contains control fields for MICFIL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
QSEL 

0
CICOSR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CLKDI
VD...

0
CLKDIV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-25

QSEL

Quality Mode

Defines the actual quality mode (see Quality modes) of the decimation filter.

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

000b - Medium-Quality mode

001b - High-Quality mode

100b - Very-Low-Quality 2 mode

101b - Very-Low-Quality 1 mode

110b - Very-Low-Quality 0 mode

111b - Low-Quality mode

24-20

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

19-16

CICOSR

CIC Decimation Rate

Helps you configure the CIC filter decimation rate (see Equation 23 for more information).

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

0000b - CIC oversampling rate = 0

0001b - CIC oversampling rate = 1

0010b-1110b - ...

1111b - CIC oversampling rate = 15

15

CLKDIVDIS

Clock Divider Disable

Disables and bypasses the internal clock divider (see Clock divider) to drive microphones directly with the 
application clock.

 
You must not change the value of this field when STAT[BSY_FIL] = 1.

  NOTE  

0b - Enables

1b - Disables

14-8

—

Reserved

7-0

CLKDIV

Clock Divider

Configures the internal clock divider value (see Clock divider for more information) using the 
following equation:

PDM_CLK rate =
2 × floor(K × CLKDIV)
MICFIL_CLK_ROOT

 
• You must not change the value of this field when STAT[BSY_FIL] = 1.

• CLKDIV = 0 has the same effect as CLKDIV = 1. In Medium Quality mode, CLKDIV = 
0 or 1 has the same effect as CLKDIV = 2. In High Quality mode, CLKDIV = 0 or 1 is 
not allowed.

  NOTE  

0000_0000b - Internal clock divider value = 0

0000_0001b - Internal clock divider value = 1

0000_0010b-1111_1110b - ...

1111_1111b - Internal clock divider value = 255
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56.7.4 MICFIL Status (STAT)

Offset

Register Offset

STAT 8h

Function
Contains status flags for MICFIL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BSY_
FIL 

0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CH7F CH6F CH5F CH4F CH3F CH2F CH1F CH0F 

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BSY_FIL

Busy Flag

Signalizes when at least a decimation filter channel or at least a HWVAD is running and the PDM_CLK is 
being generated.

You could use this field as a confirmation that all decimation filters are stopped in a transition to Debug mode 
(when CTRL_1[DBGE] = 0) or DLL mode.

0b - MICFIL is stopped

1b - MICFIL is running

30

—

Reserved

29

—

Reserved

28-16

—

Reserved

15-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7-0

CHnF

Channel n Output Data Flag

Indicates whether this channel's FIFO has surpassed its watermark value and the data is available in MICFIL 
Output Result (DATACH0 - DATACH7).

This flag contributes to generate an interrupt or DMA request if CTRL_1[DISEL] enables it. Write 1 to 
CTRL_1[DISEL] to clear this flag. If the DMA request is set (CTRL_1[DISEL] = 1), CHnF is set according 
to the watermark level . In other cases (IRQ included), CHnF is set according to the watermark level and is 
cleared when you write 1 to it.

 
If DMA is enabled, this flag clears itself after the DMA transaction is complete.

  NOTE  

0b - Not surpassed

1b - Surpassed

56.7.5 MICFIL FIFO Control (FIFO_CTRL)

Offset

Register Offset

FIFO_CTRL 10h

Function
Contains MICFIL FIFO control fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FIFOWMK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
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Fields

Field Function

31-3

—

Reserved

2-0

FIFOWMK

FIFO Watermark Control

Controls the watermark of the FIFO used to set STAT[CHnF]. If the number of results in the FIFO is greater 
than the value of this field, STAT[CHnF] is set. A DMA request or interrupt can be also generated according 
to the configuration of CTRL_1[DISEL].

 
You must not change the value of this field when STAT[BSY_FIL] = 1. Before changing the 
watermark value, you must service all filtered data and clear channel flags.

  NOTE  

56.7.6 MICFIL FIFO Status (FIFO_STAT)

Offset

Register Offset

FIFO_STAT 14h

Function
Contains MICFIL FIFO status flags.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIFOU
ND7 

FIFOU
ND6 

FIFOU
ND5 

FIFOU
ND4 

FIFOU
ND3 

FIFOU
ND2 

FIFOU
ND1 

FIFOU
ND0 

FIFOO
VF7 

FIFOO
VF6 

FIFOO
VF5 

FIFOO
VF4 

FIFOO
VF3 

FIFOO
VF2 

FIFOO
VF1 

FIFOO
VF0 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-8

FIFOUNDn

FIFO Underflow Exception Flag for Channel n

Indicates an exceptional underflow condition in the FIFO. If the FIFO is empty and a read operation is 
requested, then this flag is set.

0b - No exception by FIFO underflow

1b - Exception by FIFO underflow

7-0

FIFOOVFn

FIFO Overflow Exception Flag for Channel n

Indicates an exceptional overflow condition in the FIFO. If the FIFO is full and you receive an additional 
result to be written, this flag is set.

0b - No exception by FIFO overflow

1b - Exception by FIFO overflow

56.7.7 MICFIL Output Result (DATACH0 - DATACH7)

Offset

For a = 0 to 7:

Register Offset

DATACHa 24h + (a × 4h)

Function
Contains the word value stored at the top of the channel's n FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

DATA

Channel n Data

Reflects the word value stored at the top of the channel's n FIFO.

The samples are integer-signed numbers in the two’s-complement format.

 
The even FIFO data width is 32-bits; only the 24 more significant bits have information, and 
the other bits are always 0.

  NOTE  

56.7.8 MICFIL DC Remover Control (DC_CTRL)

Offset

Register Offset

DC_CTRL 64h

Function
Contains DC remover control fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DCCONFIG7 DCCONFIG6 DCCONFIG5 DCCONFIG4 DCCONFIG3 DCCONFIG2 DCCONFIG1 DCCONFIG0 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-16

—

Reserved

15-14: 
DCCONFIG7

Channel n DC Remover Configuration

Defines the value of the cut-off frequency of the DC remover.

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-12: 
DCCONFIG6

11-10: 
DCCONFIG5

9-8: 
DCCONFIG4

7-6: 
DCCONFIG3

5-4: 
DCCONFIG2

3-2: 
DCCONFIG1

1-0: 
DCCONFIG0

00b - 20 Hz (PDM_CLK = 3.072 MHz)

01b - 13.3 Hz (PDM_CLK = 3.072 MHz)

10b - 40 Hz (PDM_CLK = 3.072 MHz)

11b - DC remover is bypassed

56.7.9 MICFIL Output DC Remover Control (DC_OUT_CTRL)

Offset

Register Offset

DC_OUT_CTRL 68h

Function
Contains output DC remover configuration fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DCCONFIG7 DCCONFIG6 DCCONFIG5 DCCONFIG4 DCCONFIG3 DCCONFIG2 DCCONFIG1 DCCONFIG0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-14: 
DCCONFIG7

13-12: 
DCCONFIG6

11-10: 
DCCONFIG5

9-8: 
DCCONFIG4

7-6: 
DCCONFIG3

5-4: 
DCCONFIG2

3-2: 
DCCONFIG1

1-0: 
DCCONFIG0

Channel n DC Remover Configuration

Defines the value of the cut-off frequency of the DC remover.

00b - 20 Hz (FS = 48 kHz)

01b - 13.3 Hz (FS = 48 kHz)

10b - 40 Hz (FS = 48 kHz)

11b - DC remover is bypassed

56.7.10 MICFIL Range Control (RANGE_CTRL)

Offset

Register Offset

RANGE_CTRL 74h

Function
Contains range configuration information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RANGEADJ7 RANGEADJ6 RANGEADJ5 RANGEADJ4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RANGEADJ3 RANGEADJ2 RANGEADJ1 RANGEADJ0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28: 
RANGEADJ7

27-24: 
RANGEADJ6

23-20: 
RANGEADJ5

19-16: 
RANGEADJ4

15-12: 
RANGEADJ3

11-8: 
RANGEADJ2

7-4: 
RANGEADJ1

3-0: 
RANGEADJ0

Channel n Range Adjustment

Adjusts the dynamic range of the CIC filter. It is an unsigned positive value. You must configure this field 
within the following ranges:

• If CTRL_2[QSEL] is in High-Quality and Very-Low-Quality 0 modes (HQ and VLQ0): 
RANGEADJn ≤ 25 - ceil(5log2(2OSR))

• If CTRL_2[QSEL] is in Medium-Quality and Very-Low Quality 1 modes (MQ and VLQ1): 
RANGEADJn ≤ 25 - ceil(5log2(OSR))

• If CTRL_2[QSEL] is in Low Quality and Very-Low-Quality 2 modes (LQ and VLQ2): 
RANGEADJn ≤ 24 - ceil(5log2(OSR))

where OSR = 16 - CICOSR, which is the CIC oversampling rate (see Equation 26), and the ceiling function, 
ceil(x), maps to the least integer greater than or equal to x.

56.7.11 MICFIL Range Status (RANGE_STAT)

Offset

Register Offset

RANGE_STAT 7Ch

Function
Contains range status information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
RANG
EUN...

RANG
EUN...

RANG
EUN...

RANG
EUN...

RANG
EUN...

RANG
EUN...

RANG
EUN...

RANG
EUN...

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RANG
EOV...

RANG
EOV...

RANG
EOV...

RANG
EOV...

RANG
EOV...

RANG
EOV...

RANG
EOV...

RANG
EOV...

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23-16

RANGEUNFn

Channel n Range Underflow Error Flag

Indicates an exceptional underflow condition in MICFIL range.

 
If this error flag is asserted, channel n data is not reliable. You must adjust the value of 
RANGE_CTRL[RANGEADJn] until this flag is not asserted anymore.

  NOTE  

0b - No exception by range underflow

1b - Exception by range underflow

15-8

—

Reserved

7-0

RANGEOVFn

Channel n Range Overflow Error Flag

Indicates an exceptional overflow condition in MICFIL range.

 
If this error flag is asserted, channel n data is not reliable. You must adjust the value of 
RANGE_CTRL[RANGEADJn] until this flag is not asserted anymore.

  NOTE  

0b - No exception by range overflow

1b - Exception by range overflow

56.7.12 Frame Synchronization Control (FSYNC_CTRL)

Offset

Register Offset

FSYNC_CTRL 80h

Function
Contains the frame synchronization window length value.
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Diagram

Bits 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R
FSYNCLEN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R
FSYNCLEN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

0-31

FSYNCLEN

Frame Synchronization Window Length

Specifies the frame synchronization window length, which is equal to the value of 
FSYNC_CTRL[FSYNCLEN] + 1. See Frame synchronization for more information.

56.7.13 Version ID (VERID)

Offset

Register Offset

VERID 84h

Function
Contains the major number, minor number, and feature specification number.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

MAJOR

Major Version Number

Returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

Returns the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

Returns the feature set number.

56.7.14 Parameter (PARAM)

Offset

Register Offset

PARAM 88h

Function
Contains MICFIL's general configuration information.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved NUM_HWVAD Reserved 
HWVA
D_Z...

Reserv
ed 

HWVA
D_E...

HWVA
D 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
DC_O
UT_...

DC_B
YPA...

LOW_
POW...

FIL_O
UT...

FIFO_PTRWID NPAIR 

W

Reset 0 0 0 0 0 1 1 1 0 0 1 1 0 1 0 0

Fields

Field Function

31-28

—

Reserved

27-24 Number of HWVADs

Table continues on the next page...
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Table continued from the previous page...

Field Function

NUM_HWVAD Indicates the number of HWVADs.

23-20

—

Reserved

19

HWVAD_ZCD

HWVAD Zero-Crossing Detector Active

0b - Disabled

1b - Active

18

—

Reserved

17

HWVAD_ENER
GY_MODE

HWVAD Energy Mode Active

0b - Disabled

1b - Active

16

HWVAD

HWVAD Active

0b - Disabled

1b - Active

15-12

—

Reserved

11

DC_OUT_BYPA
SS

Output DC Remover Bypass

Indicates whether the DC remover at the output is permanently disabled (bypassed) in silicon.

0b - Active

1b - Disabled

10

DC_BYPASS

Input DC Remover Bypass

Indicates whether the DC remover at the input is permanently disabled (bypassed) in silicon.

0b - Active

1b - Disabled

9

LOW_POWER

Low-Power Decimation Filter

0b - Disables

1b - Enables

8

FIL_OUT_WIDT
H_24B

Filter Output Width

Specifies the filter output width.

0b - 16 bits

1b - 24 bits

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-4

FIFO_PTRWID

FIFO Pointer Width

0000b - 0 bits

0001b - 1 bits

0010b - 2 bits

0011b-1110b - ...

1111b - 15 bits

3-0

NPAIR

Number of Microphone Pairs

0000b - None

0001b - 1 pair

0010b - 2 pairs

0011b-1110b - ...

1111b - 15 pairs

56.7.15 Voice Activity Detector 0 Control (VAD0_CTRL_1)

Offset

Register Offset

VAD0_CTRL_1 90h

Function
Contains HWVAD configuration bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
VADCHSEL 

0 0
VADCICOSR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VADINITT 

0
VADS
T10 

VADE
RIE 

VADIE 
0

VADE
N W

VADR
ST 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-24

VADCHSEL

Voice Activity Detector Channel Selector

Selects the number of channel which the hardware voice activity detector will work.

 
This field mustn't change when BSY_FIL is asserted.

  NOTE  

000b - PDM Microphone 0 Left

001b - PDM Microphone 0 Right

010b - PDM Microphone 1 Left

011b-101b - ...

110b - PDM Microphone 3 Left

111b - PDM Microphone 3 Right

23-22

—

Reserved

21-20

—

Reserved

19-16

VADCICOSR

Voice Activity Detector CIC Oversampling Rate

Defines the oversampling rate of the CIC filter. The oversampling rate is (16-CICOSR).

 
This field mustn't change when BSY_FIL is asserted.

  NOTE  

15-13

—

Reserved

12-8

VADINITT

Voice Activity Detector Initialization Time

Selects the number of frames to be used to initialize the voice detection. During this period the output of 
the voice activity detector is forced to inactive. For more information, see Initialization time.

 
The initialization time will be the time taken by [VADINITT+1] frames.

  NOTE  

 
This field mustn't change when BSY_FIL is asserted.

  NOTE  

0_0000b - VADINITT = 0

0_0001b - VADINITT = 1

Table continues on the next page...
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Table continued from the previous page...

Field Function

0_0010b-1_1110b - ...

1_1111b - VADINITT = 31

7-5

—

Reserved

4

VADST10

Voice Activity Detector Internal Filters Initialization

Initializes the signal and noise filter with pre-filter value.

 
If the use of this bit is required, it should be stay pulsed by more than 2 cycles of 
system clock .

  NOTE  

 
There is not voice activity detection when VADST10 is asserted.

  NOTE  

0b - Normal operation

1b - Filters initialized

3

VADERIE

Voice Activity Detector Error Interruption Enable

Enables Error Interrupts in MICFIL. This error could be caused by an overflow in the input of the HWVAD 
and it is signalized by the VADINSATF flag.

0b - Disables

1b - Enables

2

VADIE

Voice Activity Detector Interruption Enable

Enables interrupts in MICFIL when voice activity event has been detected by the Hardware Voice Activity 
Detector (HWVAD). See the VADIF for more information.

0b - Disables

1b - Enables

1

VADRST

Voice Activity Detector Reset

Provides the CPU with the capability to initialize the VAD through the slave-bus interface. This bit always 
reads as zero. This bit is self-cleared. See VAD soft-reset.

0

VADEN

Voice Activity Detector Enable

Enables the use of the Hardware Voice Activity Detector.

 
This field mustn't change when BSY_FIL is asserted.

  NOTE  

0b - Disables

1b - Enables
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56.7.16 Voice Activity Detector 0 Control (VAD0_CTRL_2)

Offset

Register Offset

VAD0_CTRL_2 94h

Function

 
This register mustn't change when BSY_FIL is asserted.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VADF
REN...

VADP
REF...

0 VADF
OUT...

0
VADFRAMET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VADINPGAIN 

0
VADHPF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VADFRENDIS

Voice Activity Detector Frame Energy Disable

Disables the calculus of energy in a frame. For more information, see Noise filter.

0b - Enables

1b - Disables

30

VADPREFEN

Voice Activity Detector Pre Filter Enable

Enables a pre-filter in the input of Noise and Signal filters. For more information, see Pre-filter.

0b - Pre-filter bypassed

1b - Pre-filter enabled

29

—

Reserved

28

VADFOUTDIS

Voice Activity Detector Force Output Disable

Disables the output of the Energy/Envelope-based Detector.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Enables

1b - Disables

27-22

—

Reserved

21-16

VADFRAMET

Voice Activity Detector Frame Time

Selects the scale value to control the frame time duration as is described in Frame time setting.

 
VADFRAMET = 0 is not allowed.

  NOTE  

00_0000b - VADFRAMET = 1

00_0001b - VADFRAMET = 2

00_0010b-11_1110b - ...

11_1111b - VADFRAMET = 63

15-12

—

Reserved

11-8

VADINPGAIN

Voice Activity Detector Input Gain

Configures the gain value in the HWVAD input as a positive or negative (two's complement) number of 
bits to shift.

0000b - No shift

0001b - Shift 1 bit to the left

0010b - Shift 2 bits to the left

0011b-0110b - ...

0111b - Shift 7 bits to the left

1000b - Shift 8 bits to the right

1001b - Shift 7 bits to the right

1010b-1110b - ...

1111b - Shift 1 bits to the right

7-2

—

Reserved

1-0

VADHPF

Voice Activity Detector High-Pass Filter

Configures the internal high-pass filter.

00b - Filter bypassed

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Cut-off frequency at 1750 Hz

10b - Cut-off frequency at 215 Hz

11b - Cut-off frequency at 102 Hz

56.7.17 Voice Activity Detector 0 Status (VAD0_STAT)

Offset

Register Offset

VAD0_STAT 98h

Function
Contains HWVAD status bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VADIN

ITF 
0

VADIN
SA...

W W1C

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserv

ed 
0 VADIF 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VADINITF

Voice Activity Detector Initialization Flag

Signalizes when the HWVAD is being initialized according to the VADINITT field value.

0b - Not being initialized

1b - Being initialized

30-17

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

VADINSATF

Voice Activity Detector Input Saturation Flag

Indicates an exceptional saturation condition by an overflow or underflow in the HWVAD input.

0b - No exception

1b - Exception

15

—

Reserved

14-1

—

Reserved

0

VADIF

Voice Activity Detector Interrupt Flag

Indicates when voice activity has been detected by the HWVAD. Write a logic 1 to this field to clear this 
flag.

0b - Not detected

1b - Detected

56.7.18 Voice Activity Detector 0 Signal Configuration (VAD0_SCONFIG)

Offset

Register Offset

VAD0_SCONFIG 9Ch

Function

 
These bit-fields must be configured when MICFIL is not running.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VADS
FIL...

VADS
MAX...

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VADSGAIN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

VADSFILEN

Voice Activity Detector Signal Filter Enable

Enables the signal filter. For more information, see Signal filter.

0b - Disables

1b - Enables

30

VADSMAXEN

Voice Activity Detector Signal Maximum Enable

Selects whether or not a block to calculate the maximum value between the input and output of signal 
filter is used as signal estimation. For more information, see Signal filter.

0b - Maximum block bypassed

1b - Maximum block enabled

29-4

—

Reserved

3-0

VADSGAIN

Voice Activity Detector Signal Gain

Configures the gain value for the signal energy or envelope estimated. It is a unsigned value which is 
multiplied with the estimated signal data.

 
VADSGAIN = 0 gain corresponds to 1.

  NOTE  

0000b,0001b - Multiplier = 1

0010b - Multiplier = 2

0011b-1110b - ...

1111b - Multiplier = 15

56.7.19 Voice Activity Detector 0 Noise Configuration (VAD0_NCONFIG)

Offset

Register Offset

VAD0_NCONFIG A0h

Function

 
These bit-fields must be configured when MICFIL is not running.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VADN
FIL...

VADN
MIN...

VADN
DEC...

VADN
OREN 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VADNFILADJ 

0
VADNGAIN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VADNFILAUTO

Voice Activity Detector Noise Filter Auto

Selects whether the noise filter is activated automatically based on voice activity information. For more 
information, see Noise filter .

0b - Noise filter always enabled

1b - Noise filter enabled/disabled based on voice activity information

30

VADNMINEN

Voice Activity Detector Noise Minimum Enable

Selects whether or not a block to calculate the minimum value between the input and output of noise 
filter is used as noise estimation. For more information, see Noise filter .

0b - Minimum block bypassed

1b - Minimum block enabled

29

VADNDECEN

Voice Activity Detector Noise Decimation Enable

Selects whether or not the input of the noise filter is decimated. For more information, see Noise filter .

0b - Not decimated

1b - Decimated

28

VADNOREN

Voice Activity Detector Noise OR Enable

Enables a OR logic in the output of minimum noise estimator block. For more information, see Filter 
result gain setting .

0b - Not decimated

1b - Decimated

27-13

—

Reserved

12-8 Voice Activity Detector Noise Filter Adjustment

Selects the adjustment value of the noise filter. For more information, see Noise filter.

Table continues on the next page...
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Field Function

VADNFILADJ 0_0000b - Adjustment value = 0

0_0001b - Adjustment value = 1

0_0010b-1_1110b - ...

1_1111b - Adjustment value = 31

7-4

—

Reserved

3-0

VADNGAIN

Voice Activity Detector Noise Gain

Configures the gain value for the noise energy or envelope estimated. It is an unsigned value which is 
multiplied with the estimated noise data.

 
VADNGAIN = 0 gain corresponds to 1.

  NOTE  

0000b,0001b - Multiplier = 1

0010b - Multiplier = 2

0011b-1110b - ...

1111b - Multiplier = 15

56.7.20 Voice Activity Detector 0 Noise Data (VAD0_NDATA)

Offset

Register Offset

VAD0_NDATA A4h

Function
Stores the noise envelope calculated by the HWVAD.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VADNDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

VADNDATA

Voice Activity Detector Noise Data

Stores the noise energy or noise envelope calculated by the HWVAD. It can be used by software for a 
further voice activity detection.

 
This field value should be ignored when VADFOUTDIS = 1 or VADST10 = 1.

  NOTE  

56.7.21 Voice Activity Detector 0 Zero-Crossing Detector (VAD0_ZCD)

Offset

Register Offset

VAD0_ZCD A8h

Function
Stores the zero-crossing detector configuration bits.

 
These bit-fields must be configured when MICFIL is not running.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
VADZCDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
VADZCDADJ 

0 VADZ
CDA...

0 VADZ
CDA...

0 VADZ
CDEN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-26 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

25-16

VADZCDTH

Zero-Crossing Detector Threshold

Configures the initial value taken to estimate the ZCD threshold when it is estimated automatically 
(VASDZCDAUTO = 1), otherwise (VADZCDAUTO = 0) this bit-field is the static value of the ZCD 
threshold.

15-12

—

Reserved

11-8

VADZCDADJ

Zero-Crossing Detector Adjustment

Selects the adjustment value of the threshold estimator. For more information, see Zero-crossing 
detector.

0000b - Adjustment value = 0

0001b - Adjustment value = 1

0010b-1110b - ...

1111b - Adjustment value = 15

7-5

—

Reserved

4

VADZCDAND

Zero-Crossing Detector AND Behavior

Selects whether the Zero-Crossing detector results will be combined with the energy-based detection 
using AND or OR to form the voice activity detection event.

0b - OR

1b - AND

3

—

Reserved

2

VADZCDAUTO

Zero-Crossing Detector Automatic Threshold

Disables the automatic estimation of the ZCD threshold.

0b - Disables

1b - Enables

1

—

Reserved

0

VADZCDEN

Zero-Crossing Detector Enable

Enables the Zero-Crossing Detector (ZCD) in the Hardware Voice Activity Detector (HWVAD).

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disables

1b - Enables
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Chapter 57
Display Architecture
57.1 Display Subsystem
The display subsystem consists of four components: a display controller, a host controller, a MIPI Dphy and a E-Ink display 
controller (EPDC)

The display controller's role is to read rendered data from the frame buffer while also facilitating format conversion, dithering, and 
gamma correction. It has the capability to directly drive DBI and DPI parallel interfaces. Alternatively, data can be routed to the 
host controller, which formats it for use by the MIPI DPhy.

The host controller implements all three layers defined by the DSI specification: Pixel to byte packing in the application layer, low 
level protocol, and lane management. It incorporates two packet interfaces: one for converting DBI parallel data into packets, and 
a DPI interface for converting DPI data into packets. Furthermore, the host controller is equipped with an APB interface, which 
serves as a control interface for the host controller and supports read and write operations for packets to the Dphy.

The MIPI DPHY connects to the host controller via a MIPI DSI defined packet protocol interface (PPI) and supports four data lanes 
and one clock lane where data lane 0 is bidirectional. The DPHY has its own low jitter PLL.

The E-link display formats data from the PXP engine and provided the timing signals and data to a parallel interface or can format 
the data to drive data through the host controllers DPI interface.

57.1.1 Display features
This device implements the following hardware blocks and features to support display use cases:

• Display Controller with support for both DBI and DPI.

— Up to 24-bit RGB pixel output in multiple formats 

— Supports RGB888 cursor, dither and gamma correction

— Support for Smart Display via command mode (DBI)

— Support for Standard Display (without buffers) via Video Mode (DPI)

• Support for serial display via MIPI DSI (up to 4 lanes)

• Support for E-Ink Display via dedicated E-Ink Controller.

— Support for both MIPI as well as Parallel interface for E-Ink
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57.1.2 Display Architecture
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Figure 366. i.MX 8ULP display subsystem

57.1.3 Initialization using DCNANO/LCDIF
Following steps can be used for initializing MIPI-DSI using DCNANO/LCDIF.

1. Enable DCNano/LCDIF Clock through PCC5.PCC_DC_Nano register.

2. Release DCNano/LCDIF from reset through PCC5.PCC_DC_Nano register.

3. Enable DCNANO/LCDIF Pixel Clock through PanelConfig0 register.

4. Switch DPI Clock MUX to EPDC through LPAV_SIM.SYSCTRL0 register.

5. Release MIPI-DSI from reset through PCC5.PCC_DSI register and MIPI-DSI is ready for further configurations setup.

6. Optional, if DCNano/LCDIF is not used

a. Configure DCNano/LCDIF to be in reset through PCC5.PCC_DC_Nano register.

b. Disable DCNano/LCDIF clock through PCC5.PCC_DC_Nano register.
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Chapter 58
Image Sensing Interface (ISI)
58.1 Chip-specific ISI information
Table 516. Reference links to related information

Topic Related module Reference

Full description ISI ISI

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

58.1.1 Module instances
This device has one instances of the ISI module.

58.2 Overview
ISI interfaces to a pixel link source to obtain the image data for processing in its pipelines. Each pipeline processes the image line 
from a configured source and performs one or more functions that you can configure, such as:

• Downscaling

• Color space conversion

• Deinterlacing

• Alpha insertion

• Cropping

• Rotation (horizontal and vertical)

The processed image is stored in programmable memory locations.

ISI can process up to 2 image sources at the same time. It can concatenate the internal line buffers in a way that higher-resolution 
images can be processed at the expense of keeping some channels unused. This module implements a limited flow control 
mechanism to control the output from its internal buffer flushing or sourcing an image from memory. Depending on the format type, 
the module can process and store one line of pixels from the incoming frame.
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58.2.1 Block diagram
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Figure 367. ISI block diagram

58.2.2 Features
• Single source of 4K resolution at 30 fps (24 bpp)

• Up to 2K resolution at 30 or 60 fps (24 bpp) on each channel

• Input sources:

— Supports 1 pixel link interface that can interface with 1 camera sensor

— Supports system memory (AXI master, internally converted to pixel link interface)

• Ability to assign each processing pipeline or channel to the same or different pixel input source

• Stream multiplexing:

— Duplicates input stream into multiple outputs

— Supports simple deinterlacing methods for interlaced input sources:

◦ Weaving

• Stream manipulation features

— Supported pixel formats when storing the image in memory:

◦ RAW8, RAW10, RAW12, RAW14, RAW16, and RAW32

◦ RGB888, BGR888, RGB565, RGB 10-bit, and BGR 10-bit

◦ YUV444, YUV422, YUV420 (8-bit, 10-bit, 12-bit) in planar or semi-planar formats

See CHNL_IMG_CTRL[FORMAT] for more formats.

— Downscaling of input image via decimation and bilinear filtering:
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◦ Supports decimation by 2, 4, or 8

◦ Bilinear filter further downscales by 1.0 to 2.0 (fractional downscaling)

— Color space conversion (CSC):

◦ RGB, YUV, and YCbCr

◦ User defined color space matrix-based conversion

— Alpha channel insertion for RGB formats:

◦ Global alpha value

◦ Separate rectangular region of interest (ROI) alpha value that has a higher priority than the global alpha value

◦ Supports up to four ROI nonoverlapping rectangles

— Mirroring (image flip): horizontal and vertical flips supported

— Frame awareness and frame skipping:

◦ Clean frame start and shutdown based on HSYNC and VSYNC

◦ Buffer overrun protection

◦ Buffer under run deterministic behavior

• Stream output options

— Output to memory:

◦ Input source is converted to and processed by the processing pipeline as YUV444 or RGB

◦ Processed images are taken as an output from the pipeline and stored in a memory location that you specify

◦ Full-line storage available at processing channel output before sending data to AXI (this storage can be 
automatically split or combined depending on the output format being used)

◦ Dual buffered addresses used in a ping-pong fashion with an active buffer status indication

◦ Line and frame stored interrupt status to software to track the progress of the frame

• Flow control:

— Provides a panic indication to the chip to increase the priority of its write transactions to avoid potential overflow in 
output buffers (you can configure thresholds for panic indication)

— When pixels are sourced from memory or input line buffers are flushed, you can program the rate at which pixels are 
sent out (by default, one pixel per clock is sent out)

— Supports backpressure mechanism to stall the channel pipeline during line buffer flushing and sourcing of images 
from memory, when the AXI bus is unable to accept data, and the output buffers are low on storage

58.3 Functional description

58.3.1 Design overview
This section describes ISI's design architecture and data flow with details of each block.

58.3.1.1 Pixel link crossbar

ISI comprises 2 processing pipelines that you can assign to any of the input image sources via the pixel link crossbar, which is a 
2-input (including four pixel link inputs and one input read from memory) and 2-output multiplexer that you can use to configure 
each output port to connect to any of the 2 inputs. These 2 inputs are numbered from Pixel link input 1 to 1, and input 2 that is 
always a memory location. You can assign an input to multiple outputs on the crossbar, and there is no latency in the crossbar. 

The image input to the module is through the pixel line slave port that provides the following:
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• Clock

• Data and control buses

• HSYNC and VSYNC signals

The crossbar connects these slave port signals to any of the 2 processing channels that pull the pixel data out from the 
asynchronous FIFO in the pixel line slave port, the only exception being when the image is read from memory. In this case, ISI 
converts the lines read from memory into pixel link slave interface signals so that the signals seen at the crossbar and processing 
channels are the same as other sources.

58.3.1.2 Processing pipeline

A processing channel comprises:

• A downscaling engine

• A color space conversion (CSC) block

• An output buffer control block

The scaler performs decimation and bilinear filtering of the input image, and the output buffer control performs various functions 
such as alpha insertion, cropping, and horizontal or vertical flipping. It generates the AXI write transactions for storing the 
processed image in memory and supports storing the image as 1/2/3 planar at different memory locations.

Each processing channel has a line buffer associated with it that can store up to 2048 pixels with 8 bits per color component. 
To process higher-resolution images (such as 4K), you can combine line buffers from other channels to provide more storage. 
However, in this case, the channels from which line buffers are borrowed remain disabled and cannot function. You can 
concatenate the buffers from adjacent channels only, which means you can connect the channel 1 line buffer to the channel 2 line 
buffer, and with no other channel.

58.3.1.3 Line buffer management

Processing channels can handle up to 4K image resolution. However, the line buffer storage in one channel is enough only for 2K 
image resolution. To process and store a 4K image, you must chain the line buffer from the adjacent channel with the line buffer 
of the current channel. You cannot concatenate the last channel's line buffer with other channels; therefore, that channel cannot 
support a 4K resolution. This block handles the muxing and concatenation of line buffers across channels.

You can configure the chaining of the line buffers and the number of buffers to use in parallel. Thus, for example, if channel 2 is 
processing a 4K image, this channel's address bus can access the line buffers from channels 2 and 3. Channel 1 can address line 
buffer 1 only because it can process a lower-resolution image. When you chain the line buffers, the output buffers or ping-pong 
buffers also get chained automatically.

 
For line buffer management, each channel uses a corresponding clock. To enable chain buffering, you must write 
1 to CHNLn_CTRL[CLK_EN] for each channel.

  NOTE  

58.3.1.4 Output buffer control and AXI output

The output buffer control block of each processing channel performs:

• Image cropping

• Flipping (horizontal and vertical)

• Alpha value insertion

This block collects the processed image pixels in a ping-pong buffer and sends out bursts of 128 bytes or 256 bytes (configurable) 
of data over the AXI interface to memory. This block also performs the function of deinterlacing the frames while storing them 
in memory. You can format the final processed image pixels to store them in any of the multiple image formats as mentioned 
in CHNL_IMG_CTRL[FORMAT].
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This block also manages the concatenation of ping-pong buffers per component based on the output image format. The combined 
storage of the three ping-pong buffers is up to a full line of the image frame depending on the output image format. By using flow 
control and panic mechanisms, you can ensure that the data is sent out at a rate acceptable to the system and that output buffers 
do not overflow.

58.3.1.5 AXI memory read

ISI can read an image from memory in different formats as discussed in Channel Memory Read Control (CHNL_MEM_RD_CTRL). 
ISI reads the image via AXI read and internally drives the image through a pixel to the processing channel. This operation is also 
flow-controlled. You can configure the rate at which pixels are processed in the channel and are sent out. By default, one pixel 
per clock is processed when the read FIFO is not empty.

58.3.1.6 Configuration registers

Each channel has the same set of configuration registers that are aligned to a 64 KB boundary and are programmable via the APB 
interface. You must ensure that the correct values are being programmed. ISI does not check for the correctness of the values.

58.3.2 Pixel link data formats
A number of pixel link formats are standardized, which consist of different kinds of data, identifying information, and user control 
bits (commonly the DATA ENABLE bit is included). When HSYNC and VSYNC are asserted (that is, HSYNC and VSYNC are 
active or equal to zero), the core does not care the entire data field. The control field is more complex where clearly HSYNC and 
VSYNC are valid. This is intended to cover all of the data types transferred across pixel link.

Control field

Each pixel has an associated control field identifying its data. See chip specific ISI information for more details on control field bits.

 
On the interface to the master and slave modules, HSYNC and VSYNC are separated, so the relevant pixel input 
bit is different from the control field number (for the actual link).

  NOTE  

58.3.3 Scaling operation
The scaling engine works in two parts: it performs pre-decimation of the image followed by bilinear filtering to achieve the desired 
downscaling factor.

The decimation filter provides a maximum downscaling factor of 8, and the subsequent bilinear filter provides a maximum 
downscaling factor of 2. Combined, the maximum scaling factor can be up to 16. You can program the decimation and bilinear 
scaling engines independently. You also program an initial offset to allow more source data to be considered in the bilinear scaling 
engine. The scaled output image is presented to the CSC module as YUV444 or RGB888 pixels with a single byte for each 
color channel.

58.3.4 CSC
CSC is a full-duplex color space converter that can convert an image to either RGB or YUV (or YCbCr) color spaces depending 
on the desired output pixel format. You can program all coefficients as two's-complement numbers. If you do not require CSC in 
the application, then you can bypass the CSC unit individually on a channel. The CSC output is sent to the output buffer control 
block for further processing and storage in memory.

The following equations indicate the ALU architecture of the CSC module:

(a) RGB to YUV (or YCbCr) conversion

• Y = (A1 × R) + (A2 × G) + (A3 × B) + D1

• U = (B1 × R) + (B2 × G) + (B3 × B) + D2

• V = (C1 × R) + (C2 × G) + (C3 × B) + D3

(b) YUV (or YCbCr) to RGB conversion
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• R = (A1 × (Y – D1)) + (A2 × (U – D2)) + (A3 × (V – D3))

• G = (B1 × (Y – D1)) + (B2 × (U – D2)) + (B3 × (V – D3))

• B = (C1 × (Y – D1)) + (C2 × (U – D2)) + (C3 × (V – D3))

where:

• A1–A3, B1–B3, C1–C3, and D1–D3 are programmable coefficients.

• YUV and RGB refer to pixel values.

You check the saturation of each color channel and correct it for excursions outside the nominal color space. Overflow for the three 
channels is saturated at 255h and underflow is saturated at 00h.

58.3.5 Image deinterlacing methods
ISI supports image deinterlacing for images that are interlaced across frames. You can use one of the following deinterlace 
methods to form the deinterlaced image.

58.3.5.1 Weaving

Weaving is performed by combining consecutive fields to form a new frame. It results in artifacts known as combing. The pixels 
in one frame do not line up with the pixels in the other and form a jagged edge. To perform weaving in an ISI channel, one field's 
lines are stored in memory with a double line pitch. It leaves one-line space in memory for the second field's lines to be stored. 
The two interlaced frames are woven while being stored in memory. You can select which frame to have on the top (odd or even), 
(see Figure 368).
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Figure 368. Weave deinterlacing

58.3.6 Output buffer management
The ISI output buffer management provides the following image processing options, and the operations related to them are carried 
out in this order:

1. Alpha insertion in RGB formats

2. Image cropping

3. Image flipping

You must perform these image manipulation operations before the image is stored in output buffers. The image input to the output 
buffer block (from scaler or CSC) is in either RGB or YUV444 format. The output buffer logic then formats each pixel from these two 
formats to the desired output format as specified in CHNL_IMG_CTRL[FORMAT]. The output buffers consolidate the formatted 
image pixel bytes and send out 128-byte or 256-byte AXI write bursts to store the image in memory.
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ISI has an in-built pre-overflow warning mechanism through which it can warn the subsystem and request higher AXI write channel 
priority to avoid any overflows in its buffers. In any case, if an overflow occurs, ISI stops storing pixels for that line and starts storing 
pixels from the next line. This causes the frames to be corrupted. You must take appropriate action for such frames. For images 
sourced from memory, ISI can stall its internal pipeline or control the rate at which pixels are processed in the pipeline. See Flow 
control mechanisms for more details.

There are two destination addresses that you must program:

• CHNL_OUT_BUF1_ADDR_n

— Channel RGB or Luma (Y) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_Y)

— Channel Chroma (U/Cb/UV/CbCr) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_U)

— Channel Chroma (V/Cr) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_V)

• CHNL_OUT_BUF2_ADDR_n

— Channel RGB or Luma (Y) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_Y)

— Channel Chroma (U/Cb/UV/CbCr) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_U)

— Channel Chroma (V/Cr) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_V)

The BUF1 address is used when you enable the channel for the first time. This address increments internally by a line_pitch 
(Channel Output Buffer Pitch (CHNL_OUT_BUF_PITCH)) at the end of each line, except the last line, to compute the address 
for each line storage. ISI generates a line_stored interrupt (CHNL_STS[LINE_STRD]) when a full line is completely stored and a 
frame_stored interrupt (CHNL_STS[FRM_STRD]) after the last line is completely stored in memory. The next frame is stored at 
the BUF2 address in the same way. You can update CHNL_OUT_BUF1_ADDR_n at this point if desired. On every frame_stored 
interrupt, ISI toggles between the two buffer addresses. Status fields indicate the buffer that is currently active. You can update 
the buffer address registers at any time, but they take effect only when the corresponding load address fields are toggled. The 
new address gets loaded when the current frame is complete.

ISI automatically manages the output buffer size depending on the output image format. For 2- and 3-planar formats, the output 
buffer is divided accordingly among each component based on the number of bytes that the component uses. For 1-planar, 
RGB, and RAW, the output buffer functions as a unified buffer. This allows efficient utilization of output buffers even when they 
are concatenated.

58.3.6.1 Alpha insertion in RGB formats

ISI supports global alpha value insertion to RGB images in which one alpha value is inserted into all pixels in the image. ISI 
supports up to four nonoverlapping regions of interest (ROI) in which you can insert different alpha values. If both ROI alpha and 
global alpha values are enabled, ROI alpha values take priority over the global alpha value. Pixels that do not lie in any of the ROI 
can have a global alpha value (if enabled) or do not have any alpha value inserted (if global alpha insertion is disabled). You can 
configure the upper-left coordinate (ULC) and the lower-right coordinate (LRC) individually for each ROI. ULC and LRC must lie 
within the dimensions that Channel Scaled Image Configuration (CHNL_SCL_IMG_CFG) specifies.

58.3.6.2 Image cropping

ISI supports cropping in both X and Y dimensions based on the programmed ULC and LRC, which must lie within the dimensions 
that Channel Scaled Image Configuration (CHNL_SCL_IMG_CFG) specifies.

58.3.6.3 Image flipping

ISI supports horizontal and vertical image flipping. You can enable either one or both of these.

58.3.7 Sourcing image from memory
You can configure a channel to read the image from memory in these cases:

• Hardware-controlled memory read (occurs during blending deinterlace). See Image deinterlacing methods for details.

• Software-controlled memory read
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This section discusses the configuration required for software-controlled memory reads. Perform the following steps in any order 
to configure the channel for software-controlled memory reads (you must initialize the channel before configuring the memory 
image read on a channel):

• Configure the memory address from where the image is to be sourced in CHNL_IN_BUF_ADDR[ADDR].

• Configure the line and frame pitch in Channel Input Buffer Pitch (CHNL_IN_BUF_PITCH).

• Configure the read image format in CHNL_MEM_RD_CTRL[IMG_TYPE].

• Complete the initialization of other blocks and interrupts for channel 0 and write 1 to CHNL_CTRL[CHNL_EN].

• Write 1 to CHNL_MEM_RD_CTRL[READ_MEM] to enable reading of the frame from memory.

• Wait for CHNL_STS[MEM_RD_DONE] to become 1 before initiating a new image read. When this interrupt occurs, write 0 to 
CHNL_MEM_RD_CTRL[READ_MEM] followed by writing 1 to it to start the next read.

 
• When hardware-controlled reading is enabled, software-controlled reads are not available, and vice-versa.

• Only one channel can perform read at a given time.

  NOTE  

58.3.8 Flow control mechanisms
ISI implements the following flow control mechanisms to compensate for low bandwidth on the chip's AXI bus:

58.3.8.1 Panic and overflow

ISI provides a "panic" signal to the subsystem to request for a higher priority on the AXI write channel to empty the ping-pong 
buffers before they overflow. You can configure the assertion of a panic signal when the output ping-pong buffers are filled to a 
certain configurable threshold.

Depending on the reaction time from the subsystem, you can configure the appropriate threshold in 
CHNL_OUT_BUF_CTRL[PANIC_SET_THD_n], where n = Y, U, V. The panic signal deasserts when the amount of data 
inside the ping-pong buffers goes below the configurable threshold. CHNL_STS[PANIC_n_BUF] indicates the panic status, where 
n = Y, U, V. The status fields do not clear if the amount of data inside the ping-pong buffers goes below the configurable threshold.

In case an overflow occurs, ISI aborts storing pixels from the current line. ISI then resyncs to the next line and starts storing pixels 
thereon. CHNL_STS[OFLW_n_BUF] indicates the status of overflow in buffers, where n = Y, U, V. You can enable overflow and 
panic interrupts for the channel in Channel Interrupt Enable (CHNL_IER).

58.3.8.2 Back pressure to stall internal pipeline

ISI implements an automatic back pressure to stall the channel's pipeline in case the AXI bus is not ready to accept data and the 
ping-pong buffers have 128 bytes of space left. The back pressure to the channel pipeline is asserted when the scaler line buffers 
are flushed between frames, or the image is sourced from memory.

However, data can still be lost during scaler line buffer flushing if the back pressure stalls the pipeline for too long. This could 
happen when a new frame starts, and the flush is not completed because of back pressure. In this case, ISI moves to process the 
next frame and indicates an overflow error.

58.3.8.3 Adjustable flow rate

ISI provides registers to configure the rate at which pixels are processed in the pipeline when the image is sourced from memory, 
the scaler line buffers are flushed, or both. By default, the rate is one pixel per clock, assuming read buffers are full with data. 
Normally, the camera rate is less than 1 pixel per clock and when flushing, the high rate can peak the bandwidth demand on the 
AXI bus.

You can program the processing rate to match the camera rate as desired, by using Channel Flow Control (CHNL_FLOW_CTRL). 
Program the processing rate as a ratio in CHNL_FLOW_CTRL[FC_NUMER] and CHNL_FLOW_CTRL[FC_DENOM]. ISI sends 
pixels for the FC_NUMER number of clocks out of FC_DENOM clocks.

NXP Semiconductors
Image Sensing Interface (ISI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3161 / 5781



Return to Initialization and channel configuration steps to complete the initialization of other blocks and enable the channel.

58.3.9 Error resiliency
ISI implements resiliency against possible error frames and recovery from them. An error frame can have one of the 
following conditions:

• HSYNC at the wrong time; thereby causing fewer or more pixels in the frame. ISI recovers silently and there is no indication 
of this error event.

• VSYNC at the wrong time; thereby causing fewer or more lines in the frame. ISI writes 1 to CHNL_STS[EARLY_VSYNC_ERR] 
or CHNL_STS[LATE_VSYNC_ERR] to indicate you of this condition. Next, ISI resyncs to the next frame. You must enable 
these interrupts by writing 1 to the corresponding interrupt enable field in Channel Interrupt Enable (CHNL_IER).

• Unequal lines between interlaced fields; ISI expects both frames to have an equal number of lines. ISI asserts 
CHNL_STS[EARLY_VSYNC_ERR] for the interlaced frame that has fewer lines than the other frame.

• A missing or an extra interlaced field (odd or even); ISI masks out the unexpected field and does not flag any error in this event.

• Frame with no pixels; ISI recovers silently and there is no indication of this error event.

• Frame line with no pixels; ISI recovers silently and there is no indication of this error event.

All error resiliency mechanisms ensure that the frame is not stored outside its given memory range in case ISI receives an 
error frame.

58.3.10 Clocking
The processing clock must be greater than or equal to the incoming pixel link clock for ISI. The reason for this is that ISI can process 
one pixel per processing clock while the incoming pixel link can input one pixel per pixel link clock. If the incoming pixel link is 
faster than the processing clock, ISI can lose data because the speed of incoming data is faster than the speed at which ISI can 
process it.

Table 517. Clock domains

Clock domain Description

Pixel clock Incoming pixel link clock from the camera via pixel link 
interface

APB clock Clock used for register accesses

AXI clock Clock on the AXI bus at the output

58.3.11 Reset
ISI has software reset control for each processing channel. For more information, see CHNL_CTRL[SW_RST].

58.3.12 Interrupts
Each processing channel has an interrupt output. The interrupt is enabled by Channel Interrupt Enable (CHNL_IER). Interrupt 
source comes from Channel Status (CHNL_STS).

58.4 External signals
See chip-specific ISI information for the external signals used in Pixel link data formats.
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58.5 Initialization and channel configuration
This section describes the suggested steps to configure individual channels in ISI and handle interrupts for proper and efficient 
image processing. For the correct operation of the module, you must follow these initialization steps for every channel that needs 
to be configured.

First, perform the general channel configuration as follows:

1. Write 1 to CNHL_CTRL[CLK_EN] to enable the clock to the channel. This is required to access other registers in the channel 
and also for image processing by the channel.

2. Write 1 to CHNL_CTRL[CHNL_BYPASS] to enable channel bypass, else write 0 to it. Enable channel bypass if no scaling 
and no color conversion are required. If the channel is bypassed, the image coming into the channel is directly stored in 
the memory without any kind of processing. However, you can perform image flipping (horizontal, vertical, or both), image 
cropping, alpha insertion (RGB format only), and format conversion (YUV444 to YUV422 or YUV420) while channel bypass 
is enabled. Disabling the CSC and scaler has no impact on these operations.

3. Select the source of input image. The input is Pixel 0.. You can select an additional pixel link (pixel link 1) as a source. Pixel 
link 1 always reads an image from a programmed location in memory. Configure the source in CHNL_CTRL[SRC].

 
• See the chip-specific ISI information for actual source type connected to pixel link 0.

  NOTE  

4. Select the type of source for the channel between:

• Nonmemory pixel links (image sourced from camera sensor, CHNL_CTRL[SRC_TYPE] = 0)

• Memory pixel link (image sourced from memory, CHNL_CTRL[SRC_TYPE] = 1).

The memory pixel link refers to pixel link 1 that sources the image from a programmed memory location only. This is 
useful for deinterlacing and processing the image directly from memory. For the channels that do not support sourcing 
image from memory, the source type is always a nonmemory pixel link. You must configure the source type for the channel 
in CHNL_CTRL[SRC_TYPE].

 
You can find the actual source type connected to pixel links 0 and 1 in the chip configuration.

  NOTE  

5. Configure the image width and height by using CHNL_IMG_CFG[WIDTH] and CHNL_IMG_CFG[HEIGHT]. For example, 
a 1920x1080 image has width = 0x780 and height = 0x438.

6. Configure the memory address where the processed or bypassed data from the channel has to be stored. The image can 
be stored as:

• 1-planar (all color components stored together).

• 2-planar (Y component stored in one memory address and UV stored in a different memory address).

• 3-planar (each component stored in a different memory address).

Configure the 32-bit address as follows:

• For 1-planar addressing, use Channel RGB or Luma (Y) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_Y) and 
Channel RGB or Luma (Y) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_Y).

• For 2-planar and 3-planar addressing, use Channel Chroma (U/Cb/UV/CbCr) Output Buffer 1 
Address (CHNL_OUT_BUF1_ADDR_U) and Channel Chroma (U/Cb/UV/CbCr) Output Buffer 2 Address 
(CHNL_OUT_BUF2_ADDR_U) additionally.

• For 3-planar addressing, use Channel Chroma (V/Cr) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_V) and 
Channel Chroma (V/Cr) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_V) additionally.

See Output buffer management for more information on how the two buffer addresses are used.
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RGB and RAW images are always stored as 1-planar while other YUV formats can be stored as 1, 2, or 3-planar.

  NOTE  

7. Configure the output buffer line pitch in CHNL_OUT_BUF_PITCH[LINE_PITCH]. The line pitch is defined as the number of 
bytes between the start location of two lines. It is mainly used to have line addresses start at an aligned boundary.

 
• The line pitch is the same for all image components irrespective of whether they are being stored in 1-planar, 

2-planar, or 3-planar. In 2- and 3-planar outputs, the U and V components have the same line pitch as the 
Y component.

• You must program the line pitch to be greater than the number of bytes in one line.

  NOTE  

8. Toggle the address load fields, that is, CHNL_OUT_BUF_CTRL[LOAD_BUF1_ADDR] and 
CHNL_OUT_BUF_CTRL[LOAD_BUF2_ADDR] to allow new configured addresses to be picked and used in the channel, 
when the output buffer is enabled later.

See the following sections for configuration information on various functionalities:

• Scaling operation for information about the scaler and configuring the scaler for use.

• CSC for information about CSC and configuring the block for use.

• Image deinterlacing methods section for information about different deinterlacing methods and configuration for enabling 
each deinterlacing method for the channels.

• #unique_3056 for enabling controls to allow higher than 2K image resolution to be handled by the channel.

• Sourcing image from memory for information on how to configure channel 0 to read and process an image that is sourced 
from memory.

• Output buffer management for information on how to configure controls for image cropping, flipping, alpha insertion, handle 
buffer overflows, and request higher AXI channel priority for emptying the buffers.

• Flow control mechanisms for information on how to configure the rate of pixel output from this module onto the AXI bus.

After completing the configuration provided in the aforementioned sections, you can now enable and monitor the channel using 
the following steps:

1. Write 1 to appropriate interrupt enable fields in Channel Interrupt Enable (CHNL_IER) to enable the necessary interrupts.

2. Write 1 to CHNL_CTRL[CHNL_EN] to enable the channel. This enables the channel to start accepting images from the 
selected source.

3. Monitor the status of the channel through Channel Status (CHNL_STS). Each field provides you with a status or error 
indication to take appropriate action. Interrupt status fields become 0 by writing 1 to the respective fields.

4. Write 1 to CHNL_CTRL[SW_RST], when required, to reset the complete channel to its default reset state. You must retain 
the value of this field as 1 for at least 5 to 6 NOP cycles to allow the reset to propagate. Then, write 0 to it to complete the 
reset cycle. After the software reset, the channel returns to the same default state as it would have been after a hardware 
reset. No configuration register resets during the software reset. You can additionally write 0 to CHNL_CTRL[CHNL_EN] 
while the software reset is asserted to control the restarting of the channel after the software reset is complete.

When configuring multiple channels, you must perform the aforementioned steps for all channels.

58.6 Application information

58.6.1 Configuring the scaler
Channel initialization is a prerequisite to configuring the scaler. Perform the following steps in any order to configure the scaler:

1. Configure the scale offset values for the X and Y dimensions in Channel Scale Offset (CHNL_SCALE_OFFSET). This is 
the initial offset from the (0,0) coordinate, using which the first output scaled pixel is computed.
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2. Configure the scale factor values for the X and Y dimensions in Channel Scale Factor (CHNL_SCALE_FACTOR). This 
is the step factor through which the image is sampled for downscaling.

3. Configure the decimation factor values for the X and Y dimensions in CHNL_IMG_CTRL[DEC_X] and 
CHNL_IMG_CTRL[DEC_Y]. The final scaling factor that the scalar uses is  = decimation factor × scale factor.

4. Write 1 to CHNL_IMG_CTRL[YCBCR_MODE] if the incoming or converted image is in the YCbCr format.

5. Configure Channel Scaled Image Configuration (CHNL_SCL_IMG_CFG) according to the dimension of the image after 
scaling. You must configure this register whenever the scaler is enabled, even with 1:1 scaling.

Return to Initialization and channel configuration to complete the initialization of other blocks and enable the channel.

Example: If the image needs to be downscaled by a factor of 4.5 in the X and Y dimension, you can program the scaler by:

• Writing 10b to CHNL_IMG_CTRL[DEC_X] and CHNL_IMG_CTRL[DEC_Y] indicating "decimate by 4."

• Writing 1200h to CHNL_SCALE_FACTOR[X_SCALE] and CHNL_SCALE_FACTOR[Y_SCALE] indicating a scaling factor 
of 1.125.

The overall downscaling is 4 x 1.125 = 4.5.

58.6.2 Configuring CSC
Channel initialization is a prerequisite to configuring CSC. Perform the following steps in any order to configure CSC:

• Write 1 to CHNL_IMG_CTRL[CSC_BYP] to bypass the CSC block, if you do not require to run CSC and the channel is 
not bypassed.

• Configure the coefficients in Channel Color Space Conversion Coefficient 0 (CHNL_CSC_COEFF0) to Channel Color Space 
Conversion Coefficient 5 (CHNL_CSC_COEFF5), if CSC is required.

• Write 1 to CHNL_IMG_CTRL[YCBCR_MODE] if the incoming image or the image after color space conversion is in 
YCbCr mode.

• Configure CHNL_IMG_CTRL[CSC_MODE] according to the required conversion method.

Return to Initialization and channel configuration to complete the initialization of other blocks and enable the channel.

58.6.3 Configuring deinterlacing
Channel initialization is a prerequisite to configuring the deinterlace block. You can configure the deinterlace block using any one 
of the following deinterlace methods:

• Weaving - Write 10b or 11b to CHNL_IMG_CTRL[DEINT] to configure the weaving deinterlace method to enable weave 
deinterlacing with the odd frame first or even frame first, respectively.

Return to Initialization and channel configuration to complete the initialization of other blocks and enable the channel.

 
• Channels for which you configure CHNL_IMG_CTRL[DEINT] with values other than 00xb, the scaler and CSC 

are automatically bypassed. However, the read channel scaler and CSC work for blend deinterlacing because 
you do not configure CHNL_IMG_CTRL[DEINT] for the read channel.

• Other image operations (alpha insertion, cropping, horizontal, and vertical flipping) can still be carried out 
along with deinterlacing with the only exception that these operations must not be performed in the weaving 
channel. You can perform them on the final blended image frame in the read channel.

  NOTE  

58.6.4 Configuring additional image processing options
You must initialize the channel before configuring additional image processing controls. To configure the image processing 
options, perform alpha insertion, image cropping, and image flipping in an order:
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1. Configure CHNL_IMG_CTRL[GBL_ALPHA_VAL] to program the global alpha value. Write 1 to 
CHNL_IMG_CTRL[GBL_ALPHA_EN] if a global alpha value is to be inserted in the image. You must configure this 
field when both the global and regional alpha values are to be inserted.

2. Write 1 to CHNL_ROI_n_ALPHA[ALPHA] and CHNL_ROI_n_ALPHA[ALPHA_EN] (where n = 0, 1, 2, or 3) to have 
region-specific alpha values.

3. Configure the ROI coordinates in CHNL_ROI_n_ULC and CHNL_ROI_n_LRC (where n = 0, 1, 2, 3). The regions should 
neither overlap nor lie outside the scaled image dimensions.

4. Configure the cropped region of the image in Channel Crop Upper Left Corner Coordinate (CHNL_CROP_ULC) and 
Channel Crop Lower Right Corner Coordinate (CHNL_CROP_LRC). This is the region that is stored in memory.

5. Enable cropping by writing 1 to CHNL_IMG_CTRL[CROP_EN].

6. Write 1 to CHNL_IMG_CTRL[HFLIP_EN] to configure horizontal flipping of the output image.

7. Write 1 to CHNL_IMG_CTRL[VFLIP_EN] to configure vertical flipping of the output image.

 
You must configure ULC and LRC (both for alpha insertion and cropping) based on the image resolution output 
from the scaler and not on the original image resolution. The output buffer block works on the output from CSC 
(when no bypass happens) or scaler (if CSC is bypassed). The original image resolution is used for determining 
ULC and LRC only during a channel bypass or 1:1 scaling.

  NOTE  

58.6.5 Configuring output buffer controls
Perform the following steps in any order, involving output memory addressing, to configure the output buffer controls (you must 
perform channel initialization before configuring these controls):

• Configure the destination memory address in CHNL_OUT_BUF1_ADDR_n and CHNL_OUT_BUF2_ADDR_n (where n = Y, 
U, V).

• Configure the output image line pitch in CHNL_OUT_BUF_PITCH[LINE_PITCH]. The line pitch is the spacing between two 
lines in terms of the number of bytes.

• Toggle the load address fields, that is, CHNL_OUT_BUF_CTRL[LOAD_BUF1_ADDR] and 
CHNL_OUT_BUF_CTRL[LOAD_BUF2_ADDR] to allow new configured addresses to be picked and used in the channel.

• Update the appropriate buffer 1 or buffer 2 address on every CHNL_STS[FRM_STRD] interrupt assertion. If this is not done, 
the same address is used, and the frame is overwritten.

• Write 1 to the appropriate address load fields on every update to the CHNL_OUT_BUF1_ADDR_n or 
CHNL_OUT_BUF2_ADDR_n (where n = Y, U, V) register. Without configuring the load field, the new address is not picked.

The status fields CHNL_STS[BUF1_ACTIVE] and CHNL_STS[BUF2_ACTIVE] indicate the active buffer to which the current 
frame is stored.

 
— When performing deinterlacing, the output memory addressing changes for that channel. See Image 

deinterlacing methods for configuring the destination memory addresses for that channel.

— You must program the line_pitch to be greater than the number of bytes in one line.

  NOTE  

Return to Initialization and channel configuration to complete the initialization of other blocks and enable the channel.

58.7 ISI register descriptions
The memory map comprises 32-bit aligned registers that you can access via 32-bit accesses only. Write accesses to reserved 
locations generate a transfer error. Read accesses to reserved locations also generate a transfer error and the read data bus 
shows all 0s.
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Ensure that the correct values are programmed for a smooth operation. The module does not check 
for correctness.

  NOTE  

58.7.1 ISI memory map
ISI0 base address: 2DAC_0000h

Offset Register Width

(In bits)

Access Reset value

0h Channel Control (CHNL_CTRL) 32 RW 0000_0000h

4h Channel Image Control (CHNL_IMG_CTRL) 32 RW 0000_0000h

8h Channel Output Buffer Control (CHNL_OUT_BUF_CTRL) 32 RW 0000_0000h

Ch Channel Image Configuration (CHNL_IMG_CFG) 32 RW 0438_0780h

10h Channel Interrupt Enable (CHNL_IER) 32 RW 0000_0000h

14h Channel Status (CHNL_STS) 32 RW 0000_0000h

18h Channel Scale Factor (CHNL_SCALE_FACTOR) 32 RW 1000_1000h

1Ch Channel Scale Offset (CHNL_SCALE_OFFSET) 32 RW 0000_0000h

20h Channel Crop Upper Left Corner Coordinate (CHNL_CROP_ULC) 32 RW 0000_0000h

24h Channel Crop Lower Right Corner Coordinate (CHNL_CROP_LRC) 32 RW 0000_0000h

28h Channel Color Space Conversion Coefficient 0 
(CHNL_CSC_COEFF0)

32 RW 0000_0000h

2Ch Channel Color Space Conversion Coefficient 1 
(CHNL_CSC_COEFF1)

32 RW 0000_0000h

30h Channel Color Space Conversion Coefficient 2 
(CHNL_CSC_COEFF2)

32 RW 0000_0000h

34h Channel Color Space Conversion Coefficient 3 
(CHNL_CSC_COEFF3)

32 RW 0000_0000h

38h Channel Color Space Conversion Coefficient 4 
(CHNL_CSC_COEFF4)

32 RW 0000_0000h

3Ch Channel Color Space Conversion Coefficient 5 
(CHNL_CSC_COEFF5)

32 RW 0000_0000h

40h Channel Alpha Value for ROI 0 (CHNL_ROI_0_ALPHA) 32 RW 0000_0000h

44h Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) 32 RW 0000_0000h

48h Channel Lower Right Coordinate for ROI 0 (CHNL_ROI_0_LRC) 32 RW 0000_0000h

4Ch Channel Alpha Value for ROI 1 (CHNL_ROI_1_ALPHA) 32 RW 0000_0000h

50h Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) 32 RW 0000_0000h

54h Channel Lower Right Coordinate for ROI 1 (CHNL_ROI_1_LRC) 32 RW 0000_0000h

58h Channel Alpha Value for ROI 2 (CHNL_ROI_2_ALPHA) 32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
Image Sensing Interface (ISI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3167 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

5Ch Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) 32 RW 0000_0000h

60h Channel Lower Right Coordinate for ROI 2 (CHNL_ROI_2_LRC) 32 RW 0000_0000h

64h Channel Alpha Value for ROI 3 (CHNL_ROI_3_ALPHA) 32 RW 0000_0000h

68h Channel Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) 32 RW 0000_0000h

6Ch Channel Lower Right Coordinate for ROI 3 (CHNL_ROI_3_LRC) 32 RW 0000_0000h

70h Channel RGB or Luma (Y) Output Buffer 1 Address 
(CHNL_OUT_BUF1_ADDR_Y)

32 RW 0000_0000h

74h Channel Chroma (U/Cb/UV/CbCr) Output Buffer 1 Address 
(CHNL_OUT_BUF1_ADDR_U)

32 RW 0000_0000h

78h Channel Chroma (V/Cr) Output Buffer 1 Address 
(CHNL_OUT_BUF1_ADDR_V)

32 RW 0000_0000h

7Ch Channel Output Buffer Pitch (CHNL_OUT_BUF_PITCH) 32 RW 0000_0000h

80h Channel Input Buffer Address (CHNL_IN_BUF_ADDR) 32 RW 0000_0000h

84h Channel Input Buffer Pitch (CHNL_IN_BUF_PITCH) 32 RW 0000_0000h

88h Channel Memory Read Control (CHNL_MEM_RD_CTRL) 32 RW 0000_0000h

8Ch Channel RGB or Luma (Y) Output Buffer 2 Address 
(CHNL_OUT_BUF2_ADDR_Y)

32 RW 0000_0000h

90h Channel Chroma (U/Cb/UV/CbCr) Output Buffer 2 Address 
(CHNL_OUT_BUF2_ADDR_U)

32 RW 0000_0000h

94h Channel Chroma (V/Cr) Output Buffer 2 Address 
(CHNL_OUT_BUF2_ADDR_V)

32 RW 0000_0000h

98h Channel Scaled Image Configuration (CHNL_SCL_IMG_CFG) 32 RW 0438_0780h

9Ch Channel Flow Control (CHNL_FLOW_CTRL) 32 RW 0000_0000h

58.7.2 Channel Control (CHNL_CTRL)

Offset

Register Offset

CHNL_CTRL 0h

Function
Provides global settings for the channel pipeline, and controls how the internal blocks and line buffer perform the image 
processing.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CHNL_
EN 

CLK_
EN 

CHNL_
BY...

0
CHAIN_BUF 

SW_
RST 

0 0 VER_ID 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0
SEC_LB_SRC 

0 0 SRC_
TYPE 

0
SRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CHNL_EN

Enable Channel Processing

Enables image processing in the channel. You must configure all other channels before writing 1 to this 
field.

0b - Disable

1b - Enable

30

CLK_EN

Channel Clock Enable

Enables the channel processing clock. Writing 1 to this field specifies that the clock gating (outside the 
ISI block) is disabled and the clock to the channel is enabled.

0b - Disable

1b - Enable

29

CHNL_BYPASS

Channel Bypass Enable

Enables you to bypass a channel if scaling and CSC are not required.

For certain applications, the ISI module might not be required to perform any scaling or CSC on the image. 
For such cases, you must write 1 to this field to bypass the channel pipeline and store the image in memory.

Configure the output image format (CHNLn_IMG_CTRL[FORMAT]) in the same way as the input image 
format. You can still carry out image flipping, cropping, and alpha insertion.

 
• For deinterlacing purposes, the channel is automatically bypassed for one frame. Do 

not write 1 to this field for deinterlacing.

• If this field is 1, CSC is bypassed even if CHNLn_IMG_CTRL[CSC_BYP] = 0.

  NOTE  

0b - Disable

1b - Enable

28-27

—

Reserved

Table continues on the next page...

NXP Semiconductors
Image Sensing Interface (ISI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3169 / 5781



Table continued from the previous page...

Field Function

26-25

CHAIN_BUF

Chain Line Buffer Control

Controls concatenation of line buffers from adjacent channels.

To provide large storage for images having higher than 2048 horizontal resolution (pixels), you must 
concatenate the line buffer RAM for channel n with channel n + 1 line buffer RAM. This field controls how 
the adjacent channel's line buffer RAM is chained together.

For example, when this field is 1, line buffers (for channels n and n + 1) are chained together; you cannot 
enable channel n + 1, which is blocked for use.

00b - No line buffers chained (supports 2048 or less horizontal resolution)

01b - Two line buffers chained (supports 4096 horizontal resolution)

10b - Reserved

11b - Reserved

24

SW_RST

Software Reset

Asserts a software reset to channel pipeline. Writing 1 to this field resets the processing pipeline similar to 
a hardware reset. This field does not become 0 itself; therefore, when writing 1, you must allow sufficient 
delay (four to six NOP cycles) for reset propagation before writing 0 to disable the software reset.

 
Asserting the software reset does not clear the registers. It affects the processing pipeline 
and memory read control. Software reset allows any ongoing AXI transactions to complete 
and does not interrupt.

  NOTE  

0b - No reset

1b - Software reset

23

—

Reserved

22

—

Reserved

21-18

VER_ID

Version ID

Specifies a version ID for the module.

17

—

Reserved

16

—

Reserved

15

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

14-12

—

Reserved

11

—

Reserved

10-8

SEC_LB_SRC

Secondary Line Buffer Source

Specifies the channel number for which the line buffer is used as the secondary line buffer in the primary 
channel performing YUV420 scaling. This field is ignored for other cases. When this field is 1, the primary 
channel takes over control of the secondary channel's line buffer. The secondary channel cannot be used 
for any processing.

 
When performing YUV420 scaling, ensure that an existing functional channel's line buffer 
is not used including the same channel. Doing so could result in unexpected results in both 
channels. Note that the line buffers are the internal storage of the channel and not the output 
memory buffers.

  NOTE  

7-6

—

Reserved

5

—

Reserved

4

SRC_TYPE

Type of Selected Input Image Source

Defines the type of image input source. Write 1 to this field only when the source of the image is from 
memory. For all other sources, this field is 0.

0b - Pixel link

1b - Memory

3-1

—

Reserved

0

SRC

Input Image Source Port Selection

Allows the source to select the desired input port of the pixel link crossbar from which the image is sourced, 
when SRC_TYPE = 0. For example, if this field value is 000b, the image is sourced from input port 0 of the 
pixel link crossbar, and so on.

Configure this field before enabling the channel processing. Do not change this field while the channel 
pipeline is working.

When you select memory as the image input source (SRC_TYPE = 1), this field is ignored.

0b - Port 0

1b - Port 1
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58.7.3 Channel Image Control (CHNL_IMG_CTRL)

Offset

Register Offset

CHNL_IMG_CTRL 4h

Function

Contains the fields that control how the input image is processed in the processing pipeline or channel.

All the output image formats that the FORMAT field defines are described in Table 518.

Table 518. Output image formats

Bit field value Format Description

000_0000b RGBA8888 RGB format with alpha in LSB; 8 bits per component. 'A' indicates 
alpha value.

000_0001b ABGR8888 BGR format with alpha in MSB; 8 bits per component. 'A' indicates 
alpha value.

000_0010b ARGB8888 RGB format with alpha in MSB; 8 bits per component. 'A' indicates 
alpha value.

000_0011b RGBX888 RGB format with 8 bits per color component (unpacked and MSB aligned in 
32-bit DWORD). 'X' indicates the waste bits.

000_0100b XBGR888 BGR format with 8 bits per color component (unpacked and LSB aligned in 
32-bit DWORD). 'X' indicates the waste bits.

000_0101b XRGB888 RGB format with 8 bits per color component (unpacked and LSB aligned in 
32-bit DWORD). 'X' indicates the waste bits.

000_0110b RGB888P RGB format with 8 bits per color component (packed into 24 bits). No 
waste bits.

000_0111b BGR888P BGR format with 8 bits per color component (packed into 24 bits). No 
waste bits.

000_1000b A2BGR10 BGR format with 2 bits alpha in MSB; 10 bits per color component. 'A' 
indicates alpha value.

000_1001b A2RGB10 RGB format with 2-bit alpha in MSB; 10 bits per color component. 'A' 
indicates alpha value.

000_1010b RGB565 RGB format with 5 bits of R, B; 6 bits of G (packed into 16-bit WORD). No 
waste bits.

000_1011b RAW8 8-bit RAW data packed into 32-bit DWORD

000_1100b RAW10 10-bit RAW data packed into 16-bit WORD

Table continues on the next page...
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Table 518. Output image formats (continued)

Bit field value Format Description

000_1101b RAW10P 10-bit RAW data packed into 32-bit DWORD

000_1110b RAW12 12-bit RAW data packed into 16-bit DWORD

000_1111b RAW16 16-bit RAW data packed into 32-bit DWORD

001_0000b YUV444_1P8P 8 bits per color component; 1-plane, YUV interleaved packed bytes

001_0001b YUV444_2P8P 8 bits per color component; 2-plane, UV interleaved packed bytes

001_0010b YUV444_3P8P 8 bits per color component; 3-plane, non-interleaved packed bytes

001_0011b YUV444_1P8 8 bits per color component; 1-plane YUV interleaved unpacked bytes (8 
MSB waste bits in 32-bit DWORD)

001_0100b YUV444_1P10 10 bits per color component; 1-plane, YUV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

001_0101b YUV444_2P10 10 bits per color component; 2-plane, UV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

001_0110b YUV444_3P10 10 bits per color component; 3-plane, noninterleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

001_0111b Reserved

001_1000b YUV444_1P10P 10 bits per color component; 1-plane, YUV interleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

001_1001b YUV444_2P10P 10 bits per color component; 2-plane, UV interleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

001_1010b YUV444_3P10P 10 bits per color component; 3-plane, noninterleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

001_1011b Reserved

001_1100b YUV444_1P12 12 bits per color component; 1-plane, YUV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

001_1101b YUV444_2P12 12 bits per color component; 2-plane, UV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

001_1110b YUV444_3P12 12 bits per color component; 3-plane, noninterleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

001_1111b Reserved

010_0000b YUV422_1P8P 8 bits per color component; 1-plane, YUV interleaved packed bytes

Table continues on the next page...
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Table 518. Output image formats (continued)

Bit field value Format Description

010_0001b YUV422_2P8P 8 bits per color component; 2-plane, UV interleaved packed bytes

010_0010b YUV422_3P8P 8 bits per color component; 3-plane, noninterleaved packed bytes

010_0011b Reserved

010_0100b YUV422_1P10 10-bits per color component; 1-plane, YUV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

010_0101b YUV422_2P10 10-bits per color component; 2-plane, UV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

010_0110b YUV422_3P10 10 bits per color component; 3-plane, noninterleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

010_0111b Reserved

010_1000b YUV422_1P10P 10 bits per color component; 1-plane, YUV interleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

010_1001b YUV422_2P10P 10 bits per color component; 2-plane, UV interleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

010_1010b YUV422_3P10P 10 bits per color component; 3-plane, noninterleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

010_1011b Reserved

010_1100b YUV422_1P12 12 bits per color component; 1-plane, YUV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

010_1101b YUV422_2P12 12 bits per color component; 2-plane, UV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

010_1110b YUV422_3P12 12 bits per color component; 3-plane, noninterleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

010_1111b Reserved

011_0000b Reserved

011_0001b YUV420_2P8P 8 bits per color component; 2-plane, UV interleaved packed bytes

011_0010b YUV420_3P8P 8 bits per color component; 3-plane, noninterleaved packed bytes

011_0011b Reserved

011_0100b Reserved

Table continues on the next page...
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Table 518. Output image formats (continued)

Bit field value Format Description

011_0101b YUV420_2P10 10 bits per color component; 2-plane, UV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

011_0110b YUV420_3P10 10 bits per color component; 3-plane, noninterleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

011_0111b Reserved

011_1000b Reserved

011_1001b YUV420_2P10P 10 bits per color component; 2-plane, UV interleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

011_1010b YUV420_3P10P 10 bits per color component; 3-plane, noninterleaved packed bytes (2 MSB 
waste bits in 32-bit DWORD)

011_1011b Reserved

011_1100b Reserved

011_1101b YUV420_2P12 12 bits per color component; 2-plane, UV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

011_1110b YUV420_3P12 12 bits per color component; 3-plane, noninterleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

011_1111b Reserved

100_0000b RAW32 32-bit RAW data packed into 32-bit DWORD

100_0001b RAW14 14-bit RAW data packed into 32-bit DWORD

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FORMAT GBL_ALPHA_VAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R GBL_A
LP...

DEINT DEC_X DEC_Y 
CROP
_EN 

VFLIP
_EN 

HFLIP
_EN 

0 YCBC
R_M...

CSC_MODE 
CSC_
BYP W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30-24

FORMAT

Output Image Format

Specifies the image format to be used when storing the image output from channel pipeline to memory.

The UV byte lanes are synonymous with CbCr byte lanes for YUV output pixel formats. For example, you 
must select the YUV420_2P* formats when the output is YCbCr 2-plane 420 output format.

See all output image formats in Table 518.

 
For RAW pixel formats, if the output pixel format has few bits per pixel than the input pixel 
format, ISP truncates the MSB of each pixel.

  NOTE  

23-16

GBL_ALPHA_V
AL

Global Alpha Value

Specifies the alpha value that is inserted with all RGB pixels in the image when being stored into the 
memory. For RGB 10-bit formats, only 2 MSBs are used as alpha value for insertion. When different 
alpha values are required to be inserted in up to four regions of interest, use the ROI_x_ALPHA, 
ROI_x_ULC, and ROI_x_LRC (where x = 0, 1, 2, 3) registers.

0000_0000b-1111_1111b - Alpha value to be inserted with all RGB pixels

15

GBL_ALPHA_E
N

Global Alpha Value Insertion Enable

Enables you to insert the global alpha value in the RGB image. If you need to insert different alpha 
values in up to four regions of interest, use the ROI_x_ALPHA, ROI_x_ULC, and ROI_x_LRC (where x = 
0, 1, 2, 3) registers.

0b - Disable

1b - Enable

14-12

DEINT

Deinterlace Control

Defines the basic deinterlacing method that you use to combine the interlaced frames. Deinterlacing is 
required to send the interlaced frames over the pixel link. See Image deinterlacing methods for details on 
deinterlacing techniques and how to configure the channels to perform deinterlacing.

000b,001b - No deinterlacing

010b - Weave deinterlacing (odd, even)

011b - Weave deinterlacing (even, odd)

11-10

DEC_X

Horizontal Pre-Decimation Control

Controls the pre-decimation filter for down scaling of the input image in the horizontal direction.

For field value 00b, pre-decimation filter is disabled but the bilinear scaling filter is still operational.

00b - Disabled

01b - Decimate by 2

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - Decimate by 4

11b - Decimate by 8

9-8

DEC_Y

Vertical Pre-Decimation Control

Controls the pre-decimation filter for down scaling of the input image in the vertical direction.

For field value 00b, pre-decimation filter is disabled but the bilinear scaling filter is still operational.

00b - Disabled

01b - Decimate by 2

10b - Decimate by 4

11b - Decimate by 8

7

CROP_EN

Output Image Cropping Enable

Enables cropping of the image when you write 1 to this field. Cropping of the image is carried out 
after down scaling. Therefore, you must program the cropping coordinates according to the scaled 
image. You can configure the cropping coordinates in Channel Crop Upper Left Corner Coordinate 
(CHNL_CROP_ULC) and Channel Crop Lower Right Corner Coordinate (CHNL_CROP_LRC).

0b - Disable

1b - Enable

6

VFLIP_EN

Vertical Flip Control

Enables vertical image flipping when you write 1 to this field.

0b - Disable

1b - Enable

5

HFLIP_EN

Horizontal Flip Control

Enables horizontal image flipping when you write 1 to this field.

0b - Disable

1b - Enable

4

—

Reserved

3

YCBCR_MODE

YCbCr Mode

Enables YCbCr mode. Write 1 to this field when performing YCbCr to RCB conversion and write 0 to 
this field when performing RGB to YUV conversion. This field changes the behavior of the scaler when 
performing U/V scaling.

0b - Disable

1b - Enable

2-1 Color Space Conversion Operating Mode

Table continues on the next page...
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Table continued from the previous page...

Field Function

CSC_MODE Controls how the CSC unit operates on pixels when CSC is not bypassed.

00b - Convert from YUV to RGB

01b - Convert from YCbCr to RGB

10b - Convert from RGB to YUV

11b - Convert from RGB to YCbCr

0

CSC_BYP

Color Space Conversion Bypass Control

Bypasses the CSC block that means no operation occurs on the pixels when you write 1 to this field. 
When you write 0 to this field, color conversion selected by CSC_MODE takes place.

0b - CSC operational

1b - CSC bypassed

58.7.4 Channel Output Buffer Control (CHNL_OUT_BUF_CTRL)

Offset

Register Offset

CHNL_OUT_BUF_CTRL 8h

Function
Controls how the output buffer loads the destination memory address and configures the overflow panic controls.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAX_
WR_...

MAX_
WR_...

0
PANIC_SET_THD_V 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LOAD_
BU...

LOAD_
BU...

0
PANIC_SET_THD_U 

0
PANIC_SET_THD_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Maximum AXI Write Beats for Y-Buffer

Table continues on the next page...
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Table continued from the previous page...

Field Function

MAX_WR_BEA
TS_Y

Specifies the maximum write beats per write request for the Y-buffer.

When Y-buffer is concatenated with other buffers (Y+U+V or Y+V), you can increase throughput by 
increasing the maximum write beats to 16 (that is, 256 bytes) per write request. When buffer is not combined, 
this field has no effect, and a maximum of 8 beats per write request are supported.

0b - 8 beats per write (128 bytes)

1b - 16 beats per write (256 bytes)

30

MAX_WR_BEA
TS_UV

Maximum AXI Write Beats for U- and V-Buffers

Specifies the maximum write beats per write request for the U- and V-buffers.

When U-buffer and V-buffer are concatenated, you can increase throughput by increasing the maximum 
write beats to 16 (that is, 256 bytes) per write request. When buffers are not combined, this field has no 
effect, and a maximum of 8 beats per write request are supported.

0b - 8 beats per write (128 bytes)

1b - 16 beats per write (256 bytes)

29-20

—

Reserved

19-16

PANIC_SET_T
HD_V

Overflow Panic Set Threshold Value for V Output Buffer

Contains the threshold value after which the potential overflow panic alert interrupt 
(CHNL_STS[PANIC_V_BUF]) and the panic signal to the subsystem are asserted to request a higher 
priority on AXI to drain the output buffers of the channel. Panic is asserted when the buffer is n×6.25%full 
(where n = 1 to 15).

Panic signal deasserts when the number of filled rows in the ping-pong buffer fall below the programmed 
threshold. CHNL_STS[PANIC_V_BUF] becomes 0 when you write 1 to it.

0000b - No panic alert

0001b-1111b - Panic asserts

15

LOAD_BUF2_A
DDR

Load Buffer 2 Address

Specifies the load buffer 2 address from the CHNL_OUT_BUF2_ADDR_n (where n = Y, U, V) registers. 
When you require to use a new value, you must toggle this field to indicate that a new buffer address has 
been programmed for use. On every toggle of this field, the new address values are shadowed in design.

14

LOAD_BUF1_A
DDR

Load Buffer 1 Address

Specifies the load buffer 1 address from the CHNL_OUT_BUF1_ADDR_n (where n = Y, U, V) registers. 
When you require to use a new value, you must toggle this field to indicate that a new buffer address has 
been programmed for use. On every toggle of this field, the new address values are shadowed in design.

13-12

—

Reserved

11-8 Overflow Panic Set Threshold Value for U Output Buffer

Table continues on the next page...
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Table continued from the previous page...

Field Function

PANIC_SET_T
HD_U

Contains the threshold value after which the potential overflow panic alert interrupt 
(CHNL_STS[PANIC_U_BUF]) and the panic signal to the subsystem are asserted to request a higher 
priority on AXI to drain the output buffers of the channel. Panic is asserted when the buffer is n×6.25%full 
(where n = 1 to 15).

Panic signal deasserts when the number of filled rows in the ping-pong buffer fall below the programmed 
threshold. CHNL_STS[PANIC_U_BUF] becomes 0 when you write 1 to it.

0000b - No panic alert

0001b-1111b - Panic asserts

7-4

—

Reserved

3-0

PANIC_SET_T
HD_Y

Overflow Panic Set Threshold Value for Y or RGB Output Buffer

Contains the threshold value after which the potential overflow panic alert interrupt 
(CHNL_STS[PANIC_Y_BUF]) and the panic signal to the subsystem are asserted to request a higher 
priority on AXI to drain the output buffers of the channel. Panic is asserted when the buffer is n×6.25%full 
(where n = 1 to 15).

Panic signal deasserts when the number of filled rows in the ping-pong buffer fall below the programmed 
threshold. CHNL_STS[PANIC_Y_BUF] becomes 0 when you write 1 to it.

0000b - No panic alert

0001b-1111b - Panic asserts

58.7.5 Channel Image Configuration (CHNL_IMG_CFG)

Offset

Register Offset

CHNL_IMG_CFG Ch

Function
Specifies details related to the image width (in pixels) and height (in lines). This register specifies the image resolution for any 
type of source for the processing channel.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
HEIGHT 

W

Reset 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WIDTH 

W

Reset 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-16

HEIGHT

Input Image Height

Contains the height of the input image in terms of the number of lines for both cases when the image is 
input from the pixel link or from memory. The default height is 1080 lines.

15-13

—

Reserved

12-0

WIDTH

Input Image Width

Contains the width of the input image in terms of the number of pixels for both cases when the image is 
input from the pixel link or from memory. The default width is 1920 pixels.

58.7.6 Channel Interrupt Enable (CHNL_IER)

Offset

Register Offset

CHNL_IER 10h

Function
Enables the generation of an interrupt to the processor.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MEM_
RD_...

LINE_
RC...

FRM_
RCV...

AXI_W
R_...

AXI_W
R_...

AXI_W
R_...

AXI_R
D_...

0 PANIC
_V...

OFLW
_V_...

PANIC
_U...

OFLW
_U_...

PANIC
_Y...

OFLW
_Y_...

EARL
Y_V...

LATE_
VS...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

MEM_RD_DON
E_EN

Memory Read Complete Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

30

LINE_RCVD_E
N

Line Received Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

29

FRM_RCVD_E
N

Frame Received Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

28

AXI_WR_ERR_
V_EN

AXI Bus Read Error Interrupt Enable for V Data Buffer

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

27

AXI_WR_ERR_
U_EN

AXI Bus Read Error Interrupt Enable for U Data Buffer

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

26 AXI Bus Read Error Interrupt Enable for Y and RGB Data Buffer

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

AXI_WR_ERR_
Y_EN

0b - Disable

1b - Enable

25

AXI_RD_ERR_
EN

AXI Bus Read Error Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

24

—

Reserved

23

PANIC_V_BUF_
EN

V Output Buffer Potential Overflow Panic Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

22

OFLW_V_BUF_
EN

V Output Buffer Overflow Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

21

PANIC_U_BUF
_EN

U Output Buffer Potential Overflow Panic Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

20

OFLW_U_BUF_
EN

U Output Buffer Overflow Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

19

PANIC_Y_BUF_
EN

Y Output Buffer Potential Overflow Panic Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

18

OFLW_Y_BUF_
EN

Y Output Buffer Overflow Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

17

EARLY_VSYNC
_ERR_EN

VSYNC Timing (Early) Error Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

16

LATE_VSYNC_
ERR_EN

VSYNC Timing (Late) Error Interrupt Enable

Enables the assertion of an interrupt from the channel when the corresponding status field is 1.

0b - Disable

1b - Enable

15-0

—

Reserved

58.7.7 Channel Status (CHNL_STS)

Offset

Register Offset

CHNL_STS 14h

Function
Specifies the module status.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MEM_
RD_...

LINE_
ST...

FRM_
STRD 

AXI_W
R_...

AXI_W
R_...

AXI_W
R_...

AXI_R
D_...

0
PANIC
_V...

OFLW
_V_...

PANIC
_U...

OFLW
_U_...

PANIC
_Y...

OFLW
_Y_...

EARL
Y_V...

LATE_
VS...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
MEM_
RD_...

BUF2_
AC...

BUF1_
AC...

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

MEM_RD_DON
E

Memory Read Complete Interrupt Flag

Indicates that the channel has read the full image from the input memory location (Channel Input Buffer 
Address (CHNL_IN_BUF_ADDR)). Configure the system to read the next image from the memory.

0b - Not complete or not started

1b - Completed

30

LINE_STRD

Line Received and Stored Interrupt Flag

Indicates that a line is received and stored in the memory. This interrupt flag sets for every line received 
and stored in memory.

0b - Not received

1b - Received and stored

29

FRM_STRD

Frame Stored Successfully Interrupt Flag

Indicates that a full frame is received and stored in the memory. This interrupt flag sets for every frame 
received and stored in memory.

0b - Not received or in progress

1b - Received and stored

28

AXI_WR_ERR_
V

AXI Bus Write Error Interrupt Flag for V Data Buffer

Indicates that an error has occurred on the AXI bus when storing V data into memory.

0b - No error

1b - Error occurred

27

AXI_WR_ERR_
U

AXI Bus Write Error Interrupt Flag for U Data Buffer

Indicates that an error has occurred on the AXI bus when storing U data into memory.

0b - No error

1b - Error occurred

26

AXI_WR_ERR_
Y

AXI Bus Write Error Interrupt Flag for Y/RGB Data Buffer

Indicates that an error has occurred on the AXI bus when storing Y/RGB data into memory.

0b - No error

1b - Error occurred

25

AXI_RD_ERR

AXI Bus Read Error Interrupt Flag

Indicates that an error has occurred on the AXI bus when reading the image data from memory.

0b - No error

1b - Error occurred

24 Reserved
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Table continued from the previous page...

Field Function

—

23

PANIC_V_BUF

V Output Buffer Potential Overflow Panic Alert Interrupt Flag

Indicates whether the buffer has crossed the panic threshold limit. The channel requires you to increase the 
AXI bus priority for the V channel so that it can empty its output buffers; otherwise, the buffer might overflow 
and loose valid pixel data.

You must perform an action on this interrupt in a way to empty out the buffers before any 
overflow occurs. You can configure the threshold for this panic interrupt in Channel Output Buffer 
Control (CHNL_OUT_BUF_CTRL)

0b - Threshold limit not crossed

1b - Threshold limit crossed

22

OFLW_V_BUF

Overflow in V Output Buffer Interrupt Flag

Indicates that an overflow has occurred in the channel because of internal buffers not being read via AXI 
and are now full and not accepting new valid pixels in the output buffer control stage. The number of 
bytes lost during the overflow event is also reported in Channel Status (CHNL_STS).

0b - No overflow

1b - Overflow

21

PANIC_U_BUF

U Output Buffer Potential Overflow Panic Alert Interrupt Flag

Indicates whether the buffer has crossed the panic threshold limit. The channel requires you to increase the 
AXI bus priority for the U channel so that it can empty its output buffers; otherwise, the buffer might overflow 
and loose valid pixel data.

You must perform an action on this interrupt in a way that buffers are emptied out before any 
overflow occurs. You can configure the threshold for this panic interrupt in Channel Output Buffer 
Control (CHNL_OUT_BUF_CTRL).

0b - Threshold limit not crossed

1b - Threshold limit crossed

20

OFLW_U_BUF

Overflow in U Output Buffer Interrupt Flag

Indicates that an overflow has occurred in the channel because of internal buffers not being read via AXI 
and are now full and not accepting new valid pixels in the output buffer control stage. The number of 
bytes lost during the overflow event is also reported in Channel Status (CHNL_STS).

0b - No overflow

1b - Overflow

19

PANIC_Y_BUF

Y or RGB Output Buffer Potential Overflow Panic Alert Interrupt Flag

Indicates whether the buffer has crossed the panic threshold limit. The channel requires you to increase the 
AXI bus priority for the Y or RGB channel so that it can empty its output buffers; otherwise, the buffer might 
overflow and loose valid pixel data.

Table continues on the next page...
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Table continued from the previous page...

Field Function

You must perform an action on this interrupt in a way that buffers are emptied out before any 
overflow occurs. You can configure the threshold for this panic interrupt in Channel Output Buffer 
Control (CHNL_OUT_BUF_CTRL).

0b - Threshold limit not crossed

1b - Threshold limit crossed

18

OFLW_Y_BUF

Overflow in Y or RGB Output Buffer Interrupt Flag

Indicates that an overflow has occurred in the channel because of internal buffers not being read via AXI 
and are now full and not accepting new valid pixels in the output buffer control stage. The number of 
bytes lost during the overflow event is also reported in Channel Status (CHNL_STS).

0b - No overflow

1b - Overflow

17

EARLY_VSYNC
_ERR

VSYNC Timing (Early) Error Interrupt flag

Indicates that the VSYNC for the frame was detected earlier than expected. The resultant frame has 
corrupted data.

0b - No error

1b - VSYNC detected earlier

16

LATE_VSYNC_
ERR

VSYNC Timing (Late) Error Interrupt flag

Indicates that the VSYNC for the frame was detected later than expected. The resultant frame has 
corrected data. The extra lines in frame are ignored.

0b - No error

1b - VSYNC detected later

15-11

—

Reserved

10

MEM_RD_OFL
OW

Memory Read FIFO Overflow Error Status

Indicates that the read from memory has caused an internal FIFO to overflow. Data loss has occurred during 
memory read. Status is valid only when a memory read has been initiated.

0b - No overflow

1b - FIFO overflow

9

BUF2_ACTIVE

Current Frame Stored in Buffer 2 Address

Indicates that the buffer 2 address is being used to store current frame.

0b - Buffer 2 address inactive

1b - Buffer 2 address in use

8 Current Frame Stored in Buffer 1 Address

Table continues on the next page...
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Field Function

BUF1_ACTIVE Indicates that the buffer 1 address is being used to store current frame.

0b - Buffer 1 address inactive

1b - Buffer 1 address in use

7-0

—

Reserved

58.7.8 Channel Scale Factor (CHNL_SCALE_FACTOR)

Offset

Register Offset

CHNL_SCALE_FACTOR 18h

Function

Provides the scale factor for the bilinear filter in the scaling engine. The maximum downscaling factor is 1/2 in a way that the output 
image in either axis is 1/2 the size of the source. The scale-down factor can range from 1.0 to 2.0. Use decimation and the bilinear 
filter together to achieve scaling by more than a factor of 2.

Write a value of 10.0000_0000_0000 to this register to reduce the image by a factor of two in the output frame buffer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Y_SCALE 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
X_SCALE 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-16 Vertical Scaling Factor
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Field Function

Y_SCALE Represents the Y-dimension scaling factor for the bilinear filter as a two-bit integer and 12-bit fractional 
number (##.####_####_####). The maximum value you can write to this field is 2 because scaling down 
by a factor greater than 2 is not supported with the bilinear filter.

15-14

—

Reserved

13-0

X_SCALE

Horizontal Scaling Factor

Represents the X-dimension scaling factor for the bilinear filter as a two-bit integer and 12-bit fractional 
number (##.####_####_####). The maximum value you can write to this field is 2 because scaling down 
by a factor greater than 2 is not supported with the bilinear filter.

58.7.9 Channel Scale Offset (CHNL_SCALE_OFFSET)

Offset

Register Offset

CHNL_SCALE_OFFSET 1Ch

Function

Provides the initial scale offset for the bilinear filter. The X and Y offset provide the ability to access the source image with a per 
sub-pixel granularity. This provides the capability to use all source pixels to affect the output image. The fixed offset values can 
be used for sub-pixel adjustments in the bilinear scaling filter.

For example, when scaling an image down by a factor of 2, an initial offset of 0 results in subsampling every other pixel. In case 
of a fixed offset of 800h (1/2), all pixels are used in scaling the final output pixel value. In this case, the first output pixel is the sum 
of (1/2*P0) + (1/2*P1). This fixed offset is applied after the decimation filter stage, and before the bilinear filter stage.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

Y_OFFSET

Vertical Scaling Offset

Represents the Y-dimension scaling offset as a 12-bit fractional number (0.####_####_####). This 
represents a fixed pixel offset that gets added to the scaled address to determine source data for the 
scaling engine.

15-12

—

Reserved

11-0

X_OFFSET

Horizontal Scaling Offset

Represents the X-dimension scaling offset as a 12-bit fractional number (0.####_####_####). This 
represents a fixed pixel offset that gets added to the scaled address to determine source data for the 
scaling engine.

58.7.10 Channel Crop Upper Left Corner Coordinate (CHNL_CROP_ULC)

Offset

Register Offset

CHNL_CROP_ULC 20h

Function
Provides the upper left coordinate of the source image that must be cropped. Configure ULC as per:

• The scaled image resolution (if scaler is enabled).

• The input image resolution (if scaler is bypassed).

The output image, after cropping, comprises pixels of the source image that are within the region that CHNL_ROI_n_ULC and 
CHNL_ROI_n_LRC (where n = 0, 1, 2, 3) specify. Write 1 to CHNL_IMG_CTRL[CROP_EN] to perform the cropping operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

X

Upper Left X-Coordinate

Contains the upper left X-coordinate (in pixels) of the scaled image. The range of valid values includes 0 
to (WIDTH - 1).

15-12

—

Reserved

11-0

Y

Upper Left Y-Coordinate

Indicates the upper left Y-coordinate (in pixels) of the scaled image. The range of valid values includes 0 
to (HEIGHT - 1).

58.7.11 Channel Crop Lower Right Corner Coordinate (CHNL_CROP_LRC)

Offset

Register Offset

CHNL_CROP_LRC 24h

Function
Provides the lower right coordinate of the source image that must be cropped. Configure LRC as per:

• The scaled image resolution (if scaler is enabled).

• The input image resolution (if scaler is bypassed).

The output image, after cropping, comprises pixels of the source image that are within the region that CHNL_ROI_n_ULC and 
CHNL_ROI_n_LRC (where n = 0, 1, 2, 3) specify. Write 1 to CHNL_IMG_CTRL[CROP_EN] to perform the cropping operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

X

Lower Right X-Coordinate

Contains the lower right X-coordinate (in pixels) of the source image. The range of valid values includes 
0 to (WIDTH - 1).

15-12

—

Reserved

11-0

Y

Lower Right Y-Coordinate

Indicates the lower right Y-coordinate (in pixels) of the source image. The range of valid values includes 
0 to (HEIGHT - 1).

58.7.12 Channel Color Space Conversion Coefficient 0 (CHNL_CSC_COEFF0)

Offset

Register Offset

CHNL_CSC_COEFF0 28h

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
A2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
A1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved
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Field Function

—

26-16

A2

CSC Coefficient A2 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

15-11

—

Reserved

10-0

A1

CSC Coefficient A1 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

58.7.13 Channel Color Space Conversion Coefficient 1 (CHNL_CSC_COEFF1)

Offset

Register Offset

CHNL_CSC_COEFF1 2Ch

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
B1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
A3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved
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Field Function

26-16

B1

CSC Coefficient B1 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

15-11

—

Reserved

10-0

A3

CSC Coefficient A3 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

58.7.14 Channel Color Space Conversion Coefficient 2 (CHNL_CSC_COEFF2)

Offset

Register Offset

CHNL_CSC_COEFF2 30h

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
B3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
B2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16 CSC Coefficient B3 Value
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Field Function

B3 Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

15-11

—

Reserved

10-0

B2

CSC Coefficient B2 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

58.7.15 Channel Color Space Conversion Coefficient 3 (CHNL_CSC_COEFF3)

Offset

Register Offset

CHNL_CSC_COEFF3 34h

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
C2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
C1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

C2

CSC Coefficient C2 Value
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Field Function

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

15-11

—

Reserved

10-0

C1

CSC Coefficient C1 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

58.7.16 Channel Color Space Conversion Coefficient 4 (CHNL_CSC_COEFF4)

Offset

Register Offset

CHNL_CSC_COEFF4 38h

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
D1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
C3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24-16

D1

CSC Coefficient D1 Value

Specifies the two's-complement coefficient integer offset that is to be added.
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Field Function

15-11

—

Reserved

10-0

C3

CSC Coefficient C3 Value

Specifies the two's-complement coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits 
of fraction as ###.####_####.

58.7.17 Channel Color Space Conversion Coefficient 5 (CHNL_CSC_COEFF5)

Offset

Register Offset

CHNL_CSC_COEFF5 3Ch

Function
Contains color space conversion coefficients in the two's-complement notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
D3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
D2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24-16

D3

CSC Coefficient D3 Value

Specifies the two's-complement coefficient integer offset that is to be added.

15-9 Reserved
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Field Function

—

8-0

D2

CSC Coefficient D2 Value

Specifies the two's-complement coefficient integer offset that is to be added.

58.7.18 Channel Alpha Value for ROI 0 (CHNL_ROI_0_ALPHA)

Offset

Register Offset

CHNL_ROI_0_ALPHA 40h

Function

Provides the alpha value and control to enable alpha value insertion into ROI 0 of an image.

The region is defined by Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) and Channel Lower Right Coordinate for 
ROI 0 (CHNL_ROI_0_LRC).

The alpha insertion happens after scaling is done, so ULC and LRC must correspond to the scaled image dimensions.

 
If one value of alpha is to be inserted globally for the whole image, use Channel Image Control (CHNL_IMG_CTRL) 
to provide the global alpha value and enable control. The ROI_* registers are not used.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ALPHA 

0 ALPHA
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Alpha Value

Specifies the alpha value to be inserted into a ROI of an image if you write 1 to ALPHA_EN.
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Field Function

ALPHA ROI is defined by Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) and Channel Lower Right 
Coordinate for ROI 0 (CHNL_ROI_0_LRC).

23-17

—

Reserved

16

ALPHA_EN

Alpha Value Insertion Enable

Controls whether the alpha value is inserted into a ROI of an image.

ROI is defined by Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) and Channel Lower Right 
Coordinate for ROI 0 (CHNL_ROI_0_LRC).

0b - Disable

1b - Enable

15-0

—

Reserved

58.7.19 Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC)

Offset

Register Offset

CHNL_ROI_0_ULC 44h

Function

Defines the upper-left coordinate for ROI 0. Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) and Channel Lower 
Right Coordinate for ROI 0 (CHNL_ROI_0_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Image Sensing Interface (ISI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3199 / 5781



Fields

Field Function

31-28

—

Reserved

27-16

X

Upper Left X-Coordinate

Indicates the upper-left X-coordinate (in pixels) of ROI 0.

15-12

—

Reserved

11-0

Y

Upper Left Y-Coordinate

Indicates the upper-left Y-coordinate (in pixels) of ROI 0.

58.7.20 Channel Lower Right Coordinate for ROI 0 (CHNL_ROI_0_LRC)

Offset

Register Offset

CHNL_ROI_0_LRC 48h

Function

Defines the lower-right coordinate for ROI 0. Channel Upper Left Coordinate for ROI 0 (CHNL_ROI_0_ULC) and Channel Lower 
Right Coordinate for ROI 0 (CHNL_ROI_0_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and less than or equal to the lower-right coordinates 
define ROI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

X

Lower Right X-Coordinate

Indicates the lower-right X-coordinate (in pixels) of ROI 0.

15-12

—

Reserved

11-0

Y

Lower Right Y-Coordinate

Indicates the lower-right Y-coordinate (in pixels) of ROI 0.

58.7.21 Channel Alpha Value for ROI 1 (CHNL_ROI_1_ALPHA)

Offset

Register Offset

CHNL_ROI_1_ALPHA 4Ch

Function

Provides the alpha value and control to enable alpha value insertion into ROI 1 of an image.

The region is defined by Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) and Channel Lower Right Coordinate for 
ROI 1 (CHNL_ROI_1_LRC). The alpha insertion happens after you perform the scaling, so that ULC and LRC correspond to the 
scaled image dimensions.

 
If one particular value of alpha is to be inserted globally for the whole image, use Channel Image Control 
(CHNL_IMG_CTRL) to provide the global alpha value and enable control. The ROI_* registers are not used.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ALPHA 

0 ALPHA
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

ALPHA

Alpha Value

Specifies the alpha value to be inserted into the ROI of an image if ALPHA_EN = 1.

The ROI is defined by Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) and Channel Lower 
Right Coordinate for ROI 1 (CHNL_ROI_1_LRC).

23-17

—

Reserved

16

ALPHA_EN

Alpha Value Insertion Enable

Controls whether alpha value is inserted into the ROI of an image. The ROI is defined by Channel 
Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) and Channel Lower Right Coordinate for ROI 1 
(CHNL_ROI_1_LRC).

0b - Disable

1b - Enable

15-0

—

Reserved

58.7.22 Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC)

Offset

Register Offset

CHNL_ROI_1_ULC 50h

Function

Defines the upper-left coordinate for ROI 1. Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) and Channel Lower 
Right Coordinate for ROI 1 (CHNL_ROI_1_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Upper Left X-Coordinate

Indicates the upper-left X-coordinate (in pixels) of ROI 1.

15-12

—

Reserved

11-0

Y

Upper Left Y-Coordinate

Indicates the upper-left Y-coordinate (in pixels) of ROI 1.

58.7.23 Channel Lower Right Coordinate for ROI 1 (CHNL_ROI_1_LRC)

Offset

Register Offset

CHNL_ROI_1_LRC 54h

Function

Defines the lower-right coordinate for ROI 1. Channel Upper Left Coordinate for ROI 1 (CHNL_ROI_1_ULC) and Channel Lower 
Right Coordinate for ROI 1 (CHNL_ROI_1_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Lower Right X-Coordinate

Indicates the lower-right X-coordinate (in pixels) of ROI 1.

15-12

—

Reserved

11-0

Y

Lower Right Y-Coordinate

Indicates the lower-right Y-coordinate (in pixels) of ROI 1.

58.7.24 Channel Alpha Value for ROI 2 (CHNL_ROI_2_ALPHA)

Offset

Register Offset

CHNL_ROI_2_ALPHA 58h

Function

Provides the alpha value and control to enable alpha value insertion into ROI 2 of an image. The alpha insertion happens after 
you perform the scaling, so that ULC and LRC correspond to the scaled image dimensions.

The region is defined by Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) and Channel Lower Right Coordinate for 
ROI 2 (CHNL_ROI_2_LRC).

 
If one particular value of alpha is to be inserted globally for the whole image, use Channel Image Control 
(CHNL_IMG_CTRL) to provide the global alpha value and enable control. The ROI_* registers are not used.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ALPHA 

0 ALPHA
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

ALPHA

Alpha Value

Specifies the alpha value to be inserted into the ROI of an image if ALPHA_EN = 1.

ROI is defined by Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) and Channel Lower Right 
Coordinate for ROI 2 (CHNL_ROI_2_LRC).

23-17

—

Reserved

16

ALPHA_EN

Alpha Value Insertion Enable

Controls whether alpha value is inserted or not into the ROI of an image.

ROI is defined by Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) and Channel Lower Right 
Coordinate for ROI 2 (CHNL_ROI_2_LRC).

0b - Disable

1b - Enable

15-0

—

Reserved

58.7.25 Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC)

Offset

Register Offset

CHNL_ROI_2_ULC 5Ch

Function

Defines the upper-left coordinate for ROI 2. Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) and Channel Lower 
Right Coordinate for ROI 2 (CHNL_ROI_2_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.
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Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Upper Left X-Coordinate

Indicates the upper-left X-coordinate (in pixels) of ROI 2.

15-12

—

Reserved

11-0

Y

Upper Left Y-Coordinate

Indicates the upper-left Y-coordinate (in pixels) of ROI 2.

58.7.26 Channel Lower Right Coordinate for ROI 2 (CHNL_ROI_2_LRC)

Offset

Register Offset

CHNL_ROI_2_LRC 60h

Function

Defines the lower-right coordinate for ROI 2. Channel Upper Left Coordinate for ROI 2 (CHNL_ROI_2_ULC) and Channel Lower 
Right Coordinate for ROI 2 (CHNL_ROI_2_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and less than or equal to the lower-right coordinates 
define ROI.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Lower Right X-Coordinate

Indicates the lower-right X-coordinate (in pixels) of ROI 2.

15-12

—

Reserved

11-0

Y

Lower Right Y-Coordinate

Indicates the lower-right Y-coordinate (in pixels) of ROI 2.

58.7.27 Channel Alpha Value for ROI 3 (CHNL_ROI_3_ALPHA)

Offset

Register Offset

CHNL_ROI_3_ALPHA 64h

Function

Provides the alpha value and control to enable alpha value insertion into ROI 3 of an image. The region is defined by Channel 
Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) and Channel Lower Right Coordinate for ROI 3 (CHNL_ROI_3_LRC). The 
alpha insertion happens after you perform the scaling, so that ULC and LRC correspond to the scaled image dimensions.

 
If one particular value of alpha is to be inserted globally for the whole image, use Channel Image Control 
(CHNL_IMG_CTRL) to provide the global alpha value and enable control. The ROI_* registers are not used

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ALPHA 

0 ALPHA
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

ALPHA

Alpha Value

Specifies the alpha value to be inserted into the ROI of an image if ALPHA_EN = 1.

ROI is defined by Channel Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) and Channel Lower Right 
Coordinate for ROI 3 (CHNL_ROI_3_LRC).

23-17

—

Reserved

16

ALPHA_EN

Alpha Value Insertion Enable

Controls whether alpha value is inserted into the ROI of an image. ROI is defined by Channel 
Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) and Channel Lower Right Coordinate for ROI 
3 (CHNL_ROI_3_LRC).

0b - Disable

1b - Enable

15-0

—

Reserved

58.7.28 Channel Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC)

Offset

Register Offset

CHNL_ROI_3_ULC 68h

Function

Defines the upper-left coordinate for ROI 3. Channel Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) and Channel Lower 
Right Coordinate for ROI 3 (CHNL_ROI_3_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.
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Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Upper Left X-Coordinate

Indicates the upper-left X-coordinate (in pixels) of ROI 3.

15-12

—

Reserved

11-0

Y

Upper Left Y-Coordinate

Indicates the upper-left Y-coordinate (in pixels) of ROI 3.

58.7.29 Channel Lower Right Coordinate for ROI 3 (CHNL_ROI_3_LRC)

Offset

Register Offset

CHNL_ROI_3_LRC 6Ch

Function

Defines the lower-right coordinate for ROI 3. Channel Upper Left Coordinate for ROI 3 (CHNL_ROI_3_ULC) and Channel Lower 
Right Coordinate for ROI 3 (CHNL_ROI_3_LRC) must correspond to the scaled image dimensions because the alpha insertion 
happens after scaling is performed.

Pixel locations that are greater than or equal to the upper-left coordinates and lesser than or equal to the lower-right coordinates 
define ROI.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

X

Lower Right X-Coordinate

Indicates the lower-right X-coordinate (in pixels) of ROI 3.

15-12

—

Reserved

11-0

Y

Lower Right Y-Coordinate

Indicates the lower-right Y-coordinate (in pixels) of ROI 3.

58.7.30 Channel RGB or Luma (Y) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_Y)

Offset

Register Offset

CHNL_OUT_BUF1_ADD
R_Y

70h

Function
Specifies the starting memory address of buffer 1, where the RGB or Y (Luma) data of the processed image is stored.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Address for RGB or Y (Luma)

Specifies the starting address for the RGB or Y (luma) memory location.

58.7.31 Channel Chroma (U/Cb/UV/CbCr) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_U)

Offset

Register Offset

CHNL_OUT_BUF1_ADD
R_U

74h

Function
Specifies the starting memory address of buffer 1, where the U or Cb data of the processed image is stored. In a two-plane 
operation, this register points to the starting memory address where the UV or CbCr chroma of the processed image is stored. 
You do not use this register in a one-plane operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

ADDR

Address for U/Cb/UV/CbCr

Specifies the starting address for the (U or Cb) or 2-plane (UV or CbCr) chroma memory location.

58.7.32 Channel Chroma (V/Cr) Output Buffer 1 Address (CHNL_OUT_BUF1_ADDR_V)

Offset

Register Offset

CHNL_OUT_BUF1_ADD
R_V

78h

Function
Specifies the starting memory address of buffer 1, where the V or Cr data of the processed image is stored. You do not use 
this register in one or two-plane operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Address for V or Cr

Specifies the starting address for the V or Cr memory location.
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58.7.33 Channel Output Buffer Pitch (CHNL_OUT_BUF_PITCH)

Offset

Register Offset

CHNL_OUT_BUF_PITC
H

7Ch

Function
Contains the output buffer pitch in bytes. Any byte value indicates the vertical pitch. You use this value for output pixel address 
calculations.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LINE_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

LINE_PITCH

Output Buffer Line Pitch

Indicates the number of bytes in memory between two vertically adjacent pixels.

58.7.34 Channel Input Buffer Address (CHNL_IN_BUF_ADDR)

Offset

Register Offset

CHNL_IN_BUF_ADDR 80h

Function

Provides the start address for reading the standalone or deinterlaced image frames from memory. Blending (or averaging) 
deinterlacing stores the odd frame image into the memory address that this register specifies. The channel reads back the image 
and sends it to the deinterlacing logic when SRC is set as memory (CHNL_CTRL[SRC_TYPE] = 1).
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The storage location allows for two frames to be stored. When reading the image frames from memory, the module switches 
between the two locations automatically. The read operation starts automatically when you need to perform blend deinterlacing. 
When processing standalone images from memory, you must trigger the processing of images. The format of the image that can 
be stored in this location can be RGB, YUV444, or YUV422 only. The image format is set automatically when one channel is 
configured to perform blend deinterlacing.

For deinterlacing, configure the deinterlace method and source type in one channel and configure only the source type as memory 
in another channel. The module can pair the deinterlace and memory channels automatically to perform blend deinterlace. 
For other deinterlace methods, read back of frames from memory is not required. See Image deinterlacing methods for more 
information on deinterlacing.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Starting Address

Specifies the starting address from where the input image is read. You can update this field during direct 
memory reads.

For deinterlacing of the intermediate frames, you must reserve address space of two frame size + pitch 
range. The hardware logic determines the addresses for the intermediate frames during deinterlacing 
because the software is not concerned about intermediate frames.

58.7.35 Channel Input Buffer Pitch (CHNL_IN_BUF_PITCH)

Offset

Register Offset

CHNL_IN_BUF_PITCH 84h

Function

Provides the line and frame pitch for the image to be read out from the memory location that you configure in Channel Input Buffer 
Address (CHNL_IN_BUF_ADDR).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FRM_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LINE_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

FRM_PITCH

Frame Pitch

Indicates the number of bytes in memory between the two frames that are read from the memory. 
You can alternatively keep the frame pitch as zero and update Channel Input Buffer Address 
(CHNL_IN_BUF_ADDR) during direct memory reads. For deinterlacing, the frame pitch is required to 
store the intermediate frames. You must reserve two frame size + pitch range of addresses for the 
intermediate frames because the software is not concerned about them.

15-0

LINE_PITCH

Line Pitch

Indicates the number of bytes in memory between two vertically adjacent pixels.

58.7.36 Channel Memory Read Control (CHNL_MEM_RD_CTRL)

Offset

Register Offset

CHNL_MEM_RD_CTRL 88h

Function

Provides the image format information and control to start reading image from memory. This register is used when the image 
source type is memory (CHNL_CTRL[SRC_TYPE] = 1) and standalone image is being read from memory (with no deinterlacing 
performed). This register is not used during deinterlacing where the deinterlace logic controls the image read back from memory.

Both deinterlace image read and standalone image read cannot happen together, even on different channels.

All input image formats that IMG_TYPE defines are described in Table 519.

Table 519. Input image formats

Bit field value Format Description

0000b BGR8P BGR format with 8 bits per color component (packed into 32-bit DWORD)

Table continues on the next page...
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Table 519. Input image formats (continued)

Bit field value Format Description

0001b RGB8P RGB format with 8 bits per color component (packed into 32-bit DWORD)

0010b XRGB8 RGB format with 8 bits per color component (unpacked and LSB aligned in 
32-bit DWORD)

0011b RGBX8 RGB format with 8 bits per color component (unpacked and MSB aligned in 
32-bit DWORD)

0100b XBGR8 BGR format with 8 bits per color component (unpacked and LSB aligned in 
32-bit DWORD)

0101b RGB565 RGB format with 5 bits of R, B; 6 bits of G (packed into 32-bit DWORD)

0110b A2BGR10 BGR format with 2 bits alpha in MSB; 10 bits per color component

0111b A2RGB10 RGB format with 2 bits alpha in MSB; 10 bits per color component

1000b YUV444_1P8P 8 bits per color component; 1-plane, YUV interleaved packed bytes

1001b YUV444_1P10 10 bits per color component; 1-plane, YUV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

1010b YUV444_1P10P 10 bits per color component; 1-plane, YUV interleaved packed bytes (2 MSB 
waste bits in 32-bit WORD)

1011b YUV444_1P12 12 bits per color component; 1-plane, YUV interleaved unpacked bytes (4 
LSB waste bits in 16-bit WORD)

1100b YUV444_1P8 8 bits per color component; 1-plane YUV interleaved unpacked bytes (8 
MSB waste bits in 32-bit DWORD)

1101b YUV422_1P8P 8 bits per color component; 1-plane YUV interleaved packed bytes

1110b YUV422_1P10 10 bits per color component; 1-plane, YUV interleaved unpacked bytes (6 
LSB waste bits in 16-bit WORD)

1111b YUV422_1P12 12 bits per color component; 1-plane, YUV interleaved packed bytes (4 MSB 
waste bits in 16-bit WORD)
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
IMG_TYPE 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 READ_
MEM W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

IMG_TYPE

Input Image Format

Specifies the format of the image when an image is read from memory (even during deinterlacing).

See all the input image formats in Table 519.

27-1

—

Reserved

0

READ_MEM

Initiate Read from Memory

Initiates direct read of image from memory when you write 1 to this field. You can read one full image 
frame at a time. To read another image frame from memory, write 0 and then write 1 to this field. 
You can write 0 to this field after writing 1 while read from memory is in progress; this will not stop 
the read operation. The read operation stops when one full frame is read. This field is not used during 
deinterlacing.

0b - No reads

1b - Reads initiated

58.7.37 Channel RGB or Luma (Y) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_Y)

Offset

Register Offset

CHNL_OUT_BUF2_ADD
R_Y

8Ch

Function
Specifies the starting memory address of buffer 2 where the RGB or Y (Luma) data of the processed image is stored.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Starting Address for RGB or Y

Specifies the starting address for RGB or Y (luma) memory location.

58.7.38 Channel Chroma (U/Cb/UV/CbCr) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_U)

Offset

Register Offset

CHNL_OUT_BUF2_ADD
R_U

90h

Function
Specifies the starting memory address of buffer 2 where the U or Cb data of the processed image is stored. In a two-plane 
operation, this register points to the starting memory address where the UV or CbCr chroma of the processed image is stored. 
You do not use this register for a one-plane operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

ADDR

Starting Address for U/Cb or 2-plane UV/CbCr

Specifies the starting address for the (U or Cb) or two-plane (UV or CbCr) memory location.

58.7.39 Channel Chroma (V/Cr) Output Buffer 2 Address (CHNL_OUT_BUF2_ADDR_V)

Offset

Register Offset

CHNL_OUT_BUF2_ADD
R_V

94h

Function
Specifies the starting memory address of buffer 2 where the V or Cr data of the processed image is stored. You do not use this 
register in one- or two-plane operations.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Starting Address for V or Cr

Specifies the starting address for the V or Cr memory location.

58.7.40 Channel Scaled Image Configuration (CHNL_SCL_IMG_CFG)

Offset

Register Offset

CHNL_SCL_IMG_CFG 98h
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Function

Provides details related to the image width (in pixels) and height (in lines) at the scaler output. Because the image after scaling 
can be flipped, cropped, or both; the dimension of the image after scaling becomes an important parameter for the output buffer 
control logic.

The scaled image dimension is computed as: dimension in Channel Image Configuration (CHNL_IMG_CFG) divided by the scale 
factor in Channel Scale Factor (CHNL_SCALE_FACTOR) and rounded to the closest integer.

 
You must program this register with the correct image dimensions even if the scaler is bypassed.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
HEIGHT 

W

Reset 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WIDTH 

W

Reset 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-16

HEIGHT

Scaled Image Height (Lines)

Provides the height of the scaled image in terms of number of lines. Default height is 1080 lines for 1:1 
scaling.

15-13

—

Reserved

12-0

WIDTH

Scaled Image Width (Pixels)

Provides the width of the scaled image in terms of number of pixels. Default width is 1920 pixels for 1:1 
scaling.

58.7.41 Channel Flow Control (CHNL_FLOW_CTRL)

Offset

Register Offset

CHNL_FLOW_CTRL 9Ch
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Function
Provides the amount of usable AXI bus bandwidth for writing out the pixel data from the channel's output buffers (Y, U, or V). 
The usable bandwidth is specified as a fraction (numerator/denominator) where denominator >= numerator. This flow control 
kicks in for the whole frame when the source of frame is memory or for only the last line when the source is a pixel link input 
and the line buffer inside the scaler is being used (that is, when scaler is enabled or YUV420 data is being input).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FC_NUMER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
FC_DENOM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

FC_NUMER

Numerator Value of Fraction of Usable Bandwidth

Determines the clock cycles out of the FC_DENOM number of clock cycles during which pixels can be 
written out. FC_NUMER cannot be greater than FC_DENOM. Flow control is disabled if you write 0 to 
this field. The AXI write request consumes the full available bandwidth if you configure FC_NUMER = 
FC_DENOM.

0000_0000b - Invalid value (flow control disabled)

15-8

—

Reserved

7-0

FC_DENOM

Denominator Value of Fraction of Usable Bandwidth

Determines the total cycles within which the FC_NUMER clock cycles are used to write out the data on 
the AXI write bus. FC_DENOM cannot be less than FC_NUMER. Flow control is disabled if you write 0 
to this field. The AXI write request consumes the full available bandwidth if you configure FC_NUMER = 
FC_DENOM.

0000_0000b - Invalid value (flow control disabled)
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Chapter 59
Electrophoretic Display Controller (EPDC)
59.1 Chip-specific EPDC information
Table 520. Reference links to related information

Topic Related module Reference

Full description EPDC EPDC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

59.1.1 Module instances
This device has one instance of the EPDC module.

59.2 Overview
This chapter describes the architecture of the EPDC. It provides a detailed description of the block for digital design and 
software driver development.

The EPDC is a feature-rich, low power and high performance direct drive active matrix EPD controller. It is specifically designed 
to drive E•INKTM EPD panels supporting a wide variety of TFT backplanes. The goal of the EPDC is to provide an efficient SoC 
integration of this functionality for e-paper applications, allowing a significant BOM cost saving over an external solution, while 
reaching much higher levels of performance at lower power. The EPDC module is defined in the context of an optimized HW/SW 
partitioning and works in conjunction with the PXP IP module to form a complete display processing solution.

The key features of the EPDC are as follows:

• TFT resolutions up to 3200 x 2400 at 85 Hz refresh

• Industry standard bus interfaces (AMBA AXI and APB)

• Up to 5-bit pixel representation for up to 32 greyscale levels

• Up to 64 concurrent updates with partial update support in single scan mode and up to 32 concurrent updates with partial 
update support in dual scan mode, except for 32(5-bit) grey level panel for which only 16 concurrent updates can be used

• Automatic collision handling when used in conjunction with the i.MX device driver

• Dual-scan TFT drive mode to support ultra high resolution/refresh rate displays

• Flexible direct drive TFT interface supporting next generation source driver, gate driver and panel architectures, including 
LVDS, DDR and multi-level source drivers

• Unified generic configurable timing mode (Pigeon Mode) available on most panel timing control signals

• High performance pixel pipeline architecture to guarantee refresh performance at high pixel rates without the need for high 
internal clocking

• Ability to process multiple updates asynchronously to refresh/update operations with ability to intercept each frame scan 
will multiple update requests

• Performance tuning capabilities which can interface with SoC level memory arbitration mechanisms further guaranteeing 
frame refresh operation
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• Decoupled clocking architecture allowing for independent and asynchronous clock sources for memory bus, peripheral 
bus and pixel clock domains

• Full and partial update mode support

• Support for up to 256 waveform modes, also support optimal waveform auto-selection based on grey level of the pixels 
being updated

• Low power mode operation via architectural clock gating

• Update buffer analysis functions to get information like collision rectangle, grey level

• Support connecting directly to MIPI DSI controller using RGB565 mode.

59.2.1 EPDC Block Diagram
The top-level view of the EPDC is shown in the following figure.
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Figure 369. EPDC Top-Level Block Diagram

The EPD function can be separated into two major asynchronous processes. The first is the front end portion which is responsible 
for processing display updates. The second is the function of driving waveforms to the TFT panel in order to update the screen 
contents (the refresh operation). The EPDC is comprised of two major submodules (MBM and TCE) which mirror the architectural 
split in the EPD algorithm. These submodules communicate through a number of control/sequencing signals and data (through 
the pixel FIFOs and LUT memories):

• Memory and Buffer Manager (MBM): This submodule is responsible for all memory-related operations and LUT life cycle 
control, which involves the frame count management for all updates. This module is clocked by both aclk and pixclk. It 
also encapsulates the APB register interface which is clocked by aclk too.
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• Timing Control Engine (TCE): This submodule is responsible for performing TFT scan frame refreshes. It is clocked by 
pixclk. It also houses the LUT memory system.

59.3 External Signals
The following table describes the external signals of EPDC:

Table 521. EPDC External Signals

Signal Description Direction

BDR0 Panel-Border Control (SW controlled) O

BDR1 Panel-Border Control (SW controlled) O

DATA00 Source Driver-Shift signal O

DATA01 Source Driver-Shift signal O

DATA02 Source Driver-Shift signal O

DATA03 Source Driver-Shift signal O

DATA04 Source Driver-Shift signal O

DATA05 Source Driver-Shift signal O

DATA06 Source Driver-Shift signal O

DATA07 Source Driver-Shift signal O

DATA08 Source Driver-Shift signal O

DATA09 Source Driver-Shift signal O

DATA10 Source Driver-Shift signal O

DATA11 Source Driver-Shift signal O

DATA12 Source Driver-Shift signal O

DATA13 Source Driver-Shift signal O

DATA14 Source Driver-Shift signal O

DATA15 Source Driver-Shift signal O

GDCLK Gate Driver-Clock O

GDOE Gate Driver-Output Enable O

GDRL Gate Driver-Shift direction O

GDSP Gate Driver-Start Pulse O

PWR_COM Panel-Power control (SW controlled) O

PWR_CTRL0 Panel-Power control (SW controlled) O

PWR_CTRL1 Panel-Power control (SW controlled) O

PWR_CTRL2 Panel-Power control (SW controlled) O

PWR_CTRL3 Panel-Power control (SW controlled) O

PWR_IRQ Panel-Power irq I

Table continues on the next page...
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Table 521. EPDC External Signals (continued)

Signal Description Direction

PWR_STAT Panel-Power status good I

PWR_WAKE Panel-Power control wake signal (SW controlled) O

SDCE0 Source Driver-Chip-enable/Start- Pulse O

SDCE1 Source Driver-Chip-enable/Start- Pulse O

SDCE2 Source Driver-Chip-enable/Start- Pulse O

SDCE3 Source Driver-Chip-enable/Start- Pulse O

SDCE4 Source Driver-Chip-enable/Start- Pulse O

SDCE5 Source Driver-Chip-enable/Start- Pulse O

SDCE6 Source Driver-Chip-enable/Start- Pulse O

SDCE7 Source Driver-Chip-enable/Start- Pulse O

SDCE8 Source Driver-Chip-enable/Start- Pulse O

SDCE9 Source Driver-Chip-enable/Start- Pulse O

SDCLK_N Negative Source Driver-Shift Clock O

SDCLK_P Positive Source Driver-Shift Clock O

SDLE Source Driver-Latch Enable O

SDOE Source Driver-Output Enable O

SDOED Source Driver-Output Enable (to VDD) O

SDOEZ Source Driver-Output Enable (to Zero) O

SDSHR Source Driver-Shift dir O

VCOM0 Panel-VCOM O

VCOM1 Panel-VCOM O

59.4 Programming Model
From an application perspective, the EPDC HW/SW solution aims to abstract much of the details of driving an EPD display 
from the user space. This is achieved through a blend of HW features and the kernel-level SW driver implementation of the 
EPD frame buffer. The scope of this chapter mostly pertains to EPDC HW but in order to correctly define the context of the 
programming model, certain assumptions about the driver architecture (including use of the ePXP IP) are described below.

59.4.1 Assumptions
The scope of the EPDC does not include certain functions performed by the driver and application layer. These features are as 
follows:

• Maintenance of update and collision lists. This includes, but is not limited to, responsibility for managing update order. 
Updates are processed in the order they are received by the EPDC. Actual start times of multiple updates can occur on 
the same frame scan. All pixels contained within an update will always begin on the same frame scan.

• Border control. This function is assumed to be performed by a GPIO functionality.

• EPD Panel Power Management. It is assumed that the driver and application layers will control the panel PMIC functions 
including relevant interfaces such as I2C and 4-wire power sequencing signals.
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• Reading and decompression of the waveform file. This is assumed to be unpacked, reformatted and written to system 
memory into a form that is easily accessed by the EPDC.

• Waveform mode selection. The EPDC provides a mechanism through its histogram analysis feature (which can be run 
as part of any frame/region processing operations) to allow the SW driver to characterize the region/buffer in terms of 
gray-map content. For example, EPDC can determine if the update region (considering only those pixels undergoing 
a transition) contains only 2, 4, 8 or 16 gray levels, HW can automatically select waveform mode according to a 
programmed LUT holding mapping between grey level and waveform mode. SW driver can also manually choose the 
appropriate waveform update mode (e.g., when doing an update to repair ghosting artifacts).

59.4.2 Register Space (Write/Set/Clear/Toggle)
The EPDC registers utilize four word address locations per 32-bit register. For control registers (especially interrupts), this 
provides for a unique address for the following operations:

• Write (0x0). The base address of the register allows full writes to the 32-bit register.

• Set (0x4). This address allows a set operation on the register or its fields; writing a 1 to a register bit/field with the set 
address will set that bit. Writing a 0 to the set address has no effect.

• Clear (0x8). This address allows a clear operation on the register or its fields; writing a 1 to a register bit/field with the clear 
address will clear that bit or field.

 
Interrupt status bits (such as those contained in IRQ) must be cleared with the clear address only. Writing to the 
IRQ register with a 0 will not clear the interrupt status/source. Writing a 0 to the clear address has no effect.

  NOTE  

• Toggle (0xc). This address allows a toggle operation on the register or its fields; writing a 1 to a register bit/field with 
the toggle address will invert the state of that bit/field. This address is especially useful because it provides the ability to 
perform a read-modify-write operation with a single write operation. Writing a 0 to the toggle address has no effect.

59.4.3 Interrupts

59.4.3.1 Interrupt Sources
The EPDC contains 72 ( 64 of LUT completes IRQs and 8 of common IRQs ) unique interrupt sources. Each interrupt source 
has an interrupt status bit captured in IRQ /IRQ1/IRQ2 . When an interrupt event occurs, the appropriate bit within the IRQ* 
register is set by the EPDC. Each of the bits in IRQ is first AND'ed with its enable bit (in IRQ_MASK*), and then the masked 
bits are logically OR'ed together to generate the final output.

59.4.3.2 Enabling/Masking Interrupts
Each of the EPDC interrupt sources can be individually enabled through the bits in the IRQ_MASK* register. Even if an 
interrupt source is masked out (IRQ_EN bit set to 0), its status will still be available in the IRQ* register. The difference is that it 
does not result in the interrupt line being asserted.

59.4.3.3 Handling/Clearing Interrupts
When the software driver is entered as a result of an EPDC interrupt it should read the IRQ* interrupt status register. Because 
multiple interrupts may have fired, in the case of a collision for example, both WB_CMPLT_IRQ and LUT_COL IRQ fields of 
IRQ will be set. Once the interrupt has been handled, the driver should clear the interrupt source by writing to the CLEAR 
address (see Register Space (Write/Set/Clear/Toggle) for details).

When collision has occurred and the LUT_COL_IRQ bit is set, SW will handle the collision and clear LUT_COL_IRQ. Please note 
HW will also clear the entire STATUS_COL* register at the sametime on LUT_COL_IRQ clearing by SW.
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59.4.4 Controller Setup
Before screen update operations can be performed, the EPDC should be configured appropriately. These rudimentary setup 
operations include:

• Waveform data must be present in memory (in a format that is consistent with the method in which the EPDC accesses it). 
Because the format of the waveform data is supplier proprietary information, it is not discussed in this chapter.

• Configuring the panel architecture parameters (source and gate-driver configuration)

• Configuring line and frame timing parameters

• Initializing the working buffer and panel

59.4.4.1 Memory Requirements
EPDC requires continuous access to the unpacked waveform data, the update region buffer, and its working buffer. These are 
all expected to reside in system memory (typically external DRAM). As such, each has particular requirements:

• The Working Buffer (WB), which is pointed to by WB_ADDR, must have RES[HORIZONTAL] x RES[VERTICAL] x 2 bytes 
allocated. This buffer is used by the EPDC to process updates and perform TFT refresh operations.

— RES[HORIZONTAL] mod 4 must equal to 0 for memory allocation calculations because the EPDC constructs each 
line of the working buffer at a 64-bit boundary.

• The Update Buffer, which is pointed to by UPD_ADDR (and can be redefined with a different address for each update), 
must have the following allocation in memory:

1. when stride feature not enabled

— UPD_SIZE[HEIGHT] x UPD_SIZE[WIDTH] bytes

— Note that UPD_SIZE[WIDTH] mod 8 must equal to 0 for memory allocation purposes. This means that for the 
address size allocation, the WIDTH field must be rounded up to the nearest number so that it can be divided 
by 8. This is because the EPDC reads each line of the update buffer at a 64-bit boundary (it should be noted 
that this is consistent with the ePXP IP output). The actual value programmed for the update can be at the 
pixel granularity.

2. when stride feature enabled

— UPD_SIZE[HEIGHT] x UPD_STRIDE bytes

— UPD_SIZE[WIDTH] is used to reflect valid bytes in a line with UPD_STRIDE pixels, STRIDE >= WIDTH

— no alignment requirement on line start or end, no padding necessary unless STRIDE > WIDTH

• The waveform data set size is a function of mode count, number of temperature tables and number of frames required for 
each temperature-compensated mode.

In summary, the memory requirements are as follows (in bytes):

• WB-roundup4(RES[HORIZONTAL]) x RES[VERTICAL] x 2

• when stride feature not eanbled: UPD-N x roundup8(UPD_SIZE[WIDTH]) x UPD_SIZE[HEIGHT]

— N = the number of update requests currently being managed by the i.MX EPD driver (that is, the driver may maintain 
a list of updates in memory which it uses to feed the EPDC).

• when stride feature enabled: UPD-N x UPD_STRIDE x UPD_SIZE[HEIGHT]

59.4.4.2 Panel Architecture Configuration
The EPDC is designed to directly drive EPD panels which typically expose the source and gate driver IC interfaces (these are 
often abstracted in traditional displays such as TFT-LCD). The source and gate driver ICs are responsible for driving the TFT 
matrix. There are variations in both the panel architectures and the underlying source and gate driver IC functionality.

All the key configuration parameters are defined in the EDPC_RES, FORMAT, TCE_CTRL, TCE_SDCFG and TCE_GDCFG 
registers as follows.
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• RES:

— HORIZONTAL: The panel horizontal resolution (in pixels). The horizontal resolution must be an integer multiple of 
the source driver PIXELS_PER_SDCLK value. It also must be an integer multiple of the PIXELS_PER_CE value.

— VERTICAL: The panel vertical resolution (in pixels). This can be any integer value.

• FORMAT:

— DEFAULT_TFT_PIXEL: This field should almost always be left at 0x00. This register field is used as the value for 
the TFT pixel during a frame scan when a pixel is not being updated. This condition is commonplace especially 
when using partial updates or updates which do not encompass the entire screen resolution. This value must always 
correspond to the state the source driver should see when no voltage change is needed. Incorrectly setting this 
value will damage the EPD material.

— TFT_PIXEL_FORMAT: This enumerated field defines the width of the TFT pixel. The TFT pixel is defined as the 
per-pixel voltage control value. The most common pixel format is 2B (2 bits per pixel). Panels which support source 
driver voltage modulation (multi-level voltage control) should use the 4B format. For source drivers that support 
7 levels, the 4B format can be used and the unused DATA output pins should be left floating at the board level 
connection (specifically DATA3, 7, 11, 15). The 2BV and 4BV are variations which require the waveform data to 
supply a 2-bit VCOM value for each pixel.

• TCE_CTRL:

— SDDO_WIDTH: This selects 8- or 16-bit DATA operation using enumerations 8-bit and 16-bit. This field is used to 
describe useful data for panels that support LVDS. DATA[15:8] would be used to drive differential data. In these 
modes, SDDO_WIDTH would be set to 8-bit.

— VCOM_MODE, VCOM_VAL: This VCOM_MODE bit allows the EPDC to either use the VCOM value supplied in 
the waveform or a software programmable value defined in the VCOM_VAL field, for panels which support VCOM 
modulation.

— DDR_MODE: This mode-bit should be set for panels which expect source-driver data to be available on both edges 
of the SDCLK. This is common place for panels that support differential signaling, but the feature is not limited to 
LVDS panels. For example, the EPDC supports DDR modes which make full use of DATA[15:0]. In these modes, 
DDR_MODE = 1 and LVDS_MODE = 0.

— LVDS_MODE: This mode always requires DDR_MODE to be set. When this mode bit is set, differential signaling 
is enabled such that DATA[15:8] always drives the inverse of the pixel data which is presented on DATA[7:0]. 
Because LVDS source-drivers use 2 pins per data-bit, they are typically configured to work in DDR mode. Differential 
signaling is also supported on the SDCE pins (as an option selected by LVDS_MODE_CE). In this mode SDCE[9:5] 
are used to drive the inverse differential signals for SDCE[4:0].

— LVDS_MODE_CE: When LVDS_MODE is set, this bit can also be set to allow SDCE[9:5] to act as differential pairs 
for each SDCE[4:0].

— DUAL_SCAN: Setting this field enables the dual scan function. When this field is set, all other parameters (except 
resolution) should be programmed in reference to each half of the panel. Because DUAL_SCAN modes require 2x 
the pixel-generation capability, there are limitations to the available TFT modes supported in this configuration (see 
Table 522 for details).

— SCAN_DIR0, SCAN_DIR1: These fields determine the vertical scan direction of the panel.

◦ SCAN_DIR0: Determines the vertical scan direction of the panel when DUAL_SCAN = 0. When DUAL_SCAN = 
1, it determines the vertical scan direction of the top-half of the panel (0 means scan down and 1 means scan 
up).

◦ SCAN_DIR1 only has meaning when DUAL_SCAN = 1. It defines the vertical scan direction of the bottom half of 
the panel.

— PIXELS_PER_SDCLK: This is a key configuration and timing parameter. Each source driver latches a number of 
TFT pixels per shift clock period (SDCLK). This register defines how many pixels are driven per SDCLK period. 
When DDR_MODE = 1, pixels are driven on both edges of the clock, so this value must be adjusted accordingly. 
See Table 522 for the required values per mode.
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• TCE_SDCFG:

— SDCLK_HOLD: Holds the SDCLK low during the LINE_BEGIN time. The purpose of this field is to allow the user to 
set a LINE_BEGIN time which is not an integer multiple of SDCLKs (for fine tuning the line-time).

— SDSHR: Defines the value of the SDSHR output signal which determines the source driver output order mapping.

— NUM_CE: Defines the total number of source driver chip-enables (must be 1-10). This number doesn't always 
correspond to the number of source drivers in the panel. Many panels require only a single chip-enable signal which 
is active during the entire line data time. This signal is often called SPH (Horizontal Start Pulse) in such cases.

— PIXELS_PER_CE: This register defines the span of each chip-enable expressed in pixels. For panels that utilize a 
single global CE, this value should be set to the horizontal resolution of the panel.

— SDDO_REFORMAT: This enumerated field allows for TFT-pixel level reordering within DATA. For most panels it is 
recommended to set SDDO_REFORMAT to the REVERSE_PIXELS enumeration.

— SDDO_INVERT: When this field is set, the values on DATA are inverted relative to the values extracted from the 
waveform LUT operations.

• TCE_GDCFG:

— GDRL: Defines the value of the GDRL output signal which determines the gate driver pulse shift direction.

— GDOE_MODE: This field selects between two possible methods for driving the GDOE signal. When GDOE_MODE = 
0, the GDOE output is always driven during the frame scan time, except during FRAME_SYNC when it is driven low. 
When GDOE_MODE = 1, the GDOE signal mimics the GDCLK signal but is only active during the frame-data time 
(FD). For most panels the recommended setting is 0.

— GDSP_MODE: This field selects between two possible methods for driving the GDSP signal. When GDSP_MODE 
= 0, the GDSP signal is driven on the first line clock time of the FRAME_BEGIN time. The signal is driven for one 
GDCLK period (same as line time), and can be shifted using the GDSP_OFFSET control. When GDSP_MODE = 1, 
GDSP is active during the entire FRAME_SYNC time, and GDSP_OFFSET has not effect in this mode.

59.4.4.3 TFT Panel Timing Configuration
The EPDC provides a simple primary set of registers to define TFT line and frame (refresh) timing. In addition to these, there 
are also low-level timing and polarity registers to provide additional flexibility in dealing with future TFT architectures.

The following figure shows how the horizontal and vertical timing is defined in terms of the various timing parameters. When 
configuring the TFT timing, the following goals should be met:

• Arrive at a refresh rate that matches the waveform requirement (for example, 50 Hz for 50 Hz waveform). The refresh rate 
is defined as the time between each frame sync event and can be expressed as a multiple of the line timing and the total 
number of vertical lines.

• Meet the various timing requirements of the gate and source driver clock and control signals (the blanking period provide 
an infrastructure for controlling these).

• Stay below the maximum source-driver clock (usually referred to as CL) frequency.

• Arrive at a source driver clock frequency which in turn defines the exact pixclk frequency. In most cases, E-INK™ provides 
the expected SDCLK frequency.

• Meet the line-timing (LT) requirements of the E-INK panels and their associated waveforms.

For proper waveform performance, it is critical to match the refresh frequency to that required by the waveform and associated 
panel. Deviation from this frequency results in short term inaccuracy of color and in the long term, complete loss of coherency 
between the EPDC's internal representation of color and the physical representation on the screen.
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Figure 370. Frame Timing

The following equations define the timing of the panel scan frame (where LT = line-timing and FT = frame-timing):

       LT  =  TPIXCLK (LS + LB + (HRES x              Ratio                + LE)     

       PIXELSPERSDCLK     

                             

            

                             

            

       FT = LT x (FS + FB + VRES + LE)     

Ratio is defined between the internal PIXCLK and the external source driver clock SDCLK. The ratio is automatically determined 
by the EPDC according to Table 522. A simple method to determine the ratio is as follows:

• When DDR_MODE = 1, RATIO = 4

• When DDR_MODE = 0

— If PIXELS_PER_SDCLK = 8, RATIO = 4

— Else, RATIO = 2

Typically it is recommended to seed these equations with an estimated (or provided) SDCLK frequency and adjust the various 
timings until the desired refresh rate is attained.
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The following figure shows line timing for cases, where DDR_MODE = 0 (those cases where data is only sampled by the source 
driver on the rising edge of SDCLK). Depending on the mode (see Table 522), the ratio is a function of TFT pixel width and 
PIXELS_PER_SDCLK, so the timings are shown generically. For the purposes of this diagram, RATIO can either be 2 or 4.

       RATIO x tpixclk     

       LS x tpixclk            LB x tpixclk            LD = HRES x (RATIO / PIXELS_PER_SDCLK) x tpixclk            LE x tpixclk     

       SDCLK     

       SDLE     

       SDCE     

       DATA     

       SDLE_WIDTH x tpixclk            SDCLK held low if       
SDCLK_HOLD=1            (RATIO/2) x tpixclk     

       tpixclk     
       (RATIO/2) x tpixclk     

Figure 371. Line Timing (DDR_MODE = 0)

As per Table 522, when DDR_MODE=1 (for example, for source drivers that require data to be driven on each edge of SDCLK), 
the RATIO is always set to 4. The timing for such cases is shown in the figure below.

       4 x tpixclk     

       LS x tpixclk            LB x tpixclk            LD = HRES x (4 / PIXELS_PER_SDCLK) x tpixclk            LE x tpixclk     

       SDCLK     

       SDLE     

       SDCE     

       DATA     

       SDLE_WIDTH x tpixclk            SDCLK held low if       
SDCLK_HOLD=1     

       tpixclk     

       tpixclk     

       tpixclk     
       tpixclk     

       tpixclk     
       tpixclk     

       tpixclk     
       tpixclk     

Figure 372. Line Timing (DDR_MODE = 1) - RATIO = 4

Vertical timing or frame timing (FT) is always expressed in terms of line timing (LT). This is shown in the following figure, followed 
by a detailed view of the GDCLK timing (which has programmable duty cycle to allow programming of gate-on/gate-off time) in 
Figure 374. The following important points should be noted in regard to gate driver timing:

• All gate driver timing signals are independently referenced to the LINE_SYNC leading edge (this includes 
GDCLK_OFFSET, GDSP_OFFSET, and GDOE_OFFSET).

• GDSP_OFFSET is only supported for GDSP_MODE = 1

• For GDOE_MODE = 1, if GDOE is expected to be delayed relative to GDCLK, the GDOE_OFFSET value should be set at 
a value appropriately greater than GDCLK_OFFSET.

• All offset settings are programmed in terms of PIXCLK cycles.
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• By default, if all offset values are set to 0, the gate driver signals are always one PIXCLK cycle delayed from the 
LINE_SYNC leading edge.

• The LINE_SYNC leading edge doesn't depend on the LINE_SYNC_WIDTH value. In cases where LINE_SYNC_WIDTH is 
set to some value that is less than LINE_SYNC, a virtual leading edge which determines the line start time still exists.

       sdle(FS)     

       GDCLK_OFFSET x tpixclk     
       LT     

       FS     

       GDCLK_HP x tpixclk     

       FB            FD = VRES x LT            FE     

       LT     

       tpixclk            GDSP_OFFSET x tpixclk       
(if GDSP_MODE=0)     

       gdclk       
(with GDCLK_OFFSET)     

       gdsp (mode 0)       
(with GDSP_OFFSET)     

       gdsp (mode 1)     

       gdoe (mode 0)       
(GDOE_OFFSET=0)     

       gdoe (mode 1)       
(with GDOE)OFFSET     

       GDOE_OFFSET x tpixclk     

Figure 373. Frame Timing (Vertical)

       gdclk     

       LT     

       GDCLK_HP x tPIXCLK     

Figure 374. GDCLK Duty Cycle

An example calculation based on the 800 x 600 E-INK 6" panel with 50 Hz waveforms is shown as follows:

• PIXELS_PER_SDCLK = 4

• Ratio = 2 (2 bpp, 8-bit single-ended, SDR per Table 522)

• tPIXCLK = 17.64 MHz (assuming available chip clock frequency)

• LS = 20 x tPIXCLK

• LB = 8 x tPIXCLK

• LD = 800 x (2/4) x tPIXCLK = 400 x tPIXCLK

• LE = 142 x tPIXCLK

• LT = (20 + 8 + 400 + 142) x tPIXCLK = 32.31293 uS

LINE_SYNC_WIDTH does not affect line timing. It should be set to the same value as LINE_SYNC, unless LB and LE are short 
and it is used to shorten the width of SDLE whilst still maintaining the same line-timing.
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It is important to meet the target line time of the panel which was 32.312 uS. Then the frame-rate can be calculated and given the 
vertical timings:

• FS = 4 x LT

• FB = 4 x LT

• FD = 600 x LT

• FE = 10 x LT

• FT = (4 + 4 + 600 + 10) x LT = 50.07665 Hz

In addition to this, E-INK panels require a particular duty cycle for the GDCLK signal which is specified as gate-on-time 
and gate-off-time. The sum of gate-off and gate-on should equal LT and the value of gate-on can be programmed through 
HW_TCE_TIMING2[GDCLK_HP], or GDCLK High-Pulse time.

59.4.4.4 Source Driver and Pixel Clock Configuration
The EPDC supports a number of source driver architectures. Each architecture forces a particular shift clock pixel rate. In 
addition to this, the selection of the architecture requires a particular clock ratio between the internal pixel clock (pixclk) and 
external shift clock SDCLK. The table below outlines the various configurations and clock ratios. It also lists the relevant 
register settings for this configuration.

Table 522. Interface Modes

High-Level Mode HW_CTRL 
[DUAL_SC
AN]

DATA

pins used

HW_FOR
MAT

[TFT_PIX
EL_FORM
AT]

HW_TCE_
CTRL

[PIXELS_
PER_SDC
LK]

HW_TCE_
CTRL

[LVDS_M
ODE]

HW_TCE_
CTRL

[DDR_MO
DE]

HW_TCE_
CTRL

[SDDO_W
IDTH]

Required 
PIXCLK

(RATIO)

Single 
Scan

2bpp, 8-bit 
single-
ended, 
SDR

0 [7:0] 2B[V] FOUR 0 0 8BIT SDCLK x 2

2bpp, 16-
bit single-
ended, 
SDR

0 [15:0] 2B[V] EIGHT 0 0 16BIT SDCLK x 4

2bpp, 8-
bit, DDR 
(LVDS 
option)

0 [7:0],[15:8] 2B[V] EIGHT 1|0 1 8BIT SDCLK x 4

2bpp, 16-
bit, SDR

0 [15:0] 2B[V] EIGHT 0 0 16BIT SDCLKx2 
(MIPI 
MODE， 
else still 
SDCLKx4)

4bpp, 8-bit 
single-
ended, 
SDR

0 [7:0] 4B[V] TWO 0 0 8BIT SDCLK x 2

Table continues on the next page...

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3233 / 5781



Table 522. Interface Modes (continued)

High-Level Mode HW_CTRL 
[DUAL_SC
AN]

DATA

pins used

HW_FOR
MAT

[TFT_PIX
EL_FORM
AT]

HW_TCE_
CTRL

[PIXELS_
PER_SDC
LK]

HW_TCE_
CTRL

[LVDS_M
ODE]

HW_TCE_
CTRL

[DDR_MO
DE]

HW_TCE_
CTRL

[SDDO_W
IDTH]

Required 
PIXCLK

(RATIO)

4bpp, 16-
bit, single-
ended 
SDR

0 [15:0] 4B[V] FOUR 0 0 16BIT SDCLK x 2

4bpp, 8-
bit, DDR 
(LVDS 
option)

0 [7:0],[15:8] 4B[V] FOUR 1|0 1 8BIT SDCLK x 4

4bpp, 16-
bit, single-
ended, 
DDR

0 [15:0] 4B[V] EIGHT 0 1 16BIT SDCLK x 4

Dual Scan 2bpp, 8-bit 
single-
ended, 
SDR

1 [7:0],[15:8] 2B[V] FOUR 0 0 8BIT SDCLK x 2

2bpp, 8-
bit, DDR

1 [7:0],[15:8] 2B[V] EIGHT 0 1 8BIT SDCLK x 4

4bpp, 8-bit 
single-
ended, 
SDR

1 [7:0],[15:8] 4B[V] TWO 0 0 8BIT SDCLK x 2

4bpp, 8-
bit, DDR

1 [7:0],[15:8] 4B[V] FOUR 0 1 8BIT SDCLK x 4

59.4.4.5 Initializing the Display
Because of the nature of the EPD technology, a typical scenario would involve the EPDC's working buffer (WB) being 
maintained in system memory. In such power states (where memory is maintained), it is not required to initialize the display 
(even if the EPD panel had been powered off for example). In low-power modes where system memory is not maintained, 
there are two possible methods to initialize the display. The first method includes initialization from an unknown state and the 
second mode simply requires software to load the last state of the WB into memory and configure the EPDC to point to it.

59.4.4.5.1 Reset/Clocks and Buffer Preparation

In cases in which the user wants to initialize the screen to a new known state, the following sequence should be followed. Assume 
that all relevant display power supplies are active.

First, the user must complete a soft reset sequence which includes enabling the main EPDC block-level clock gate. This sequence 
is described in the example code below. Setting SFTRST enables the CLKGATE. In order to correctly cycle reset values through 

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3234 / 5781



pipeline registers, the CLKGATE bit stays asserted for some finite amount of time before it sets. After this time, it is safe to clear 
both the SFTRST and CLKGATE. The example below shows a typical use of these registers.

         CTRL_SET(BM_CTRL_SFTRST);
         while (!CTRL.B.CLKGATE);  
         CTRL_CLR(BM_CTRL_SFTRST | BM_CTRL_CLKGATE);
         while (CTRL_RD() & (BM_CTRL_SFTRST | BM_CTRL_CLKGATE));
      

Before any display update is performed, the waveform address and working buffer (WB) pointers must be set (both must be 
aligned to a 64-bit double long word address):

• WVADDR: Must point to the base address of the waveform data (managed by the i.MX driver)

• WB_ADDR: An area of memory must be assigned for the EPDC's working buffer (WB). Once assigned, this memory 
space should be reserved purely for the use of the EPDC. The requirements for the memory allocation are described in 
Memory Requirements.

After this, the various panel configuration parameters must be set including resolutions, source and gate driver formats, TFT and 
buffer pixel formats.

59.4.4.5.2 Performing an Initialization Display Update
Once all the panel timing and format parameters are defined, a command sequence must be sent to the EPDC with the 
properties found here.

• Update size must be full screen resolution

• HW_UPD_CTRL[UPDATE_MODE] must be set to FULL

• HW_UPD_CTRL[WAVEFORM_MODE] must be set to the INIT waveform (typically 0x00)

• HW_UPD_CTRL[USE_FIXED] must be set

• HW_UPD_FIXED[FIXNP_EN], FIXCP_EN must be set to 1, and FIXNP and FIXCP must be set to 0xFF

The use of HW_UPD_FIXED allows the EPDC working buffer to be primed to a state that matches the result of the 
initialization waveform.

If the application loads the previous WB of the EPDC, these steps are not necessary.

59.4.5 Dual-Scan Configuration
The EPDC supports ultra-high resolution/refresh rate EPD panels. At certain resolutions/refresh rates, there exist electrical 
limitations of the TFT devices and TFT driver ICs such as source drivers. In order to support driving such displays, the EPDC 
supports the dual-scan driver method. The specific method involves driving a TFT configuration where there are two sets of 
source drivers. All source driver control signals are expected to be shared across all source drivers (except the SDCE signals 
unless a unified CE is presented by the panel).

In this mode, DATA[7:0] is reserved to drive the upper half of the display and DATA[15:8] is reserved to drive the lower half of 
the panel. The update and working buffers do not have to be aware of the dual-scan operation because the MBM knows how to 
access the WB for refresh operations based on the settings of the TCE_CTRL[SCAN_DIR_0,1]. The EPDC supports four scan 
configurations for dual-scan which are shown in the following figures. Each figure shows an example configuration (that is to say, 
the EPDC is not limited to the support of only 2 source drivers per side).

The dual-scan drive method allows the SDCLK frequency to be halved relative to a single-scan method for the same resolution 
and refresh rate. In addition to this, each TFT is only charged in half frequency (for any given SDCLK cycle, twice as many pixels 
are being driven per frame scan).

Because all 16 DATA signals must be utilized for dual-scan, there is no support for the LVDS_MODE. The supported source-driver 
modes for dual scan are shown in Table 522. For the 2bpp DDR mode, the EPDC is capable of generating a total of 16 pixels per 
SDCLK cycle.
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       S0            S1     

       G1     

       G2     

       S2            S3     

       SCAN_DIR_0 = 0     

       SCAN_DIR_1 = 0     

Figure 375. Dual-Scan Method (Scan = 00)

       G2     

       S0            S1     

       G1     

       S2            S3     

       SCAN_DIR_0 = 0     

       SCAN_DIR_1 = 1     

Figure 376. Dual-Scan Method (Scan = 01)
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       S0            S1     

       G1     

       G2     

       S2            S3     

       SCAN_DIR_0 = 1     

       SCAN_DIR_1 = 0     

Figure 377. Dual-Scan Method (Scan = 10)

       S0            S1     

       G1     

       G2     

       S2            S3     

       SCAN_DIR_0 = 1     

       SCAN_DIR_1 = 1     

Figure 378. Dual-Scan Method (Scan = 11)

59.4.6 Update Buffer Analysis Functions
EPDC can perform several analyses on the update buffer.
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The information collected during processing will be reported to the register after update buffer processing is complete.

• Collision Rectangle Detection

For a collided update buffer, this function will report a minimal rectangle that can cover all collided pixels.

When a collision occurs, it's possible that not all, but only part of that update buffer generate a collision, so only the pixels inside 
a minimal collision rectangle need to be re-submited.

Details of minimal collision rectangle reported in UPD_COL_CORD/UPD_COL_SIZE.

• Grey Level Detection (histogram)

This function reports the minimal grey level that covers all pixels and which must be updated. This histogram differs from that 
of PXP; here we ignore those pixels which need no update, while the PXP histogram is calculated on the whole update buffer. 
The histogram feature is capable of reporting a histogram for 1, 2, 4, 8, or 16 grey levels. The valid grey levels value should 
be programmed into the HIST(1/2/4/8/16)_PARAM registers before using this functionality.

• Dry-Run Mode

Dry-Run mode allows the user to run an update for the purpose of obtaining information without performing any real action. 
This mode is enabled by setting UPD_CTRL[DRY_RUN] = 1 when writing UPD_CTRL register.

In this mode, Update Buffer will be read and checked against the current Working Buffer. As with a normal update, an interrupt 
will be generated when the Working Buffer processing completes.

Several pieces of information about the update can then be acquired from the EPDC registers: whether a collision occurred, 
the minimal collision area, and histogram data. However, the result (Next Pixel, LUT info) will not be written back into the 
Working Buffer for further panel scan operation, nor will the LUT waveform be loaded.

The LUT resource specified by UPD_CTRL[LUT_SEL] is not used here; the user can start this dry-run update when no LUTs 
are available.

59.4.7 Waveform Mode Selection (AUTOWV)
This function is provided to support waveform selection based on the grey level (histogram) information collected during the 
update buffer processing stage. 

Then AUTOWV LUT is provided to hold a mapping between the grey level of NP(pixel value from update buffer) and optimal 
waveform mode. This LUT mapping should be programmed before using this function by writing into the AUTOWV_LUT register 
with AUTOWV_LUT[ADDR]="grey level", AUTOWV_LUT[DATA]="waveform mode" for each possible grey level reported by the 
EPDC histogram.

After AUTOWV_LUT is programmed, AUTOWV mode can be enabled by setting UPD_CTRL[AUTOWV]=1. When enabling 
AUTOWV, the waveform mode written into UPD_CTRL[WAVEFORM_MODE] will be ignored and the loading waveform will 
initially be put on hold.

After the Update Buffer processing completes, EPDC reports the minimal grey level, retrieves the mapped waveform mode from 
AUTOWV LUT, and writes it back into UPD_CTRL[WAVEFORM_MODE].

If the user also sets UPD_CTRL[DRY_RUN], EPDC will be finished at this point.

Otherwise, EPDC continues with the following, depending upon the UPD_CTRL[AUTOWV_PAUSE] setting:

1. UPD_CTRL[AUTOWV_PAUSE] = 0, AUTO MODE)

EPDC will begin waveform loading immediately without any software interaction

2. UPD_CTRL[AUTOWV_PAUSE] = 1, MANUAL MODE)

EPDC waits for software to decide whether the selected waveform is ok, then if necessary software can use some other 
criteria to select a waveform mode. After software selects the waveform mode, it writes again into UPD_CTRL with final 
waveform mode, and waveform loading then panel scan will start.
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AUTOWV_PAUSE is extended for general use so that it can be used independent of AUTOWV feature. Regardless 
of whether AUTOWV is enabled or not, the user can send updates with AUTOWV_PAUSE=1. EPDC will stop after 
WB processing and pause before LUT loading and panel scan. Software can explicitly do that latter by writing 
to UPD_CTRL with AUTOWV_PAUSE=0. EPDC will ignore the Update Buffer for this time, and kick off the LUT 
loading and panel scanning. This feature allows SW modification to the working buffer after EPDC hardware has 
finished processing it.

  NOTE  

59.4.8 Panel Interface Generator (Pigeon Mode)
There are seventeen panel interface signal outputs (DATA/SDCLK not included), each of them with dedicated timing purpose 
as default. This is called "Legacy Mode". 

Pigeon Mode is a timing mode which can be independently enabled on any of the seventeen timing signals, with a unified flexible 
configuration. Signals within pigeon mode can be programmed into any supported signals, and are interchangeable.

The following are the legecy timing signals which support pigeon mode:

• PIGEON[00] - SDCE0

• PIGEON[01] - SDCE1

• PIGEON[02] - SDCE2

• PIGEON[03] - SDCE3

• PIGEON[04] - SDCE4

• PIGEON[05] - SDCE5

• PIGEON[06] - SDCE6

• PIGEON[07] - SDCE7

• PIGEON[08] - SDCE8

• PIGEON[09] - SDCE9

• PIGEON[10] - SDOE

• PIGEON[11] - SDL3

• PIGEON[12] - SDOEZ

• PIGEON[13] - SDOED

• PIGEON[14] - GDSP

• PIGEON[15] - GDOE

• PIGEON[16] - GDCLK

Working Theory

Each pigeon signal has one local counter with a configurable start point and incremental condition. It will be compared to 
configuration register value for signal assertion/de-assertion control, plus delta offset for data alignment and other options like 
polarity/logic operation. A detailed running scenario is as follows:

1. Start local counter on the MASK rising edge (reference point/start point)

2. Increment on event selected through INC_SEL

3. Count and match SET_CNT: assert signal, reset counter

( SET_CNT==0 means assert immediately on MASK's rising edge )

4. Count and match CLR_CNT: de-assert signal, stop counter

(CLR_CNT==0 means de-assert on MASK's falling edge)
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When local counter is running, further changes to MASK are not cared unless CLR_CNT==0

  NOTE  

MASK - start point for local counter

Created using any combination of below options (ANDed)

1. STATE_MASK = (FS|FB|FD|FE) AND (LS|LB|LD|LE)

8 bits to select in which vertical/horizontal state your counter starts ticking. This is the most common use-case because 
timing signals generally relate to scan states.

For example, for a line timing signal start on Line Begin phase during Frame Begin/Frame Data lines, use the 
configuration below:

Table 523. STATE_MASK combinations

STATE_MASK LS LB =1 LD LE

FS

FB =1 X

FD =1 X

FE

2. MASK_CNT/MASK_CNT_SEL(global counter)

Sometimes a more accurate reference point is required, such as" line 20 in a frame", or "line 12 in Frame Begin state" 
or "pixel 23 in LD phase". For such use-cases, several Global Counters shared by all pigeons are provided. Global 
counter type (line counter/frame counter/state counter, etc.) is selected using MASK_CNT_SEL, when global counter 
matches the MASK_CNT value. The pigeon local counter will start ticking.

3. Use another pigeon signal as mask (SIG_LOGIC=MASK)

For some tightly coupled signals it is possible to use one as a reference to generate another.

INC_SEL- select local counter tick event

1. pclk - pixel clk

2. line - line start pulse

3. frame - frame start pulse

4. another - another pigeon signal

OFFSET- offset on pclk basis

Some signals need to come out slightly earlier or later than programmed. For example, the CE type signal usually aligns with the 
Line Data phase, but some panels need it as one cycle pulse before Line Data. The user can set OFFSET to a negative value to 
achieve this.

Global Counters (selectable through MASK_CNT_SEL)

• HCNT / VCNT

normal pclk counter / line counter

• HSTATE_CNT / VSTATE_CNT

similar to above, but reset when state changes

• HSTATE_CYCLE / VSTATE_CYCLE

(see figure below for definition of CYCLE/PERIOD/CNT)

Some panels have multiple Gate Drivers/Source Drivers, so Frame Data / Line Data state may be further split to 
match each driver, and signals such as CE[n] are only valid during part n of Line Data. For such signals, use 
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HW_PIGEON_CTRL.*_PERIOD to specify PERIOD where CNT is reset and CYCLE is included. Then the user can select 
CYCLE as MASK_CNT to generate mask for CE[n].

• FRAME_CNT / FRAME_CYCLE (only for frame-crossing signals)

frame cycle counter doesn't have a reset condition; use HW_PIGEON_CTRL1.FRAME_CNT_CYCLES to reset it.

1 2 1 2 1 2

1 2 3

LINE_DATA

PERIOD=2

CYCLES=3

clock

hscan state

CNT

CYCLE

CE[1] mask_cnt=1

CE[2] mask_cnt=2

Figure 379. Definition of CNT, CYCLE, PERIOD

The following are register settings for the figure above:

• HW_PIGEON_CTRL0.LD_PERIOD=2

• MASK_CNT_SEL = 1 // HSTATE_CYCLE

• MASK_CNT = 1 // CE[1]

• MASK_CNT = 2 // CE[2]

59.4.9 Display Update Programming
The EPDC is designed to communicate with the kernel driver through the interrupts and status registers. The driver entry is 
always assumed to occur as a result of an interrupt.

59.4.9.1 Initiating a Display Update

The typical flow for performing a display update involves the following:

• STATUS[WB_BUSY] must be 0. The EPDC cannot process new updates if it is currently processing an update.

• STATUS[LUTS_BUSY] must be 0. The EPDC cannot accept new updates if all LUT resources are currently active.

Assuming both conditions above are met, an update request is programmed in the following manner (it is important to note that 
the last step must be writing to UPD_CTRL which initiates the display update).

The following steps can be performed before WB_BUSY and LUTS_BUSY are clear:

• At this time it is assumed that the correct temperature is selected and written to TEMP.

• UPD_ADDR must be set to the 8-bit buffer for the update if stride feature not enabled (when enabled stride feature, no 
requirement on align ). This buffer must be aligned to a 64-bit word address. In addition, each line address must begin at 
a 64-bit word address. Both criteria can be met by utilizing the PXP pixel processing engine which always aligns lines at a 
64-bit raster (see Memory Requirements for details).
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• UPD_CORD defines the insertion co-ordinate into the panel resolution.

• UPD_SIZE defines the dimension of the update (pixels).

• UPD_FIXED is used for panel initialization or rectangular fill operations.

Writing the UPD_CTRL register initiates a display update:

• USE_FIXED-This field is set when UPD_FIXED is used.

• LUT_SEL-The driver should read STATUS_NEXLUT[NEXT_LUT] (qualified by NEXT_LUT_VALID) to select an available 
LUT to assign this update.

• WAVEFORM_MODE selects the E-INK waveform mode (for example, INIT, DU, GC16 and so on). The number 
corresponds to the waveform number in the waveform specification document.

• UPDATE_MODE selects one of two enumerated updated modes.

— FULL-In this mode, all pixels defined in the update rectangle have the waveform applied.

— PARTIAL-In this mode, the EPDC shall only apply the waveform to pixels which are changing, otherwise the 
FORMAT[DEFAULT_TFT_PIXEL] is applied to the pixels which are not changing.

59.4.9.2 Update Processing and Collisions
After the update is initiated (by writing UPD_CTRL), the EPDC performs update-buffer processing. This involves processing 
this update region into its working buffer (WB). During this time, the EPDC also performs collision detection. At the end of the 
WB processing, the EPDC asserts the WB_CMPLT_IRQ interrupt. If a collision is detected, the LUT_COL_IRQ interrupt status 
bit will also be asserted.

The EPDC performs image updates to the EPD by applying waveforms to individual pixels. Waveforms are applied to groups of 
pixels (ranging from a single pixel to the entire display). Each individual update request is bound to a rectangle. Each pixel within 
this rectangle has a waveform applied to it using the waveform and update mode specified in UPD_CTRL. After this process is 
initiated, a waveform takes an amount of time to complete which is usually determined by the specifications of the waveform mode. 
For proper display operation and optimum performance, a waveform must not be interrupted once it has begun.

A collision is defined simply as the interruption of the application of waveform to a pixel or group of pixels. As such, it must be 
avoided. Because the waveforms take a finite amount of time to complete, the EPDC provides a mechanism to automatically 
manage collisions, which allows the application to perform multiple updates resulting in a richer user experience without having 
to be cognizant of the panel and waveform characteristics.

Depending on the update mode (FULL or PARTIAL) a collision is defined as follows:

• For a full-update mode, a collision is defined as the temporal and spatial union of rectangles pertaining to active unique 
update requests. An active update is one which is still in the process of being updated (that is, a waveform is being 
applied).

• For a partial-update mode, a collision is defined as the temporal, spatial and differential union of pixels pertaining to 
unique update requests which are active. The difference between a full-updated and a partial-updated collision is that in 
the latter case, the collision state occurs only if the next-pixel states differ between the updates. Thus, two partial-update 
rectangles may intersect, but if all of the pixels in the intersecting update regions are being updated to the same 
gray-state, the original update and associated LUT/waveform are not disturbed and the intersection does not constitute a 
collision.

• It should be noted that collisions may be a one-to-many effect. In the case of partial updates, there may be a spatial 
and temporal union of rectangles with no differential pixel-level union. A subsequent update however might form such 
a pixel-level differential union to all active updates. Since each update pertains to an active LUT, these many collided 
updates are refered to as victim LUTs. The update/LUT that caused the collision is referred to as the aggressor LUT.

An example of a partial-update mode collision is shown in the following figure. Each update encompasses the outer rectangle 
which meets the criteria of the spatial union. The red areas show the pixels which are currently transitioning to gray (from update 
1) but need to transition to white (in update 2). These pixels meet the criteria of the differential union and lastly in the temporal 
domain, the period of time where LUT0 and LUT1 overlap is the temporal union. The pixels that did not change (grey and green 
areas in the LUT assignment box) are not part of the collision area. In the case of the gray overlapping pixels, LUT0 can continue 
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to update. In the case of the white pixels (which were previously inactive) a new LUT (if available can be assigned) and forms the 
green region. Note that a subsequent update could potentially collide with the green pixels in update 2.

       Update 1            Update 2     
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       LUT0     

       Violation window     

       LUT1     

            

       Temporal union     

       Quiescent pixels within the update region     

       Assigned to LUT0 (Update 2 leaves these overlapping pixels unchanged in the WB)     

       Assigned to LUT1     

       Collision (pixels updating by LUT0 which is active)     

Figure 380. Partial Update Collision Handling

 
For FULL update modes, a collision occurs at any intersection of active rectangles/LUTs because in FULL update 
mode, all pixels within the update rectangle have the waveform applied (even if pixel values are not changing).

  NOTE  

It can be seen that when collision is detected (during the WB update process), the EPDC will "block" the collided pixels being 
updated, and any pixels which are not collided will be assigned to the requested LUT process. When a collision occurs, the EPDC 
will raise the LUT_COL_IRQ interrupt status bit (this will always happen in conjunction with WB_CMPLT_IRQ).

Because the driver is always entered via an interrupt, when the EPDC interrupt fires, driver should not only check for 
WB_CMPLT_IRQ but also for the LUT_COL_IRQ status bit within the IRQ register. If LUT_COL_IRQ is set, this means that a 
collision has occurred. If this is the case the driver should check the value of the STATUS_COL register. This register contains 
one bit for each LUT that has been collided with, that is, it holds the vector of the victim LUTs as a result of the last update LUT. 
Since the driver knows the value of the LUT of the last update, it can store this update LUT value along with this associated victim 
LUT vector in a collision list.

Because the EPDC can drive up to 16 concurrent updates (which can be overlapping when using PARTIAL mode updates), 
a unique interrupt status bit is provided per LUT so that when an update completes (physically completes the waveform), 
the SW driver can know which LUT completed. In addition to the LUT completion interrupts (which are mapped into the 
IRQ[LUTn_CMPLT_IRQ] interrupt status bits), the current state of each LUT can also be read from the STATUS_LUTS 
status register.

The driver can use the LUT status interrupts in conjunction with STATUS_LUTS to perform regular checks on the completion of 
victim LUTs against the vectors stored for each colliding LUT in the collision list. The driver may also choose to serialize updates 
such that it might wait until all victim LUTs have completed before re-issuing the colliding update.

The figure below shows a more extended sequence of a collision. In this case there are a series of updates coming from the 
application layer. They are A, B, C and D. Updates A, B, and C are set without any collision. When update D is requested a collision 
is detected. Using the interrupt status collision registers, the SW-driver stores D in a collision-list. For that list entry it also store 
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B which is the victim LUT. It uses this information to check when a LUT completes to see if the victim LUTs for any update in the 
collision list have completed. If they have completed (through a LUT completion interrupt), the SW-driver then sends this update 
(D in this case) again to the EPDC. It should be noted that from the application perspective it appears that all updates A, B, C and 
D have been accepted, that is, the collision handling is completely hidden from user-space. Using the collision detection and LUT 
status interrupts, the application (in conjunction with the driver) could also choose to completely serialize the requests (such that 
between the first and second D update, no other update is accepted).
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Figure 381. Collision Sequence

59.4.9.3 Multiple Update Flow
In most applications, such as e-book readers, besides full-screen page turns, user interfaces require multiple updates to be 
performed. Examples of this include cursors, pen input, drop-down menus (with highlighting) and other movable graphical 
objects. Each update takes such a limited amount of time to complete (up to 1 second depending on the waveform mode) that 
it would be too prohibitive to only process updates serially.

As described in Initiating a Display Update, there are two conditions that must be met before the SW driver can issue a new 
update request:

• The Working buffer (WB) update process must be complete.

• There must be an available LUT.

Assuming a free LUT is available, the EPDC is designed to have the capability to start new updates at each TFT frame scan 
(even being able to commence multiple updates within a frame scan blanking period). The general flow for sequential updates 
(concurrent or serialized) is shown in the following figure.
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Figure 382. Driver Update Flow

This flow assumes that the driver is entered via interrupts. The two busy states are shown to illustrate the conditions under which 
the driver will not issue new updates. In general, the driver should be throttled by the WB_CMPLT_IRQ interrupt. Because the 
EPDC can support up to 64 concurrent updates, it is possible to re-enter the update-request (show as Update_Req() in the figure 
above) any-time that the WB is not busy (even though LUTs are active and the display is being updated). It is possible that when 
there are 63 LUTs currently active and a new update is sent, there will be a WB_CMPLT_IRQ interrupt issued, but the driver at that 
time would be in a busy state (because LUTS_BUSY is signaled). The driver will be re-entered on the next LUTn_CMPLT_IRQ 
interrupt during which time it can issue a new update (since WB_BUSY and LUTS_BUSY status bits are low).

The update-processing process (which is controlled by the MBM module) is asynchronous to the actual TFT refresh operations 
(which carry out the physical screen updates), so there is no particular relationship between the WB_BUSY status and the state 
of the screen update. In contrast, the LUTn_CMPLT_IRQ interrupt status and STATUS_LUTS provide the status of the physical 
waveform update. This means that when LUTn_CMPLT_IRQ interrupt fires, it means that the last physical TFT frame scan just 
completed for that update/LUT.

The EPDC implements proprietary methods to efficiently process the WB such that the WB processing time (the time from the SW 
driver writing UPD_CTRL to IRQ[WB_CMPLT_IRQ] fires), is dependent on the size of the update rectangle. This allows smaller 
updates to be processed faster. In most EPD applications, this is ideal because it's typically smaller sprites that require the fastest 
performance. In addition, the EPDC implements methods to allow store pending updates and activate them on the next available 
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frame-scan. For example, if the TFT scanning is currently in the active region and during this time a series of small update requests 
are sent, the EPDC can begin all of those updates on the next available blanking period.

The figure below shows an example of two larger update requests, one to LUT4 and one to LUT5. These update requests are 
shown in the context of active LUTs and thus active frame scan times. The time when both WB_BUSY and LUT_BUSY is high 
are defined as "blocking" because no new updates can be accepted. It should also be noted that new updates are physically 
commenced by the EPDC on blanking periods. From a SW programming model perspective, the STATUS_LUTS[LUTn_STATUS] 
is activated immediately upon the update request being written to the EPDC. The physical frame-scanning for this particular 
update does not being commenced until the next available frame scan.

It should be noted that updates and WB processing can actually occur during the blanking period (or can begin in the 
active scan time and continue into the blanking period). For this reason, the EPDC provides some tuning controls via 
TCE_CTRL[VSCAN_HOLDOFF] such that more time can be given to finish processing update request and less time "locking 
down" the set of LUTs that will be activated for the upcoming active scan. The EPDC will start to pre-fill its refresh pixel FIFOs 
after the VSCAN_HOLDOFF period. Its possible to tune this value to allow the minimum time for the pixel FIFO pre-fill operation 
(making sure that refresh under-runs do not occur). If a pixel-FIFO under-run occurs, IRQ[TCE_UNDERRUN_IRQ] will fire.
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Figure 383. Temporal Flow of Update Processing

59.4.10 Architectural Clock Gating (Low Power Mode)
As with most modern IP, the EPDC contains low-level hardware controlled automatic clock gating throughout the design. 
These clock gating elements typically gate clocks locally for individual or groups of sequential elements (flip flops) when these 
registers are not currently active. This tier of clock gating is useful for reducing power during active operation of the EPDC.

Most e-paper applications utilizing EPDs involve the processor and display controller to be a low-power inactive state in most of 
the time. This is because EPDs only require refresh operations when the display content is being updated. As such, in between 
update operations, the EPDC provides a module level clock-gating feature that can be controlled by the SW driver as part of a 
higher-level power management solution.
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The EPDC module can have all its clocks completely gated-off by the setting of CTRL[CLKGATE]. There are a couple of 
considerations that the SW driver must adhere to before placing the EPDC into this low power state:

• All active LUTs (updates) must complete

• Any TFT operations must be complete (including any final blanking operations)

In order to maximize display update frequency (the ability accept new updates during each frame scan), the LUT completion 
interrupts fire on the end of the last frame's active scan period for that update. This means that the TCE still must compete the final 
FRAME_END blanking time to guarantee coherency of its state machines with the panel state (receiving the final LUT completion 
IRQ is not enough to determine that the EPDC can have all of its clocks shut down). Based on this, the EPDC provides the 
necessary interrupt and status bits to allow the driver to correctly perform the clock-gating operation by using the following method:

• Once the final IRQ[LUTn_CMPLT_IRQ] is reached, the driver should enable the TCE_IDLE interrupt mask bit via 
IRQ_MASK[TCE_IDLE_IRQ_EN], unmask other interrupts and return.

• Once the final blanking time of the last LUT (FRAME_END time) is completed and the TCE reaches its idle state, the 
EPDC will assert the IRQ[TCE_IDLE_IRQ] interrupt which will cause the driver to re-enter. At this point, the SW knows 
that the EPDC is in a completely idle state and can perform a set on CTRL[CLKGATE].

Alternative implementations of the driver could simply involve polling for the IRQ[TCE_IDLE_IRQ] interrupt status bit (which 
operates regardless of the interrupt being masked or not) before setting the clock gate (this prevents two iterations of interrupt 
based driver-entry, but requires a wait loop in the interrupt handler which might be undesirable).

It should be noted that the time interval between the last LUTs LUTn_CMPLT_IRQ time and TCE_IDLE_IRQ interrupt is equal to 
the FRAME_END time.

When the application is ready to send more updates, the driver can immediately re-enable the EPDC by un-gating the 
module-level clock by clearing the CTRL[CLKGATE] field. This un-gating of the clock is instant and the driver is free to immediately 
send update requests.

59.4.11 Performance Tuning and Considerations
The EPDC is designed to meet the performance requirements of the most demanding e-paper applications. These 
performance targets must be met in the context of highly integrated SoCs. In such a context, system memory is typically 
shared across multiple masters including the Arm platform. Because of this, there is no guarantee of latency from system 
memory. EPDC provides a number of mechanisms to deal with this as well as some ability to tune various parameters allowing 
the user to trade-off between update processing performance and refresh functionality.

59.4.11.1 Memory and Bus Bandwidth Requirements
The EPDC MBM module contains up to 6 internal AXI requesting functions (5 read and 1 write). These are arbitrated internally 
before being sent to the SoC memory system. The EPDC interfaces to the SoC bus system via a dual-channel 64-bit AXI bus 
master port. The following table shows the various internal requesters and their properties. Note that there are two round-robin 
(RR) loops. Because there is only one write source, and the EPDC supports dual-channel AXI, there is no arbitration on the 
WB write operations. In single scan mode, WB pixel read FIFO0 and FIFO1 will combine for WB pixel read. That is, in single 
scan mode, WB pixel FIFO will be 1024x64.

Table 524. EPDC Bus Requestor Profiles

Operation Priority Burst Length

(x8 Bytes)

Maximum 
Outstanding 
Transactions

FIFO size

Waveform LUT read 0 8 2 16x68

WB pixel read FIFO0 (refresh) RR 1 8 or 16 8 512x64

WB pixel read FIFO1 (refresh) RR 1 8 or 16 8 512x64

Table continues on the next page...

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3248 / 5781



Table 524. EPDC Bus Requestor Profiles (continued)

Operation Priority Burst Length

(x8 Bytes)

Maximum 
Outstanding 
Transactions

FIFO size

WB read for update processing RR 2 8 2 16x64

WB write for update processing N/A 8 2 16x64

UPD read for update processing RR 2 8 2 16x64

As described in Memory Requirements, it can be seen that all lines in a buffer are padded to the nearest 8 byte boundary. This 
is important to be noted for the bandwidth calculations. The maximum bandwidth scenario involves processing a full-screen 
update while performing refresh operations, but refresh operations always have the highest priority. Based on this, the memory 
bandwidth required by the EPDC is a function of the refresh pixel rate which in turn is a function of resolution, frame-rate and 
blanking/active time.

The refresh bandwidth can be calculated as follows:

Active Time = Active time of the frame-scan time as a fraction (for example, 0.8)

Frame Rate = TFT frame refresh rate (Hz) (for example, 106 Hz)

Bandwidth (MB/s) = roundup4(RES[HORIZONTAL]) x RES[VERTICAL] x Frame Rate x (1/Active Time) x 2 x(1/10242)

For example, a panel with resolution 2048 x 1536 with 106 Hz refresh and estimated 80% active time, 20% blanking time, the 
refresh bandwidth is:

BW (MB/S) = 2048 x1536 x 106 x (1/0.8) x 2 x (1/10242) = 795 MB/s

(Note that 2048 mod 4 = 0.)

The WB requires 2 bytes per pixel.

Remaining bandwidth is used for other operations. Because update processing operations are not real-time (they do not 
necessarily have to occur at the refresh frame-rate), the time required to perform the update can be calculated as a function of 
the available bandwidth (actual bandwidth minus refresh bandwidth) and the update size.

59.4.11.2 Pixel Latency FIFO
The EPDC contains one working buffer latency FIFO which is used to load working buffer pixel data which is used by the TCE 
to perform the panel refresh operations. The FIFO is sized at 1024 pixels each in order to provide significant system memory 
latency tolerance. The pixel FIFO is dedicated for the main screen and the second is in dual-scan cases for the second half of 
the screen.

Under no circumstance should the EPDC pixel FIFO reach an under-run condition. The EPDC provides an interrupt status bit to 
flag such a condition (TCE_UNDERRUN_IRQ). During development, this interrupt must be enabled. The pixel values stored in the 
FIFO are using by the TCE to perform look-up operations (from the LUTs) to generate TFT voltage control pixels. If an under-run 
occurs, the output data will be the default value, which can protect the panel.

59.4.11.3 Basic Watermarking Control
The EPDC provides a basic pixel pre-fetching control mechanism that is applied to the beginning of a new update (from an 
idle state). This control is provided by FIFOCTRL[FIFO_INIT_LEVEL]. The control allows the value to be set between 0-255, 
with a reset value of 128. Because the internal width of the FIFO holds 4-pixels per entry, the actual number of pixels is 
(FIFO_INIT_LEVEL+1) x 4.

The EPDC uses this value to pre-fill the pixel latency FIFO(s) to this level before the TCE commences the refresh operations which 
drive the update to the panel. This control has no effect on the FIFO(s) when the EPDC is performing sequential frame-scans.

It must be noted that this value must be set less than (RES[VERTICAL] x RE[HORIZONTAL]) /4.
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59.4.11.4 Update/Refresh Tuning (VSCAN_HOLDOFF)
During active frame-scan time, the EPDC provides the ability to process and display new update requests, because all pixels 
in the WB pertaining to a particular update are bound to a single LUT. Until all pixels pertaining to that update have been 
processed in the WB, its LUT cannot be activated. As shown in Figure 383, the blanking period provides time to pre-load 
the pixel FIFOs and for completing WB processing updates and loading the associated frame of waveform data into LUT 
memories.

The TCE_CTRL[VSCAN_HOLDOFF] control field allows control over the vertical blanking period allotment for working buffer 
processing and pre-loading of the pixel FIFO. The time window defined by VSCAN_HOLDOFF is allotted for working-buffer 
processing and LUT loading (of newly processed updates). The remainder of the time is allotted for pre-filling the pixel FIFO.

Note that aggressive use of VSCAN_HOLDOFF can result in pixel FIFO under-run as the FIFO pre-fill time is compromised.

59.4.11.5 System-Level Arbitration Control
As previously mentioned, the TCE refresh operation is time critical. Because the EPDC is designed to be integrated into a 
multimaster SoC, system memory is shared between multiple requesters in the system. The EPDC provides a dynamic Quality 
of Service (QoS) priority elevation mechanism that can be leveraged at the SoC level.

The FIFOCTRL registers can be used to drive the epdc_panic output signal during times when the EPDC requests require priority 
elevation. As long as epdc_panic is asserted, transaction requests from the EPDC will have their priority elevated at the SoC-level 
bus arbitration control points.

The registers and associated functionality are as follows:

• FIFOCTRL[ENABLE_PRIORITY] must be set to enable epdc_panic functionality.

• FIFOCTRL[FIFO_L_LEVEL] determines FIFO threshold which causes epdc_panic to assert when crossed.

• FIFOCTRL[FIFO_H_LEVEL] once epdc_panic has been asserted due to the pixel FIFO(s) crossing FIFO_L_LEVEL, this 
value, which must be set higher than FIFO_L_LEVEL, determines the point at which epdc_panic will de-assert as the 
FIFO(s) fills.

Note that the delta between FIFO_H_LEVEL and FIFO_L_LEVEL is intended as a de-bounce mechanism. The purpose is to avoid 
a constant panic situation, which would cause thrashing of the epdc_panic signal.
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Figure 384. FIFO Priority Elevation

59.5 EPDC register descriptions
EPDC Register Format Summary

59.5.1 EPDC memory map
EPDC base address: 2DB3_0000h

Offset Register Width

(In bits)

Access Reset value

0h Control Register (CTRL) 32 RW C000_0000h

4h Control Register (CTRL_SET) 32 RW C000_0000h

8h Control Register (CTRL_CLR) 32 RW C000_0000h

Ch Control Register (CTRL_TOG) 32 RW C000_0000h

10h Working Buffer Address for TCE (WB_ADDR_TCE) 32 RW 0000_0000h

20h Waveform Address Pointer (WVADDR) 32 RW 0000_0000h

30h Working Buffer Address (WB_ADDR) 32 RW 0000_0000h

40h Screen Resolution (RES) 32 RW 0000_0000h

50h Format Control Register (FORMAT) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

54h Format Control Register (FORMAT_SET) 32 RW 0000_0000h

58h Format Control Register (FORMAT_CLR) 32 RW 0000_0000h

5Ch Format Control Register (FORMAT_TOG) 32 RW 0000_0000h

60h Working Buffer Field Setting (WB_FIELD0) 32 RW 0000_8AA5h

64h Working Buffer Field Setting (WB_FIELD0_SET) 32 RW 0000_8AA5h

68h Working Buffer Field Setting (WB_FIELD0_CLR) 32 RW 0000_8AA5h

6Ch Working Buffer Field Setting (WB_FIELD0_TOG) 32 RW 0000_8AA5h

70h Working Buffer Field Setting (WB_FIELD1) 32 RW 0000_A003h

74h Working Buffer Field Setting (WB_FIELD1_SET) 32 RW 0000_A003h

78h Working Buffer Field Setting (WB_FIELD1_CLR) 32 RW 0000_A003h

7Ch Working Buffer Field Setting (WB_FIELD1_TOG) 32 RW 0000_A003h

80h Working Buffer Field Setting (WB_FIELD2) 32 RW 0000_C443h

84h Working Buffer Field Setting (WB_FIELD2_SET) 32 RW 0000_C443h

88h Working Buffer Field Setting (WB_FIELD2_CLR) 32 RW 0000_C443h

8Ch Working Buffer Field Setting (WB_FIELD2_TOG) 32 RW 0000_C443h

90h Working Buffer Field Setting (WB_FIELD3) 32 RW 0000_6880h

94h Working Buffer Field Setting (WB_FIELD3_SET) 32 RW 0000_6880h

98h Working Buffer Field Setting (WB_FIELD3_CLR) 32 RW 0000_6880h

9Ch Working Buffer Field Setting (WB_FIELD3_TOG) 32 RW 0000_6880h

A0h FIFO control register (FIFOCTRL) 32 RW 0800_0000h

A4h FIFO control register (FIFOCTRL_SET) 32 RW 0800_0000h

A8h FIFO control register (FIFOCTRL_CLR) 32 RW 0800_0000h

ACh FIFO control register (FIFOCTRL_TOG) 32 RW 0800_0000h

100h Update Region Address (UPD_ADDR) 32 RW 0000_0000h

110h Update Region Stride (UPD_STRIDE) 32 RW 0000_0000h

120h Update Command Co-ordinate (UPD_CORD) 32 RW 0000_0000h

140h Update Command Size (UPD_SIZE) 32 RW 0000_0000h

160h Update Command Control (UPD_CTRL) 32 RW 0000_0000h

164h Update Command Control (UPD_CTRL_SET) 32 RW 0000_0000h

168h Update Command Control (UPD_CTRL_CLR) 32 RW 0000_0000h

16Ch Update Command Control (UPD_CTRL_TOG) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

180h Update Fixed Pixel Control (UPD_FIXED) 32 RW 0000_0000h

184h Update Fixed Pixel Control (UPD_FIXED_SET) 32 RW 0000_0000h

188h Update Fixed Pixel Control (UPD_FIXED_CLR) 32 RW 0000_0000h

18Ch Update Fixed Pixel Control (UPD_FIXED_TOG) 32 RW 0000_0000h

1A0h Temperature Register (TEMP) 32 RW 0000_0000h

1C0h Waveform Mode Lookup Table Control Register. (AUTOWV_LUT) 32 RW 0000_0000h

1E0h LUT Standby Register - LUT 31~0 (LUT_STANDBY1) 32 RW 0000_0000h

1E4h LUT Standby Register - LUT 31~0 (LUT_STANDBY1_SET) 32 RW 0000_0000h

1E8h LUT Standby Register - LUT 31~0 (LUT_STANDBY1_CLR) 32 RW 0000_0000h

1ECh LUT Standby Register - LUT 31~0 (LUT_STANDBY1_TOG) 32 RW 0000_0000h

1F0h LUT Standby Register - LUT 63~32 (LUT_STANDBY2) 32 RW 0000_0000h

1F4h LUT Standby Register - LUT 63~32 (LUT_STANDBY2_SET) 32 RW 0000_0000h

1F8h LUT Standby Register - LUT 63~32 (LUT_STANDBY2_CLR) 32 RW 0000_0000h

1FCh LUT Standby Register - LUT 63~32 (LUT_STANDBY2_TOG) 32 RW 0000_0000h

200h Timing Control Engine Control Register (TCE_CTRL) 32 RW 0000_0010h

204h Timing Control Engine Control Register (TCE_CTRL_SET) 32 RW 0000_0010h

208h Timing Control Engine Control Register (TCE_CTRL_CLR) 32 RW 0000_0010h

20Ch Timing Control Engine Control Register (TCE_CTRL_TOG) 32 RW 0000_0010h

220h Timing Control Engine Source-Driver Config Register (TCE_SDCFG) 32 RW 0000_0000h

224h Timing Control Engine Source-Driver Config Register 
(TCE_SDCFG_SET)

32 RW 0000_0000h

228h Timing Control Engine Source-Driver Config Register 
(TCE_SDCFG_CLR)

32 RW 0000_0000h

22Ch Timing Control Engine Source-Driver Config Register 
(TCE_SDCFG_TOG)

32 RW 0000_0000h

240h Timing Control Engine Gate-Driver Config Register (TCE_GDCFG) 32 RW 0000_0000h

244h Timing Control Engine Gate-Driver Config Register 
(TCE_GDCFG_SET)

32 RW 0000_0000h

248h Timing Control Engine Gate-Driver Config Register 
(TCE_GDCFG_CLR)

32 RW 0000_0000h

24Ch Timing Control Engine Gate-Driver Config Register 
(TCE_GDCFG_TOG)

32 RW 0000_0000h

260h Timing Control Engine Horizontal Timing Register 1 (TCE_HSCAN1) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

264h Timing Control Engine Horizontal Timing Register 1 
(TCE_HSCAN1_SET)

32 RW 0000_0000h

268h Timing Control Engine Horizontal Timing Register 1 
(TCE_HSCAN1_CLR)

32 RW 0000_0000h

26Ch Timing Control Engine Horizontal Timing Register 1 
(TCE_HSCAN1_TOG)

32 RW 0000_0000h

280h Timing Control Engine Horizontal Timing Register 2 (TCE_HSCAN2) 32 RW 0000_0000h

284h Timing Control Engine Horizontal Timing Register 2 
(TCE_HSCAN2_SET)

32 RW 0000_0000h

288h Timing Control Engine Horizontal Timing Register 2 
(TCE_HSCAN2_CLR)

32 RW 0000_0000h

28Ch Timing Control Engine Horizontal Timing Register 2 
(TCE_HSCAN2_TOG)

32 RW 0000_0000h

2A0h Timing Control Engine Vertical Timing Register (TCE_VSCAN) 32 RW 0000_0000h

2A4h Timing Control Engine Vertical Timing Register (TCE_VSCAN_SET) 32 RW 0000_0000h

2A8h Timing Control Engine Vertical Timing Register (TCE_VSCAN_CLR) 32 RW 0000_0000h

2ACh Timing Control Engine Vertical Timing Register (TCE_VSCAN_TOG) 32 RW 0000_0000h

2C0h Timing Control Engine OE timing control Register (TCE_OE) 32 RW 0000_0000h

2C4h Timing Control Engine OE timing control Register (TCE_OE_SET) 32 RW 0000_0000h

2C8h Timing Control Engine OE timing control Register (TCE_OE_CLR) 32 RW 0000_0000h

2CCh Timing Control Engine OE timing control Register (TCE_OE_TOG) 32 RW 0000_0000h

2E0h Timing Control Engine Driver Polarity Register (TCE_POLARITY) 32 RW 0000_001Eh

2E4h Timing Control Engine Driver Polarity Register 
(TCE_POLARITY_SET)

32 RW 0000_001Eh

2E8h Timing Control Engine Driver Polarity Register 
(TCE_POLARITY_CLR)

32 RW 0000_001Eh

2ECh Timing Control Engine Driver Polarity Register 
(TCE_POLARITY_TOG)

32 RW 0000_001Eh

300h Timing Control Engine Timing Register 1 (TCE_TIMING1) 32 RW 0000_0000h

304h Timing Control Engine Timing Register 1 (TCE_TIMING1_SET) 32 RW 0000_0000h

308h Timing Control Engine Timing Register 1 (TCE_TIMING1_CLR) 32 RW 0000_0000h

30Ch Timing Control Engine Timing Register 1 (TCE_TIMING1_TOG) 32 RW 0000_0000h

310h Timing Control Engine Timing Register 2 (TCE_TIMING2) 32 RW 0000_0001h

314h Timing Control Engine Timing Register 2 (TCE_TIMING2_SET) 32 RW 0000_0001h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

318h Timing Control Engine Timing Register 2 (TCE_TIMING2_CLR) 32 RW 0000_0001h

31Ch Timing Control Engine Timing Register 2 (TCE_TIMING2_TOG) 32 RW 0000_0001h

320h Timing Control Engine Timing Register 3 (TCE_TIMING3) 32 RW 0000_0001h

324h Timing Control Engine Timing Register 3 (TCE_TIMING3_SET) 32 RW 0000_0001h

328h Timing Control Engine Timing Register 3 (TCE_TIMING3_CLR) 32 RW 0000_0001h

32Ch Timing Control Engine Timing Register 3 (TCE_TIMING3_TOG) 32 RW 0000_0001h

380h Pigeon Mode Control Register 0 (PIGEON_CTRL0) 32 RW 0000_0000h

384h Pigeon Mode Control Register 0 (PIGEON_CTRL0_SET) 32 RW 0000_0000h

388h Pigeon Mode Control Register 0 (PIGEON_CTRL0_CLR) 32 RW 0000_0000h

38Ch Pigeon Mode Control Register 0 (PIGEON_CTRL0_TOG) 32 RW 0000_0000h

390h Pigeon Mode Control Register 1 (PIGEON_CTRL1) 32 RW 0000_0000h

394h Pigeon Mode Control Register 1 (PIGEON_CTRL1_SET) 32 RW 0000_0000h

398h Pigeon Mode Control Register 1 (PIGEON_CTRL1_CLR) 32 RW 0000_0000h

39Ch Pigeon Mode Control Register 1 (PIGEON_CTRL1_TOG) 32 RW 0000_0000h

3C0h IRQ Mask Register - LUT 0~31 (IRQ_MASK1) 32 RW 0000_0000h

3C4h IRQ Mask Register - LUT 0~31 (IRQ_MASK1_SET) 32 RW 0000_0000h

3C8h IRQ Mask Register - LUT 0~31 (IRQ_MASK1_CLR) 32 RW 0000_0000h

3CCh IRQ Mask Register - LUT 0~31 (IRQ_MASK1_TOG) 32 RW 0000_0000h

3D0h IRQ Mask Register - LUT 32~63 (IRQ_MASK2) 32 RW 0000_0000h

3D4h IRQ Mask Register - LUT 32~63 (IRQ_MASK2_SET) 32 RW 0000_0000h

3D8h IRQ Mask Register - LUT 32~63 (IRQ_MASK2_CLR) 32 RW 0000_0000h

3DCh IRQ Mask Register - LUT 32~63 (IRQ_MASK2_TOG) 32 RW 0000_0000h

3E0h Interrupt Register - LUT 0~31 (IRQ1) 32 RW 0000_0000h

3E4h Interrupt Register - LUT 0~31 (IRQ1_SET) 32 RW 0000_0000h

3E8h Interrupt Register - LUT 0~31 (IRQ1_CLR) 32 RW 0000_0000h

3ECh Interrupt Register - LUT 0~31 (IRQ1_TOG) 32 RW 0000_0000h

3F0h Interrupt Register - LUT 32~63 (IRQ2) 32 RW 0000_0000h

3F4h Interrupt Register - LUT 32~63 (IRQ2_SET) 32 RW 0000_0000h

3F8h Interrupt Register - LUT 32~63 (IRQ2_CLR) 32 RW 0000_0000h

3FCh Interrupt Register - LUT 32~63 (IRQ2_TOG) 32 RW 0000_0000h

400h IRQ Mask Register (IRQ_MASK) 32 RW 0000_0000h
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Offset Register Width

(In bits)

Access Reset value

404h IRQ Mask Register (IRQ_MASK_SET) 32 RW 0000_0000h

408h IRQ Mask Register (IRQ_MASK_CLR) 32 RW 0000_0000h

40Ch IRQ Mask Register (IRQ_MASK_TOG) 32 RW 0000_0000h

420h Interrupt Register (IRQ) 32 RW 0000_0000h

424h Interrupt Register (IRQ_SET) 32 RW 0000_0000h

428h Interrupt Register (IRQ_CLR) 32 RW 0000_0000h

42Ch Interrupt Register (IRQ_TOG) 32 RW 0000_0000h

440h Status Register - LUTs (STATUS_LUTS1) 32 R 0000_0000h

444h Status Register - LUTs (STATUS_LUTS1_SET) 32 R 0000_0000h

448h Status Register - LUTs (STATUS_LUTS1_CLR) 32 R 0000_0000h

44Ch Status Register - LUTs (STATUS_LUTS1_TOG) 32 R 0000_0000h

450h Status Register - LUTs (STATUS_LUTS2) 32 R 0000_0000h

454h Status Register - LUTs (STATUS_LUTS2_SET) 32 R 0000_0000h

458h Status Register - LUTs (STATUS_LUTS2_CLR) 32 R 0000_0000h

45Ch Status Register - LUTs (STATUS_LUTS2_TOG) 32 R 0000_0000h

460h Status Register - Next Available LUT (STATUS_NEXTLUT) 32 R 0000_013Fh

480h LUT Collision Status (STATUS_COL1) 32 R 0000_0000h

484h LUT Collision Status (STATUS_COL1_SET) 32 R 0000_0000h

488h LUT Collision Status (STATUS_COL1_CLR) 32 R 0000_0000h

48Ch LUT Collision Status (STATUS_COL1_TOG) 32 R 0000_0000h

490h LUT Collision Status (STATUS_COL2) 32 R 0000_0000h

494h LUT Collision Status (STATUS_COL2_SET) 32 R 0000_0000h

498h LUT Collision Status (STATUS_COL2_CLR) 32 R 0000_0000h

49Ch LUT Collision Status (STATUS_COL2_TOG) 32 R 0000_0000h

4A0h General Status Register (STATUS) 32 RW 0000_0008h

4A4h General Status Register (STATUS_SET) 32 RW 0000_0008h

4A8h General Status Register (STATUS_CLR) 32 RW 0000_0008h

4ACh General Status Register (STATUS_TOG) 32 RW 0000_0008h

4C0h Collision Region Co-ordinate (UPD_COL_CORD) 32 R 0000_0000h

4E0h Collision Region Size (UPD_COL_SIZE) 32 R 0000_0000h

600h 1-level Histogram Parameter Register (HIST1_PARAM) 32 RW 0000_0000h

Table continues on the next page...
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Offset Register Width

(In bits)

Access Reset value

610h 2-level Histogram Parameter Register (HIST2_PARAM) 32 RW 0000_0F00h

620h 4-level Histogram Parameter Register (HIST4_PARAM) 32 RW 0F0A_0500h

630h 8-level Histogram Parameter 0 Register (HIST8_PARAM0) 32 RW 0604_0200h

640h 8-level Histogram Parameter 1 Register (HIST8_PARAM1) 32 RW 0F0D_0B09h

650h 16-level Histogram Parameter 0 Register (HIST16_PARAM0) 32 RW 0302_0100h

660h 16-level Histogram Parameter Register (HIST16_PARAM1) 32 RW 0706_0504h

670h 16-level Histogram Parameter Register (HIST16_PARAM2) 32 RW 0B0A_0908h

680h 16-level Histogram Parameter Register (HIST16_PARAM3) 32 RW 0F0E_0D0Ch

700h General Purpose I/O Debug register (GPIO) 32 RW 0000_0000h

704h General Purpose I/O Debug register (GPIO_SET) 32 RW 0000_0000h

708h General Purpose I/O Debug register (GPIO_CLR) 32 RW 0000_0000h

70Ch General Purpose I/O Debug register (GPIO_TOG) 32 RW 0000_0000h

7F0h Version Register (VERSION) 32 R 0300_0000h

800h Panel Interface Signal Generator Register 0_0 (PIGEON_0_0) 32 RW 0000_0F00h

810h Panel Interface Signal Generator Register 0_1 (PIGEON_0_1) 32 RW 0000_0000h

820h Panel Interface Signal Generator Register 0_2 (PIGEON_0_2) 32 RW 0000_0000h

840h Panel Interface Signal Generator Register 1_0 (PIGEON_1_0) 32 RW 0000_0F00h

850h Panel Interface Signal Generator Register 1_1 (PIGEON_1_1) 32 RW 0000_0000h

860h Panel Interface Signal Generator Register 1_2 (PIGEON_1_2) 32 RW 0000_0000h

880h Panel Interface Signal Generator Register 2_0 (PIGEON_2_0) 32 RW 0000_0F00h

890h Panel Interface Signal Generator Register 2_1 (PIGEON_2_1) 32 RW 0000_0000h

8A0h Panel Interface Signal Generator Register 2_2 (PIGEON_2_2) 32 RW 0000_0000h

8C0h Panel Interface Signal Generator Register 3_0 (PIGEON_3_0) 32 RW 0000_0F00h

8D0h Panel Interface Signal Generator Register 3_1 (PIGEON_3_1) 32 RW 0000_0000h

8E0h Panel Interface Signal Generator Register 3_2 (PIGEON_3_2) 32 RW 0000_0000h

900h Panel Interface Signal Generator Register 4_0 (PIGEON_4_0) 32 RW 0000_0F00h

910h Panel Interface Signal Generator Register 4_1 (PIGEON_4_1) 32 RW 0000_0000h

920h Panel Interface Signal Generator Register 4_2 (PIGEON_4_2) 32 RW 0000_0000h

940h Panel Interface Signal Generator Register 5_0 (PIGEON_5_0) 32 RW 0000_0F00h

950h Panel Interface Signal Generator Register 5_1 (PIGEON_5_1) 32 RW 0000_0000h

960h Panel Interface Signal Generator Register 5_2 (PIGEON_5_2) 32 RW 0000_0000h

Table continues on the next page...
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Offset Register Width

(In bits)

Access Reset value

980h Panel Interface Signal Generator Register 6_0 (PIGEON_6_0) 32 RW 0000_0F00h

990h Panel Interface Signal Generator Register 6_1 (PIGEON_6_1) 32 RW 0000_0000h

9A0h Panel Interface Signal Generator Register 6_2 (PIGEON_6_2) 32 RW 0000_0000h

9C0h Panel Interface Signal Generator Register 7_0 (PIGEON_7_0) 32 RW 0000_0F00h

9D0h Panel Interface Signal Generator Register 7_1 (PIGEON_7_1) 32 RW 0000_0000h

9E0h Panel Interface Signal Generator Register 7_2 (PIGEON_7_2) 32 RW 0000_0000h

A00h Panel Interface Signal Generator Register 8_0 (PIGEON_8_0) 32 RW 0000_0F00h

A10h Panel Interface Signal Generator Register 8_1 (PIGEON_8_1) 32 RW 0000_0000h

A20h Panel Interface Signal Generator Register 8_2 (PIGEON_8_2) 32 RW 0000_0000h

A40h Panel Interface Signal Generator Register 9_0 (PIGEON_9_0) 32 RW 0000_0F00h

A50h Panel Interface Signal Generator Register 9_1 (PIGEON_9_1) 32 RW 0000_0000h

A60h Panel Interface Signal Generator Register 9_2 (PIGEON_9_2) 32 RW 0000_0000h

A80h Panel Interface Signal Generator Register 10_0 (PIGEON_10_0) 32 RW 0000_0F00h

A90h Panel Interface Signal Generator Register 10_1 (PIGEON_10_1) 32 RW 0000_0000h

AA0h Panel Interface Signal Generator Register 10_2 (PIGEON_10_2) 32 RW 0000_0000h

AC0h Panel Interface Signal Generator Register 11_0 (PIGEON_11_0) 32 RW 0000_0F00h

AD0h Panel Interface Signal Generator Register 11_1 (PIGEON_11_1) 32 RW 0000_0000h

AE0h Panel Interface Signal Generator Register 11_2 (PIGEON_11_2) 32 RW 0000_0000h

B00h Panel Interface Signal Generator Register 12_0 (PIGEON_12_0) 32 RW 0000_0F00h

B10h Panel Interface Signal Generator Register 12_1 (PIGEON_12_1) 32 RW 0000_0000h

B20h Panel Interface Signal Generator Register 12_2 (PIGEON_12_2) 32 RW 0000_0000h

B40h Panel Interface Signal Generator Register 13_0 (PIGEON_13_0) 32 RW 0000_0F00h

B50h Panel Interface Signal Generator Register 13_1 (PIGEON_13_1) 32 RW 0000_0000h

B60h Panel Interface Signal Generator Register 13_2 (PIGEON_13_2) 32 RW 0000_0000h

B80h Panel Interface Signal Generator Register 14_0 (PIGEON_14_0) 32 RW 0000_0F00h

B90h Panel Interface Signal Generator Register 14_1 (PIGEON_14_1) 32 RW 0000_0000h

BA0h Panel Interface Signal Generator Register 14_2 (PIGEON_14_2) 32 RW 0000_0000h

BC0h Panel Interface Signal Generator Register 15_0 (PIGEON_15_0) 32 RW 0000_0F00h

BD0h Panel Interface Signal Generator Register 15_1 (PIGEON_15_1) 32 RW 0000_0000h

BE0h Panel Interface Signal Generator Register 15_2 (PIGEON_15_2) 32 RW 0000_0000h

C00h Panel Interface Signal Generator Register 16_0 (PIGEON_16_0) 32 RW 0000_0F00h
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Offset Register Width

(In bits)

Access Reset value

C10h Panel Interface Signal Generator Register 16_1 (PIGEON_16_1) 32 RW 0000_0000h

C20h Panel Interface Signal Generator Register 16_2 (PIGEON_16_2) 32 RW 0000_0000h

59.5.2 Control Register (CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

CTRL 0h Control Register

CTRL_SET 4h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 1

CTRL_CLR 8h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 0

CTRL_TOG Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in CTRL

Function

EPDC Main control register

This register controls various high-level functions of the EPDC

EXAMPLE

              /* Reset */ 
              __raw_writel(CTRL_SFTRST, CTRL_SET); 
              while (!(__raw_readl(CTRL) & CTRL_CLKGATE)) ; 
              __raw_writel(CTRL_SFTRST, CTRL_CLEAR); 
              /* Enable clock gating (clear to enable) */ 
              __raw_writel(CTRL_CLKGATE, CTRL_CLEAR); 
              while (__raw_readl(CTRL) & (CTRL_SFTRST | CTRL_CLKGATE)) ; 
              /* CTRL */ 
              reg_val = __raw_readl(CTRL); 
              reg_val &= ~CTRL_UPD_DATA_SWIZZLE_MASK; 
              reg_val |= CTRL_UPD_DATA_SWIZZLE_NO_SWAP; 
              reg_val &= ~CTRL_LUT_DATA_SWIZZLE_MASK; 
              reg_val |= CTRL_LUT_DATA_SWIZZLE_NO_SWAP; 
              __raw_writel(reg_val, CTRL_SET);
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SFTR
ST 

CLKG
ATE 

FRAM
E_C...

LUT_S
TA...

Reserved 
W

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

UPD_DATA_S
WIZZLE 

LUT_DATA_SW
IZZLE 

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

SFTRST

Set this bit to zero to enable normal EPDC operation. Set this bit to one (default) to disable clocking with the 
EPDC and hold it in its reset (lowest power) state. This bit can be turned on and then off to reset the EPDC 
block to its default state.

30

CLKGATE

This bit must be set to zero for normal operation. When set to one it gates off the clocks to the block.

29

FRAME_CLEA
R_EN

when this bit is enalbe, ub_loader module will be cleared each frame as long as sw_reset_n

28

LUT_STATE_S
W_RESET_EN

when this bit is enalbe, lut_state will be reset to IDLE status

27-8

—

Reserved.

7-6

UPD_DATA_S
WIZZLE

Specifies how to swap the bytes for the UPD data before the WB construction. Plesae note this swizzle 
operate right after data fetch from bus, no matter it's aligned access or not. Supported configurations:

00b - No byte swapping.(Little endian)

01b - Swizzle all bytes, swap bytes 0,3 and 1,2 (aka Big Endian).

10b - Swap half-words.

11b - Swap bytes within each half-word.

5-4

LUT_DATA_SW
IZZLE

Specifies how to swap the bytes for the LUT data before store to LUTRAM. Supported configurations:

00b - No byte swapping.(Little endian)

01b - Swizzle all bytes, swap bytes 0,3 and 1,2 (aka Big Endian).

Table continues on the next page...
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Field Function

10b - Swap half-words.

11b - Swap bytes within each half-word.

3-0

—

Reserved.

59.5.3 Working Buffer Address for TCE (WB_ADDR_TCE)

Offset

Register Offset

WB_ADDR_TCE 10h

Function

EPDC Working Buffer Address for TCE

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Address for EPDC working buffer. This address must be a aligned to a 64-bit double-word boundary.
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59.5.4 Waveform Address Pointer (WVADDR)

Offset

Register Offset

WVADDR 20h

Function

EPDC Waveform Address Pointer

EXAMPLE

              /* Reset */ 
              __raw_writel(CTRL_SFTRST, CTRL_SET); 
              while (!(__raw_readl(CTRL) & CTRL_CLKGATE)) ; 
              __raw_writel(CTRL_SFTRST, CTRL_CLEAR); 
              /* Enable clock gating (clear to enable) */ 
              __raw_writel(CTRL_CLKGATE, CTRL_CLEAR); 
              while (__raw_readl(CTRL) & (CTRL_SFTRST | CTRL_CLKGATE)) ; 
              /* CTRL */ 
              reg_val = __raw_readl(CTRL); 
              reg_val &= ~CTRL_UPD_DATA_SWIZZLE_MASK; 
              reg_val |= CTRL_UPD_DATA_SWIZZLE_NO_SWAP; 
              reg_val &= ~CTRL_LUT_DATA_SWIZZLE_MASK; 
              reg_val |= CTRL_LUT_DATA_SWIZZLE_NO_SWAP; 
              __raw_writel(reg_val, CTRL_SET);
            

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Start address of waveform tables. This address needs to be aligned to a 64-bit word boundary.
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59.5.5 Working Buffer Address (WB_ADDR)

Offset

Register Offset

WB_ADDR 30h

Function

EPDC Working Buffer Address

This register points to the address of current working buffer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

Address for EPDC working buffer. This address must be a aligned to a 64-bit double-word boundary.

59.5.6 Screen Resolution (RES)

Offset

Register Offset

RES 40h

Function

EPDC Screen Resolution.

This register defines the horizontal and vertical resolution of the target display panel
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VERTICAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved HORIZONTAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved.

28-16

VERTICAL

Vertical Resoltion (in pixels)

15-13

—

Reserved.

12-0

HORIZONTAL

Horizontal Resolution (in pixels)

59.5.7 Format Control Register (FORMAT)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

FORMAT 50h Format Control Register

FORMAT_SET 54h Writing 1 to a bit in this register ensures that the 
corresponding bit in FORMAT is 1

FORMAT_CLR 58h Writing 1 to a bit in this register ensures that the 
corresponding bit in FORMAT is 0

FORMAT_TOG 5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in FORMAT

Function

EPDC Pixel format control register. Defines formats for buffer and TFT pixels.
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This register controls various functions throughout the digital portion of the chip.

EXAMPLE

              /* FORMAT - 2bit TFT and 4bit Buf pixel format */ 
              reg_val = FORMAT_TFT_PIXEL_FORMAT_2BIT 
                | FORMAT_BUF_PIXEL_FORMAT_P4N 
                | ((0x0 << FORMAT_DEFAULT_TFT_PIXEL_OFFSET) & 
                  FORMAT_DEFAULT_TFT_PIXEL_MASK); 
              __raw_writel(reg_val, FORMAT);
            

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

BUF_P
IX...

DEFAULT_TFT_PIXEL 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

Reserv
ed 

WB_TYPE 
WB_C
OMP...

Reserved Reserved 
TFT_PIXEL_FO

RMAT W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved.

24

BUF_PIXEL_SC
ALE

Selects method of conversion from 8-bit input

0b - Use Truncate method (LSB)

1b - Use rounding method (with saturation)

23-16

DEFAULT_TFT
_PIXEL

Default TFT pixel value. This value is used as the source-driver voltage value (TFT-pixel) for either 
partial-updates where a pixel has not changed or for any part of the screen which is not being updated during 
active frame scans.

15

—

Reserved.

14

—

1 means do not automatically copy WB_ADDR to WB_ADDR_TCE before starting every frame

13-12

WB_TYPE

00b - internal Working Buffer written by EPDC itself

01b - working buffer is actually holding waveform

Table continues on the next page...
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Field Function

10b - 16bit working buffer written by PXP or CPU

11b - 32bit working buffer written by PXP or CPU

11

WB_COMPRES
S

whether the working buffer is compressed, only avilable on WB_FORMAT=EXTERNAL16/32 mode

10-8

—

this field is deprecated in EPDCv3, replaced by WB_FIELDx where we can specify width for each field

EPDC Input Buffer Pixel format. All update buffers are expected to have 8-bit grayscale pixels. This register 
defines which MSB's of those pixels are used. It must be noted that this format must match the waveform 
(e.g. P4N is not compatible with 3-bit waveforms)

010b - 2-bit pixel

011b - 3-bit pixel

100b - 4-bit pixel

101b - 5-bit pixel

7-2

—

Reserved.

1-0

TFT_PIXEL_FO
RMAT

EPDC TFT Pixel Format. This defines how many bits of the SDDO bus are required per pixel. This field must 
be consistent with the waveform and panel architecture.

00b - 2-bit

01b - 2-bit and VCOM

10b - 4-bit

11b - 4-bit and VCOM

59.5.8 Working Buffer Field Setting (WB_FIELD0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WB_FIELD0 60h Working Buffer Field Setting

WB_FIELD0_SET 64h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD0 is 1

WB_FIELD0_CLR 68h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD0 is 0

WB_FIELD0_TOG 6Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WB_FIELD0
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Function
specify the pixel fields mapping from working buffer to lut index : WB[FROM+LEN:FROM] =>LUT [TO+LEN:TO]

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FIXED Reserved USE_FIXED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
USAGE FROM TO LEN 

W

Reset 1 0 0 0 1 0 1 0 1 0 1 0 0 1 0 1

Fields

Field Function

31-24

FIXED

used to either force field into a fixed value, or compare to wb field to mask off the pixel

23-18

—

Reserved

17-16

USE_FIXED

usage of the FIXED value

00b - not using FIXED field

01b - set this field to a FIXED value which specified by FIXED[31:24]

10b - mask off this pixel if this field is non equal to FIXED[31:24]

11b - mask off this pixel if this field is equal to FIXED[31:24]

15-13

USAGE

000b - NOT USED

011b - PARTIAL (won't contribute to lut lookup index)

100b - LUT

101b - CP

110b - NP

111b - PTS

12-8

FROM

Source Field's LSB

7-4

TO

Target Field's LSB

Table continues on the next page...
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Field Function

3-0

LEN

Field length minus 1 (0x0 means length=1, 0xf means length=16)

59.5.9 Working Buffer Field Setting (WB_FIELD1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WB_FIELD1 70h Working Buffer Field Setting

WB_FIELD1_SET 74h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD1 is 1

WB_FIELD1_CLR 78h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD1 is 0

WB_FIELD1_TOG 7Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WB_FIELD1

Function
specify the pixel fields mapping from working buffer to lut index : WB[FROM+LEN:FROM] =>LUT [TO+LEN:TO]

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FIXED Reserved USE_FIXED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
USAGE FROM TO LEN 

W

Reset 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-24

FIXED

used to either force field into a fixed value, or compare to wb field to mask off the pixel

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-18

—

Reserved

17-16

USE_FIXED

usage of the FIXED value

00b - not using FIXED field

01b - set this field to a FIXED value which specified by FIXED[31:24]

10b - mask off this pixel if this field is non equal to FIXED[31:24]

11b - mask off this pixel if this field is equal to FIXED[31:24]

15-13

USAGE

000b - NOT USED

011b - PARTIAL

100b - LUT

101b - CP

110b - NP

111b - PTS

12-8

FROM

Source Field's LSB

7-4

TO

Target Field's LSB

3-0

LEN

Field length minus 1 (0x0 means length=1, 0xf means length=16)

59.5.10 Working Buffer Field Setting (WB_FIELD2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WB_FIELD2 80h Working Buffer Field Setting

WB_FIELD2_SET 84h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD2 is 1

WB_FIELD2_CLR 88h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD2 is 0

WB_FIELD2_TOG 8Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WB_FIELD2
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Function
specify the pixel fields mapping from working buffer to lut index : WB[FROM+LEN:FROM] =>LUT [TO+LEN:TO]

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FIXED Reserved USE_FIXED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
USAGE FROM TO LEN 

W

Reset 1 1 0 0 0 1 0 0 0 1 0 0 0 0 1 1

Fields

Field Function

31-24

FIXED

used to either force field into a fixed value, or compare to wb field to mask off the pixel

23-18

—

Reserved

17-16

USE_FIXED

usage of the FIXED value

00b - not using FIXED field

01b - set this field to a FIXED value which specified by FIXED[31:24]

10b - mask off this pixel if this field is non equal to FIXED[31:24]

11b - mask off this pixel if this field is equal to FIXED[31:24]

15-13

USAGE

000b - NOT USED

011b - PARTIAL

100b - LUT

101b - CP

110b - NP

111b - PTS

12-8

FROM

Source Field's LSB

7-4

TO

Target Field's LSB

Table continues on the next page...
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Table continued from the previous page...

Field Function

3-0

LEN

Field length minus 1 (0x0 means length=1, 0xf means length=16)

59.5.11 Working Buffer Field Setting (WB_FIELD3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WB_FIELD3 90h Working Buffer Field Setting

WB_FIELD3_SET 94h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD3 is 1

WB_FIELD3_CLR 98h Writing 1 to a bit in this register ensures that the 
corresponding bit in WB_FIELD3 is 0

WB_FIELD3_TOG 9Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WB_FIELD3

Function
specify the pixel fields mapping from working buffer to lut index : WB[FROM+LEN:FROM] =>LUT [TO+LEN:TO]

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FIXED Reserved USE_FIXED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
USAGE FROM TO LEN 

W

Reset 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0

Fields

Field Function

31-24

FIXED

used to either force field into a fixed value, or compare to wb field to mask off the pixel

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-18

—

Reserved

17-16

USE_FIXED

usage of the FIXED value

00b - not using FIXED field

01b - set this field to a FIXED value which specified by FIXED[31:24]

10b - mask off this pixel if this field is non equal to FIXED[31:24]

11b - mask off this pixel if this field is equal to FIXED[31:24]

15-13

USAGE

000b - NOT USED

011b - PARTIAL

100b - LUT

101b - CP

110b - NP

111b - PTS

12-8

FROM

Source Field's LSB

7-4

TO

Target Field's LSB

3-0

LEN

Field length minus 1 (0x0 means length=1, 0xf means length=16)

59.5.12 FIFO control register (FIFOCTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

FIFOCTRL A0h FIFO control register

FIFOCTRL_SET A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in FIFOCTRL is 1

FIFOCTRL_CLR A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in FIFOCTRL is 0

FIFOCTRL_TOG ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in FIFOCTRL
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Function

Allows for programmability of pixel FIFO watermarks used in conjunction with system arbitration hardware

This register houses FIFO control bits

EXAMPLE

              /* FIFOCTRL (disabled) */ 
              reg_val = ((100 << FIFOCTRL_FIFO_INIT_LEVEL_OFFSET) & 
                  FIFOCTRL_FIFO_INIT_LEVEL_MASK) 
                | ((200 << FIFOCTRL_FIFO_H_LEVEL_OFFSET) & 
                  FIFOCTRL_FIFO_H_LEVEL_MASK) 
                | ((100 << FIFOCTRL_FIFO_L_LEVEL_OFFSET) & 
                  FIFOCTRL_FIFO_L_LEVEL_MASK);
              __raw_writel(reg_val, FIFOCTRL);
            

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ENABL
E_...

Reserv
ed 

FIFO_INIT_LEVEL FIFO_H_LEVEL 
W

Reset 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIFO_H_LEVEL FIFO_L_LEVEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ENABLE_PRIO
RITY

Enable watermark-based priority elevation mechanism. 1=Enabled, 0=Disabled. (Only applies to 
FIFO_H_LEVEL and FIFO_L_LEVEL)

30

—

Reserved.

29-20

FIFO_INIT_LEV
EL

This register sets the watermark for the pixel-fifo.

19-10

FIFO_H_LEVEL

Upper level value of FIFO watermark. Must be greater than FIFO_L_LEVEL. When the pixel FIFO reaches 
this level or above, the priority elevation request is negated

9-0

FIFO_L_LEVEL

Lower level value of FIFO watermark. When the pixel FIFO reaches this level or below, the priority elevation 
request is asserted.
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59.5.13 Update Region Address (UPD_ADDR)

Offset

Register Offset

UPD_ADDR 100h

Function

EPDC Update Region Address

The address alignment depends on whether the update region stride register (UPD_STRIDE) is set or not.

If UPD_STRIDE is zero, the update region address must start and end on the 8-byte aligned addresses.

If UPD_STRIDE is non-zero, the update region address can start and/or end on any byte addressing. But aligned address still 
recomended be get best bus performance.

EXAMPLE1

              /* no update stride case */ 
              u32 stride = 0; u32 addr = 0x100; 
              /* 8-byte aligned */ 
              __raw_writel(stride, UPD_STRIDE); 
              __raw_writel(addr, UPD_ADDR);
            

EXAMPLE2

              /* update stride = 345 */ 
              u32 stride = 345; 
              u32 addr = 0x123; 
              /* 8-byte unaligned is OK */ 
              __raw_writel(stride, UPD_STRIDE); 
              __raw_writel(addr, UPD_ADDR);
            

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

ADDR

Address for incoming region update. This address points to update region which will be processed into the 
working buffer.

59.5.14 Update Region Stride (UPD_STRIDE)

Offset

Register Offset

UPD_STRIDE 110h

Function

EPDC Update Region Stride

When UPD_STRIDE==0 (stride feature disabled), UPD buffer line must start from 64-bit boundary and end on 64-bit 
boundary(padding if not). When UPD_STRIDE!=0 (stride feature enabled), UPD buffer line can start or end on any byte 
address, UPD_WIDTH should be set to real line bytes count as normal, while UPD_STRIDE set to byte distance between two 
lines' start.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STRIDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
STRIDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

STRIDE

line stride for incoming region update
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59.5.15 Update Command Co-ordinate (UPD_CORD)

Offset

Register Offset

UPD_CORD 120h

Function

EPDC Update Command Co-ordinate

This register is used for setting up the coordinate of a new update region.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved YCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved XCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved.

28-16

YCORD

Y co-ordinate for incoming region update

15-13

—

Reserved.

12-0

XCORD

X co-ordinate for incoming region update
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59.5.16 Update Command Size (UPD_SIZE)

Offset

Register Offset

UPD_SIZE 140h

Function

EPDC Update Command Size

This register sets up the size of an update region.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved.

28-16

HEIGHT

Height (in pixels)

15-13

—

Reserved.

12-0

WIDTH

Width (in pixels)

59.5.17 Update Command Control (UPD_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

UPD_CTRL 160h Update Command Control

UPD_CTRL_SET 164h Writing 1 to a bit in this register ensures that the 
corresponding bit in UPD_CTRL is 1

UPD_CTRL_CLR 168h Writing 1 to a bit in this register ensures that the 
corresponding bit in UPD_CTRL is 0

UPD_CTRL_TOG 16Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in UPD_CTRL

Function

EPDC Update Command Control.

Writing to this registers triggers and update request operation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R USE_F
IX...

Reserved LUT_SEL 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WAVEFORM_MODE Reserved 

STAN
DBY 

NO_L
UT_...

PAUS
E 

AUTO
WV 

DRY_
RUN 

UPDA
TE_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

USE_FIXED

Use fixed pixel values (requires programming of UPD_FIXED)

30-22

—

Reserved.

21-16

LUT_SEL

LUT select 0-63

15-8

WAVEFORM_M
ODE

Waveform Mode 0-255

7-6 Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

5

STANDBY

4

NO_LUT_CANC
EL

EPDC will cancel LUT loading for void update (no real update needed because of partial or collision), set 
this bit to 1 to disable this feature

3

PAUSE

0b - will analyze update buffer, report histogram, then update waveform mode using the 
programmed mode mapping in AUTOWV_LUT and start LUT loading

1b - EPDC analyzes and updates buffer, reports histogram, then pauses and waits for the 
software to write again with selected waveform mode to start lut loading

2

AUTOWV

enable automatical waveform mode selection

1

DRY_RUN

Enable Dry Run mode(set to 1). WB won't be updated in this mode, and lut_sel will be ignored, so actually 
you don't need to wait for LUT available to use this feature

0

UPDATE_MOD
E

Update Mode

0b - Partial Update : only process changed pixels in region

1b - Full Update : process all pixels in region

59.5.18 Update Fixed Pixel Control (UPD_FIXED)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

UPD_FIXED 180h Update Fixed Pixel Control

UPD_FIXED_SET 184h Writing 1 to a bit in this register ensures that the 
corresponding bit in UPD_FIXED is 1

UPD_FIXED_CLR 188h Writing 1 to a bit in this register ensures that the 
corresponding bit in UPD_FIXED is 0

UPD_FIXED_TOG 18Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in UPD_FIXED

Function

EPDC Update Control register for fixed-pixel updates (enabled via UPD_CTRL[USE_FIXED])

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3279 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R FIXNP
_EN 

FIXCP
_EN 

Reserved 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIXNP FIXCP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

FIXNP_EN

If set to 1, current updated region has the NP value defined by FIXNP

30

FIXCP_EN

If set to 1, current updated region has the CP value defined by FIXCP

29-16

—

Reserved.

15-8

FIXNP

NP value if fixenp_en is set to 1. Data in Y8 format.

7-0

FIXCP

CP value if fixecp_en is set to 1. Data in Y8 format.

59.5.19 Temperature Register (TEMP)

Offset

Register Offset

TEMP 1A0h

Function

EPDC Temperature Compensation Register
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TEMPERATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TEMPERATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TEMPERATUR
E

Temperature Value. This value is simply an index (not a temperature value). The index is used by the EPDC 
to access the correct temperature compensated waveform.

59.5.20 Waveform Mode Lookup Table Control Register. (AUTOWV_LUT)

Offset

Register Offset

AUTOWV_LUT 1C0h

Function

This register is used to access the waveform mode lookup table.

DATA -> AUTOWV_LUT[ADDR] : Writing this reg with 'ADDR' and 'DATA' info will get 'DATA' written to AUTOWV_LUT mem 
indexed with 'ADDR'

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved, always set to zero.

23-16

DATA

DATA

15-3

—

Reserved, always set to zero.

2-0

ADDR

ADDR

59.5.21 LUT Standby Register - LUT 31~0 (LUT_STANDBY1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

LUT_STANDBY1 1E0h LUT Standby Register - LUT 31~0

LUT_STANDBY1_SET 1E4h Writing 1 to a bit in this register ensures that the 
corresponding bit in LUT_STANDBY1 is 1

LUT_STANDBY1_CLR 1E8h Writing 1 to a bit in this register ensures that the 
corresponding bit in LUT_STANDBY1 is 0

LUT_STANDBY1_TOG 1ECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in LUT_STANDBY1

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

LUTN

LUT 0~31 standby control

59.5.22 LUT Standby Register - LUT 63~32 (LUT_STANDBY2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

LUT_STANDBY2 1F0h LUT Standby Register - LUT 63~32

LUT_STANDBY2_SET 1F4h Writing 1 to a bit in this register ensures that the 
corresponding bit in LUT_STANDBY2 is 1

LUT_STANDBY2_CLR 1F8h Writing 1 to a bit in this register ensures that the 
corresponding bit in LUT_STANDBY2 is 0

LUT_STANDBY2_TOG 1FCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in LUT_STANDBY2

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN

LUT 32~64 Standby Control

59.5.23 Timing Control Engine Control Register (TCE_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

TCE_CTRL 200h Timing Control Engine Control Register

TCE_CTRL_SET 204h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_CTRL is 1

TCE_CTRL_CLR 208h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_CTRL is 0

TCE_CTRL_TOG 20Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_CTRL

Function

TCE general control register

This register houses Horizontal scan timing. Note that line data length is derived from RES.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VSCAN_HOLDOFF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

UNDE
RRU...

WB_E
XTE...

VCOM_VAL 
VCOM
_MO...

DDR_
MODE 

LVDS_
MO...

LVDS_
MO...

SCAN
_DI...

SCAN
_DI...

DUAL_
SC...

SDDO
_WI...

PIXELS_PER_
SDCLK W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-25

—

Reserved.

24-16

VSCAN_HOLD
OFF

This period (expressed in vertical lines), sets the portion of the vertical blanking available for new LUTs to 
be activated. The remainder of the blanking period is reserved for pre-filling the TCE pixel FIFOs. Increasing 
this value allows for multiple smaller updates to be intercepted by the current frame scan. This number 
should not exceed FRAME_END+FRAME_SYNC+FRAME_BEGIN. Increasing this value can improve the 
ability for any given update to intercept the next available frame-scan. Excessive values can result in TCE 
FIFO under-runs.

15-14

—

Reserved.

13 when this bit set to 1, when underrun happen, it will stop to lookup the lut data but use the default value to 
avoid destroying the pannel.

Table continues on the next page...

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3284 / 5781



Table continued from the previous page...

Field Function

UNDERRUN_L
OOKUP_MASK

_EN

12

WB_EXTERNA
L_RANGE_EN

when this bit set to 1, even using wb external, it will check the range with lut_active at the same time to 
determine lookup en or not

11-10

VCOM_VAL

When VCOM_MODE = MANUAL, this value is used to manually set the VCOM value for the VCOM[1:0] pins

9

VCOM_MODE

This field determines the method used to drive the VCOM signal.

0b - VCOM Value is set manually using VCOM_VAL field

1b - VCOM Value is used from waveform

8

DDR_MODE

If set, SDDO data is driven on both positive and negative edges of SDCLK. Note that this mode is not 
supported when SDDO_BUS_FORMAT=16BIT and LVDS is not used. This must always be set when 
LVDS_MODE is set.

7

LVDS_MODE_
CE

If set (together with LVDS_MODE=1), SDCE[9:5] shall be driven as the differential inverse of SDCE[4:0]. In 
this mode the EPDC only supports 5 CE lines.

6

LVDS_MODE

If set, the upper 8-bit of the SDDO bus are used for LVDS differential signalling. Note that this can only be 
used when SDDO_BUS_FORMAT is set to 16BIT, i.e. LVDS signaling is not supported with an 8-bit SDDO 
interface. Note that for LVDS_MODE, DDR_MODE must also be set.

5

SCAN_DIR_1

Determines scan direction for each half of the TFT panel

0b - Scan this region from top to bottom

1b - Scan this region from bottom to top

4

SCAN_DIR_0

Determines scan direction for each half of the TFT panel

0b - Scan this region from top to bottom

1b - Scan this region from bottom to top

3

DUAL_SCAN

Enables dual scan-mode. Note in this mode, SDDO_BUS_FORMAT=16BIT must be selected. and 
PIXELS_PER_CLK applies to each 8-bit segment of the SDDO bus.

2

SDDO_WIDTH

Selects either 8 or 16 bit SDDO bus format

0b - Connect to 8-bit source driver

1b - Connct to 16-bit source driver

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

PIXELS_PER_S
DCLK

Number of TFT pixels per SDCLK period. Note that this value forms the division of the PIXLK to generate 
the SDCLK such that SDCLK = PIXCLK/PIXELS_PER_SDCLK. For dual-scan mode (DUAL_SCAN=1), this 
applies to 8-bit half of the 16-bit SDDO. It should be noted that when DDR_MODE is enabled, both edges 
of the clock have to be accounted for in this value, so for example with an 8-bit SDDO, 2-bit TFT pixel, this 
field should be set to EIGHT (four pixels on the pos-edge and 4-pixels on the neg-edge)

00b - Reserved

01b - Two TFT-pixels per SDCLK

10b - Four TFT-pixels per SDCLK

11b - Eight TFT-pixels per SDCLK

59.5.24 Timing Control Engine Source-Driver Config Register (TCE_SDCFG)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_SDCFG 220h Timing Control Engine Source-Driver Config 
Register

TCE_SDCFG_SET 224h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_SDCFG is 1

TCE_SDCFG_CLR 228h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_SDCFG is 0

TCE_SDCFG_TOG 22Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_SDCFG

Function

Source-driver configuration register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

SDCL
K_H...

SDSH
R 

NUM_CE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SDDO_REFOR
MAT 

SDDO
_IN...

PIXELS_PER_CE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-22

—

Reserved.

21

SDCLK_HOLD

Setting this bit to 1 holds the SDCLK low during LINE_BEGIN

20

SDSHR

Value for source-driver shift direction output port

19-16

NUM_CE

Number of source driver IC chip-enables. Must be 1-10

15-14

SDDO_REFOR
MAT

This register defines the various re-formatting options to enable more flexibility in the source-
driver interface:

00b - No change.

01b - Reverses the order of the pixels on SDDO. This register setting is sensitive to the TFT pixel 
width (TFT_PIXEL_FORMAT), e.g. for TFT_PIXEL_FORMAT=2B on an 8-bit bus P3,P2,P1,P0 
becomes P0,P1,P2,P3, whereas with TFT_PIXEL_FORMAT=4B, on an 8-bit bus, P1,P0 becomes 
P0,P1

13

SDDO_INVERT

Setting this bit to 1 reverses the polarity of each SDDO bit so 0xAAAA in 16-bit mode for example becomes 
0x5555. This setting can be made in addition to the SDDO_REFORMAT register setting.

12-0

PIXELS_PER_
CE

Number of pixels (outputs) per source-driver IC. Please note that RES[HORIZONTAL] must be an integer 
multiple of PINS_PER_CE.

59.5.25 Timing Control Engine Gate-Driver Config Register (TCE_GDCFG)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_GDCFG 240h Timing Control Engine Gate-Driver Config Register

TCE_GDCFG_SET 244h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_GDCFG is 1

TCE_GDCFG_CLR 248h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_GDCFG is 0

TCE_GDCFG_TOG 24Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_GDCFG
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Function

This register houses gate-driver configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PERIOD_VSCAN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved GDRL Reserved 

GDOE
_MO...

GDSP
_MO...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PERIOD_VSCA
N

when vscan state is splited, this reg defines the counter period

15-5

—

Reserved.

4

GDRL

Value for gate-driver right/left shift output port

3-2

—

Reserved.

1

GDOE_MODE

Selects method for driving GDOE signal. When set to 0, GDOE is driven at all times during the frame-
scan except FRAME_SYNC. When set to 1, GDOE is driven as a delayed version of GDCLK delayed 
by TCE_TIMING3[GDOE_OFFSET].

0

GDSP_MODE

Selects method for driving GDSP pulse. When set to 0, GDSP is is always fixed to have a pulse width of 
one line-time. When set to 1, GDSP has a pulse-width determined by the FRAME_SYNC setting. Note that 
GDSP_MODE=1 is not compatible with the GDSP_OFFSET function

59.5.26 Timing Control Engine Horizontal Timing Register 1 (TCE_HSCAN1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

TCE_HSCAN1 260h Timing Control Engine Horizontal Timing Register 1

TCE_HSCAN1_SET 264h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_HSCAN1 is 1

TCE_HSCAN1_CLR 268h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_HSCAN1 is 0

TCE_HSCAN1_TOG 26Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_HSCAN1

Function

Horizontal scan timing registers. Note that all timing values are expressed in terms of the EPDC's internal PIXCLK, which 
depending on the PIXELS_PER_SDCLK register setting is either 2:1 or 4:1

This register houses Horizontal scan timing. Note that line data length is derived from RES.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LINE_SYNC_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LINE_SYNC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved.

27-16

LINE_SYNC_WI
DTH

Number of PIXCLK cycles for the SDLE active time. Note that this value cannot be larger than LINE_SYNC 
and must be greater than 0. Typically it is recommended to set this value to be the same as LINE_SYNC

15-12

—

Reserved.

11-0

LINE_SYNC

Number of PIXCLK cycles for line sync duration. Note that this value encompasses the 
LINE_SYNC_WIDTH duration. This value must be programmed to a multiple of SDCLK cycles
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59.5.27 Timing Control Engine Horizontal Timing Register 2 (TCE_HSCAN2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_HSCAN2 280h Timing Control Engine Horizontal Timing Register 2

TCE_HSCAN2_SET 284h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_HSCAN2 is 1

TCE_HSCAN2_CLR 288h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_HSCAN2 is 0

TCE_HSCAN2_TOG 28Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_HSCAN2

Function

Horizontal scan timing registers. Note that all timing values are expressed in terms of the EPDC's internal PIXCLK, which 
depending on the PIXELS_PER_SDCLK register setting is either 2:1 or 4:1

This register houses Horizontal scan timing. Note that line data length is derived from RES.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LINE_END 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LINE_BEGIN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved.

27-16

LINE_END

Number of PIXCLK cycles for line end duration. This defines the duration from the de-assertion of SDCE 
and assertion of the next SDLE.

15-12

—

Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-0

LINE_BEGIN

Number of PIXCLK cycles for line begin duration. This defines the interval between de-assertion of SDLE 
and assertion of the SDCE signals. This value must be programmed to a multiple of SDCLK cycles

59.5.28 Timing Control Engine Vertical Timing Register (TCE_VSCAN)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_VSCAN 2A0h Timing Control Engine Vertical Timing Register

TCE_VSCAN_SET 2A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_VSCAN is 1

TCE_VSCAN_CLR 2A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_VSCAN is 0

TCE_VSCAN_TOG 2ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_VSCAN

Function

Vertical scan timing registers

This register houses vertical scan timing. Note that frame data length is derived from RES.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved FRAME_END 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FRAME_BEGIN FRAME_SYNC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

23-16

FRAME_END

Number of lines for frame end duration.

15-8

FRAME_BEGIN

Number of lines for frame begin duration.

7-0

FRAME_SYNC

Number of lines for frame sync duration.

59.5.29 Timing Control Engine OE timing control Register (TCE_OE)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_OE 2C0h Timing Control Engine OE timing control Register

TCE_OE_SET 2C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_OE is 1

TCE_OE_CLR 2C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_OE is 0

TCE_OE_TOG 2CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_OE

Function

This register contain delay programming values for the SDOEZ and SDOED source driver control signals

This register contain delay programming values for the SDOZ and SDOE source driver control signals

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SDOED_WIDTH SDOED_DLY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SDOEZ_WIDTH SDOEZ_DLY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

SDOED_WIDT
H

Number of PIXCLK cycles from SDOED high to SDOED falling (Must be greater than 0)

23-16

SDOED_DLY

Number of PIXCLK cycles from SDOEZ low to SDOED rising (Must be greater than 0)

15-8

SDOEZ_WIDTH

Number of PIXCLK cycles from SDOEZ high to SDOEZ falling (Must be greater than 0)

7-0

SDOEZ_DLY

Number of PIXCLK cycles from SDLE falling edge to SDOEZ rising (Must be greater than 0)

59.5.30 Timing Control Engine Driver Polarity Register (TCE_POLARITY)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_POLARITY 2E0h Timing Control Engine Driver Polarity Register

TCE_POLARITY_SET 2E4h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_POLARITY is 1

TCE_POLARITY_CLR 2E8h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_POLARITY is 0

TCE_POLARITY_TOG 2ECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_POLARITY

Function

This registers allows for programming the polarity of source/gate driver control signals

This register houses FIFO control bits
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

GDSP
_POL 

GDOE
_POL 

SDOE
_POL 

SDLE_
POL 

SDCE
_POL W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0

Fields

Field Function

31-5

—

Reserved.

4

GDSP_POL

0 = Active Low, 1 = Active High. Applies to the GDSP output

3

GDOE_POL

0 = Active Low, 1 = Active High. Applies to the GDOE output

2

SDOE_POL

0 = Active Low, 1 = Active High. Applies to the SDOE. Does not apply to SDOEZ and SDOED outputs

1

SDLE_POL

0 = Active Low, 1 = Active High. Applies to the SDLE output

0

SDCE_POL

0 = Active Low, 1 = Active High. Applies to all 10 SDCE outputs

59.5.31 Timing Control Engine Timing Register 1 (TCE_TIMING1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_TIMING1 300h Timing Control Engine Timing Register 1

TCE_TIMING1_SET 304h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING1 is 1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

TCE_TIMING1_CLR 308h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING1 is 0

TCE_TIMING1_TOG 30Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_TIMING1

Function

This register contains various timing adjustment controls

This register houses general purpose timing adjustment registers

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SDLE_SHIFT 

SDCL
K_I...

Reserv
ed 

SDCLK_SHIFT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved.

5-4

SDLE_SHIFT

This register can be used to implement additional timing setup/hold adjustment of source driver signals by 
adjusting the SDCLK up to 3 PIXCLK cycles

00b - No shift of SDLE

01b - Shift SDLE 1 pixclk cycle

10b - Shift SDLE 2 pixclk cycles

11b - Shift SDLE 3 pixclk cycles

3

SDCLK_INVER
T

Invert phase of SDCLK

2 Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

1-0

SDCLK_SHIFT

This register can be used to implement additional timing setup/hold adjustment of source driver signals by 
adjusting the SDCLK up to 4 cycles

00b - No shift of SDCLK

01b - Shift SDCLK 1 pixclk cycle

10b - Shift SDCLK 2 pixclk cycles

11b - Shift SDCLK 3 pixclk cycles

59.5.32 Timing Control Engine Timing Register 2 (TCE_TIMING2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_TIMING2 310h Timing Control Engine Timing Register 2

TCE_TIMING2_SET 314h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING2 is 1

TCE_TIMING2_CLR 318h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING2 is 0

TCE_TIMING2_TOG 31Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_TIMING2

Function

This register contains various timing adjustment controls

This register houses general purpose timing adjustment registers

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GDCLK_HP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GDSP_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fields

Field Function

31-16

GDCLK_HP

This register controls the GDCLK high-pulse width. It is expressed by N PIXCLKs where N=1 to 65535. 
Note that GDCLK will always have a period equal to the line-clock timing. A value of 0 is not supported. It is 
recommended that this value be set to at least a half line-clock time. For panels which use GDCLK to drive 
GDOE, this high-pulse width should be set to cover tha majority of the line timing

15-0

GDSP_OFFSE
T

This register allows the user to shift the GDSP pulse by N PIXCLKs where N=1 to 65535. Note that GDSP 
will always have a pulse width equivalent to the line-clock timing. A value of 0 is not supported.

59.5.33 Timing Control Engine Timing Register 3 (TCE_TIMING3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

TCE_TIMING3 320h Timing Control Engine Timing Register 3

TCE_TIMING3_SET 324h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING3 is 1

TCE_TIMING3_CLR 328h Writing 1 to a bit in this register ensures that the 
corresponding bit in TCE_TIMING3 is 0

TCE_TIMING3_TOG 32Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in TCE_TIMING3

Function

This register contains various timing adjustment controls

This register houses general purpose timing adjustment registers

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GDOE_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GDCLK_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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Fields

Field Function

31-16

GDOE_OFFSE
T

When using GDOE_MODE=1, this register sets the delay from GDCLK to the GDOE in terms of N 
PIXCLK cycles

15-0

GDCLK_OFFS
ET

This register allows the user to shift the GDCLK from the line time by N PIXCLK cycles.

59.5.34 Pigeon Mode Control Register 0 (PIGEON_CTRL0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

PIGEON_CTRL0 380h Pigeon Mode Control Register 0

PIGEON_CTRL0_SET 384h Writing 1 to a bit in this register ensures that the 
corresponding bit in PIGEON_CTRL0 is 1

PIGEON_CTRL0_CLR 388h Writing 1 to a bit in this register ensures that the 
corresponding bit in PIGEON_CTRL0 is 0

PIGEON_CTRL0_TOG 38Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in PIGEON_CTRL0

Function

This register contains global counter settings for Pigeon Mode

This register houses general purpose timing adjustment registers

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LD_PERIOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved FD_PERIOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved.

27-16

LD_PERIOD

period of pclk counter during LD phase

15-12

—

Reserved.

11-0

FD_PERIOD

period of line counter during FD phase

59.5.35 Pigeon Mode Control Register 1 (PIGEON_CTRL1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

PIGEON_CTRL1 390h Pigeon Mode Control Register 1

PIGEON_CTRL1_SET 394h Writing 1 to a bit in this register ensures that the 
corresponding bit in PIGEON_CTRL1 is 1

PIGEON_CTRL1_CLR 398h Writing 1 to a bit in this register ensures that the 
corresponding bit in PIGEON_CTRL1 is 0

PIGEON_CTRL1_TOG 39Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in PIGEON_CTRL1

Function

This register contains global counter setting for pigeon mode

This register houses general purpose timing adjustment registers
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved FRAME_CNT_CYCLES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved FRAME_CNT_PERIOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved.

27-16

FRAME_CNT_
CYCLES

max cycles of frame counter

15-12

—

Reserved.

11-0

FRAME_CNT_P
ERIOD

period of frame counter

59.5.36 IRQ Mask Register - LUT 0~31 (IRQ_MASK1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ_MASK1 3C0h IRQ Mask Register - LUT 0~31

IRQ_MASK1_SET 3C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK1 is 1

IRQ_MASK1_CLR 3C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK1 is 0

IRQ_MASK1_TOG 3CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ_MASK1
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Function

Controls masking EPDC LUT complete interrupts

This register controls LUT0~31 IRQ masks for EPDC interrupts

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTN_CMPLT_IRQ_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTN_CMPLT_IRQ_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_CMPLT_
IRQ_EN

LUT0~31 Complete Interrupt Enable

59.5.37 IRQ Mask Register - LUT 32~63 (IRQ_MASK2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ_MASK2 3D0h IRQ Mask Register - LUT 32~63

IRQ_MASK2_SET 3D4h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK2 is 1

IRQ_MASK2_CLR 3D8h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK2 is 0

IRQ_MASK2_TOG 3DCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ_MASK2

Function

Controls masking EPDC LUT complete interrupts

This register controls LUT0~32-63 IRQ masks for EPDC interrupts
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTN_CMPLT_IRQ_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTN_CMPLT_IRQ_EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_CMPLT_
IRQ_EN

LUT32~63 Complete Interrupt Enable

59.5.38 Interrupt Register - LUT 0~31 (IRQ1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ1 3E0h Interrupt Register - LUT 0~31

IRQ1_SET 3E4h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ1 is 1

IRQ1_CLR 3E8h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ1 is 0

IRQ1_TOG 3ECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ1

Function

EPDC LUT Completion IRQs. The IRQ for a specific LUT is triggered when it's corrrsponding physical update is competed on the 
screen. Each interrupt has a corresponding mask register in IRQ_MASK

This register houses the interrupt bits for the LUT Completions

 
Writing on SET or TOG variants of these registers will have no impact on value.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_CMPLT_IRQ 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_CMPLT_IRQ 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_CMPLT_
IRQ

LUT 0~31 Complete Interrupt

59.5.39 Interrupt Register - LUT 32~63 (IRQ2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ2 3F0h Interrupt Register - LUT 32~63

IRQ2_SET 3F4h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ2 is 1

IRQ2_CLR 3F8h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ2 is 0

IRQ2_TOG 3FCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ2

Function

EPDC LUT Completion IRQs. The IRQ for a specific LUT is triggered when it's corrrsponding physical update is competed on the 
screen. Each interrupt has a corresponding mask register in IRQ_MASK

This register houses the interrupt bits for the LUT Completions

 
Writing on SET or TOG variants of these registers will have no impact on value.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_CMPLT_IRQ 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_CMPLT_IRQ 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_CMPLT_
IRQ

LUT 32~63 Complete Interrupt

59.5.40 IRQ Mask Register (IRQ_MASK)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ_MASK 400h IRQ Mask Register

IRQ_MASK_SET 404h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK is 1

IRQ_MASK_CLR 408h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK is 0

IRQ_MASK_TOG 40Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ_MASK

Function

Controls masking for all EPDC interrupts

This register controls IRQ masks for all EPDC interrupts
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PWR_I
RQ...

UPD_
DON...

TCE_I
DL...

BUS_E
RR...

FRAM
E_E...

TCE_U
ND...

COL_I
RQ...

WB_C
MPL...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved.

23

PWR_IRQ_EN

Enable power interrupt

22

UPD_DONE_IR
Q_EN

Enable UPD complete interrupt

21

TCE_IDLE_IRQ
_EN

Enable TCE Idle interrupt detection.

20

BUS_ERROR_I
RQ_EN

Enable AXI BUS ERROR interrupt detection.

19

FRAME_END_I
RQ_EN

If this bit is set, EPDC will assert the current frame end interrupt. This irq is only available during 
updating period.

18

TCE_UNDERR
UN_IRQ_EN

Enable pixel FIFO under-run condition detection.

17

COL_IRQ_EN

Enable collision detection interrupts for all LUTs

16 Enable WB complete interrupt

Table continues on the next page...
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Table continued from the previous page...

Field Function

WB_CMPLT_IR
Q_EN

15-0

—

Reserved.

59.5.41 Interrupt Register (IRQ)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ 420h Interrupt Register

IRQ_SET 424h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ is 1

IRQ_CLR 428h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ is 0

IRQ_TOG 42Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ

Function

EPDC LUT Completion IRQs. The IRQ for a specific LUT is triggered when it's corrrsponding physical update is competed on the 
screen. Each interrupt has a corresponding mask register in IRQ_MASK

This register houses the interrupt bits for the LUT Completions

 
Writing on SET or TOG variants of these registers will have no impact on value.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PWR_
IRQ 

UPD_
DON...

TCE_I
DL...

BUS_E
RR...

FRAM
E_E...

TCE_U
ND...

LUT_C
OL...

WB_C
MPL...

W W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved.

23

PWR_IRQ

Power Interrupt

22

UPD_DONE_IR
Q

Working buffer process complete Interrupt

21

TCE_IDLE_IRQ

Interrupt to indicate that the TCE has completed TFT frame scans and is in an idle state.

20

BUS_ERROR_I
RQ

Interrupt to indicate AXI BUS error occurs.

19

FRAME_END_I
RQ

Interrupt to indicate EPDC has completed the current frame and is in the vertical blanking period.

18

TCE_UNDERR
UN_IRQ

Interrupt to indicate that a pixel FIFO under-run has occured.

17

LUT_COL_IRQ

Collision detection interrupt. Check STATUS_COL.

16

WB_CMPLT_IR
Q

Working buffer process complete Interrupt

15-0

—

Reserved.

59.5.42 Status Register - LUTs (STATUS_LUTS1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STATUS_LUTS1 440h Status Register - LUTs

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

STATUS_LUTS1_SET 444h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_LUTS1 is 1

STATUS_LUTS1_CLR 448h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_LUTS1 is 0

STATUS_LUTS1_TOG 44Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STATUS_LUTS1

Function

EPDC Status Register - LUTS 0~31

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_STS

LUT 0~31 Status : 1=ACTIVE, 0=IDLE

59.5.43 Status Register - LUTs (STATUS_LUTS2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STATUS_LUTS2 450h Status Register - LUTs

STATUS_LUTS2_SET 454h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_LUTS2 is 1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

STATUS_LUTS2_CLR 458h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_LUTS2 is 0

STATUS_LUTS2_TOG 45Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STATUS_LUTS2

Function

EPDC Status Register - LUTS 32~63

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_STS

LUT 32~63 Status : 1=ACTIVE, 0=IDLE

59.5.44 Status Register - Next Available LUT (STATUS_NEXTLUT)

Offset

Register Offset

STATUS_NEXTLUT 460h

Function

Holds value of next available LUT. Can be used for fast LUT assignment. This value can be read and then used in an update 
command as part of the UPD_CTRL register write

The DIGCTL Status Register provides a read-only view to various input conditions and internal states.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

NEXT_
LU... Reserved 

NEXT_LUT 

W

Reset 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 1

Fields

Field Function

31-9

—

Reserved.

8

NEXT_LUT_VA
LID

This bitfield can be used to check against a LUTs full condition

7-6

—

Reserved.

5-0

NEXT_LUT

Next available LUT value

59.5.45 LUT Collision Status (STATUS_COL1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STATUS_COL1 480h LUT Collision Status

STATUS_COL1_SET 484h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_COL1 is 1

STATUS_COL1_CLR 488h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_COL1 is 0

STATUS_COL1_TOG 48Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STATUS_COL1
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Function

EPDC LUT Collision Status Register and works in conjuction with IRQ[LUT_COL_IRQ]. When a collision occurs the interrupt is set 
and all status bits are set for LUTs which were touched by the collision. It does not set the bit for the LUT which caused the collision. 
There is a single interrupt mask which is used to control all the IRQ bits in this register (in IRQ_MASK). Note that a collision caused 
by a LUT which was set-up for no collision detection will not trigger any collision LUT IRQ or status update. Note that clearing the 
interrupt bit IRQ[LUT_COL_IRQ] clears this register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_COL_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_COL_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_COL_ST
S

LUTn Collision Status

59.5.46 LUT Collision Status (STATUS_COL2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STATUS_COL2 490h LUT Collision Status

STATUS_COL2_SET 494h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_COL2 is 1

STATUS_COL2_CLR 498h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS_COL2 is 0

STATUS_COL2_TOG 49Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STATUS_COL2

Function

EPDC LUT Collision Status Register and works in conjuction with IRQ[LUT_COL_IRQ]. When a collision occurs the interrupt is set 
and all status bits are set for LUTs which were touched by the collision. It does not set the bit for the LUT which caused the collision. 
There is a single interrupt mask which is used to control all the IRQ bits in this register (in IRQ_MASK). Note that a collision caused 

NXP Semiconductors
Electrophoretic Display Controller (EPDC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3311 / 5781



by a LUT which was set-up for no collision detection will not trigger any collision LUT IRQ or status update. Note that clearing the 
interrupt bit IRQ[LUT_COL_IRQ] clears this register

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTN_COL_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTN_COL_STS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUTN_COL_ST
S

LUTn Collision Status

59.5.47 General Status Register (STATUS)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STATUS 4A0h General Status Register

STATUS_SET 4A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS is 1

STATUS_CLR 4A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in STATUS is 0

STATUS_TOG 4ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STATUS

Function

Register to house non LUT specific status bits

This register houses general status bits
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved HISTOGRAM_CP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved HISTOGRAM_NP Reserved 

UPD_
VOID 

LUTS_
UN...

LUTS_
BU...

WB_
BUSY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-21

—

Reserved.

20-16

HISTOGRAM_
CP

Indicates which histogram matched the existing bitmap(CP).

Bit[0] indicates that the bitmap pixels were fully contained within the HIST1 (single color ) histogram.

Bit[1] indicates that the bitmap pixels were fully contained within the HIST2 (black / white ) histogram.

Bit[2] indicates that the bitmap pixels were fully contained within the HIST4 (2-bit grayscale) histogram.

Bit[3] indicates that the bitmap pixels were fully contained within the HIST8 (3-bit grayscale) histogram.

Bit[4] indicates that the bitmap pixels were fully contained within the HIST16 (4-bit grayscale) histogram.

15-13

—

Reserved.

12-8

HISTOGRAM_
NP

Indicates which histogram matched the processed bitmap(NP).

Bit[0] indicates that the bitmap pixels were fully contained within the HIST1 (single color ) histogram.

Bit[1] indicates that the bitmap pixels were fully contained within the HIST2 (black / white ) histogram.

Bit[2] indicates that the bitmap pixels were fully contained within the HIST4 (2-bit grayscale) histogram.

Bit[3] indicates that the bitmap pixels were fully contained within the HIST8 (3-bit grayscale) histogram.

Bit[4] indicates that the bitmap pixels were fully contained within the HIST16 (4-bit grayscale) histogram.

7-4

—

Reserved.

3

UPD_VOID

Indicates that the update buffer is void. This means either no pixels need updating or all pixels requiring 
updating were collided.

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

LUTS_UNDER
RUN

Provides a summary status of LUT fill. 1= not enough time for active luts read during blanking period before 
vscan_holdoff. 0=complete all active luts fill during blanking period before VSCAN_HOLDOFF.

1

LUTS_BUSY

Provides a summary status of LUTs. 1= All LUTs are busy, 0= LUTs are available

0

WB_BUSY

Working buffer process is busy cannot accept new update requests. When WB_BUSY is 1, software should 
wait for the WB_CMPLT_IRQ interrupt. When this interrupt occurs WB_BUSY is cleared immediately. This 
is a real-time status of the process.

59.5.48 Collision Region Co-ordinate (UPD_COL_CORD)

Offset

Register Offset

UPD_COL_CORD 4C0h

Function

EPDC Collision Region Co-ordinate, cleared when new update issued

This register only valid after WB completion and collision happens.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

YCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

XCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-16

YCORD

Y co-ordinate for collision region of the latest completed update

15-13

—

Reserved.

12-0

XCORD

X co-ordinate for collision region of the latest completed update

59.5.49 Collision Region Size (UPD_COL_SIZE)

Offset

Register Offset

UPD_COL_SIZE 4E0h

Function

EPDC Collision Region Size of the latest completed update cleared when new update issued

This register only valid after WB completion and collision happens.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-16

HEIGHT

Height (in pixels)

15-13

—

Reserved.

12-0

WIDTH

Width (in pixels)

59.5.50 1-level Histogram Parameter Register (HIST1_PARAM)

Offset

Register Offset

HIST1_PARAM 600h

Function

This register specifies the valid values for a 1-level(single color) histogram. If all pixels in a bitmap is only one color, STATUS[0] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

4-0

VALUE0

value for 1-level histogram

59.5.51 2-level Histogram Parameter Register (HIST2_PARAM)

Offset

Register Offset

HIST2_PARAM 610h

Function

This register specifies the valid values for a 2-level histogram. If all pixels in a bitmap match these two values, STATUS[0] will 
be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE1 Reserved VALUE0 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved, always set to zero.

15-13

—

Reserved, always set to zero.

12-8

VALUE1

White value for 2-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-5

—

Reserved, always set to zero.

4-0

VALUE0

Black value for 2-level histogram

59.5.52 4-level Histogram Parameter Register (HIST4_PARAM)

Offset

Register Offset

HIST4_PARAM 620h

Function

This register specifies the valid values for a 4-level histogram. If all pixels in a bitmap match these two values, STATUS[1] will 
be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE3 Reserved VALUE2 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE1 Reserved VALUE0 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE3

GRAY3 (White) value for 4-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-21

—

Reserved, always set to zero.

20-16

VALUE2

GRAY2 value for 4-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE1

GRAY1 value for 4-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE0

GRAY0 (Black) value for 4-level histogram

59.5.53 8-level Histogram Parameter 0 Register (HIST8_PARAM0)

Offset

Register Offset

HIST8_PARAM0 630h

Function

This register specifies four of the valid values for an 8-level histogram. If all pixels in a bitmap match these two values, STATUS[2] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE3 Reserved VALUE2 

W

Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE1 Reserved VALUE0 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE3

GRAY3 value for 8-level histogram

23-21

—

Reserved, always set to zero.

20-16

VALUE2

GRAY2 value for 8-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE1

GRAY1 value for 8-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE0

GRAY0 (Black) value for 8-level histogram

59.5.54 8-level Histogram Parameter 1 Register (HIST8_PARAM1)

Offset

Register Offset

HIST8_PARAM1 640h

Function

This register specifies four of the valid values for an 8-level histogram. If all pixels in a bitmap match these two values, STATUS[2] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE7 Reserved VALUE6 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE5 Reserved VALUE4 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 1

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE7

GRAY7 (White) value for 8-level histogram

23-21

—

Reserved, always set to zero.

20-16

VALUE6

GRAY6 value for 8-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE5

GRAY5 value for 8-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE4

GRAY4 value for 8-level histogram

59.5.55 16-level Histogram Parameter 0 Register (HIST16_PARAM0)

Offset

Register Offset

HIST16_PARAM0 650h
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Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match these two values, STATUS[3] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE3 Reserved VALUE2 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE1 Reserved VALUE0 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE3

GRAY3 value for 16-level histogram

23-21

—

Reserved, always set to zero.

20-16

VALUE2

GRAY2 value for 16-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE1

GRAY1 value for 16-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE0

GRAY0 (Black) value for 16-level histogram
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59.5.56 16-level Histogram Parameter Register (HIST16_PARAM1)

Offset

Register Offset

HIST16_PARAM1 660h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match these two values, STATUS[3] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE7 Reserved VALUE6 

W

Reset 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE5 Reserved VALUE4 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE7

GRAY7 value for 16-level histogram

23-21

—

Reserved, always set to zero.

20-16

VALUE6

GRAY6 value for 16-level histogram

15-13

—

Reserved, always set to zero.

12-8 GRAY5 value for 16-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE5

7-5

—

Reserved, always set to zero.

4-0

VALUE4

GRAY4 value for 16-level histogram

59.5.57 16-level Histogram Parameter Register (HIST16_PARAM2)

Offset

Register Offset

HIST16_PARAM2 670h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match these two values, STATUS[3] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE11 Reserved VALUE10 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE9 Reserved VALUE8 

W

Reset 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24 GRAY11 value for 16-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE11

23-21

—

Reserved, always set to zero.

20-16

VALUE10

GRAY10 value for 16-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE9

GRAY9 value for 16-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE8

GRAY8 value for 16-level histogram

59.5.58 16-level Histogram Parameter Register (HIST16_PARAM3)

Offset

Register Offset

HIST16_PARAM3 680h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match these two values, STATUS[3] 
will be set at the end of frame processing. All comparator values should be programmed such that they are consistent with the 
TFT_PIXEL_FORMAT control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved VALUE15 Reserved VALUE14 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VALUE13 Reserved VALUE12 

W

Reset 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0

Fields

Field Function

31-29

—

Reserved, always set to zero.

28-24

VALUE15

GRAY15 (White) value for 16-level histogram

23-21

—

Reserved, always set to zero.

20-16

VALUE14

GRAY14 value for 16-level histogram

15-13

—

Reserved, always set to zero.

12-8

VALUE13

GRAY13 value for 16-level histogram

7-5

—

Reserved, always set to zero.

4-0

VALUE12

GRAY12 value for 16-level histogram

59.5.59 General Purpose I/O Debug register (GPIO)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

GPIO 700h General Purpose I/O Debug register

GPIO_SET 704h Writing 1 to a bit in this register ensures that the 
corresponding bit in GPIO is 1

GPIO_CLR 708h Writing 1 to a bit in this register ensures that the 
corresponding bit in GPIO is 0

GPIO_TOG 70Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in GPIO

Function

GPIO register to control ipp_bdr[1:0], ipp_pwr[3:0] and ipp_pwrcom output signals

Houses software control signal registers

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PWRS
TAT PWRW

AKE 
PWRC

OM 
PWRCTRL BDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved.

8

PWRSTAT

reflect ipp_pwrstat input

7

PWRWAKE

Controls ipp_pwrwake output

6

PWRCOM

Controls ipp_pwrcom output

5-2 Controls ipp_pwrctrl[3:0] output

Table continues on the next page...
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Table continued from the previous page...

Field Function

PWRCTRL

1-0

BDR

Controls ipp_bdr[1:0] output

59.5.60 Version Register (VERSION)

Offset

Register Offset

VERSION 7F0h

Function

This register reflects the version number for the EPDC.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STEP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Fixed read-only value reflecting the MAJOR field of the RTL version.

23-16

MINOR

Fixed read-only value reflecting the MINOR field of the RTL version.

15-0

STEP

Fixed read-only value reflecting the stepping of the RTL version.
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59.5.61 Panel Interface Signal Generator Register a_0 (PIGEON_0_0 - PIGEON_16_0)

Offset

For a = 0 to 16:

Register Offset

PIGEON_a_0 800h + (a × 40h)

Function
parameters for timing signal generation

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
STATE_MASK MASK_CNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK_CNT MASK_CNT_SEL OFFSET INC_SEL POL EN 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

STATE_MASK

state_mask = (FS|FB|FD|FE) and (LS|LB|LD|LE) , select any combination of scan states as reference point 
for local counter to start ticking

0000_0001b - FRAME SYNC

0000_0010b - FRAME BEGIN

0000_0100b - FRAME DATA

0000_1000b - FRAME END

0001_0000b - LINE SYNC

0010_0000b - LINE BEGIN

0100_0000b - LINE DATA

1000_0000b - LINE END

23-12

MASK_CNT

When the global counter selected through MASK_CNT_SEL matches value in this reg, pigeon local counter 
start ticking. 0=disable

11-8 select global counters as mask condition, use together with MASK_CNT

Table continues on the next page...
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Table continued from the previous page...

Field Function

MASK_CNT_SE
L

0000b - pclk counter within one hscan state

0001b - pclk cycle within one hscan state

0010b - line counter within one vscan state

0011b - line cycle within one vscan state

0100b - frame counter

0101b - frame cycle

0110b - horizontal counter (pclk counter within one line )

0111b - vertical counter (line counter within one frame)

7-4

OFFSET

offset on pclk unit. 0=aligne with data, positive value means delay, minus value mean ahead. Supported 
range depends on panel mode

3-2

INC_SEL

event to incrment local counter

00b - pclk

01b - line start pulse

10b - frame start pulse

11b - use another signal as tick event

1

POL

polarity of signal output

0b - normal signal (active high)

1b - inverted signal (active low)

0

EN

enable pigeon mode on this signal

59.5.62 Panel Interface Signal Generator Register a_1 (PIGEON_0_1 - PIGEON_16_1)

Offset

For a = 0 to 16:

Register Offset

PIGEON_a_1 810h + (a × 40h)

Function

parameters for timing signal generation
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CLR_CNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SET_CNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

CLR_CNT

deassert signal output when counter match this value

0000_0000_0000_0000b - keep active until mask off

15-0

SET_CNT

assert signal output when counter match this value

0000_0000_0000_0000b - start as active

59.5.63 Panel Interface Signal Generator Register a_2 (PIGEON_0_2 - PIGEON_16_2)

Offset

For a = 0 to 16:

Register Offset

PIGEON_a_2 820h + (a × 40h)

Function

parameters for timing signal generation

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SIG_ANOTHER SIG_LOGIC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-9

—

Reserved.

8-4

SIG_ANOTHER

select another signal for logic operation or as mask or counter tick event

3-0

SIG_LOGIC

logic operation with another signal

sigout : final output signal of this generator

mask : final mask of this generator

this_sig : intermediate signal of this generator before logic operation

other_masks : intermediate mask result of this generator before logic operation

sig_another : signal selected other generators

0000b - no logic operation

0001b - sigout = sig_another AND this_sig

0010b - sigout = sig_another OR this_sig

0011b - mask = sig_another AND other_masks
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Chapter 60
Pixel Processing Pipeline (PXP)
60.1 Chip-specific PXP information
Table 525. Reference links to related information

Topic Related module Reference

Full description PXP PXP

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

60.1.1 Module instances
This device has one instance of the PXP module.

60.1.2 Low-power mode
When entering low-power mode, the master device should stop running; software should confirm PXP is in idle state by 
access register.

60.2 Overview
This document describes the micro-architecture for the Pixel Processing Pipeline used to process graphics buffers or 
composite video and graphics data before sending to an LCD display or TV encoder. It is used to minimize the memory 
footprint required for the display pipeline and provide an area and performance optimized to both SDRAM-less and SRAM-
based systems.

The PXP integrates of several independent processing stages into a cohesive strategy to create flexible pixel pipeline.

The PXP combines the following into a single processing engine:

• Scaling

• Color Space Conversion (CSC)

• Secondary Color Space Conversion (CSC2)

• Pixel Conversion Lookup Memory Table (LUT)

• Rotation

• Dithering and Waveform Processing

By integrating multiple blocks, a few intermediate buffer operations to external memory are removed, reducing external memory 
bandwidth, power, and software control complexity.

60.2.1 Block Diagram
The PXP block diagram is shown below.
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Figure 385. PXP Architecture

60.2.2 Features
The PXP module includes following features:

• Scaling

— Supports YUV 422, 420, 444 and any RGB formatted pixels

— The maximum downscaling factor can be up to 16

• Color Space Conversion (CSC)

— Supports converting from YUV to RGB

— Supports bypass mode

— Supports color space coefficients configuration

• Secondary Color Space Conversion (CSC2)

— Supports converting to RGB or YUV color spaces depending on the desired output pixel format

— Supports color space coefficients configuration
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• Rotation

— Supports 0, 90, 180, 270 degrees

— Supports vertical and horizontal flips

• Composite Alpha Blending and Color Key

— Supports normal alpha blending and Porter-Duff alpha blending.

— Supports color key function to create transparent effects on the output pixel

60.3 Functional Description
The PXP consist of several pipelined blocks that perform the video source frame scaling, color space conversion, alpha-blending/
color key algorithm, secondary CSC, pixel correction, input and/or output rotation, dithering and waveform processing.

The legacy blocks operate within the requirements of the legacy PXP architecture, and perform operations on either 8x8 or 16x16 
pixel blocks in the representative source buffers. The legacy pipeline operate within the context of two iteration counters that iterate 
through the appropriate grid of input blocks to produce the rotated output grid blocks in scan-line order. The dither blocks included 
in the legacy pipeline also operate in a block mode while the waveform processing engines (WFE) will operate in a scan line format 
based on the active size.

Figure 385 shows the high-level architecture of the scaling, color space conversion, blending, pixel correction, rotation engines, 
dithering, waveform processing, along with histogram. The Alpha Surface Engine fetches one RGB graphics plane alpha surface 
(AS). The scaling engine fetches a single processed surface (PS), which can be blended with the AS surface. The scaling engine 
also supports an alpha channel for the PS image. Although the legacy PXP processes NxN pixel macro blocks, each of the AS or 
PS surfaces can have any pixel alignment within the output buffer. There are no restrictions and any pixel coordinates within the 
output buffer are valid. The upper left origin of the output buffer is defined as pixel 0,0. The upper left and lower right coordinates 
for each of the AS and PS are inclusive within the output buffer.

Figure 386 represents a sample output buffer configuration with both an alpha surface (AS) and a processed surface (PS) 
included. The alignment of each AS and PS within the output buffer can be at any arbitrary pixel locations. For example, the PS 
has an upper left coordinate (ULC) of 2,2 and a lower right coordinate (LRC) at pixel 13,13. The maximum value for the ULC and 
LRC for each of the AS and PS is bounded by the LRC of the output buffer, 15,15 for this example.
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       0,0 = Origin Pixel     
       0            0     

       2.2     

       0.8     

       15     
       Output Buffer,       

Lower Right Coordinate       
(LRC) = 15,15     

       15,15     
       13,13     

       15     

Figure 386. Sample output buffer configuration

The AS engine supports RGB pixel formats, and the PS engine supports ARGB, RGB, YUV, and YCbCr pixel formats. The CSC1 
can be used to convert to RGB pixel formats so that the PS surface can be blended with the AS surfaces in the compositing engine 
in the RGB color space. There are two rotate engines in the PXP pipeline. Rotation can occur after image composition, at the 
output of the PS engine, or both. In the first scenario, all the data produced by the AS and PS engines is rotated. When the rotation 
module is programmed to rotate only PS images, the AS is not rotated, and AS pixels are combined with rotated PS surfaces. The 
CSC2 unit can convert to any RGB, YUV, or YCbCr color spaces for final output. Pixels can be corrected using a programmable 
LUT resource to achieve any desired pixels effects. For detailed information, please refer to Output Modes to RGBW4444CFA. 
The dither engine supports ordered dithering mode in addition to the standard quantization and pass-through modes. The WFE is 
a programmable engine that can be programed as required to process each pixel and pixel meta data. The Histogram sub-block 
collects statistics about the pixel data passing through it that is useful to the EPDC in waveform selection and displaying the frame. 
The Histogram also contains mask and comparison functionality that can be used for collision detection and reporting the collided 
area within an update area.

The PXP also supports two parallel image processing paths. The legacy flow can operate in parallel with waveform processing 
engines. Please refer to CTRL and CTRL2 for details on how to enable each of the individual data flows. In addition to this, LUT 
engine can be used as either part of the legacy flow or as a part of the second parallel data flow.

60.3.1 Operations

60.3.1.1 Processing Details

The legacy PXP architecture has been driven primarily by the requirement that the output buffer must be processed and rotated 
without intermediate frame buffer stored in external memory.
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This reduces the use of external memory bandwidth requirements thus reducing overall system power consumed. The new 
architecture has four sets of fetch and store engines to enable parallel image processing and the ability to use only parts of the 
block like the WFE or parts of the legacy flow.

Since the output of the rotation block must be NxN pixel blocks in scan order, the entire legacy pipeline will operate on NxN pixel 
blocks. In essence, the pipeline will be able to operate on blocks in a random access fashion, but the entire pipeline will operate 
within the context of two iteration counters that will iterate through the horizontal and vertical input blocks to generate the required 
output block.

Legacy Processing Pipeline

The control block will coordinate the processing of the pixel blocks within the source and destination image buffers. It begins by 
issuing a command to each stage of the pipeline requesting that operations be done for the block at offset x, y. When the block 
accepts the command, it asserts its acknowledge signal for a single cycle to indicate the acceptance and allow the control unit to 
move to the next block.

When the PS and AS fetch engines have received a command, they will fetch the required data and place it into their fetch buffers. 
If compositing the RGB AS surface with the PS surface, then the output of the PS engine needs to be converted to the RGB color 
space using CSC1, since all compositing occurs in the RGB color space. For YUV output pixel formats, the CSC1 unit can be 
enabled to convert pixels into the RGB space for subsequent compositing with AS pixels. Then, the CSC2 module can convert the 
resulting pixels back into the YUV output color space. If the final output color space is YUV and there is no compositing required 
(AS not present, for example), then both the CSC units can be bypassed and the pixel data path will pass the YUV pixels to the 
rotation engine. For YUV output formats, scaling operations, LUT, rotation, and dithering operations are still valid, but blending 
RGB AS surfaces with YUV PS surfaces is NOT supported. The two CSC units in the overall pixel data path must be used to 
achieve the desired source frame compositing and output pixel formatting.

The alpha blender/color key module will process a pixel any time that both inputs present valid data.

The New Processing Pipelines

The WFE fetch and store engines work in scan line format. The WFE fetch engine has internal memory of 32 words where each 
word is 64 bits. The store engines can co-ordinate data flow through the pipeline to the next fetch engine such as LCDIF for 
display. In handshake mode, the store engine writes data to the memory and signals, the fetch engine of the next stage that the 
programmed number of lines are ready to be fetched.

60.3.1.2 Scaling Operation
The scaling engine operates on YUV (or YCbCr) 422 or 420 and any RGB formatted pixels. Each color plane is sourced 
from color planes indicated by different base address registers. The scaling source data can be stored as 3 individual planes 
for each Y, U, and V data, stored as two planes as a single Y and interleaved UV plane, or stored as a single plane with 
YUV/RGB interleaved on a per byte basis.

The scaled output image is presented to the CSC module as YUV444 or RGB888 pixels with a single byte for each color channel. 
The scaler can reduce an input image by a maximum factor of 16. In this case, the output image will be 1/16 the dimension of 
the input image in each of the X and Y axis. There are no limits, essentially, on increasing the source image size. The theoretical 
maximum increase is 4096 since a 12 bit fractional step function is used when scaling an input image. Scaling in either axis, X or 
Y is independent, so a source image can appear stretched in either direction.

All source images pass through the scale engine. The PXP alpha blend module and AS pixel streams are in the RGB888 format, 
so PS pixel buffers must be converted to the RGB888 format for alpha blending. The scaling engine works with the CSC1 module 
to translate YUV/YCbCr pixel formats to RGB888 for output frame buffer compositing using the alpha blender.

The CSC2 module can by bypassed or enabled to convert pixels to any output color space.

In the case of processing RGB pixels in the PS engine, the CSC1 unit can be bypassed so compositing can occur in the 
alpha engine.

The scaling operation is divided into two scaling steps. The first step is a decimation scaler, and the second step is a bilinear 
filter. The decimation filter provide a maximum down scaling factor of 8, and the subsequent bilinear filter provides a maximum 
downscaling factor of 2. Combined, the maximum downscaling factor can be up to 16. The decimation and bilinear scaling engines 
are independently programmable. There is also an initial offset that is programmable to allow more source data to be considered 
in the bilinear scaling engine.
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60.3.1.2.1 Decimation Image Scaling
The first of two scaling engines is the decimation filter. The intent of the decimation filter is to use as much source data as 
is possible to create the output image frame buffer. The decimation filter simply discards certain pixels from the source PS 
image depending on the reduction selected. For RGB pixel formats, each color channel is treated equally since there is the 
same amount of pixel data within each color plane. For YUV422/420 formats, the chroma samples are already subsampled 
by 2. In these decimation scenarios, the chroma decimation factor is adjusted to account for the pre-decimation of the 
chroma samples. For example, since YUV422 is already sub-sampled by 2 horizontally, an X decimation factor of 2 does not 
apply to the YUV422 pixels in the X direction. All the chroma samples are passed on to the bilinear filter in this case. As 
another example, an X decimation factor of 4 will decimate the chroma samples by 2, since this factor combined with the 
pre-decimation factor of 2 in the pixel source buffers totals an overall decimation factor of 4.

The following example will show which pixels (in green) in a source RGB buffer that are passed to the bilinear filter for an X 
decimation factor of 2 and a Y decimation factor of 4. All pixels coincident with dashed lines are discarded.

Figure 387. RGB decimation X /2, Y /4
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Using the same decimation factor as the above scenario for RGB pixels, but using YUV420 source buffers, it can be shown that the 
decimation factor for the Y and UV components of data are decimated differently. This is due to the pre-decimation of the chroma 
samples in the source frame buffers. Figure 4: YUV420 decimation X /2, Y /4 indicates that the U/V samples in the X direction are 
not decimated, but the Y samples in the X direction are decimated by the factor of 2.

       Y sample only     
       YUV cosited sample     

Figure 388. YUV420 decimation X /2, Y /4

60.3.1.2.2 Bilinear Image Scaling Filter
The PXP implements a bilinear scaling filter to resize an input image to a different resolution for display output. The bilinear 
filter is a weighted average of the four nearest pixels that can be sourced to approximate the pixel in the output frame buffer.

When scaling YUV data, the UV values are offset by 0x80 (top bit inverted) to shift the signed UV bits into an unsigned 
equivalent with a range of 0 to 255. YCbCr data does not have to be shifted since it is defined as an unsigned byte. The 
REG_CSC1_COEF0[YCBCR_MODE] bit controls whether this operation is applied to the input UV bytes.

After scaling, the offset is removed so that the range for UV data is signed from -128 to 127.
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The reason for this adjustment is based on the implementation of an unsigned scaling engine, and therefore, is to ensure that the 
scaled values are handled properly. Consider the following table:

Table 526.

Format pixel0 pixel1 average Result

decimal -2 +2 0 Correct

CbCr 0x7E 0x82 0x80 Correct (0x80 is 0 in CbCr)

UV 0xFE 0x02 0x80 Incorrect (0x80 is -128 in UV)

decimal -32 +16 -8 Correct

CbCr 0x60 0x90 0x78 Correct (0x78 is -8 in CbCr)

UV 0xE0 0x10 0x78 Incorrect (0x78 is +120 in UV)

To compute the output pixel value at position as indicated by P, consider the diagram below.

       p00            Px0     
       4 source image pixel:       

p00, p10, p01, p11     
       
R

y     
       P            1 destination image pixel:       

P, bilinear filter     

       
(1-R

y)            p01            Px1            p11     
       Rx            (1-Rx)     

       p10     

Figure 389. Output Pixel Value

A step function is used to indicate the position of the pixel "P" in the output frame. This position may not coincide with a single pixel 
position in the input frame buffer. In this case, the four closest pixels in the input frame are used to approximate the value of the 
pixel in the output frame.

The PXP scaler first computes a linear filter in the X axis to create the two intermediate pixel values Px0 and Px1. The step 
function's X fractional component is used to provide the weighting factor for blending p00 with p10 to provide Px0. Likewise, Px1 
is also derived from a linear filter using p01 and p11.

The equations for Px0 and Px1 are as follows:

Px0 = p00*(1-Rx) + p10*Rx

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3340 / 5781



Px1 = p01*(1-Rx) + p11*Rx

The PXP scaler uses the intermediate X pixels Px0 and Px1 and implements a bilinear filter on these two pixel values to produce 
the final pixel value at position P. The remainder of the step function for the Y axis is used to compute the weighted average pixel 
result. The equation for final filtered pixel is:

P = Px0*(1-Ry) + Px1*Ry

60.3.1.2.3 YUV 4:2:2 Image Scaling

The following figure illustrates the positioning of YUV samples for the 4:2:2 formats. There are twice as many Y luma samples then 
U and V chroma samples horizontally.

       Pixel Column     

       Scan       
Lines     

       Y, U, V Sample            Y Sample Only     

       Ps     
       0            0            1            2            3            4            5     

       1     
       2     
       3     

Figure 390. YUV Sample Positioning, 4:2:2

Consider the scaled output pixel Ps (pixel scaled) which has an accumulated step function of X=1.5 and Y=0.5. The remainder 
for the step function is Rx = 0.5 and Ry = 0.5. Or, the sub pixel position of output pixel Ps is half way between line 0 and 1 and 
half way between column 1 and 2.

The Y output component of Ps is simply the bilinear function of the four nearest Y samples from the input image. Specifically, the 
Y values at [1,0], [2,0], [1,1], and [2,1] are used to compute the Y for Ps.

For the U and V components of Ps, there are no samples present in the column position 1. The bilinear filter uses chroma 
components located at [0,0], [2,0], [0,1] and [2,1]. Since the chroma components are not sub sampled vertically, the remainder 
used to combine pixels vertically is Ry=0.5 (the same as for Y). However, horizontally, the scaling engine shifts the remainder by 
a factor of 2. So an X axis step function value of X=1.5 has a remainder Rx=0.75. Source chroma values are not replicated, they 
are completely interpolated using the four nearest chroma samples to approximate U and V at Ps.

60.3.1.2.4 YUV 4:2:0 Image Scaling

The following figure illustrates the positioning of YUV samples for the 4:2:0 formats. Chroma is sub sampled both horizontally and 
vertically. In this format, the chroma frame buffers contain ¼ the data that the luma frame buffers store.
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       Chroma       
Shift/Copy     

       Pixel Column     

       Scan       
Lines     

       U, V Sample            Y Sample Only     

       0            0            1            2            3            4            5     
       Ps     

       1     
       2     
       3     

Figure 391. YUV Sample Positioning, 4:2:0

The Y output component for all scaled pixels in 4:2:0 formats are the same as for the 4:2:2 pixel formats.

The U and V output components have two considerations when computing the output pixel Ps.

1. All chroma samples from the input source image are shifted left and up by ½ a sample position of the input pixel matrix.

2. Odd scan lines are replicated using the previous even chroma scan line values. So, output image chroma values 
that map between even to odd scan lines are replicated in the vertical axis. In contrast, output image chroma values 
between odd to even scan lines are interpolated vertically.

The chroma values are interpolated horizontally as in the 4:2:2 pixel format.

As an example, consider the interpolated pixel Ps in the 4:2:0 diagram above. For the Y component, the interpolated output luma 
is a function of the Y values in the source frame buffer at position [1,0], [2,0], [1,1], [2,1].

For the U and V interpolated samples, the chroma values on scan line position 0.5 are shifted so that they coincide with the even 
luma sample points. They are also replicated so that a single chroma scan line is used twice. The chroma scan line at 0.5 is 
replicated to represent the 4:2:2 sample points for scan line 0 and 1. The chroma scan line at 2.5 is replicated to represent the 
4:2:2 sample points for scan line 2 and 3. This pattern of chroma replication occurs for the entire source frame buffer during the 
scaling operation.
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       Chroma       
shift/copy       
to line 0,1     
       Scan       

Lines     

       Pixel Column     
       0            0            1            2            3     

       1     
       2     

       PsB     
       PsA            0.5     

       1.5     
       2.5     

Figure 392. Scaled Chroma Computation Examples

The preceding diagram has two examples for the computation of the scaled chroma output pixel. For chroma at output position 
PsA (vertical position 0.5), interpolation occurs in the X axis using chroma values at column 0 and column 2. However, since line 
0 and line 1 have equal chroma values due to chroma line replication, scaling in the Y axis results in replication of chroma values.

For chroma at output position PsB (vertical position 1.5), interpolation occurs in both the X and Y axis. The Y axis is an interpolation 
since the chroma values copied to scan line 1 and 2 and not the same.

In summary, any output image pixels that map to an odd scan line above and an even scan line below are interpolated vertically. 
Output image pixels that map to an even scan line above and an odd scan line below are replicated vertically.

60.3.1.2.5 RGB/YUV444 Image Scaling
For all RGB formats, the RGB pixels are converted up to RGB888 with 8 bits per each color component. Then each color 
component is passed to the scaling engine and each component is treated in the same manor. The RGB scaling operation 
is the same as for the Y scaling operation described in the preceding sections. Also, YUV444 contains a byte for each color 
plane at each pixel location, so all three color components are scaled in the same manor.

60.3.1.3 Color Space Conversion (CSC)

The CSC unit converts pixels between color spaces. They are referred to as CSC1 and CSC2. The CSC1 unit is right after the 
scaling unit and is dedicated to converting from YUV to RGB. The CSC2 unit is a full-duplex color space converter that can convert 
into either RGB or YUV (or YCbCr) color spaces depending on the desired output pixel format. All coefficients are programmed 
as two's compliment numbers and CSC units can be bypassed if conversion is not desired at either position of these CSC units 
in the pixel data path.

60.3.1.3.1 CSC1 Operation
The CSC1 module receives scaled YUV/YCbCr444 pixels from the scale engine and converts the pixels to the RGB888 color 
space only if CSC1 is enabled. The CSC1 module will convert only to the RGB color space and it can be bypassed to allow 
YUV pixels through the data path. These pixels are loaded into the pixel FIFO for processing by subsequent modules in the 
pixel data path.

The following equations are used to perform YUV/YCbCr -> RGB conversion. The constants will be stored in the PXP control 
registers as two's compliment values to allow flexibility in the implementation and to allow for differences in the video encode and 
decode operations. In addition, this provides a software mechanism to manipulate brightness or contrast.

R = C0(Y+Yoffset) + C1(V+UVoffset)

G = C0(Y+Yoffset) + C3(U+UVoffset) + C2(V+UVoffset)

B = C0(Y+Yoffset) + C4(U+UVoffset)
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Note: In the equations above, U and V are synonymous with Cb and Cr in regards to the color space format of the source 
frame buffer.

Saturation of each color channel is checked and corrected for excursions outside the nominal YUV/YCbCr color spaces. Overflow 
for the three channels are saturated at 0x255 and underflow is saturated at 0x00.

The table below indicates the expected coefficients for YUV and YCbCr modes of operation:

Table 527. CSC Coefficients for YUV and YCbCr modes

Coefficient YUV YCbCr

Yoffset 0x000 0x1F0 (-16)

UVoffset 0x000 0x180 (-128)

C0 0x100 (1.00) 0x12A (1.164)

C1 0x123 (1.140) 0x198 (1.596)

C2 0x76B (-0.581) 0x730 (-0.813)

C3 0x79B (-0.394) 0x79C (-0.392)

C4 0x208 (2.032) 0x204 (2.017)

60.3.1.3.2 YUV versus YCbCr Support
By default, the PXP color space coefficients are set to support the conversion of YUV data to RGB data. If YCbCr input is 
present, software must change the coefficient registers appropriately (see the register definitions for values). Software must 
also set the YCBCR_MODE bit in the COEFF0 register to ensure proper conversion of YUV versus YCBCR data.

60.3.1.3.3 CSC2 operation
The CSC2 module receives pixels in any color space and can convert the pixels into any of RGB, YUV, or YCbCr color 
spaces. All coefficients are programmable and in the two's compliment notation. The output pixels are passed onto the rotation 
engine for further processing.

The following equations indicate the CSC2 modules ALU architecture.

Selecting RGB output in REG_CSC2_CTRL[CSC_MODE] configures the ALU in the following manor:

R = A1(Y-D1) + A2(U-D2) + A3(V-D3)

G = B1(Y-D1) + B2(U-D2) + B3(V-D3)

B = C1(Y-D1) + C2(U-D2) + C3(V-D3)

Selecting YUV output configures the ALU in the alternate manor:

Y = A1*R + A2*G + A3*B + D1

U = B1*R + B2*G + B3*B + D2

V = C1*R + C2*G + C3*B + D3

Saturation of each color channel is checked and corrected for excursions outside the nominal color space. Overflow for the three 
channels are saturated at 0x255 and underflow is saturated at 0x00.
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CSC2 may not be able to perform RGB to YCbCr or RGB to YUV conversion correctly. Only the Y conversion may 
be correct. In that case, conversion for CbCr and UV components may require alternate chip resources either from 
GPU, IPU, or CPU if applicable.

  NOTE  

60.3.1.4 Alpha Blending/Color Key

There are two alpha blending/color key engines in the new PXP. Regardless of pixel input format, the PS and AS pixels are 
normalized to 32-bits, organized as one alpha and three data bytes. For the second alpha blending engine, the fetch engine should 
be programmed to fetch data in the RGB format. You can either use the 2 fetch channels or use either fetch channel with the PS.

Alpha blending occurs in the RGB space, if blending is required, PS pixels should be converted to RGB space. If no alpha blending 
is required, then YUV pixels can bypass the alpha blending ALU without color space conversion. All pixels are processed by 
the pixel ALU, but the ALU operations can be disabled to achieve pixel pass through for either PS or AS or fetch data channels 
source pixels.

60.3.1.4.1 Alpha Blend

There are two alpha blend modes in this module. First is the normal blending mode using single alpha parameter. Second is the 
porter-duff blending mode used in 2D. Both modes alpha blend modes are described in the sub-sections below.

60.3.1.4.1.1 Normal Alpha Blend

The alpha value for an individual pixel represents a mathematical weighting factor applied to the AS pixel. An alpha value of 0x00 
corresponds to a transparent pixel and a value of 0xFF corresponds to an opaque pixel.

The effective alpha value for an AS pixel is determined by the AS_CTRL[ALPHA] and AS_CTRL[ALPHA_CTRL] register fields. 
If AS_CTRL[ALPHA_CTRL] = ALPHA_OVERRIDE , the alpha value for the pixel is taken from the AS_CTRL[ALPHA] . This 
can be useful for applying a constant alpha to an entire image or for image formats that don't include an alpha value. If 
AS_CTRL[ALPHA_CTRL] = ALPHA_MULTIPLY, the pixel's alpha value will be multiplied by AS_CTRL[ALPHA] value in order to 
allow scaling of the pixel's alpha or to provide better control for pixel formats such as RGB1555, which only contains a single bit 
of alpha.

For each color channel, the equation used to blend two source pixels is defined below:

Gá = Programmed global alpha (AS_CTRL[ALPHA]).

Eá = Embedded alpha associated with AS pixel.

á = (Gá * Eá + 0x80)/256

The result for the red channel as an example:

R[7:0] = ((á * AS.r) + ((1 - á) * PS.r))/256

When á is 0x00, the PS pixel will not be blended with the AS pixel, but PS will be passed as the output pixel and will not be blended 
with AS. In this case, AS will be discarded. Likewise, if á is 0xff for a given pixel, AS will be loaded as the output pixel.

AS_CTRL[ALPHA_INVERT] provides the option to invert the final alpha value. This essentially inverts the effect the alpha value 
has on the AS and PS blending operation.

60.3.1.4.1.2 Porter-Duff Alpha Blend

Porter-Duff blend includes 12 blending modes to describe digital image composite. These processes include Clear, Source 
Only, Destination Only, Source Over, Source In, Source Out, Source Atop, Destination Over, Destination In, Destination Out, 
Destination Atop and XOR. Through these process it can achieve any 2D image composite.

To control the blending modes, please see below picture. All the registers shown below are included in ALPHA_A_CTRL.

The last value

alpha = (s10_alpha*s0_alpha'' + s01_alpha* s1_alpha'' )/256

pixel = (s01_alpha * s1_pixel' + s10_alpha * s0_pixel')/256
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s0_alpha

s0_alpha'

s0_alpha''

s01_alpha

s0_global_alpha

s0_pixel

s0_pixel'

s0_alpha_mode:
 
0: s0_alpha
1: 0xFF-s0_alpha

s0_global_alpha_mode:
 
0: s0_global_alpha
1: s0_alpha'
2: s0_alpha' * s0_global_alpha
3: s0_alpha' * s0_global_alpha

s0_s1_factor_mode:
 
0: 0xFF
1: 0
2: s0_alpha''
3: 0xFF-s0_alpha''

s0_color_mode:
 
0: s0_pixel
1: s0_pixel * s0_alpha''

s1_alpha

s1_alpha'

s1_alpha''

s10_alpha

s1_global_alpha

s1_pixel

s1_pixel'

s1_alpha_mode:
 
0: s1_alpha
1: 0xFF-s1_alpha

s1_global_alpha_mode:
 
0: s1_global_alpha
1: s1_alpha'
2: s1_alpha' * s1_global_alpha
3: s1_alpha' * s1_global_alpha

s1_s0_factor_mode:
 
0: 0xFF
1: 0
2: s1_alpha''
3: 0xFF-s1_alpha''

s1_color_mode:
 
0: s1_pixel
1: s1_pixel * s1_alpha''

 

Figure 393. Porter-Duff Alpha Blend

60.3.1.4.2 Color Key
The color key function is provided to create transparent effects on the output pixel. Color keying is applied on the input pixels 
after they are converted to 8-bits for each red, green, and blue color channels (color keys are not applied directly to 16-bit pixel 
formats but to their corresponding 24-bit representation). A color key range is programmable for both PS and AS pixels. If the 
PS 24-bit pixel is within the PS color key range, then AS is passed through the pixel pipeline. In this case, alpha blending does 
NOT occur. Conversely, if AS is within the AS color key range, then PS is passed via the PXP data pipeline. If both PS and AS 
color key tests pass, then the back ground color register is passed onto following PXP processing components in the pipeline.

The condition for color keying to be satisfied is:

CK0.r.low <= PS.r <= CK0.r.high

CK0.g.low <= PS.g <= CK0.g.high

CK0.b.low <= PS.b <= CK0.b.high

For example, if the "red" 8-bit value for the PS pixel (or PS.r) is between the color key low and high values (CK0.r.l and CK0.r.h), 
the condition is true for the red color plane. When ALL three color planes meet this condition, then only the AS pixel is loaded into 
the output register.

To disable color keying, program the low color key register value to 0xff and the high value to 0x00. This will guarantee that the 
color key range test will never be true.

60.3.1.5 LUT
The lookup table (LUT) is used to modify pixels in a manner that is not linear and that cannot be achieved by the color space 
conversion modules. Nonlinear response to the input pixels can be achieved based on how the lookup table is programmed.

Programming of the direct access LUT table can be facilitated by single PIO register writes or DMA access. For efficient loading 
of the LUT, DMA access should be used.
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60.3.1.6 Lookup Modes
The LUT has four lookup modes. The lookup modes determine how the src_pixel is used to address the LUT memory. The 
four lookup modes are:

1. DIRECT_Y8

2. DIRECT_RGB444

3. DIRECT_RGB454

4. CACHE_RGB565

The DIRECT modes access the LUT memory as a monolithic SRAM. The CACHE_RGB565 will access the memory as a 2-way 
set associative cache.

60.3.1.7 DIRECT_Y8
DIRECT_Y8 is used for a 256-byte lookup. In DIRECT_Y8, the most significant byte of the pixel is used to address the LUT 
entry. This byte reflects the Y/R channel of the pixel data path. Luma, or monochrome, transformations are possible with this 
lookup mode. The address is generated as: src_pixel[23:16]. In DIRECT_Y8 operation, the memory is byte addressable.

60.3.1.8 DIRECT_RGB444
DIRECT_RGB444 is used for a 8KB (4K pixel) RGB444 to RGB565 lookup. Pixel formats that are in the YUV color space 
at the position of the LUT in the PXP data path can also be converted. To take advantage of the full 16KBmemory, the 
REG_LUT_CTRL[SEL_8KB] bit can be used to select the upper or lower 8KB memory, thus facilitating the use of 2 separate 
444 LUT tables. In DIRECT_RGB444, the src_pixel is RGB/YUV[23;0] data is used to generate the lookup address. The 
address is generated as: {R/Y[23:20],G/U[15:12],B/V[7:4]}. In DIRECT_RGB444, the memory is pixel (2 byte) addressable.

60.3.1.9 DIRECT_RGB454
DIRECT_RGB454 is used for a 16KB (8K pixel) RGB454 to RGB565 lookup. Pixel formats that are in the YUV color space at 
the position of the LUT in the PXP data path can also be converted. In DIRECT_RGB454, the src_pixel is RGB/YUV[23;0] data 
is used to generate the lookup address. The address is generated as: {R/Y[23:20],G/U[15:11],B/V[7:4]}. In DIRECT_RGB454, 
the memory is pixel (2 byte) addressable.

60.3.1.10 CACHE_RGB565
The CACHE_RGB565 lookup is used for a 128KB (64K pixel) RGB/YUV565 to RGB/YUV565 lookup. The 128KB memory 
requirement is too costly from an area perspective to implement a complete lookup table in the LUT's on chip memory. For 
this reason, a LRU (least recently used) 16KB 2-way set associative cache has been implemented to reference the full 128KB 
lookup table stored in external memory.

The 2-way set associative cache is organized in the following way:

• 16KB total data storage

• 512 entries split between 256 ways

• 6 pixels/entry cache line

Cache efficiency is very critical. For a cache miss, the PXP will be stalled until the cache line can be filled. For a 32 bit DDR memory 
interface, the latency can be calculated as follows:

# cycles latency for read command through DDR controller + CAS Latency + # burst cycles for read data to be returned + # cycles 
latency for data through DDR controller to LUT + 1 cycle for cache access of new data

The src_pixel is RGB[23:0] data used to generate the lookup address. To improve the cache efficiency the RGB/YUV565 address 
and the lookup table must be formatted in the following way:

Address: A[15:0] = R7G7G6B7 R6G5B6 R5G4B5 R4G3B4 R3G2B3

The address is organized as follows:
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• A[15:12] tag address, used to compare a hit between cache ways

• A[11:4] index address, used to select cache set (i.e. row of memory)

• A[3:0] block address, used to select Pixel in the cache line

       Address       
Index            Way 1            2-Way Set Associative Cache     

       Valid            Tag            Data       
(16 Pixels)            0            1            2            3     

       N-2            N-1     
       Valid [Index]            Address[tag bits] = Tag[index]     

       Hit     
       Data       

Pixel 0            Data       
Pixel 1     

       Data Selection     

       Valid [Index]            Address[tag bits] = Tag[index]     

       address (block bits)     
       Pixel Data     

       Data       
Pixel 14            Data       

Pixel 15     

       Way 2            Valid            Tag            Data       
(16 Pixels)     

Figure 394. 2-Way Set Associative Cache and Data Selection

60.3.1.11 Output Modes
The LUT has three output modes for color space conversion.

1. Y8

2. RGBW4444CFA

3. RGB888

60.3.1.12 Y8
With out_mode set to Y8, in conjunction with DIRECT_Y8 lookup mode, the intended operation is Gama Correction. Only 
the third byte is processed by the lookup table. The third byte is represented by the Y value or the R value in the data path 
since pixel data is either YUV[23:0] or RGB[23:0] where the Y or R byte encompass bits [23:16] respectfully. So, bits 15:0 are 
always bypassed and left unchanged. Currently, the LUT is intended to process Y data when any YUV, Y8, or Y4 output pixel 
formats are selected. However, this resource can be enabled and used for any conceivable purpose.

Note: When the DIRECT_RGB444, DIRECT_RGB454 or CACHE_RGB565 lookup mode is selected in conjunction with the Y8 
output mode the low order byte of the two bytes read from the LUT memory will be used as the Gama Correction value.
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60.3.1.13 RGBW4444CFA
With REG_LUT_CTRL[OUT_MODE] set to RGBW4444CFA, the REG_CFA[DATA] is used to select one nibble from the LUT 
16 bit output value.

The LUT memory lookup will contain a RGBW4444 value. The REG_CFA[DATA] will select the R,G,B or W nibble as the pixel 
value to present to the PXP data path based on the matrix defined by the REG_CFA[DATA] register. The 4 bit value is presented 
in the Y, or third byte lane, of the PXP data path. The final pixel transferred to the next PXP stage is {CFA[3:0],CFA[3:0],LUT[15:0]}

60.3.1.13.1 CFA Correction
The 32-bit CFA register is used to encode 16 CFA correction values.

The CFA correction values are encoded as follows:

• 00 selects R

• 01 selects G

• 10 selects B

• 11 selects W

The CFA correction uses 4x4 block processing. Figure 5; CFA mapping translation shows how CFA 4x4 blocks will iterate over 
the PXP's 8x8 or 16x16 pixel block being processed:

       CFA Blocks     

       2            1            5     
       13     
       5            9            13            1            5     

       1     

       9            13            1            5            9            13     

       0            4     
       12     
       4            8            12            0            4     

       0     

       8            12            0            4            8            12     

       3            7     
       15     
       7            11            15            3            7     

       3     

       11            15            3            7            11            15     

       2            6     
       14     
       6            10            14            2            6     

       2     

       10            14            2            6            10            14     

       1     
       9            13     
       5            9            13            1            5     

       1     

       9            13            1            5            9            13     
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Figure 395. CFA mapping translation

60.3.1.14 RGB888
With out_mode set to RGB888, the memory output data is interpolated from RGB565 to RGB888. The RGB[23:0] data is 
formatted as follows: R[7:3]R[7:5],G[7:2]G[7:6],B[7:3]B[7:5].
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60.3.1.15 Rotation

There are two rotation engines integrated into the PXP. Rotation can occur after compositing the AS and PS buffers in the 
output stage.

The PS buffer can be rotated and later composited with the AS surface that is not rotated. The rotation1 engine can also be used 
with the Input Fetch engine.

To rotate graphics, the hardware must read pixels in one direction across a frame buffer and write them in a alternate orientation. 
For the 90 and 270 degree cases, this means that lines of pixels must either be read or written vertically in a frame buffer.

       Destination buffer            Source buffer     

       Note that fetches from the source buffer are from non-incrementing       
addresses, and are thus very inefficient from a bus memory controller       

standpoint.     

Figure 396. Rotation Read and Write

In order to rotate efficiently, multiple columns must be rotated to enable the engine to both fetch and store bursts of pixels, thus 
improving memory performance. The simplest method of doing this is to operate on square blocks of pixels. To rotate the image, 
each sub-block of pixels must be rotated by the required rotation angle.
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       When multiple lines are read from the source buffer, data can be both        
read and written as bursts to the memory controller. In this example,        

photos are read in a 4x4 pixel block and rotated,        
improving memory efficiency.     

       Source buffer            Destination buffer     

Figure 397. Rotated Sub-blocks

To manage the rotation process, the source image can be broken into a grid of sub-blocks that have coordinates as shown in the 
diagram below. In addition to rotating the sub-block, each block must be translated to a new coordinate location. For each of the 
rotation angles (0, 90, 180, 270), it is possible to define a simple algorithm for computing the new translated grid address. The 
hardware must then simply compute the memory address from the base grid address for both load and store operations.

       When the image is broken into a grid and sub-blocks, each sub-block can        
be numbered with a coordinate. In addtion to being rotated, each        

sub-block is translated to a new grid coordinate. The new coordinate can        
easily be calculated from the source coordinate and the angle of rotation.     

       0.0     

       0.1            1.1            2.1     

       2.2            1.2            0.2            3.2     

       3.1     

       3.0            2.0     
       Source buffer            Destination buffer     

       1.0            0.0            1.0            2.0     

       2.1            1.1            0.1     

       0.2            1.2            2.2     

       2.3            1.3            0.3     

Figure 398. Grid of Sub-Blocks with Coordinates

In order to balance the requirements of reasonable burst sizes to the memory controller as well as keep the hardware storage 
requirements to a minimum, the blending/rotation engine will operate on either 8x8 or 16x16 pixel blocks. When using the Rotate 
engine with the input fetch engine, you need to program the input fetch engine to work in 8x8 block mode.
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An important artifact of the PXP is when rotating a source image and the output is NOT divisible by the block size 
selected. The output engine essentially truncates any output pixels after the desired number of pixels has been 
written. Since the output buffer is written as a horizontal row of blocks, the incorrect pixels could be truncated and 
the final output image can look shifted. In the case where the block size is programmed to 8x8, and the output size 
that is programmed is 12x12, then there is a remainder of 4 pixels that will be truncated in either the X and/or Y 
axis when the PXP operation is complete. The output will be shifted by 4 pixels in this example. To compensate 
for this, the source base address needs to be adjusted so the correct pixels get truncated and the image does not 
look shifted. In this example, with 90 degrees of rotation, the PS base address should be adjusted by 4 times the 
actual PS base address -(4*pitch).

  NOTE  

 
First position Rotation occurs after compositing the AS and PS buffers in the output stage. When processing 
PS and AS buffers that are unaligned (buffers are not aligned to block boundaries), a rotation operation that is 
combined with a flip, decimation, or scaling operation will not execute correctly. Rotation operation must be done 
in separate passes. Combination operations execute correctly for aligned buffers.

  NOTE  

 
Second position Rotation only supports simple aligned rotation. Unaligned buffer rotation will not execute correctly. 
Rotation operations combined with flip, scaling, or decimation will not execute correctly.

  NOTE  

60.3.1.16 Output Buffer
The output buffer engine accepts data from the PXP pixel pipeline and issues requests to transfer the output pixels to external 
DRAM or the internal SRAM double buffer row of blocks. It can also connect to the dither engine using the handshake mode. 
This works for the output engine programmed in the scan line mode as well as block mode. For more details, please refer to 
the Dither fetch engine. 

60.3.1.17 Address calculator
Each of the blocks will manage its own fetch address using a common address calculator block that computes real addresses 
from a base address and relative block offset from the base. Each block will then perform the multiple line fetches (or stores) 
required to perform the operation. This hides all the address buffer computations from the processing blocks and allows each 
block to simply track the coordinate of the block it is working on.

60.3.1.18 Block size selection
The PXP can be configured to process blocks that are either 8x8 pixels or 16x16 pixels with the CTRL[BLOCK_SIZE] control 
bit. When selecting a 16x16 pixel block size, the accesses to fetch AS and PS images and write the final frame buffer are more 
efficient since twice as much data is requested and processed per memory request. When optimizing the system for memory 
bandwidth and image processing time, configure the PXP to process 16x16 pixel blocks.

60.3.1.19 Interlaced Video Support
The PXP has some minimal ability to generate interlaced video content from a progressive source. There two available 
options, based on the bandwidth requirements and how software is managing video frames. The PXP can either interlace on 
the input side (by reading every other line of input data) or on the output side (by writing the individual lines of video into 
two separate fields). Generally, output interleaving should be used since it is the most flexible mode (it allows scaling and full 
overlay support) and it only requires a single pass of the PXP to generate two separate output fields.

Input interleaving can be beneficial in cases where the PXP is running at 60fps, since it requires fewer fetches to produce the 
output data. There is no direct hardware support for input interleaving, in that, there is no configuration bit that can be set to alter 
how the PXP processes a frame for input interleaving. Input interleaving is achieved by simply setting the source frame buffer 
pitch value to twice the value it would normally be set to for the equivalent progressive frame. The output parameters also need 
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to be consistent with the desired processing effect. For example, the vertical resolution would be set to account for the reduced 
resolution to process the interlaced input buffers.

When in interlaced video mode, PXP cannot support histogram functionality.

60.3.1.20 Theory of Operation
The PXP can be used to accelerate graphics operations by offloading graphics processing from the processor. The block can 
perform alpha blending and color key substitution on two RGB graphics buffers. 

The PXP is organized as having a processed surface (PS) and an alpha surface (AS) that can be blended with the processed 
surface. There are no restrictions on the location of the AS or PS within the output surface (OS). As the PXP processes NxN blocks, 
operations are performed on a pixel by pixel basis. The AS and PS pixels are alpha blended, color keyed, processed by CSC and 
LUT resources as individual pixel components. This allows efficient block processing with supporting arbitrary alignment for both 
the AS and PS surfaces. The resulting pixel block is then written to the corresponding block in the output buffer.

60.3.1.21 Pixel Handling

All pixels are internally represented as 32-bit values regardless of input or output pixel formats. The pixels get converted in the AS 
and PS buffer engines to 24-bit pixel values. There is also an 8-bit alpha value at stages up to the alpha blender within the PXP for 
blending within the RGB color space. Compositing of AS and PS images can only occur in the RGB color space. If compositing 
is not required, then YUV pixels can be transferred and processed at all PXP pixel resource components. The color orientation 
of pixels within the PXP can be controlled by the CSC1, CSC2 , and LUT resources.

For RGB, input pixels are converted into 32-bit pixel values using the following rules for both AS and PS:

1. 32-bit ARGB8888 pixels are read directly with no conversion.

2. 32-bit RGB888 pixels are assumed to have an alpha value of 0xFF (full opaque).

3. 16-bit RGB565 and RGB555 values are expanded into the corresponding 24-bit color space and assigned an alpha 
value of 0xFF (opaque). The expansion process replicates the upper pixel bits into the lower pixel bits (for instance a 
16-bit RGB555 triplet of 0x1F/0x10/0x07 would be expanded to 0xFF/0x84/0x39).

4. 16-bit ARGB1555 values are expanded into the corresponding 24-bit color space and assigned an alpha value of either 
0x00 or 0xFF, based on the 1-bit alpha value in the pixel. The ALPHA_MULTIPLY function is useful in this scenario to 
allow scaling of the opaque pixels to a semi-transparent value.

Alpha values can be passed through the entire PXP data path and output in ARGB8888 and ARGB1555 pixel modes. Also, output 
pixels can be assigned an alpha value using the OUT_CTRL[ALPHA] register. 16-bit pixels values are formed from the most 
significant bits of the 24-bit pixel values.

When YUV/YCbCr output formats are selected, all pixels are internally represented as either RGB or YUV pixels values. The 
CSC2 or LUT can convert internal RGB/YUV pixels into the correct output format. In this way, any PS color space can be blended 
with AS RGB pixels and output in any color space.

60.3.1.22 Output Buffer Composition
The output buffer will be rendered by composing each pixel block from the associated PS and AS buffers. The AS 
pixel buffer can be blended or color-keyed with the associated data from the PS buffer (either the PS image pixels or 
REG_PS_BACKGROUND register based on PS programmed coordinates).
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       0.0            1.0            2.0            3.0            4.0            5.0     
       Output Buffer     

       0.1            1.1            2.1            3.1            4.1            5.1     

       0.2            1.2            2.2            3.2            4.2            5.2     

       0.3            1.3            2.3            3.3            4.3            5.3     

       0.4            5.4            4.4            3.4            2.4            1.4     

       Background Color     

       PS Buffer       
ULC=0.3       
LRC-47.31     

       AS Buffer       
ULC=4.27       
LRC=43.39     

Figure 399. Output Buffer Composition

60.3.1.23 PS Image Processing
As the PXP processes image buffers, it iterates over the output buffer by fetching the corresponding input buffer blocks and 
processing the pixels embedded in these.

60.3.1.23.1 Letterboxing
At each pixel coordinate, the control logic determines if the PS pixel (argument also applies to AS pixels) will be used in 
rendering the output pixel. This is determined by checking the output pixel's coordinates against the OUT_PS_ULC and 
OUT_PS_LRC (ULC and LRC in short) register contents. For pixels outside this region, the PS pixel will be loaded with the 
pixel value from REG_PS_BACKGROUND, which can be used to effectively control the letterboxing color. There are no block 
size or block boundary restrictions when setting the ULC or LRC for either the AS or PS. The only restriction is that the ULC 
and LRC are within the OUT LRC extents.
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       PS_ULC(x,y)     

       PS Image     

       PSBACKGROUND_COLOUR            PS_LRC(x,y)            OUT_LRC(x,y)            OUT Buffer            The region outside the PS coordinates will       
be filled with the value specified in the        

PSBACKGROUND register.     
Figure 400. OUT Buffer

60.3.1.23.2 Clipping source images
A subset of the PS buffer can be used in rendering the output buffer. The PXP_PS_BUF register can indicate an offset into the 
PS buffer that will be used for display within the OUTPUT buffer. The pixel at the address defined in the PXP_PS_BUF register 
will be the pixel that is displayed at the pixel coordinate indicated by PXP_OUT_PS_ULC within the output buffer. Essentially, 
the PXP_PS_BUF register can be used to establish an offset into the PS buffer thus clipping all PS buffer pixels that are at 
a lower address. The PXP_PS_PITCH will always indicate the number of bytes that are vertically adjacent in the PS buffer. 
The settings in the PXP_PS_BUF, PXP_OUT_PS_ULC, and PXP_OUT_PS_LRC will determine the subset of the PS buffer, or 
clipped PS source buffer, that will be used in the output buffer.

It is important to note that when scaling the PS buffer, the coordinates of the PS buffer within the output buffer need to be consistent 
with the scaling factors and original PS buffer size.

       PS width            Actual PS       
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       Offset PS       
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       PS Buffer            PS_ULC     
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       PS_LRC     
       OUT_LRC            Subset of PS is sourced and       

dispalyed in OUT buffer. No        
scaling is applied.     

       OUT base       
addr     

Figure 401. PS Buffer Scaling

When sourcing a subset of the PS image, it should fall completely within the PS buffer to avoid displaying incorrect data. The 
following conditions should be met:
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x_base_addr_offset + x_scale * (LRC_X-ULC_X) <= PS_pitch

y_base_addr_offset + y_scale * (LRC_Y-ULC_Y) <= PS_size

The PXP hardware does not check for these conditions and will render the image as programmed. The following case could 
indicate invalid programming parameters for the PXP:
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base addr     
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       Incorrect programming can extend outside       
the PS buffer in the both directions. This       

is depicted by the red and burgundy       
regions in this example.     

       data aliases to here     

Figure 402. Example with Invalid Parameters

60.3.1.23.3 Color Key Processing
Pixels may be made transparent to the corresponding AS by using the PS color key registers. If a PS pixel matches the 
range specified by the REG_PS_COLORKEYLOW and REG_PS_COLORKEYHIGH registers, the pixel from the associated 
AS will be displayed. If no AS is present for the pixel, a black pixel will be generated since the default AS pixel is 0x00000000 
(transparent black pixel).

The most common use for this is when a bitmap does not support an alpha-field or for applications such as "green screen" where 
an image is substituted for a solid background color .

Figure 403. The PS image (player) and AS image (stadium)

The green portion of the background image can be color keyed to display the contents of the AS buffer for locations that match 
the color range. For this example, the color range is:

PS Colorkey: 00<R<80 70<G<ff 00<B<80
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The resulting image becomes:

Figure 404. Resulting Image

60.3.1.23.4 In Place Processing (PS buffer is destination buffer)
The PXP also has the ability to process an image and write the resulting buffer back to the original PS buffer. This is referred 
to as "in place" rendering. This could be useful for basic blit operations into the PS buffer. IN_PLACE operations are achieved 
by programming the OUT base address to the pixel location in the PS buffer that marks the upper left pixel of the update 
region. The actual region that is updated should be indicated by programming the ULC = (0,0) and the LRC = (X,Y). The 
region bounded by the coordinates will be updated, and the rest of the PS buffer will not be modified.

60.3.1.24 Alpha Surface (AS) Processing
The AS surface has a complete set of registers that determines how the AS effects the final OUT surface. Most of the registers 
that exist for the PS surface also are defined for the AS surface where applicable. This is provided to replicate the SW 
interface for each PS and AS processes.

60.3.1.24.1 Alpha Handling
Alpha values in the AS are embedded in the source image pixels. For AS pixel formats that do not support an alpha 
value, the pixel is assigned an alpha value of 0xFF (opaque). This can be modified by the AS control by setting either the 
ALPHA_MULTIPLY or ALPHA_OVERRIDE bit in the associated AS_CTRL register. If ALPHA_MULTIPLY is enabled, the 
8-bit ALPHA value from the AS_CTRL register is multiplied by the source alpha before blending with the PS image. If the 
ALPHA_OVERRIDE bit is set, the 8-bit ALPHA value is simply substituted for the pixel.

60.3.1.24.2 Color Key Processing (AS_CTRL)
The AS_CTRL register also contains an ENABLE_COLORKEY bit that can be used to enable or disable color key substitution 
for the AS. When enabled, the pixel values are compared to the ASCOLORKEYLOW and ASCOLORKEYHIGH registers to 
determine if a match has occurred. When an AS pixel matches the color key range, the pixel from the AS image is considered 
transparent and the corresponding PS pixel is rendered. If both the PS and AS pixels match their corresponding color key 
ranges, the AS pixel is displayed unmodified.

AS color keys are handled in a manner similar to PS color keys. The same images used in the PS color key example could be used 
with the images swapped. In this case, matches on the AS image to the ASCOLORKEY register would display the PS pixels.

60.3.2 Output Image Processing
Several PXP options affect the resulting output image.

60.3.2.1 Output Image Size
The PXP generates an output image in the resolution programmed by the REG_OUT_LRC. As the PXP processes pixels, it 
iterates over the NxN blocks (in output scan-block order) based on the final image resolution.
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60.3.2.2 Output Format
The result of PXP operations are written to the buffer pointed to by the OUT_BUF/OUT_BUF2 registers. The pixel format 
is controlled by the OUT_CTRL[FORMAT] bit-field. 32-bit pixels are formed directly from the internal 24-bit representations 
and 16-bit pixel formats are generated by truncating the internal 24-bit values to the appropriate number of bits. For formats 
supporting an alpha value, the PXP assigns the alpha using the 8-bit value in the OUT_CTRL[ALPHA] field. For ARGB1555, 
the most significant alpha bit is appended to the output pixel. Also, for ARGB4444, the most significant nibble is appended to 
the output pixel. Single and dual buffer YUV output formats are also available. Since each pixel in the data path is represented 
by a full YUV444 24bpp value, decimation reduces the output in cases of YUV422/420 output formats.

60.3.2.3 Rotation/Flip operations
The PXP supports four rotation angles in conjunction with vertical and horizontal flip options. The flip operations effectively 
take place before the rotation. Rotations of 0, 90, 180, and 270 degrees are supported and any combination of rotation and flip 
are supported. There is no performance difference between any of these modes of operation.

60.3.3 Queuing PXP transactions
The PXP supports a primitive ability to queue up one operation while the current operation is running. This is enabled through 
the use of the NEXT register. When this register is written, it enables the PXP to reload its current register contents with the 
data found at the location pointed to by this address when it completes processing of the current frame. This feature may be 
useful in helping to reduce the interrupt latency in servicing the PXP, especially in cases where the PXPis using the on-chip 
SRAM buffer handshake (since the PXP must begin generating next frame data immediately).

If the PXP is idle when the NEXT register is written, the PXP treats this as an indication that it should immediately load the values 
at the pointer and begin processing the frame. This ability should allow software to use the same routines when programming the 
PXP (so that the first frame doesn't differ from subsequent frames).

When loading values from the NEXT register, all registers in the PXP are reloaded. Some register loads have no effect

After writing the NEXT register, the PXP will set the NEXT[ENABLED] bit of the NEXT register to indicate that the next command 
has been queued. Software should first check the status of this bit to ensure that a previous command has not been enabled. 
Likewise, after programming the first frame in a sequence of frames, software should poll this bit until it is sampled logic 1'b0 before 
queuing the next operation.

The PXP will issue interrupts from frames as they complete, regardless of whether they were started by writing the control registers 
directly or using the NEXT register. When software receives an interrupt, it should check/clear the PXP's status register as normal, 
poll the NEXT[ENABLED] bit, and then issue the next operation. A queued operation may be cancelled by issuing a CLEAR 
operation to the NEXT[ENABLED] register bit. The SET and TOGGLE operations should never be used with this register.

60.3.4 Error Handling
The PXP does minimal checking on the control registers, so it is important that these are correctly specified. The PXP does 
monitor the bus transactions for errors and will report errors in the status register. Upon receipt of a bus error, the PXP will set 
the ERROR interrupt and abort any further operations. Bus errors can be generated from any system access that results in an 
error response returned from the internal SIM Bus errors in the PXP are signaled as either a read or a write error, but do not 
indicate the failing address. Software may deduce the failing address from the current block status indicators.

60.3.4.1 Known PXP Limitations/Issues

The PXP has the following known limitations:

1. When using the NEXT register, the interrupt enable setting should remain the same for all frames. If not, the PXP will 
change the interrupt enable register value and possible cause the loss of an interrupt.

2. Rotations of 180/270 are not supported when performing LCD handshakes

3. Rotation 1 engine doesn't support rotation of data in YUV420 format.
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60.3.5 Dither Engine Block
The dither engine takes in a buffer of 8 bit components at a time in block order from the Fetch engine that is connected to its 
input. It is designed to process ~1 pixel/clk. It can process the pixels in a number of ways. It can write out the pixels unmodified 
(pass through), it can quantize the pixels from 8 bits to any smaller number of bits down to 1 bpp. In addition to quantization, it 
can perform 1 of four different dithering algorithms on the pixel stream. The dithering algorithms supported are Floyd-Steinberg, 
Atkinson, Sierra, and Ordered dithering. The block contains internal storage for intermediate error data and LUT data which is 
completely managed within the block.

The pixels passed through the output interface to the connected Store Engine on the output side. The Store Engine is responsible 
for storing the dithered pixels out to memory or passes them to the WFE-A Fetch engine through bypass mode. The Fetch, 
Dither and Store engines work together as a unit and they must all three be programmed appropriately and started for the pixels 
to be read, processed and written correctly. The Store Engine interrupt signal is the indication to software that the operation 
has completed.

A LUT (Look Up Table) transform can be configured to be done on the pixel either before or after dithering but not both. In addition 
there is a “final” independent register based LUT that can be applied at the end of the dither process just before the pixel is written 
out to the Store Engine. The LUT values for this final LUT are programmed by software into register.

There are 3 instances of the dither processing block (Dither0, Dither1 and Dither2) instantiated in the system and each has 
separate controls.

60.3.5.1 Top Level Connections

The dithering engine is connected to the Fetch Engine on the input side and the Store Engine on the output side. See the 
figure below:

Dither Engine  0

Fetch Engine

(Pixel data)

Store Engine

( Error 0 )

( Error 1 )

(Pixel data)

Internal Ram

Internal Ram

(LUT )

Internal Ram

Figure 405. Dither Engine External Connections

The Dither Engine must be configured and enabled through the HW_DITHER_CTRL control register. The data flow is controlled 
through the valid, ready and pixel handshake signals with the Fetch and Store blocks. The Dither Engine must be enabled and 
given all required information such as which dithering algorithm to use, LUT configuration, etc. After starting, the Fetch Engine will 
signal to the dither engine when it has data for processing.

The dimension information of the operation is not programmed in the Dither engine. It comes from the higher level pxp control 
register fields.
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60.3.5.2 Color array filter (CFA)

• Color Filter Array (CFA) is a module inserted between fetch engine and dithering block of PXP pipeline. The CFA block 
expects a 32-bits RGB888 or 16bit RGB444 input format and outputs a 8-bit value of the color component specified for the 
pixel in CFA configuration.

• The CFA filter block is configured by defining the filter tile.

— A filter tile is a square shaped sub-block of filter layer which gets repeated horizontally and vertically as per the 
resolution of the panel.

— The individual pixel element of the tile specifies which color component is selected for that position.

• The filter tile should be configurable through PXP registers. The filter configuration supports any array size from 3x3 to 
15x15.

• Each element in array should be a 2-bit field which specifies the color component to be selected as per following 
encoding:

— 00 selects R

— 01 selects G

— 10 selects B

— 11 selects W

The figure below shows one example to map RGB444 or RGB888 to RGB mode.

Figure 406.
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60.3.5.3 Dither Engine Design
The following diagram shows the detailed internal structure of the Dither Engine.
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Figure 407. Detailed Block Diagram

Before a detailed discussion of block functionality, it is important to note that there are 3 instances of the dither block within 
the PXP. All three, Dither0, Dither1 and Dither2 are connected to the same Fetch and Store engines. The system works in 
two configurations

1. Y8 configuration:- In this configuration only Dither0 is enabled. The Fetch Engine will fetch Y8 data and feed it to 
Dither0. Dither0 then writes resultant data, Y4 for instance, to the Store engine.

2. RGB configuration:- In this mode all three dither engine instances are enabled. The Fetch Engine reads in RGB data 
from memory and gives 8 bits of the triplet to each dither engine. The resulting quantized or dithered data from each 
dither engine is passed to the same Store engine as in Y8 configuration and the Store Engine synchronizes, packs the 
data back together and writes it memory.

The Dither0 instance can operate in any of the 5 dither modes mentioned below. The Dither1 and Dither2 instances can 
only operate in Pass Through, Ordered Dither and Quantization Only modes. It also has the functionality to do a register 
based final LUT at the end of dither processing. This LUT is controlled by the FINAL_LUT_ENABLE bit. Notice that in the 
DITHER_CTRL register there are separate ENABLEx, DITHER_MODEx and IDX_MATRIXx_SIZE controls for each engine. The 
NUM_QUANT_BIT and LUT_MODE control fields are common and apply to all dither engine instances.

The Dither0 instance is connected to three dedicated instances of internal memory. The error memories are only used when 
Floyd-Steinberg, Sierra, or Atkinson dithering is selected and are only connected and used by the Dither0 instance. Initialization 
of these memories is not required.

The Dither1 and Dither2 instances only have dedicated LUT memories connected, one RAM for each of the two instances. There 
are no error RAM’s associated with Dither1 or Dither2.

To be included in a pxp processing flow operation, the CTRL_ENABLE_DITHER or CTRL2_ENABLE_DITHER bit must be set 
when the operation is executed. This is in addition to the DITHER_CTRL.ENABLEx bits.

The process flow through the Dither Engine is detailed in the following sections.
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Step1: Pre-Dither

The pixels are read into the pre-dither pipeline sub-block through the handshake with the Fetch Engine/ If there is error data 
or Ordered dither LUT matrix data that corresponds with the current pixel (this is mode dependent) then all these elements 
are fetched, synchronized and presented to the dither stage (green blocks in the above figure) simultaneously. The pre-dither, 
post_dither and Ordered dither matrix LUT pipeline module instances keep the data synchronized and flowing through the block. 
The pixel can go through a lookup table before the dither stage in the Pre-dither LUT pipeline or after in the Post-dither LU T 
pipeline. These blocks and the Ordered dither index pipeline block share the LUT memory through the LUT Memory Controller 
block. There is only one memory that is shared between these three functions and only one use can be selected for a given 
operation. In other words, the block can be configured to use pre-dither lookup, post-dither lookup or ordered dither mode but 
only one at a time. The pre or post lookup function is enabled through the DITHER_CTRL.LUT_MODE field. Ordered dithering 
is enabled through the DITHER_CTRL.DITHER_MODEx field (Again, the memory can be used for only one purpose during any 
given operation). The LUT function uses an 8 bit address (the input data) to lookup 8 bits of data. The LUT memory must be 
pre-configured with the desired lookup table data.

Step2: Dither

After the pre-dither stage, the pixel and collateral data passes through the dither stage. There are 5 programmable modes in this 
stage that are specified with the DITHER_CTRL.DITHER_MODEx field.

1. Pass Through:- In this mode the pixel data passes through unmodified

2. Floyd-Steinberg Dithering:- This mode quantizes and dithers the pixels according to the standard Floyd-Steinberg 
algorithm that can be found in the literature. This algorithm employs an error dispersion technique that saves a fraction 
of the quantization error from each pixel and adds those partial errors to neighboring pixels. Therefore, the error 
memory buffers shown in the diagram are used in this mode to save the partial errors and retrieves them as they are 
needed when processing corresponding pixels in the next row below the current row.

3. Atkinson Dithering:- This mode employs the standard Atkinson dithering algorithm to quantize and dither the pixels. The 
standard algorithm in the literature is implemented. Atkinson is an error dispersion algorithm similar to Floyd-Steinberg 
except that the partial error coefficients are different and the error is dispersed two lines below the current row instead of 
one line below.

4. Ordered Dithering:- This is a standard algorithm that applies an index, or bayer matrix to the pixels. Applying this matrix 
has the effect of changing the likelihood of a pixel being rounded up or down when being quantized. If this mode is 
specified, it requires use of the LUT memory so the DITHER_CTRL.LUT_MODE field must be set to 0, or off. The 
IDX_MATRIXx_SIZE field specifies the dimensions of the index, or bayer matrix. This is used to properly index into the 
LUT memory to retrieve the correct corresponding value to apply to the current pixel.

5. Quantization only:- This mode simply quantizes the pixel from 8 down to whatever bits per pixel are specified in the 
NUM_QUANT_BIT field. No dithering algorithm is used.

6. Sierra Dithering:- This mode employs the Sierra Lite dithering algorithm to quantize and dither the pixels. The standard 
algorithm in the literature is implemented. Sierra is an error dispersion algorithm similar to Floyd-Steinberg except that 
the partial error coefficients are different.

The output of this step is the quantized/dithered pixel packed into the most significant bits of an 8 bit byte. The unused bits in the 
lower part of the byte will be set to zero.

Step3: Post-Dither

The post-dither block is similar to its pre-dither counterpart. The processed pixel is queued up in preparation for write to the 
Store Engine. If DITHER_MODEx is not equal to Ordered mode, and a lookup operation is not selected in the pre-dither step, the 
LUT_MODE can be set to select a lookup operation in this step using the LUT memory.

Step4: Final Lookup

This combinatorial LUT step takes bits [7:4] of the output pixel and looks up an 8 bit value from the 16 value LUT to generate the 
final output pixel to the Store Engine. The LUT values are programmed into the LUT through the DITHER_FINAL_LUT_DATA0 - 
3 registers. This operation is enabled through the DITHER_CTRL.FINAL_LUT_ENABLE register field. This LUT is only available 
on the Dither0 instance.
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60.3.5.4 Pipelined Data Flow

It is possible that the fetch engine could stall when there are valid pixels in various stages of the dither block. In this case the dither 
pipelines will not stall but will continue to drain and move data out to the store engine. Also, if Floyd-Steinberg, Sierra, or Atkinson 
dithering is selected, at the end of each row after the last pixel has been written out to the store engine there will be one extra error 
that will be written out to the error memories because the pixels and the corresponding errors are offset by one. This is a natural 
result of the error dispersion algorithms. The dither block handles flushing out this last error automatically before processing the 
next row. Also, if the Store Engine stalls for a period of time and can not take any more data, flow control is implemented within 
the Dither block back to the Fetch Engine so that no pixel or error data is lost or becomes unsynchronized.

There are three BUSY bits in the DITHER_CTRL register, one for each Dither Engine instance that software can poll to discover 
if the engine is busy or idle.

60.3.5.5 Initialization of Dedicated Memories

The internal memories for the Dither Engine instances, including 2 error memories and 3 LUT memories can all be initialized 
through the register interface. This is done by configuring the MEM_CTRL register and then writing the initialization data into the 
INIT_MEM_DATA register. This simple interface is used as follows. Write the MEM_CTRL.SELECT field with a value between 0-4 
corresponding to the memory to be initialized. Write the MEM_CTRL.ADDR field with the starting memory address to be written. 
Set the MEM_CTRL.START field to begin the initialization operation. Note at all these fields can be set with a single write to the 
register. Then write the MEM_DATA register with the data to be written to the location at MEM_CTRL.ADDR. Each write to the 
data register increments and value of address so repeated writes to this register will put the data into sequential memory locations 
beginning with the offset in the ADDR field. The LUT memories are 8 bits wide. When 32 bit DATA writes occur with one of those 
memories selected, the lower 8 bits are written. To fill these memories 256 writes to the MEM_DATA register are required. The 
error memories are 32 bits wide so all 32 bits are data are used to fill each location and they are 2048 locations deep. Note that 
initialization for these memories are not necessary.

60.3.5.6 Register Configuration Interface
The DITHER_CTRL register control fields to be set for each operation are included in the following table.

Signal or Group Description

ENABLE The hardware signal enables the dither block to function.

DITHER_MODE Dither mode 0: passthrough, 1: Floyd-Steinberg, 2: Atkinson, 
3: Ordered, 4: no dithering quantization only, 5: Sierra, 6,7: 
Reserved. There is on field for each Dither Engine instance.

NUM_QUANT_BIT How many bits to quantize to. Valid values are 7 down to 1.

LUT_MODE Configures a LUT operation from local memory. The options 
are either pre-dither, post-dither or off. This setting affects all 
three Dither Engine instances.

IDX_MATRIXx_SIZE These fields, one per instance, specifies the dimension (the 
matrix is square) of the Index Matrix used in Ordered dither 
mode.

FINAL_LUT_ENABLE This field is only applicable to instance 0 of the three Dither 
Engines and enables/disables the final register based LUT of 
the output pixel just before outputting it to the Store Engine.

60.3.6 Waveform Engines
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60.3.6.1 Overview
The WFE (Waveform Engine) is a very flexible, programmable engine that can be used to implement various algorithms to 
transform the incoming data to the output. It is always used in connection with the Fetch Engine on the input side and a Store 
Engine on the output. These three sub-blocks work as a unit. There is an optional ALU block between the WFE and Store 
engines that can be used to make further modifications to the WFE output before storing the output. See the figure below.

 

Waveform Engine 

Fetch 

with 

Data Array

Store

RAM 256 x 8

ALU

RAM 256 x 32

Figure 408. Block Diagram

The WFE can process one pixel and associated data per clock.

The Fetch Engine fetches and formats the input pixel data streams according to the requirements and programming of the WFE. 
The WFE takes in the data from the Fetch Engine through a standard valid/ready signalling interface.

Inside the WFE the data passes through a 3 stage pipeline. Each stage consists of various programmable logic elements including 
muxes, lookup tables, comparators, ALU’s and registers. The output information calculated in the WFE is output to the Store 
Engine also using a standard valid/ready signalling interface.

The Store Engine reads the data from the WFE in the programmed format reformats the data according to working buffer pixel 
formats and stores the frame and associated data to memory.

60.3.6.2 Functionality

There are two WFE instances arranged serially in the PXP standard flow, WFE-A and WFE-B.

In the standard usecase WFE-A is used for pixel collision detection and also to compute grayscale color transition information used 
later in the REGL/D algorithm. WFE-B engine takes in pixel information and the results of WFE-A processing and implements the 
REAGL/D algorithm on the data. The output results in all the information necessary for the EPDC block to update the E-INK panel.

The definitions, functionality and programming of the logical elements within the WFE is proprietary information. The register 
programming necessary for any given function required will be supplied. The WFE block can be independently held in reset by 
setting the WFE_x_CTRL[SW_RESET] bit to 1. This bit should only be set when the WFE_x_CTRL[ENABLE] bit is 0.

60.3.7 PXP Store Engine Block Description

60.3.7.1 Overview

The essential function of the Store Engine is to store input data from the input sub-block to memory or directly output to next 
sub-block. The input source is 32 bits per channel per valid clock. There are 4 instances of the Store Engine in the PXP. Please 
refer to the PXP block diagram for details. The main supported features are:

• Two DMA controllers thus it can work on two channel data storage at the output at the same time. If there is only one 
stream data input, store engine should use channel 0 but not channel1.

• Accepts as input up to 8 bytes data (two channels, 32 bits each) and 8 bits flag input. After shift operation it can store up 
to 64bpp per valid clock to memory.

• Data fill function for initialization. It can fill a fixed 32 bit data value to a specified memory buffer.
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• Handshake mode with a downstream connected data Fetch Engine. It supports 1 scanline handshake and 1 line, 3 lines, 
and 5 lines array handshake modes. In handshake mode, the Store Engine signals to the Fetch Engine when data is 
available for processing thus eliminating the need for software intervention through interrupt service routines.

• Bypass mode which directly outputs the data to the downstream connected Fetch Engine after shift operation. This is 
done through a valid/ready data interface.

• Support for 8x8 and 16x16 block mode and scanline mode.

• Support for 8, 16 and 32 bpp input data format.

60.3.7.2 Top-Level Architecture
The following figure shows the high level architecture of the block. The basic flow is as follows:

1. Interface with driving sub-block, read in and synchronize data channels.

2. Shift data function swizzles data fields as specified.

3. Data is steered to the output channels and packed for output.

4. Data is output to memory through the AXI masters or sent to receiving sub-block through the bypass interface.
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Figure 409. High Level Block Diagram

The following figure shows the Store Engine supported connections. On the input side the Store engine can take data from a 
process engine like the WFE-A through the normal interface. It can output data to memory through the AXI arbiter or directly to 
the connected Fetch Engine through either the bypass or handshake interfaces. The block is configured and controlled through 
software programming of PIO registers.
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60.3.7.3 Store Engine Design

60.3.7.3.1 Input Data Source

1. Fixed Data Input

The Store Engine supports a fill function which writes a fixed value to a specific set of memory locations. The data received 
from the input is replaced by x_STORE_FILL_DATA_CH0. This function is usually used to initialize a memory buffer. The 
value in x_STORE_FILL_DATA_CH0 is the initialized value stored to the memory buffer. Also, this mode can only work 
through channel 0 and not channel 1.

In this mode x_STORE_CTRL_CH0.FILL_DATA_EN=1.The fixed value is set in FILL_DATA_CH0 register. How many bits 
are valid from x_STORE_FILL_DATA_CH0 register is decided by x_STORE_SHIFT_CTRL_CH0.OUTPUT_ACTIVE_BPP.

2. Normal Data Input

Store Engine supports two 32 bits wide data channels and 8 bits flag input. If there is only one channel of data input, the 
channel 0 must be used not channel 1. In this case, x_STORE_CTRL_CH0.COMBINE_2CHANNEL=0.

If both channels and 8 bits flag input contain valid data, then the COMBINE_2CHANNEL bit should be set to 1. 
The Store Engine will then combine the two channels of data into 64 bits of data send them with the 8 bits of 
flags to the shift module. After shift, the Store Engine will choose the active bits from the 64 bit output according to 
x_STORE_SHIFT_CTRL_CHx.OUTPUT_ACTIVE_BPP and then pack them in preparation for output.

60.3.7.3.2 Store data shift operation
The data shift operation supports up to 8 data fields and 8 flag components to be shifted to any position within the 64 bit word. 
The data fields can be any width. This function is a way to reorder or reformat the component parts of the 64 bit word output. 
As data flows through the Store Engine each data word is processed the same way according to register configuration.

The following registers are used in shift operation. The pairs of {x_STORE_D_MASKx_H_CHx, x_STORE_D_MASKx_L_CHx} 
make up the 64 bits of mask for each MASKx component. There are a set of masks for each channel in each instance. The 
D_SHIFT_FLAG0 ~ D_SHIFT_FLAG7 fields in the x_STORE_D/F_SHIFT_L/H_CHx registers specify which direction to shift 
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(0: right shift 1: left shift) each data component0 ~ component7 after the mask is applied. The D_SHIFT_WIDTH0 through 
D_SHIFT_WIDTH7 fields specify how many bits to right or left shift each data component 0 through7 after the mask is applied.

The shift function works the same for the 8 bits of flag data. There are analogous “F_SHIFT” registers that contain the F_MASKx, 
F_SHIFT_FLAGx and F_SHIFT_WIDTHx register fields for swizzling the input flags.

The figure below shows how the shift function works.
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60.3.7.3.3 Data Packing
After data shift, the 64 bits of data can be divided to two 32bit words depending on the value of the 
x_STORE_CTRL_CHx.PACK_IN_SEL bits. If x_STORE_CTRL_CH0.PACK_IN_SEL = 0, it will select active bits from all 64 
bits of data. If equal to 1, it will select active bits from the lower 32 bits data.

For channel 1, if x_STORE_CTRL_CH1.PACK_IN_SEL = 0, it will also select active bits from all 64 bits data and if equal to 1, it 
will select active bits from the higher 32 bits data.

Store Engine supports 8bpp, 16bpp, 32bpp and 64bpp active bits per pixel according to OUTPUT_ACTIVE_BPP register setting. 
When either channel’s PACK_IN_SEL = 1 only 8bpp, 16bpp, 32bpp can be selected.

After shift and data output selection, the packing module will pack the data into a 64 bit string and store to a FIFO before writing 
out to memory.

Packing style according to active bpp is showed below.
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OUTPUT_ACTIVE_BPP Active bpp from 64 shift output data Packed data

0 8 bits {pix7, pix6, pix5, pix4, pix3, pix2, pix1, 
pix0}

1 16 bits {pix3, pix2, pix1, pix0}

2 32 bits {pix1, pix0}

3 64 bits {pix0}

60.3.7.3.4 Data Store Format

• Scanline mode

When x_STORE_CTRL_CHx.BLOCK_EN=0, the Store Engine will store data the line by line in scanline mode. The AXI burst 
length is set by the x_STORE_CTRL_CHx.WR_NUM_BYTES register field. In Scanline mode, it can support 8, 16, 32 and 64 
bytes in a burst.

• Block mode

When x_STORE_CTRL_CHx.BLOCK_EN=1, the Store Engine support 8x8 and 16x16 block mode according to 
x_STORE_CTRL_CHx.BLOCK_16 register bit. When BLOCK_16=1, the block size is 16*16 while if BLOCK_16=0 the 
size is 8*8 blocks. When BLOCK_EN=1, then x_STORE_SHIFT_CTRL_CHx.OUTPUT_ACTIVE_BPP cannot be 3, that is, 
block mode can not work on a 64bpp data stream.

When the Store Engine is configured block mode, the upstream Fetch Engine should be configured in block mode and with 
the same block size as well.

When the total width or total height of image is no divisible by 8 or 16, the upstream Fetch Engine will fetch extra pixels or 
lines to fill out the final partial blocks. For example, if the size is 23*23, and block mode is 8*8, Fetch Engine will fetch 24*24 
data pixels and output to store engine. The Store Engine has a crop function for this. That is, the extra pixels or lines will not 
be stored to memory by the Store Engine. This is accomplished by the hardware using the AXI bus byte enables.

In block mode, the number of AXI bus write bytes is internally calculated from the OUTPUT_ACTIVE_BPP and BLOCK_16 
(block size) register fields rather than the WR_NUM_BYTES field.

One limitation exists with block mode configuration. No YUV422 output format is not supported. So 
x_STORE_SHIFT_CTRL_CHx.OUT_YUV422_1P_EN and OUT_YUV422_2P_EN must be disabled.

60.3.7.3.5 Output Format Modes

• Normal mode

If x_STORE_CTRL_CHx.STORE_BYPASS_EN = 0,

x_STORE_CTRL_CHx.STORE_MEMORY_EN=1 and

x_STORE_CTRL_CHx.HANDSHAKE_EN=0, the Store Engine is working in normal mode.

In normal mode, the Store Engine will store the input data to memory frame by frame. The store frame start address is set in 
x_STORE_ADDR_x_CHx. Two address registers exist for each channel. The second one is used for YUV422 2 plane mode.

The Store Engine will stop storing data when the frame of data is finished. Another pxp_start signal will trigger the next frame 
operation. The frame size is specified by the x_STORE_SIZE_CHx registers. The values should be set up for each channel 
in use. If both channels are being used, the height and width values in the x_STORE_SIZE_CH0 and x_STORE_SIZE_CH1 
registers may be different but the total number of pixels in the frame must be the same. The only exception to this is when 
both channels are being used and the Store Engine is outputting data in handshake mode. In handshake mode the width and 
height must be set the same in both channel size registers.
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If the data shift mode is set to YUV422 single plane or 2 plane, two pixels, 64 bits, are read in and 32 bits are written. If the 
YUV data is coming from the upstream Fetch Engine it will be in YUV444 format as {8’h0, Y0, U0, V0, 8’h0, Y1, U1, V1}. Even 
though the YUV422 mode is set, the shift function must be set to shift the components into their proper position. For instance, 
for 1p mode, the shift MASK, FLAG and WIDTH parameters need to be set up on the 64 bits of pixel data to format each 32 
bits (2 pixels) to be written out as {Y0, U0, Y1, V0}. Likewise in 2p mode, the ch0 data would be shifted to yield {Y0, Y1} with 
ch1 as {U0, V0} for the first two pixels.

• Bypass mode

If STORE_BYPASS_EN=1, STORE_MEMORY_EN=0, The Store Engine will output the input data, after the shift function, 
directly to the downstream Fetch Engine instead of storing to memory. The AXI bus is inactive in this case. The data is output 
using the valid/ready external interface to the downstream connected Fetch Engine.

In bypass mode, if x_STORE_CTRL_CH0.CH_EN=1, it will output the lower 32 bits of data. If 
x_STORE_CTRL_CH1.CH_EN=1, it will output the high 32 bits of data.

• Dual mode

If STORE_BYPASS_EN = 1 and x_STORE_CTRL_CHx.STORE_MEMORY_EN = 1, the Store Engine is configured in Dual 
mode. That is, the Store Engine supports bypassing the data and also storing it to memory at the same time.

• Handshake mode

The Store Engine supports a 1 scanline handshake configuration and 1 line, 3 lines and 5 lines array handshake 
configurations with next Fetch Engine. The 1 scanline mode is used for Store Engines connected to the Input_Fetch 
and Dither_Fetch instances. The array handshake modes are used in cases where the Store Engine is connected to 
the WFE_A_Fetch or WFE_B_Fetch instances. When x_STORE_CTRL_CHx.HANDSHAKE_EN = 1, ARRAY_EN =1 and 
STORE_MEMORY_EN = 1, the Store Engine is in handshake mode(1 scanline handshake configuration is identical to 1 line 
array handshake configuration so the following sections will only discuss array handshake modes).

The array handshake is used in cases where the Fetch Engine is in array mode. One line handshake config indicates that the 
Fetch Engine is working on 1x1 array mode. The 3 line handshake indicates the Fetch Engine work is in 3x3 array while 5 line 
handshake indicates 5x5 array mode.

To accomplish the buffer sharing, Store Engine and the attached Fetch Engine will maintain buffer status using a pair of 
handshake signals. When a buffer is filled by the Store Engine, it will assert the handshake_bx_ready (where x is 0 or 1) signal 
to indicate to the fetch engine that the buffer has valid data. The prefetch engine will then release the buffer by asserting the 
handshake_bx_done signal.

The basic protocol and timing is shown in the diagram below:

       clk     ……

……       handshake_bx_ready     

       handshake_bx_done     

Unlike scanline handshake, there is only 1 buffer in memory. The buffer size is (array_line + 1).

— 1 line array handshake
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When x_STORE_CTRL_CHx.ARRAY_LINE_NUM = 0, the configuration is 1 line handshake mode. The buffer size is 
2 * OUT_PITCH (2 lines). The first ready occurs when the Store Engine finishes writing 1 line.

— 3 line array handshake

When ARRAY_LINE_NUM = 1, the configuration is 3 line handshake mode. The buffer size is 4 * OUT_PITCH. The first 
ready occurs when the Store Engine finishes writing 2 lines.

— 5 line array handshake

When ARRAY_LINE_NUM=2, the configuration is 5 line handshake mode. The buffer size is 6*OUT_PITCH. The first 
ready occurs when store engine finishes writing 3 lines.

For scanline handshake with next fetch engine, it is similar to LCDIF Handshake section without abort special process.

60.3.7.3.6 Limitations

When both channels are active, they should be configured to work in the same mode. For example, if channel 0 is configured for 
bypass mode then channel 1 must also be configured the same way. In the case of the input Fetch and Store instances, see overall 
block diagram, if the path between them includes the LUT processing block then the Fetch and Store Engines must be in block 
mode. The LUT will not function correctly in scanline mode.

60.3.8 PXP Fetch Engine Block Description

60.3.8.1 Overview
The main function of Fetch Engine is to fetch data from memory or directly from the input bypass channel and output to 
another downstream module as 32 bits per pixel per valid clock.

The Fetch Engine has two channel DMA controllers and thus can fetch two memory data buffers at the same time. The Fetch 
Engine supports an expansion and shift function on the fetched data and then output as 32 bits per pixel according to different data 
format. It supports 8x8 or 16x16 block mode and scanline mode. The block also supports rotation function with rotation module 
when in block mode. It can support vertical flip, horizontal flip, 90/180/270 degree rotation angle.Using the expansion function, 
the user can read in rgb555, rgb565, rgb444, argb1555, argb4444, yuv422_2p or yuv422_1p input data format and convert to 
argb8888, rgb888 or yuv444 format at the output. ,The Fetch Engine can interface with a connected Store Engine block directly 
in one of two ways, handshake mode and bypass mode as described further below. In handshake mode 1 line, 8 line and 16 line 
configurations are possible. In bypass mode memory accesses are bypassed altogether and data passes directly from a Store 
Engine to its connected Fetch.Input formats of 8bpp, 16bpp, 32bpp, 64bpp are supported.
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Figure 410. High level block diagram

The following diagram shows the internal structure of the Fetch_ctrl engine.
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Figure 411. Fetch Control block diagram
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60.3.8.2 Fetch Data formats
The Fetch Engine supports input 8bpp, 16bpp, 32bpp, 64bpp data format according to INPUT_ACTIVE_BPP register setting 
in the x_FETCH_SHIFT_CTRL_CHx registers. (“x” is a wildcard that is replaced with the fetch module instance or the channel 
number. This notation is used because there are several instances with unique names and channels 0 and 1.)

When input data is 64bpp, since output data bus is 32 bits per channel, the Fetch Engine will need to be configured to use both 
output channels (32 bits each) to transmit the 64 bits of data at the output. Thus, when input data is 64bpp, the Fetch Engine 
supports only channel 0 data input but not channel 1 at the same time.

The Fetch Engine supports an expansion function. When you set EXPAND_EN=1, the engine will change the input format to 
a unified YUV444 or ARGB888/RGB888 format. Otherwise it will remain in the same format and output to an external module. 
Note the expand function is not available if the input data is YUV422 format, 1 plane or 2 plane data fetching is supported. When 
EXPAND_FORMAT=7, prefetch_engine will fetch YUV422 format data from two plane. One is for Y, the other is for UV. The 
start address of these two buffer planes are set by INPUT_BASE_ADDR_0_CHx (Y buffer) and INPUT_BASE_ADDR_1_CHx 
(UV buffer) fields in the x_FETCH_ADDR_x_CHx registers for that Fetch instance. Also, if input format is YUV422_2P, the 
EXPAND_EN must always be asserted. This combination is only used to transform YUV422_2P to YUV444 format.

The data format in memory and output is shown in table below. For input formats that read multiple pixels within the 64 bit input 
word, there will be multiple output cycles for each input read to expand and output all the pixels in the input word.

X means this parameter is a “don’t care”.

Table 528. Fetch data format in memory and output

INPUT_ACTIVE
_BPP

Input data valid 
bits(bpp)

Data store in 
memory

EXPAND_EN EXPAND_FOR
MAT

After 
expanding(32 
bit word)

Data output 
format in 32 bit 
bus

0 8 bits {pix7, pix6, pix5, 
pix4, pix3, pix2, 
pix1, pix0}

0 Any value 
except 7

NA {24’h0, pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

0 Any value 
except 7

NA {16’h0, pix0}

2 32bits {pix1, pix0} 0 Any value 
except 7

NA {pix0}

3 64bits { pix0} X X NA Channel 0 bus 
output 
{ pix0[31:0]} ,

Channel 1 bus 
output 
{pix0[63:32]}

1 16bits {pix3, pix2, pix1, 
pix0}

1 0 (rgb565) {8’h0,rgb888} {pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

1 1 (rgb555) {8’h0,rgb888} {pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

1 2 (argb1555) {8{a}},rgb888 } {pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

1 3 (rgb444) {8’h0,rgb888} {pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

1 4 (argb4444) { {2{a}}, 
rgb888 }

{pix0}

Table continues on the next page...
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Table 528. Fetch data format in memory and output (continued)

INPUT_ACTIVE
_BPP

Input data valid 
bits(bpp)

Data store in 
memory

EXPAND_EN EXPAND_FOR
MAT

After 
expanding(32 
bit word)

Data output 
format in 32 bit 
bus

1 16bits {pix3, pix2, pix1, 
pix0}

1 5 (yuyv/yvyu) {8’h0,yuv444}

/{8’h0,yvu444}

{pix0}

1 16bits {pix3, pix2, pix1, 
pix0}

1 6 (uyvy/vyuy) {8’h0,yuv444}

/{8’h0,yvu444}

{pix0}

x Any value 
except 64bits

Address0

{Y7,Y6,Y5,Y4,Y
3,Y2,Y1,Y0}

Address1

{U6V6U4V4U2
V2U0V0}

1 7 (yuv422_2p) {8’h0,yuv444} {pix0}

Note that in 64 bpp mode, the expand and shift functions are not supported.

60.3.8.3 Data Fetching Format

• Scanline mode

When x_FETCH_CTRL_CHx.BLOCK_EN=0, the Fetch Engine will fetch data line by line using scanline mode. The burst 
length can be set by RD_NUM_BYTES register bits. In Scanline mode, it can support 8, 16, 32 and 64 bytes for a burst. The 
values RD_NUM_BYTES = 0,1,2,3 indicates 8,16,32,64 bytes per burst.

• Block mode

When BLOCK_EN=1, Fetch Engine support 8*8 and 16*16 block mode according to BLOCK_16 register bit. When 
BLOCK_16=1 the block size is 16*16. When BLOCK_16=0, it is 8*8 block mode. When BLOCK_EN=1, INPUT_ACTIVE_BPP 
cannot be 3, that is, block mode cannot work on a 64bpp data stream.

When the total width or total height of image is not divisible by 8 , 16 (according to block size) it will fetch extra pixels or lines 
to compensate to a complete block. For example, if the size is 23*23, and block mode is 8*8, Fetch Engine will fetch 24*24 
data pixels and output to store engine. Store engine has a crop function for this.

In block mode, AXI bus read number bytes is decided by input format and block size and overrides the RD_NUM_BYTES 
register field.

60.3.8.4 Fetch Data Shift Function
Fetch Engine supports a shift operation that will swizzle register defined data fields in the incoming data words. The post-
shifted data is then output to the proper channel. Up to 4 component shift operations are supported.

The shift function can be disabled by asserting the x_FETCH_SHIFT_CTRL_CHx.SHIFT_BYPASS bit. This function is bypassed 
by default.

The shift is configured with the x_FETCH_SHIFT_OFFSET_CHx.OFFSETx and x_FETCH_SHIFT_WIDTH_CHx.WIDTHx 
register fields. Each channel is controlled separately. The OFFSETx fields specify the starting position of the component 
fields in the incoming data word. The WIDTHx register fields specify the width of that component. There is register support for 4 
component fields for each channel. The specified fields are shifted in order and packed to the least significant part of the data word. 
The unspecified bits in the input word are discarded. If there are any unspecified bits in the most significant part of the output word 
they are zeroed out.

Not all fields must be specified. For example if field number three is not used then the WIDTH3 field should be left with a value of 0.
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A few examples are shown in the figure below. In the example in the left part of Figure 412, data format of YUV444 is swizzled to 
YVU444. The register fields should be set as follows:

OFFSET0=8, WIDTH0=8, OFFSET1=0, WIDTH1=8, OFFSET2=16, WIDTH2=8, OFFSET3=0, WIDTH3=0

The result switches the position of the 8-bit U and V components. The Y component remains in the same place and the high byte 
remains unchanged.

In the example in figure, right, we are swizzling the data format of ARGB888 to BGRA888. The register settings are:

OFFSET0=24, WIDTH0=8, OFFSET1=16, WIDTH1=8, OFFSET2=8, WIDTH2=8, OFFSET3=0, WIDTH3=8

All the components are swizzled and packed to the right in order from component 0 to 3.

VUY
A BGR

B ARG0 UVY

       WIDTH0           WIDTH1           WIDTH 2    
WIDTH3    WIDTH2    WIDTH1    WIDTH0    

OFFSET3    

before_shift
data    before_shift

data    

after_shift
data    

after_shift
data    

OFFSET2    OFFSET1    OFFSET0           OFFSET2    OFFSET1    OFFSET0    

Figure 412. Fetch data shift

60.3.8.5 Fetch Interface Modes

• Normal mode

If x_FETCH_CTRL_CHx.BYPASS_PIXEL_EN=0 and x_FETCH_CTRL_CHx.HANDSHAKE_EN=0, the Fetch Engine is 
working in the “normal” or default mode.

In normal mode, the Fetch engine will fetch data from output memory usually DDR frame by frame. The fetch frame start 
address is set in registers x_FETCH_ADDR_x_CH0.INPUT_BASE_ADDRx depending on which channel and plane format 
is used.

The Fetch Engine will stop to fetch data when one frame data is finished. Another pxp_start signal will trigger another frame 
fetching work.

• Bypass mode

In the Fetch Engine, if x_FETCH_CTRL_CHx.BYPASS_PIXEL_EN=1 it will fetch data directly from the input pixel of the 
upstream Store Engine and not from memory. In this case the AXI bus is inactive.

In bypass mode, the pixel input will be 32 bits per pixel per valid cycle. The bypassed data will be stored to an internal FIFO 
first and then output to the next downstream block after the shift operation takes place.

When BYPASS_EN=1, HANDSHAKE_EN should be equal to 0. Bypass mode and Handshake mode can not be set at the 
same time.
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• Handshake mode

If x_FETCH_CTRL_CHx.HANDSHAKE_EN=1, the Fetch Engine is set to function in handshake mode.

The Fetch Engine supports 1 line/ 8line/16lines handshake with the Store Engine module according to 
x_FETCH_CTRL_CHx.HANDSHAKE_SCAN_LINE_NUM register bits.

HANDSHAKE_SCAN_LINE_NUM=0, 1, 2 indicates 1 line, 8 lines, 16 lines handshake mode separately.

One line handshake can only work in scanline mode, that is, under the condition of BLOCK_EN = 0. Eight lines handshake 
can only work on block 8x8 mode -- BLOCK_EN=1, BLOCK_16=0.

Sixteen lines handshake configuration only works in block16x16 mode -- BLOCK_EN=1, BLOCK_16=1.

This is accomplished by creating two buffers in memory, where each correspond to 1/8/16-lines of the frame buffer. The 
buffers must be consecutive and allocated as a single block of data.

The storage required can be calculated for 1 line handshake as:

Storage = 1(line) * 2(buffer) * width * bytes/pixel;

For 8 lines handshake config the requirements are:

Storage = 8(line) * 2(buffer) * width * bytes/pixel;

For 16 lines handshake config:

Storage =16(line) * 2(buffer) * width * bytes/pixel;

To accomplish the buffer sharing, the Fetch Engine and store engine will maintain buffer status using a pair of handshake 
signals. When a buffer is filled by store engine, it will assert the handshake_bx_ready (where x is 0 or 1) signal to indicate to 
the Fetch Engine that the buffer has valid data. After reading it the Fetch Engine will then release the buffer by asserting the 
handshake_bx_done signal. The Store Engine is then free to refill it and assert the handshake_bx_ready again.

The 1 scanline mode is used when a Fetch Engine is connected to a Store Engine. An example would be the Input_Store 
communicating with the Dither_Fetch. The 8 and 16 scanline modes are used when the Output Buffer is communicating with 
the Dither_Fetch.

The basic protocol is shown in the diagram below:

       clk     ……

……       handshake_bx_ready     

       handshake_bx_done     

Figure 413. Handshake basic protocol

60.3.9 Histogram
The histogram block collects statistics about the pixel -5data passing through it. Its primary function is to compare the value against 
programmed values representing the allowed values in different bpp (bits per pixel) modes or bins. A flag value of 1 is recorded 
if all the pixel values were a match for one of the values programmed for that bit per pixel mode or bin. If there is a mismatch for 
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at least one pixel then the update is not completely contained within that bin and the output flag is 0. There are 5 bits reported. 
One for each of 1-5 bpp. The results for each bpp bin are always reported. These results are a necessary input to the EPDC for 
selecting the proper waveform for update to the panel. The pixel value and the compare values are always 6 bits wide although 
the max effective bpp is 5.

There is also a mask function that can be used to filter out update pixels and exclude them from histogram calculations. It’s primary 
use-case is to collect and report collisions of the current update being processed through the WFE-A and report to software how 
many pixels collided with current live updates, if any, and the coordinates of the minimum rectangle within the update that contains 
all collided pixels.

There are two identical instances of the histogram block in the system. The first one can be programmed through a system mux to 
take data from the output sub-block from the legacy flow, WFE-A or WFE-B. The second instance can take data only from WFE-A 
or WFE-B.

60.3.9.1 Basic Operation
The basic controls for each histogram engine are contained within their HIST_x_CTRL and HIST_x_MASK registers. We will 
use histogram A registers for explanation purposes in the description below.

The HIST_A_CTRL.ENABLE bit turns on the histogram block to process pixels. It must be turned on and off manually. The 
HIST_A_CTRL.CLEAR bit must be set to clear the histogram results. The bit is self-clearing. The input data (pixel) to the block is 
72 bits wide. The comparison is done on 6 bits of pixel data. Any contiguous 6 bits in the 72 bit string can be chosen for comparison 
using the HIST_A_CTRL. PIXEL_OFFSET and HIST_A_CTRL.PIXEL_WIDTH fields. The offset specifies the starting bit position 
in the string and the width field specifies the width which should not be wider than 6 bits in the current implementation. The mode 
values for comparison are contained in the HISTx_PARAMx register fields. Even though these fields are 6 bits wide, 5 bits is the 
effective width as the histogram can check for 32 unique pixel values in the largest mode, HIST32.

The result of which bpp modes were a match for all pixels since the output was cleared are continuously updated in the 
HIST_A_CTRL.STATUS field. There is one bit for each bpp mode. All histogram bpp modes are checked simultaneously. The 
HIST_A_BUF_SIZE fields specify the height and width of the update area. This allows the histogram engine to keep track of the 
relative coordinates of each new pixel it receives. It assumes the pixels are fed to it in raster order, left to right and top to bottom.

60.3.9.2 Mask Functionality
There is also a mask function within the histogram engine that tests a specified string of bits from the input against values 
programmed into the mask register. The use-case for this is to report collision detection back to controlling software. If the 
mask test passes then the pixel is active and is processed in the engine and statistics collected. If the pixel is not active then it 
is discarded and not processed – does not contribute to the output results. Based on the outcome of this mask test, there are 
some additional results that are output to register fields. They are the number of active pixels, the coordinates of the smallest 
bounding box including all active pixels and an array of 64 bits where the offset of each bit corresponds to the pixel value of 
processed pixel. The bit is set for each valid pixel value processed.

The configuration of the mask function is contained in the HIST_x_MASK register. The HIST_A_MASK.MASK_EN bit turns 
on the function. . The HIST_A_CTRL.CLEAR bit clears the results. The HIST_A_MASK.MASK_MODE field specifies the 
logical operation for the test. The options are “equal”, “not equal”, “inside” or “outside.” The HIST_A_MASK.MASK_VALUE0 
and HIST_A_MASK.MASK_VALUE1 are used for comparison with the incoming value depending on the mode chosen. The 
starting bit of mask field in the 72 bit input data is specified by the HIST_A_MASK.MASK_OFFSET register field and the 
width is given by HIST_A_MASK.MASK_WIDTH. The width of the mask is a maximum of 8 bits. If the mask mode test 
passes for a given input then the HIST_A_TOTAL_PIXEL read only value is incremented. The x and y coordinates of the 
pixel are used to calculate the minimum rectangle the will enclose all valid pixels. This information can be read from the 
HIST_A_ACTIVE_AREA_X and HIST_A_ACTIVE_AREA_Y registers. Also, the values of the valid pixels are recorded in the 
HIST_A_RAW_STAT0 and HIST_A_RAW_STAT0 registers. These registers make up 64 one bit fields where the offsets of the 
bit that are set are the pixel values of the active pixels. (The values as specified by the HIST_A_CTRL. PIXEL_OFFSET and 
HIST_A_CTRL.PIXEL_WIDTH fields.)

60.3.9.3 Collision use-case Example
In this example, the histogram engine is used to test for and report collision information within the update. Refer to 
the figure below. With normal WFE-A processing, within the 72 bit output there will be a one bit collision flag that is 
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assert to 1 if there was a collision on that update pixel. There will also be a 6 bit field that specifies the EPDC LUT 
number for that pixel in the working buffer. If there was a collision this LUT number identifies the unique colliding live 
update. To covey all this information to software using the histogram engine, the HIST_A_CTRL. PIXEL_OFFSET and 
HIST_A_CTRL.PIXEL_WIDTH should be set to point to the current LUT in the input bus. The HIST_A_MASK.MASK_OFFSET 
and HIST_A_MASK.MASK_WIDTH fields should be set to point to the collision bit. The HIST_A_MASK.MASK_MODE should 
be 0 or “equal” and the HIST_A_MASK.MASK_VALUE0 should be set to 1.

A

B

C

Panel

Update Area

Collided Pixels

Collision Area

(0,0)

(799,599)

(100,50)

(599,499)

(150,100)

(400,150)

(320,480)

D (300,200)

The figure above shows the processed results of our example. There is an update region, 499x449, offset within the800x600 panel 
display. After enabling the histogram and processing the update, there is a collided region within the update region and 4 collided 
pixels were detected. The results are as follows.

The HIST_A_TOTAL_PIXEL register would equal to 4 showing that 4 pixels were found by the mask function to have their collision 
bits set.

The relative collision area are would be given in the HIST_A_ACTIVE_AREA_X and Y register as MIN_X_OFFSET = 50, 
MAX_X_OFFSET = 300, MIN_Y_OFFSET = 50, MAX_Y_OFFSET = 380.

If pixel A is being updated by LUT 1, pixel B and C are being updated LUT 5, and pixel D is being updated by LUT 12, then 
the LUT Collision Status = 0x00001022 (bit 1, 5, 12 are set). That is HIST_A_RAW_STAT0 would be equal to 0x00001022 and 
HIST_A_RAW_STAT1 would be 0x00000000.

60.3.10 Flows to support EPDC Driving an E-Ink Panel

Legacy Mode

The legacy flow is identical to the full functionality that was supported in past versions of PXP. In this flow the PXP legacy 
functionality of color resizing, space conversion and rotation is used to as in the past to create the Y8 update buffer. The EPDC 
then reads in and processes this Y8 buffer as before. The following is a modified block diagram showing in green which PXP 
sub-blocks could be included in a legacy operation. Notice that the new Rotation1 sub-block and the Rotation0 block can be 
enabled simultaneously in this mode. The grayed out sub-blocks and connections are not enabled in this flow.
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Standard Mode

Standard mode consists of the legacy flow plus all the new sub-blocks and functionality in the PXP. See the figure below. Consider 
the bottom row of new sub-blocks as three processing units that serially process data. The three processing units or steps are 
dither, waveform engine A and waveform engine B. Each has a set of fetch and store engines associates with them that read 
and write data to and from memory. In the normal (default) store/fetch interface mode the legacy flow would be executed first. 
After it finishes it asserts an interrupt. Then the dither portions can be executed using the output of the legacy operation as its 
input. After the dither unit is finished as sends an interrupt the next unit can be executed on the data, and so forth. In store/fetch 
handshake interface mode, a store engine (or Output Buffer block) interfaces directly with the next downstream fetch engine so 
software doesn’t have to coordinate the flow through interrupt service. In store/fetch bypass interface mode, memory reads and 
writes are eliminated and a store engine can pass data directly to its connected fetch engine.
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There are two execution flows for standard mode.

1. Single pass flow

2. Two pass flow

They are explained in the following sections.

1. Single Pass Flow

The following high-level block diagram shows the standard mode single pass flow is as follows.
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The signal pass flow uses most of the blocks within the pxp and processes the update from UPD (Update Buffer) to WB 
(Working Buffer) in one PXP operation.

If REAGL/D processing is required then software must ensure that there are no collisions between the new update being 
processed and any live updates that are currently in execution in the EPDC. The REAGL/D algorithm is undefined in the 
case of colliding pixels.

The major processing flow steps are as follows:

a. Legacy PXP processing (resize/CSC/rotation)

• Read UPD (Update buffer).

• Processed through the old legacy PXP functionality as desired.

• Y8 buffer is written to memory.

b. Dither processing

• Read Y8 buffer.

• Perform selected dithering algorithm. The Dither Error Buffer and 16x16 Matrix Buffer are dedicated internal 
memories whose purpose and use are defined internal to the Dither Engine based on configuration.

• Y4 memory buffer is written out.

c. WFE-A (Waveform Processing Engine A) processing

The Y4 buffer is read in and processed through WFE-A as follows:

• Calculate collisions with other live updates. Only non-colliding pixels will be updated.

• (This step is executed only when resubmitting collided pixels as a separate update in a collision handling 
step after all colliding live updates have finished. See “Collision Handling” section below.) Check the alpha/
collision bit to see if the pixel is excluded from update. Breaking up the update in this manner into two 
updates based on collision status can be efficient. The alpha/collision bit check is a hardware assist feature 
used by the software if desired.

• The resultant information is written to the Y4C (Y4 plus collision flag) buffer and either the TWB (Temporary 
Working Buffer) in the case of REAGL/D or WB in the case of non-REAGL/D. If doing REAGL/D processing, 
then some additional flag information is needed by WFE-B. These flags and the normal WB information are 
written into the TWB. In the case of non-REAGL/D processing, the update information is written to the WB. 
Note that for collision detections both partial and full update functionality is supported.

• The Histogram block takes in the output from the WFE-A and records both histogram and collision 
information. (Both functions reside in the Histogram block in PXP.)

d. WFE-B (Waveform Processing Engine B) processing

This engine is only used in the case of REAGL/D processing.

• Read in TWB and Transition Map. The transition map can come from an OC RAM memory buffer or from the 
16x16 matrix which is a dedicated memory buffer within the PXP.

• The REAGL/D algorithm is executed on the data.

• The final WB is written.

e. EPDC (Waveform Lookup and Timing Generation)

• The EPDC takes in the WB with new update information embedded and updates the panel.

Collision Handling

For REAGL/D processing, the algorithm does not define what to do when either the current pixel or neighboring pixels are in 
collision with other live updates. If REAGL/D processing is configured but a collision is reported by the Histogram block it should 
be considered an error condition and the update must be abandoned and not submitted to the EPDC to update the panel. In the 
case of REAGL/D, software should ensure that no collisions will take place before execution the PXP operation.
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For non-REAGL/D processing, the update pixel information will only be modified in the output WB for non-colliding pixels. The 
colliding pixels will not be modified but the collision bit will be set in the Y4C buffer. At the end of processing, the non-colliding part 
of the original update can be submitted to the EPDC. After all colliding updates have finished, the Y4C buffer and the WB can be 
submitted to the WFE-A block as a new update but this time using the collision bit to identify only the previously colliding pixels for 
processing, see step 3(c) above. This time there will be no collisions and after PXP processing is complete and this new update 
(previous collision) can be submitted to the EPDC for updating on the panel.

Two Pass Flow

The two pass flow is similar to the single pass flow. It is broken up into two passes giving software an opportunity to make decisions 
on how to proceed based on the collision information.

First Pass

Below is the high-level block diagram for standard mode, two pass flow, first pass.
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The major processing flow steps are as follows:

1. Legacy PXP processing

• Read UPD

• Processed through the legacy PXP functionality as desired

• Y8 buffer is written to memory

2. Dither Processing

• Read Y8 buffer.

• Perform selected dithering algorithm. The Dither Error Buffer and 16x16 Matrix Buffer are dedicated internal 
memories whose purpose and use are defined internal to the Dither Engine based on configuration.

• Y4 memory buffer is written out.

3. WFE-A Processing

The Y4 buffer is read in and processed through WFE-A as follows:
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• Calculate collisions with other live updates.

• Check the alpha bit to see of the pixel is excluded from or included in update processing.

• The resultant information is written to the Y4C buffer only. Note that for collision detections both partial and full 
updates are supported.

• The Histogram block takes in the output from the WFE-A and records both histogram and collision information. 
(Both functions reside in the Histogram block in PXP.)

At the end of this first pass the software can check collision results and decide how to proceed with the second pass.

Second Pass

Below is the block diagram for standard mode, two pass flow, second pass.
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The basic process flow in this step is as follows:

1. WFE-A processing

The processing steps will be slightly different depending on whether using REAGL/D and if collisions occurred in the 
first pass.

• Read in the Y4C buffer (as new update buffer) and WB.

• If no collisions were detected in first pass:

— If non-REAGL/D processing:

◦ Disable alpha/collision functionality.

◦ Run non-REAL/D processing.

◦ Write out updated WB

— Else if REAGL/D processing:

◦ Disable alpha/collision functionality.

◦ Run non-REAGL/D processing.

◦ Write out TWB (with REAGL/D flags).
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• Else if collisions were detected in first pass:

— If non-REAGL/D processing:

◦ Use collision bit as inverted alpha bit to exclude the collided pixels from update.

◦ Run non-REAGL/D processing on remaining pixels.

◦ Write out updated WB. See “Collision Handling” section below for information on handling the remaining 
collided part of the update.

— If REAGL/D processing:

◦ Collisions are not allowed in REAGL/D processing. Either abort the update altogether or wait for all 
colliding live updates to finish and re-submit Y4C buffer and WB as new update – there will be no 
collisions at this point. See “Collision Handling” section below.

2. WFE-B Processing

This step is only used in the case of REAGL/D processing and no collisions detected.

• Read in TWB and Transition Map.

• The REAGL/D algorithm is executed on the buffer data.

• The final WB is written.

3. EPDC (Waveform Lookup and Timing Generation)

• The EPDC takes in the WB with new update information embedded and updates the panel.

Collision Handling

Collision handling is similar as in single pass mode.

If the update has collisions then REAGL/D processing is not supported. If REAGL/D processing is configured but a collision is 
reported in the first pass then software should either cancel the update or ensure that no collisions will take place before execution 
the PXP operation by waiting until all colliding live updates have finished.

For non-REAGL/D processing, the update pixel information will only be modified in the output WB for non-colliding pixels. The 
colliding pixels will not be modified but the collision bit will be set in the Y4C buffer. At the end of processing, the non-colliding part 
of the original update can be submitted to the EPDC (step 3 above). After all colliding updates have finished, the Y4C buffer and 
the WB can be submitted by doing the second pass operation over again as a new update, but this time using the collision bit to 
mask off the non-colliding pixels that were previously submitted. This will identify and process the previously collided pixels as the 
pixels for update processing step 1(c) above. There will no longer be any collisions on this region and after this additional second 
pass processing is complete this new update (previous collided area) can be submitted to the EPDC for updating on the panel.

Advanced Mode

The advanced mode is very much like standard mode with the addition of a cpu processing step that is inserted in between two 
processing units in the new part of the flow (bottom row). In the figure below you will notice the M4 processing sub-block and 
connections in red. This mode only functions in store/fetch interface handshake mode. The M4 processing step can actually be 
inserted in between any store and fetch engine connection by modifying the HANDSHAKE_* registers. These registers allow 
programmable connections between these blocks for handshake mode. In this case the M4 cpu is required to monitor and manage 
the HANDSHAKE_CPU_FETCH and HANDSHAKE_CPU_STORE register fields appropriately to know when there is a buffer to 
process and to signal back to the PXP when processing is done. The purpose of Advanced mode is to add processing flexibility 
by allowing software intervention.
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60.3.11 Clocking
The PXP has 2 clock inputs: APB clock and function clock. APB clock is used for APB bus access. Function clock is used for 
internal logic and AXI bus. The PXP has 2 clock outputs for rotation memory, they are gated version of function clock. See the 
appropriate Clocking module for clock setting, configuration and gating information for your device.

60.3.12 Reset
The PXP has software reset bit in CTRL register. Set this bit to zero to enable normal PXP operation. Set this bit to one to disable 
clocking with the PXP and hold it in its reset state. This bit can be turned on and then off to reset the PXP block to its default state.

60.3.13 Interrupts
The PXP has 2 interrupts. The first interrupt source includes:

• IRQ0 bit in STAT register, indicates current PXP interrupt status.

• NEXT_IRQ bit in STAT register, indicates that a command issued with the "Next Command" functionality has been issued and 
that a new command may be initiated with a write to the PXP_NEXT register.

The second interrupt source includes:

• FIRST_CH0_PREFETCH_IRQ bit in IRQ register, indicates initial ch0 prefetch engine interrupt

• FIRST_CH1_PREFETCH_IRQ bit in IRQ register, indicates initial ch1 prefetch engine interrupt

• FIRST_CH0_STORE_IRQ bit in IRQ register, indicates initial ch0 store engine interrupt
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• FIRST_CH1_STORE_IRQ bit in IRQ register, indicates initial ch1 store engine interrupt

60.4 External Signals
This module has no external signals.

60.5 Initialization
To initialize PXP:

1. Enable PXP clock (write 0 to CTRL[CLKGATE])

2. Release software reset (write 0 to CTRL[SFTRST])

3. Configure CTRL register to enable function modules

4. Configure AS, PS, OUT_BUF, FE and SE related registers to input detail information

5. Configure CSC coefficient registers if need color space conversion

6. Enable PXP processing flow (write 1 to CTRL[ENABLE])

60.6 PXP Memory Map/Register Definition

60.6.1 PXP register descriptions
PXP Hardware Register Format Summary

60.6.1.1 PXP memory map

PXP base address: 2DB4_0000h

Offset Register Width

(In bits)

Access Reset value

0h Control Register 0 (CTRL) 32 RW C701_0000h

4h Control Register 0 (CTRL_SET) 32 RW C701_0000h

8h Control Register 0 (CTRL_CLR) 32 RW C701_0000h

Ch Control Register 0 (CTRL_TOG) 32 RW C701_0000h

10h Status Register (STAT) 32 RW 0000_0000h

14h Status Register (STAT_SET) 32 RW 0000_0000h

18h Status Register (STAT_CLR) 32 RW 0000_0000h

1Ch Status Register (STAT_TOG) 32 RW 0000_0000h

20h Output Buffer Control Register (OUT_CTRL) 32 RW 0000_0000h

24h Output Buffer Control Register (OUT_CTRL_SET) 32 RW 0000_0000h

28h Output Buffer Control Register (OUT_CTRL_CLR) 32 RW 0000_0000h

2Ch Output Buffer Control Register (OUT_CTRL_TOG) 32 RW 0000_0000h

30h Output Frame Buffer Pointer (OUT_BUF) 32 RW 0000_0000h

40h Output Frame Buffer Pointer #2 (OUT_BUF2) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

50h Output Buffer Pitch (OUT_PITCH) 32 RW 0000_0000h

60h Output Surface Lower Right Coordinate (OUT_LRC) 32 RW 0000_0000h

70h Processed Surface Upper Left Coordinate (OUT_PS_ULC) 32 RW 0000_0000h

80h Processed Surface Lower Right Coordinate (OUT_PS_LRC) 32 RW 0000_0000h

90h Alpha Surface Upper Left Coordinate (OUT_AS_ULC) 32 RW 0000_0000h

A0h Alpha Surface Lower Right Coordinate (OUT_AS_LRC) 32 RW 0000_0000h

B0h Processed Surface (PS) Control Register (PS_CTRL) 32 RW 0000_0000h

B4h Processed Surface (PS) Control Register (PS_CTRL_SET) 32 RW 0000_0000h

B8h Processed Surface (PS) Control Register (PS_CTRL_CLR) 32 RW 0000_0000h

BCh Processed Surface (PS) Control Register (PS_CTRL_TOG) 32 RW 0000_0000h

C0h PS Input Buffer Address (PS_BUF) 32 RW 0000_0000h

D0h PS U/Cb or 2 Plane UV Input Buffer Address (PS_UBUF) 32 RW 0000_0000h

E0h PS V/Cr Input Buffer Address (PS_VBUF) 32 RW 0000_0000h

F0h Processed Surface Pitch (PS_PITCH) 32 RW 0000_0000h

100h PS Background Color (PS_BACKGROUND_0) 32 RW 0000_0000h

110h PS Scale Factor Register (PS_SCALE) 32 RW 1000_1000h

120h PS Scale Offset Register (PS_OFFSET) 32 RW 0000_0000h

130h PS Color Key Low (PS_CLRKEYLOW_0) 32 RW 00FF_FFFFh

140h PS Color Key High (PS_CLRKEYHIGH_0) 32 RW 0000_0000h

150h Alpha Surface Control (AS_CTRL) 32 RW 0000_0000h

160h Alpha Surface Buffer Pointer (AS_BUF) 32 RW 0000_0000h

170h Alpha Surface Pitch (AS_PITCH) 32 RW 0000_0000h

180h Overlay Color Key Low (AS_CLRKEYLOW_0) 32 RW 00FF_FFFFh

190h Overlay Color Key High (AS_CLRKEYHIGH_0) 32 RW 0000_0000h

1A0h Color Space Conversion Coefficient Register 0 (CSC1_COEF0) 32 RW 0400_0000h

1B0h Color Space Conversion Coefficient Register 1 (CSC1_COEF1) 32 RW 0123_0208h

1C0h Color Space Conversion Coefficient Register 2 (CSC1_COEF2) 32 RW 079B_076Ch

1D0h Color Space Conversion Control Register. (CSC2_CTRL) 32 RW 0000_0001h

1E0h Color Space Conversion Coefficient Register 0 (CSC2_COEF0) 32 RW 0000_0000h

1F0h Color Space Conversion Coefficient Register 1 (CSC2_COEF1) 32 RW 0000_0000h

200h Color Space Conversion Coefficient Register 2 (CSC2_COEF2) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

210h Color Space Conversion Coefficient Register 3 (CSC2_COEF3) 32 RW 0000_0000h

220h Color Space Conversion Coefficient Register 4 (CSC2_COEF4) 32 RW 0000_0000h

230h Color Space Conversion Coefficient Register 5 (CSC2_COEF5) 32 RW 0000_0000h

240h Lookup Table Control Register. (LUT_CTRL) 32 RW 8001_0000h

250h Lookup Table Control Register. (LUT_ADDR) 32 RW 0000_0000h

260h Lookup Table Data Register. (LUT_DATA) 32 RW 0000_0000h

270h Lookup Table External Memory Address Register. (LUT_EXTMEM) 32 RW 0000_0000h

280h Color Filter Array Register. (CFA) 32 RW 0000_0000h

290h PXP Alpha Engine A Control Register. (ALPHA_A_CTRL) 32 RW 0000_0000h

2A0h PXP Alpha Engine B Control Register. (ALPHA_B_CTRL) 32 RW 0000_0000h

2B0h (ALPHA_B_CTRL_1) 32 RW 0000_0000h

2C0h PS Background Color 1 (PS_BACKGROUND_1) 32 RW 0000_0000h

2D0h PS Color Key Low 1 (PS_CLRKEYLOW_1) 32 RW 00FF_FFFFh

2E0h PS Color Key High 1 (PS_CLRKEYHIGH_1) 32 RW 0000_0000h

2F0h Overlay Color Key Low (AS_CLRKEYLOW_1) 32 RW 00FF_FFFFh

300h Overlay Color Key High (AS_CLRKEYHIGH_1) 32 RW 0000_0000h

310h Control Register 2 (CTRL2) 32 RW 0000_0000h

314h Control Register 2 (CTRL2_SET) 32 RW 0000_0000h

318h Control Register 2 (CTRL2_CLR) 32 RW 0000_0000h

31Ch Control Register 2 (CTRL2_TOG) 32 RW 0000_0000h

320h PXP Power Control Register. (POWER_REG0) 32 RW 0000_0000h

330h PXP Power Control Register 1. (POWER_REG1) 32 RW 0000_0000h

340h (DATA_PATH_CTRL0) 32 RW 4104_5A2Bh

344h (DATA_PATH_CTRL0_SET) 32 RW 4104_5A2Bh

348h (DATA_PATH_CTRL0_CLR) 32 RW 4104_5A2Bh

34Ch (DATA_PATH_CTRL0_TOG) 32 RW 4104_5A2Bh

350h (DATA_PATH_CTRL1) 32 RW 0000_0000h

354h (DATA_PATH_CTRL1_SET) 32 RW 0000_0000h

358h (DATA_PATH_CTRL1_CLR) 32 RW 0000_0000h

35Ch (DATA_PATH_CTRL1_TOG) 32 RW 0000_0000h

360h Initialize memory buffer control Register (INIT_MEM_CTRL) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

364h Initialize memory buffer control Register (INIT_MEM_CTRL_SET) 32 RW 0000_0000h

368h Initialize memory buffer control Register (INIT_MEM_CTRL_CLR) 32 RW 0000_0000h

36Ch Initialize memory buffer control Register (INIT_MEM_CTRL_TOG) 32 RW 0000_0000h

370h Write data Register (INIT_MEM_DATA) 32 RW 0000_0000h

380h Write data Register (INIT_MEM_DATA_HIGH) 32 RW 0000_0000h

390h PXP IRQ Mask Register (IRQ_MASK) 32 RW 0000_0000h

394h PXP IRQ Mask Register (IRQ_MASK_SET) 32 RW 0000_0000h

398h PXP IRQ Mask Register (IRQ_MASK_CLR) 32 RW 0000_0000h

39Ch PXP IRQ Mask Register (IRQ_MASK_TOG) 32 RW 0000_0000h

3A0h PXP Interrupt Register (IRQ) 32 RW 0000_0000h

3A4h PXP Interrupt Register (IRQ_SET) 32 RW 0000_0000h

3A8h PXP Interrupt Register (IRQ_CLR) 32 RW 0000_0000h

3ACh PXP Interrupt Register (IRQ_TOG) 32 RW 0000_0000h

400h Next Frame Pointer (NEXT) 32 RW 0000_0000h

450h Pre-fetch engine Control Channel 0 Register 
(INPUT_FETCH_CTRL_CH0)

32 RW 0002_0000h

454h Pre-fetch engine Control Channel 0 Register 
(INPUT_FETCH_CTRL_CH0_SET)

32 RW 0002_0000h

458h Pre-fetch engine Control Channel 0 Register 
(INPUT_FETCH_CTRL_CH0_CLR)

32 RW 0002_0000h

45Ch Pre-fetch engine Control Channel 0 Register 
(INPUT_FETCH_CTRL_CH0_TOG)

32 RW 0002_0000h

460h Pre-fetch engine Control Channel 1 Register 
(INPUT_FETCH_CTRL_CH1)

32 RW 0002_0000h

464h Pre-fetch engine Control Channel 1 Register 
(INPUT_FETCH_CTRL_CH1_SET)

32 RW 0002_0000h

468h Pre-fetch engine Control Channel 1 Register 
(INPUT_FETCH_CTRL_CH1_CLR)

32 RW 0002_0000h

46Ch Pre-fetch engine Control Channel 1 Register 
(INPUT_FETCH_CTRL_CH1_TOG)

32 RW 0002_0000h

470h Pre-fetch engine status Channel 0 Register 
(INPUT_FETCH_STATUS_CH0)

32 R 0000_0000h

480h Store engine status Channel 1 Register 
(INPUT_FETCH_STATUS_CH1)

32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

490h (INPUT_FETCH_ACTIVE_SIZE_ULC_CH0) 32 RW 0000_0000h

4A0h (INPUT_FETCH_ACTIVE_SIZE_LRC_CH0) 32 RW 0000_0000h

4B0h (INPUT_FETCH_ACTIVE_SIZE_ULC_CH1) 32 RW 0000_0000h

4C0h (INPUT_FETCH_ACTIVE_SIZE_LRC_CH1) 32 RW 0000_0000h

4D0h (INPUT_FETCH_SIZE_CH0) 32 RW 0000_0000h

4E0h (INPUT_FETCH_SIZE_CH1) 32 RW 0000_0000h

4F0h (INPUT_FETCH_BACKGROUND_COLOR_CH0) 32 RW 0000_0000h

500h (INPUT_FETCH_BACKGROUND_COLOR_CH1) 32 RW 0000_0000h

510h (INPUT_FETCH_PITCH) 32 RW 0000_0000h

520h (INPUT_FETCH_SHIFT_CTRL_CH0) 32 RW 0000_1000h

524h (INPUT_FETCH_SHIFT_CTRL_CH0_SET) 32 RW 0000_1000h

528h (INPUT_FETCH_SHIFT_CTRL_CH0_CLR) 32 RW 0000_1000h

52Ch (INPUT_FETCH_SHIFT_CTRL_CH0_TOG) 32 RW 0000_1000h

530h (INPUT_FETCH_SHIFT_CTRL_CH1) 32 RW 0000_1000h

534h (INPUT_FETCH_SHIFT_CTRL_CH1_SET) 32 RW 0000_1000h

538h (INPUT_FETCH_SHIFT_CTRL_CH1_CLR) 32 RW 0000_1000h

53Ch (INPUT_FETCH_SHIFT_CTRL_CH1_TOG) 32 RW 0000_1000h

540h (INPUT_FETCH_SHIFT_OFFSET_CH0) 32 RW 0000_0000h

544h (INPUT_FETCH_SHIFT_OFFSET_CH0_SET) 32 RW 0000_0000h

548h (INPUT_FETCH_SHIFT_OFFSET_CH0_CLR) 32 RW 0000_0000h

54Ch (INPUT_FETCH_SHIFT_OFFSET_CH0_TOG) 32 RW 0000_0000h

550h (INPUT_FETCH_SHIFT_OFFSET_CH1) 32 RW 0000_0000h

554h (INPUT_FETCH_SHIFT_OFFSET_CH1_SET) 32 RW 0000_0000h

558h (INPUT_FETCH_SHIFT_OFFSET_CH1_CLR) 32 RW 0000_0000h

55Ch (INPUT_FETCH_SHIFT_OFFSET_CH1_TOG) 32 RW 0000_0000h

560h (INPUT_FETCH_SHIFT_WIDTH_CH0) 32 RW 0000_8888h

564h (INPUT_FETCH_SHIFT_WIDTH_CH0_SET) 32 RW 0000_8888h

568h (INPUT_FETCH_SHIFT_WIDTH_CH0_CLR) 32 RW 0000_8888h

56Ch (INPUT_FETCH_SHIFT_WIDTH_CH0_TOG) 32 RW 0000_8888h

570h (INPUT_FETCH_SHIFT_WIDTH_CH1) 32 RW 0000_8888h

574h (INPUT_FETCH_SHIFT_WIDTH_CH1_SET) 32 RW 0000_8888h

Table continues on the next page...
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578h (INPUT_FETCH_SHIFT_WIDTH_CH1_CLR) 32 RW 0000_8888h

57Ch (INPUT_FETCH_SHIFT_WIDTH_CH1_TOG) 32 RW 0000_8888h

580h (INPUT_FETCH_ADDR_0_CH0) 32 RW 0000_0000h

590h (INPUT_FETCH_ADDR_1_CH0) 32 RW 0000_0000h

5A0h (INPUT_FETCH_ADDR_0_CH1) 32 RW 0000_0000h

5B0h (INPUT_FETCH_ADDR_1_CH1) 32 RW 0000_0000h

5C0h Store engine Control Channel 0 Register 
(INPUT_STORE_CTRL_CH0)

32 RW 0002_0200h

5C4h Store engine Control Channel 0 Register 
(INPUT_STORE_CTRL_CH0_SET)

32 RW 0002_0200h

5C8h Store engine Control Channel 0 Register 
(INPUT_STORE_CTRL_CH0_CLR)

32 RW 0002_0200h

5CCh Store engine Control Channel 0 Register 
(INPUT_STORE_CTRL_CH0_TOG)

32 RW 0002_0200h

5D0h Store engine Control Channel 1 Register 
(INPUT_STORE_CTRL_CH1)

32 RW 0002_0200h

5D4h Store engine Control Channel 1 Register 
(INPUT_STORE_CTRL_CH1_SET)

32 RW 0002_0200h

5D8h Store engine Control Channel 1 Register 
(INPUT_STORE_CTRL_CH1_CLR)

32 RW 0002_0200h

5DCh Store engine Control Channel 1 Register 
(INPUT_STORE_CTRL_CH1_TOG)

32 RW 0002_0200h

5E0h Store engine status Channel 0 Register 
(INPUT_STORE_STATUS_CH0)

32 R 0000_0000h

5F0h Store engine status Channel 1 Register 
(INPUT_STORE_STATUS_CH1)

32 R 0000_0000h

600h (INPUT_STORE_SIZE_CH0) 32 RW 0000_0000h

610h (INPUT_STORE_SIZE_CH1) 32 RW 0000_0000h

620h (INPUT_STORE_PITCH) 32 RW 0000_0000h

630h (INPUT_STORE_SHIFT_CTRL_CH0) 32 RW 0000_0000h

634h (INPUT_STORE_SHIFT_CTRL_CH0_SET) 32 RW 0000_0000h

638h (INPUT_STORE_SHIFT_CTRL_CH0_CLR) 32 RW 0000_0000h

63Ch (INPUT_STORE_SHIFT_CTRL_CH0_TOG) 32 RW 0000_0000h

640h (INPUT_STORE_SHIFT_CTRL_CH1) 32 RW 0000_0000h
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644h (INPUT_STORE_SHIFT_CTRL_CH1_SET) 32 RW 0000_0000h

648h (INPUT_STORE_SHIFT_CTRL_CH1_CLR) 32 RW 0000_0000h

64Ch (INPUT_STORE_SHIFT_CTRL_CH1_TOG) 32 RW 0000_0000h

690h (INPUT_STORE_ADDR_0_CH0) 32 RW 0000_0000h

6A0h (INPUT_STORE_ADDR_1_CH0) 32 RW 0000_0000h

6B0h (INPUT_STORE_FILL_DATA_CH0) 32 RW 0000_0000h

6C0h (INPUT_STORE_ADDR_0_CH1) 32 RW 0000_0000h

6D0h (INPUT_STORE_ADDR_1_CH1) 32 RW 0000_0000h

6E0h (INPUT_STORE_D_MASK0_H_CH0) 32 RW 0000_0000h

6F0h (INPUT_STORE_D_MASK0_L_CH0) 32 RW 0000_0000h

700h (INPUT_STORE_D_MASK1_H_CH0) 32 RW 0000_0000h

710h (INPUT_STORE_D_MASK1_L_CH0) 32 RW 0000_0000h

720h (INPUT_STORE_D_MASK2_H_CH0) 32 RW 0000_0000h

730h (INPUT_STORE_D_MASK2_L_CH0) 32 RW 0000_0000h

740h (INPUT_STORE_D_MASK3_H_CH0) 32 RW 0000_0000h

750h (INPUT_STORE_D_MASK3_L_CH0) 32 RW 0000_0000h

760h (INPUT_STORE_D_MASK4_H_CH0) 32 RW 0000_0000h

770h (INPUT_STORE_D_MASK4_L_CH0) 32 RW 0000_0000h

780h (INPUT_STORE_D_MASK5_H_CH0) 32 RW 0000_0000h

790h (INPUT_STORE_D_MASK5_L_CH0) 32 RW 0000_0000h

7A0h (INPUT_STORE_D_MASK6_H_CH0) 32 RW 0000_0000h

7B0h (INPUT_STORE_D_MASK6_L_CH0) 32 RW 0000_0000h

7C0h (INPUT_STORE_D_MASK7_H_CH0) 32 RW 0000_0000h

7E0h (INPUT_STORE_D_MASK7_L_CH0) 32 RW 0000_0000h

7F0h (INPUT_STORE_D_SHIFT_L_CH0) 32 RW 0000_0000h

800h (INPUT_STORE_D_SHIFT_H_CH0) 32 RW 0000_0000h

810h (INPUT_STORE_F_SHIFT_L_CH0) 32 RW 0000_0000h

820h (INPUT_STORE_F_SHIFT_H_CH0) 32 RW 0000_0000h

830h (INPUT_STORE_F_MASK_L_CH0) 32 RW 0000_0000h

840h (INPUT_STORE_F_MASK_H_CH0) 32 RW 0000_0000h
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850h Pre-fetch engine Control Channel 0 Register 
(DITHER_FETCH_CTRL_CH0)

32 RW 0002_0000h

854h Pre-fetch engine Control Channel 0 Register 
(DITHER_FETCH_CTRL_CH0_SET)

32 RW 0002_0000h

858h Pre-fetch engine Control Channel 0 Register 
(DITHER_FETCH_CTRL_CH0_CLR)

32 RW 0002_0000h

85Ch Pre-fetch engine Control Channel 0 Register 
(DITHER_FETCH_CTRL_CH0_TOG)

32 RW 0002_0000h

860h Pre-fetch engine Control Channel 1 Register 
(DITHER_FETCH_CTRL_CH1)

32 RW 0002_0000h

864h Pre-fetch engine Control Channel 1 Register 
(DITHER_FETCH_CTRL_CH1_SET)

32 RW 0002_0000h

868h Pre-fetch engine Control Channel 1 Register 
(DITHER_FETCH_CTRL_CH1_CLR)

32 RW 0002_0000h

86Ch Pre-fetch engine Control Channel 1 Register 
(DITHER_FETCH_CTRL_CH1_TOG)

32 RW 0002_0000h

870h Pre-fetch engine status Channel 0 Register 
(DITHER_FETCH_STATUS_CH0)

32 R 0000_0000h

880h Store engine status Channel 1 Register 
(DITHER_FETCH_STATUS_CH1)

32 R 0000_0000h

890h (DITHER_FETCH_ACTIVE_SIZE_ULC_CH0) 32 RW 0000_0000h

8A0h (DITHER_FETCH_ACTIVE_SIZE_LRC_CH0) 32 RW 0000_0000h

8B0h (DITHER_FETCH_ACTIVE_SIZE_ULC_CH1) 32 RW 0000_0000h

8C0h (DITHER_FETCH_ACTIVE_SIZE_LRC_CH1) 32 RW 0000_0000h

8D0h (DITHER_FETCH_SIZE_CH0) 32 RW 0000_0000h

8E0h (DITHER_FETCH_SIZE_CH1) 32 RW 0000_0000h

8F0h (DITHER_FETCH_BACKGROUND_COLOR_CH0) 32 RW 0000_0000h

900h (DITHER_FETCH_BACKGROUND_COLOR_CH1) 32 RW 0000_0000h

910h (DITHER_FETCH_PITCH) 32 RW 0000_0000h

920h (DITHER_FETCH_SHIFT_CTRL_CH0) 32 RW 0000_1000h

924h (DITHER_FETCH_SHIFT_CTRL_CH0_SET) 32 RW 0000_1000h

928h (DITHER_FETCH_SHIFT_CTRL_CH0_CLR) 32 RW 0000_1000h

92Ch (DITHER_FETCH_SHIFT_CTRL_CH0_TOG) 32 RW 0000_1000h

930h (DITHER_FETCH_SHIFT_CTRL_CH1) 32 RW 0000_1000h
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934h (DITHER_FETCH_SHIFT_CTRL_CH1_SET) 32 RW 0000_1000h

938h (DITHER_FETCH_SHIFT_CTRL_CH1_CLR) 32 RW 0000_1000h

93Ch (DITHER_FETCH_SHIFT_CTRL_CH1_TOG) 32 RW 0000_1000h

940h (DITHER_FETCH_SHIFT_OFFSET_CH0) 32 RW 0000_0000h

944h (DITHER_FETCH_SHIFT_OFFSET_CH0_SET) 32 RW 0000_0000h

948h (DITHER_FETCH_SHIFT_OFFSET_CH0_CLR) 32 RW 0000_0000h

94Ch (DITHER_FETCH_SHIFT_OFFSET_CH0_TOG) 32 RW 0000_0000h

950h (DITHER_FETCH_SHIFT_OFFSET_CH1) 32 RW 0000_0000h

954h (DITHER_FETCH_SHIFT_OFFSET_CH1_SET) 32 RW 0000_0000h

958h (DITHER_FETCH_SHIFT_OFFSET_CH1_CLR) 32 RW 0000_0000h

95Ch (DITHER_FETCH_SHIFT_OFFSET_CH1_TOG) 32 RW 0000_0000h

960h (DITHER_FETCH_SHIFT_WIDTH_CH0) 32 RW 0000_8888h

964h (DITHER_FETCH_SHIFT_WIDTH_CH0_SET) 32 RW 0000_8888h

968h (DITHER_FETCH_SHIFT_WIDTH_CH0_CLR) 32 RW 0000_8888h

96Ch (DITHER_FETCH_SHIFT_WIDTH_CH0_TOG) 32 RW 0000_8888h

970h (DITHER_FETCH_SHIFT_WIDTH_CH1) 32 RW 0000_8888h

974h (DITHER_FETCH_SHIFT_WIDTH_CH1_SET) 32 RW 0000_8888h

978h (DITHER_FETCH_SHIFT_WIDTH_CH1_CLR) 32 RW 0000_8888h

97Ch (DITHER_FETCH_SHIFT_WIDTH_CH1_TOG) 32 RW 0000_8888h

980h (DITHER_FETCH_ADDR_0_CH0) 32 RW 0000_0000h

990h (DITHER_FETCH_ADDR_1_CH0) 32 RW 0000_0000h

9A0h (DITHER_FETCH_ADDR_0_CH1) 32 RW 0000_0000h

9B0h (DITHER_FETCH_ADDR_1_CH1) 32 RW 0000_0000h

9C0h Store engine Control Channel 0 Register 
(DITHER_STORE_CTRL_CH0)

32 RW 0002_0200h

9C4h Store engine Control Channel 0 Register 
(DITHER_STORE_CTRL_CH0_SET)

32 RW 0002_0200h

9C8h Store engine Control Channel 0 Register 
(DITHER_STORE_CTRL_CH0_CLR)

32 RW 0002_0200h

9CCh Store engine Control Channel 0 Register 
(DITHER_STORE_CTRL_CH0_TOG)

32 RW 0002_0200h
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9D0h Store engine Control Channel 1 Register 
(DITHER_STORE_CTRL_CH1)

32 RW 0002_0200h

9D4h Store engine Control Channel 1 Register 
(DITHER_STORE_CTRL_CH1_SET)

32 RW 0002_0200h

9D8h Store engine Control Channel 1 Register 
(DITHER_STORE_CTRL_CH1_CLR)

32 RW 0002_0200h

9DCh Store engine Control Channel 1 Register 
(DITHER_STORE_CTRL_CH1_TOG)

32 RW 0002_0200h

9E0h Store engine status Channel 0 Register 
(DITHER_STORE_STATUS_CH0)

32 R 0000_0000h

9F0h Store engine status Channel 1 Register 
(DITHER_STORE_STATUS_CH1)

32 R 0000_0000h

A00h (DITHER_STORE_SIZE_CH0) 32 RW 0000_0000h

A10h (DITHER_STORE_SIZE_CH1) 32 RW 0000_0000h

A20h (DITHER_STORE_PITCH) 32 RW 0000_0000h

A30h (DITHER_STORE_SHIFT_CTRL_CH0) 32 RW 0000_0000h

A34h (DITHER_STORE_SHIFT_CTRL_CH0_SET) 32 RW 0000_0000h

A38h (DITHER_STORE_SHIFT_CTRL_CH0_CLR) 32 RW 0000_0000h

A3Ch (DITHER_STORE_SHIFT_CTRL_CH0_TOG) 32 RW 0000_0000h

A40h (DITHER_STORE_SHIFT_CTRL_CH1) 32 RW 0000_0000h

A44h (DITHER_STORE_SHIFT_CTRL_CH1_SET) 32 RW 0000_0000h

A48h (DITHER_STORE_SHIFT_CTRL_CH1_CLR) 32 RW 0000_0000h

A4Ch (DITHER_STORE_SHIFT_CTRL_CH1_TOG) 32 RW 0000_0000h

A90h (DITHER_STORE_ADDR_0_CH0) 32 RW 0000_0000h

AA0h (DITHER_STORE_ADDR_1_CH0) 32 RW 0000_0000h

AB0h (DITHER_STORE_FILL_DATA_CH0) 32 RW 0000_0000h

AC0h (DITHER_STORE_ADDR_0_CH1) 32 RW 0000_0000h

AD0h (DITHER_STORE_ADDR_1_CH1) 32 RW 0000_0000h

AE0h (DITHER_STORE_D_MASK0_H_CH0) 32 RW 0000_0000h

AF0h (DITHER_STORE_D_MASK0_L_CH0) 32 RW 0000_0000h

B00h (DITHER_STORE_D_MASK1_H_CH0) 32 RW 0000_0000h

B10h (DITHER_STORE_D_MASK1_L_CH0) 32 RW 0000_0000h

B20h (DITHER_STORE_D_MASK2_H_CH0) 32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3394 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

B30h (DITHER_STORE_D_MASK2_L_CH0) 32 RW 0000_0000h

B40h (DITHER_STORE_D_MASK3_H_CH0) 32 RW 0000_0000h

B50h (DITHER_STORE_D_MASK3_L_CH0) 32 RW 0000_0000h

B60h (DITHER_STORE_D_MASK4_H_CH0) 32 RW 0000_0000h

B70h (DITHER_STORE_D_MASK4_L_CH0) 32 RW 0000_0000h

B80h (DITHER_STORE_D_MASK5_H_CH0) 32 RW 0000_0000h

B90h (DITHER_STORE_D_MASK5_L_CH0) 32 RW 0000_0000h

BA0h (DITHER_STORE_D_MASK6_H_CH0) 32 RW 0000_0000h

BB0h (DITHER_STORE_D_MASK6_L_CH0) 32 RW 0000_0000h

BC0h (DITHER_STORE_D_MASK7_H_CH0) 32 RW 0000_0000h

BD0h (DITHER_STORE_D_MASK7_L_CH0) 32 RW 0000_0000h

BE0h (DITHER_STORE_D_SHIFT_L_CH0) 32 RW 0000_0000h

BF0h (DITHER_STORE_D_SHIFT_H_CH0) 32 RW 0000_0000h

C00h (DITHER_STORE_F_SHIFT_L_CH0) 32 RW 0000_0000h

C10h (DITHER_STORE_F_SHIFT_H_CH0) 32 RW 0000_0000h

C20h (DITHER_STORE_F_MASK_L_CH0) 32 RW 0000_0000h

C30h (DITHER_STORE_F_MASK_H_CH0) 32 RW 0000_0000h

C40h Fetch engine Control for WFE A Register (WFA_FETCH_CTRL) 32 RW 0000_0000h

C44h Fetch engine Control for WFE A Register 
(WFA_FETCH_CTRL_SET)

32 RW 0000_0000h

C48h Fetch engine Control for WFE A Register 
(WFA_FETCH_CTRL_CLR)

32 RW 0000_0000h

C4Ch Fetch engine Control for WFE A Register 
(WFA_FETCH_CTRL_TOG)

32 RW 0000_0000h

C50h (WFA_FETCH_BUF1_ADDR) 32 RW 0000_0000h

C60h (WFA_FETCH_BUF1_PITCH) 32 RW 0000_0000h

C70h (WFA_FETCH_BUF1_SIZE) 32 RW 0000_0000h

C80h (WFA_FETCH_BUF2_ADDR) 32 RW 0000_0000h

C90h (WFA_FETCH_BUF2_PITCH) 32 RW 0000_0000h

CA0h (WFA_FETCH_BUF2_SIZE) 32 RW 0000_0000h

CB0h (WFA_ARRAY_PIXEL0_MASK) 32 RW 2000_0000h

CC0h (WFA_ARRAY_PIXEL1_MASK) 32 RW 2000_0000h
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CD0h (WFA_ARRAY_PIXEL2_MASK) 32 RW 2000_0000h

CE0h (WFA_ARRAY_PIXEL3_MASK) 32 RW 2000_0000h

CF0h (WFA_ARRAY_PIXEL4_MASK) 32 RW 2000_0000h

D00h (WFA_ARRAY_PIXEL5_MASK) 32 RW 2000_0000h

D10h (WFA_ARRAY_PIXEL6_MASK) 32 RW 2000_0000h

D20h (WFA_ARRAY_PIXEL7_MASK) 32 RW 2000_0000h

D30h (WFA_ARRAY_FLAG0_MASK) 32 RW 2000_0000h

D40h (WFA_ARRAY_FLAG1_MASK) 32 RW 2000_0000h

D50h (WFA_ARRAY_FLAG2_MASK) 32 RW 2000_0000h

D60h (WFA_ARRAY_FLAG3_MASK) 32 RW 2000_0000h

D70h (WFA_ARRAY_FLAG4_MASK) 32 RW 2000_0000h

D80h (WFA_ARRAY_FLAG5_MASK) 32 RW 2000_0000h

D90h (WFA_ARRAY_FLAG6_MASK) 32 RW 2000_0000h

DA0h (WFA_ARRAY_FLAG7_MASK) 32 RW 2000_0000h

DB0h (WFA_FETCH_BUF1_CORD) 32 RW 0000_0000h

DC0h (WFA_FETCH_BUF2_CORD) 32 RW 0000_0000h

DD0h (WFA_ARRAY_FLAG8_MASK) 32 RW 2000_0000h

DE0h (WFA_ARRAY_FLAG9_MASK) 32 RW 2000_0000h

DF0h (WFA_ARRAY_FLAG10_MASK) 32 RW 2000_0000h

E00h (WFA_ARRAY_FLAG11_MASK) 32 RW 2000_0000h

E10h (WFA_ARRAY_FLAG12_MASK) 32 RW 2000_0000h

E20h (WFA_ARRAY_FLAG13_MASK) 32 RW 2000_0000h

E30h (WFA_ARRAY_FLAG14_MASK) 32 RW 2000_0000h

E40h (WFA_ARRAY_FLAG15_MASK) 32 RW 2000_0000h

E50h (WFA_ARRAY_REG0) 32 RW 0000_0000h

E60h (WFA_ARRAY_REG1) 32 RW 0000_0000h

E70h (WFA_ARRAY_REG2) 32 RW 0000_0000h

E80h Pre-fetch engine Control Channel 0 Register 
(WFE_A_STORE_CTRL_CH0)

32 RW 0002_0200h

E84h Pre-fetch engine Control Channel 0 Register 
(WFE_A_STORE_CTRL_CH0_SET)

32 RW 0002_0200h
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E88h Pre-fetch engine Control Channel 0 Register 
(WFE_A_STORE_CTRL_CH0_CLR)

32 RW 0002_0200h

E8Ch Pre-fetch engine Control Channel 0 Register 
(WFE_A_STORE_CTRL_CH0_TOG)

32 RW 0002_0200h

E90h Pre-fetch engine Control Channel 1 Register 
(WFE_A_STORE_CTRL_CH1)

32 RW 0002_0200h

E94h Pre-fetch engine Control Channel 1 Register 
(WFE_A_STORE_CTRL_CH1_SET)

32 RW 0002_0200h

E98h Pre-fetch engine Control Channel 1 Register 
(WFE_A_STORE_CTRL_CH1_CLR)

32 RW 0002_0200h

E9Ch Pre-fetch engine Control Channel 1 Register 
(WFE_A_STORE_CTRL_CH1_TOG)

32 RW 0002_0200h

EA0h Store engine status Channel 0 Register 
(WFE_A_STORE_STATUS_CH0)

32 R 0000_0000h

EB0h Store engine status Channel 1 Register 
(WFE_A_STORE_STATUS_CH1)

32 R 0000_0000h

EC0h (WFE_A_STORE_SIZE_CH0) 32 RW 0000_0000h

ED0h (WFE_A_STORE_SIZE_CH1) 32 RW 0000_0000h

EE0h (WFE_A_STORE_PITCH) 32 RW 0000_0000h

EF0h (WFE_A_STORE_SHIFT_CTRL_CH0) 32 RW 0000_0000h

EF4h (WFE_A_STORE_SHIFT_CTRL_CH0_SET) 32 RW 0000_0000h

EF8h (WFE_A_STORE_SHIFT_CTRL_CH0_CLR) 32 RW 0000_0000h

EFCh (WFE_A_STORE_SHIFT_CTRL_CH0_TOG) 32 RW 0000_0000h

F00h (WFE_A_STORE_SHIFT_CTRL_CH1) 32 RW 0000_0000h

F04h (WFE_A_STORE_SHIFT_CTRL_CH1_SET) 32 RW 0000_0000h

F08h (WFE_A_STORE_SHIFT_CTRL_CH1_CLR) 32 RW 0000_0000h

F0Ch (WFE_A_STORE_SHIFT_CTRL_CH1_TOG) 32 RW 0000_0000h

F50h (WFE_A_STORE_ADDR_0_CH0) 32 RW 0000_0000h

F60h (WFE_A_STORE_ADDR_1_CH0) 32 RW 0000_0000h

F70h (WFE_A_STORE_FILL_DATA_CH0) 32 RW 0000_0000h

F80h (WFE_A_STORE_ADDR_0_CH1) 32 RW 0000_0000h

F90h (WFE_A_STORE_ADDR_1_CH1) 32 RW 0000_0000h

FA0h (WFE_A_STORE_D_MASK0_H_CH0) 32 RW 0000_0000h
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FB0h (WFE_A_STORE_D_MASK0_L_CH0) 32 RW 0000_0000h

FC0h (WFE_A_STORE_D_MASK1_H_CH0) 32 RW 0000_0000h

FD0h (WFE_A_STORE_D_MASK1_L_CH0) 32 RW 0000_0000h

FE0h (WFE_A_STORE_D_MASK2_H_CH0) 32 RW 0000_0000h

FF0h (WFE_A_STORE_D_MASK2_L_CH0) 32 RW 0000_0000h

1000h (WFE_A_STORE_D_MASK3_H_CH0) 32 RW 0000_0000h

1010h (WFE_A_STORE_D_MASK3_L_CH0) 32 RW 0000_0000h

1020h (WFE_A_STORE_D_MASK4_H_CH0) 32 RW 0000_0000h

1030h (WFE_A_STORE_D_MASK4_L_CH0) 32 RW 0000_0000h

1040h (WFE_A_STORE_D_MASK5_H_CH0) 32 RW 0000_0000h

1050h (WFE_A_STORE_D_MASK5_L_CH0) 32 RW 0000_0000h

1060h (WFE_A_STORE_D_MASK6_H_CH0) 32 RW 0000_0000h

1070h (WFE_A_STORE_D_MASK6_L_CH0) 32 RW 0000_0000h

1080h (WFE_A_STORE_D_MASK7_H_CH0) 32 RW 0000_0000h

1090h (WFE_A_STORE_D_MASK7_L_CH0) 32 RW 0000_0000h

10A0h (WFE_A_STORE_D_SHIFT_L_CH0) 32 RW 0000_0000h

10B0h (WFE_A_STORE_D_SHIFT_H_CH0) 32 RW 0000_0000h

10C0h (WFE_A_STORE_F_SHIFT_L_CH0) 32 RW 0000_0000h

10D0h (WFE_A_STORE_F_SHIFT_H_CH0) 32 RW 0000_0000h

10E0h (WFE_A_STORE_F_MASK_L_CH0) 32 RW 0000_0000h

10F0h (WFE_A_STORE_F_MASK_H_CH0) 32 RW 0000_0000h

1340h Store engine Control Channel 0 Register 
(WFE_B_STORE_CTRL_CH0)

32 RW 0002_0200h

1344h Store engine Control Channel 0 Register 
(WFE_B_STORE_CTRL_CH0_SET)

32 RW 0002_0200h

1348h Store engine Control Channel 0 Register 
(WFE_B_STORE_CTRL_CH0_CLR)

32 RW 0002_0200h

134Ch Store engine Control Channel 0 Register 
(WFE_B_STORE_CTRL_CH0_TOG)

32 RW 0002_0200h

1350h Store engine Control Channel 1 Register 
(WFE_B_STORE_CTRL_CH1)

32 RW 0002_0200h

1354h Store engine Control Channel 1 Register 
(WFE_B_STORE_CTRL_CH1_SET)

32 RW 0002_0200h
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1358h Store engine Control Channel 1 Register 
(WFE_B_STORE_CTRL_CH1_CLR)

32 RW 0002_0200h

135Ch Store engine Control Channel 1 Register 
(WFE_B_STORE_CTRL_CH1_TOG)

32 RW 0002_0200h

1360h Store engine status Channel 0 Register 
(WFE_B_STORE_STATUS_CH0)

32 R 0000_0000h

1370h Store engine status Channel 1 Register 
(WFE_B_STORE_STATUS_CH1)

32 R 0000_0000h

1380h (WFE_B_STORE_SIZE_CH0) 32 RW 0000_0000h

1390h (WFE_B_STORE_SIZE_CH1) 32 RW 0000_0000h

13A0h (WFE_B_STORE_PITCH) 32 RW 0000_0000h

13B0h (WFE_B_STORE_SHIFT_CTRL_CH0) 32 RW 0000_0000h

13B4h (WFE_B_STORE_SHIFT_CTRL_CH0_SET) 32 RW 0000_0000h

13B8h (WFE_B_STORE_SHIFT_CTRL_CH0_CLR) 32 RW 0000_0000h

13BCh (WFE_B_STORE_SHIFT_CTRL_CH0_TOG) 32 RW 0000_0000h

13C0h (WFE_B_STORE_SHIFT_CTRL_CH1) 32 RW 0000_0000h

13C4h (WFE_B_STORE_SHIFT_CTRL_CH1_SET) 32 RW 0000_0000h

13C8h (WFE_B_STORE_SHIFT_CTRL_CH1_CLR) 32 RW 0000_0000h

13CCh (WFE_B_STORE_SHIFT_CTRL_CH1_TOG) 32 RW 0000_0000h

1410h (WFE_B_STORE_ADDR_0_CH0) 32 RW 0000_0000h

1420h (WFE_B_STORE_ADDR_1_CH0) 32 RW 0000_0000h

1430h (WFE_B_STORE_FILL_DATA_CH0) 32 RW 0000_0000h

1440h (WFE_B_STORE_ADDR_0_CH1) 32 RW 0000_0000h

1450h (WFE_B_STORE_ADDR_1_CH1) 32 RW 0000_0000h

1460h (WFE_B_STORE_D_MASK0_H_CH0) 32 RW 0000_0000h

1470h (WFE_B_STORE_D_MASK0_L_CH0) 32 RW 0000_0000h

1480h (WFE_B_STORE_D_MASK1_H_CH0) 32 RW 0000_0000h

1490h (WFE_B_STORE_D_MASK1_L_CH0) 32 RW 0000_0000h

14A0h (WFE_B_STORE_D_MASK2_H_CH0) 32 RW 0000_0000h

14B0h (WFE_B_STORE_D_MASK2_L_CH0) 32 RW 0000_0000h

14C0h (WFE_B_STORE_D_MASK3_H_CH0) 32 RW 0000_0000h

14D0h (WFE_B_STORE_D_MASK3_L_CH0) 32 RW 0000_0000h
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14E0h (WFE_B_STORE_D_MASK4_H_CH0) 32 RW 0000_0000h

14F0h (WFE_B_STORE_D_MASK4_L_CH0) 32 RW 0000_0000h

1500h (WFE_B_STORE_D_MASK5_H_CH0) 32 RW 0000_0000h

1510h (WFE_B_STORE_D_MASK5_L_CH0) 32 RW 0000_0000h

1520h (WFE_B_STORE_D_MASK6_H_CH0) 32 RW 0000_0000h

1530h (WFE_B_STORE_D_MASK6_L_CH0) 32 RW 0000_0000h

1540h (WFE_B_STORE_D_MASK7_H_CH0) 32 RW 0000_0000h

1550h (WFE_B_STORE_D_MASK7_L_CH0) 32 RW 0000_0000h

1560h (WFE_B_STORE_D_SHIFT_L_CH0) 32 RW 0000_0000h

1570h (WFE_B_STORE_D_SHIFT_H_CH0) 32 RW 0000_0000h

1580h (WFE_B_STORE_F_SHIFT_L_CH0) 32 RW 0000_0000h

1590h (WFE_B_STORE_F_SHIFT_H_CH0) 32 RW 0000_0000h

15A0h (WFE_B_STORE_F_MASK_L_CH0) 32 RW 0000_0000h

15B0h (WFE_B_STORE_F_MASK_H_CH0) 32 RW 0000_0000h

15C0h (FETCH_WFE_A_DEBUG) 32 RW 0000_0000h

15D0h (FETCH_WFE_B_DEBUG) 32 RW 0000_0000h

1670h Dither Control Register 0 (DITHER_CTRL) 32 RW 0054_4000h

1674h Dither Control Register 0 (DITHER_CTRL_SET) 32 RW 0054_4000h

1678h Dither Control Register 0 (DITHER_CTRL_CLR) 32 RW 0054_4000h

167Ch Dither Control Register 0 (DITHER_CTRL_TOG) 32 RW 0054_4000h

1680h Final stage lookup value Register (DITHER_FINAL_LUT_DATA0) 32 RW 0000_0000h

1684h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA0_SET)

32 RW 0000_0000h

1688h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA0_CLR)

32 RW 0000_0000h

168Ch Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA0_TOG)

32 RW 0000_0000h

1690h Final stage lookup value Register (DITHER_FINAL_LUT_DATA1) 32 RW 0000_0000h

1694h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA1_SET)

32 RW 0000_0000h

1698h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA1_CLR)

32 RW 0000_0000h
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169Ch Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA1_TOG)

32 RW 0000_0000h

16A0h Final stage lookup value Register (DITHER_FINAL_LUT_DATA2) 32 RW 0000_0000h

16A4h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA2_SET)

32 RW 0000_0000h

16A8h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA2_CLR)

32 RW 0000_0000h

16ACh Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA2_TOG)

32 RW 0000_0000h

16B0h Final stage lookup value Register (DITHER_FINAL_LUT_DATA3) 32 RW 0000_0000h

16B4h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA3_SET)

32 RW 0000_0000h

16B8h Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA3_CLR)

32 RW 0000_0000h

16BCh Final stage lookup value Register 
(DITHER_FINAL_LUT_DATA3_TOG)

32 RW 0000_0000h

16C0h (WFE_A_CTRL) 32 RW 0000_0008h

16C4h (WFE_A_CTRL_SET) 32 RW 0000_0008h

16C8h (WFE_A_CTRL_CLR) 32 RW 0000_0008h

16CCh (WFE_A_CTRL_TOG) 32 RW 0000_0008h

16D0h (WFE_A_DIMENSIONS) 32 RW 0000_0000h

16E0h (WFE_A_OFFSET) 32 RW 0000_0000h

16F0h (WFE_A_SW_DATA_REGS) 32 RW 0000_0000h

1700h (WFE_A_SW_FLAG_REGS) 32 RW 0000_0000h

1710h (WFE_A_STAGE1_MUX0) 32 RW 0000_0000h

1714h (WFE_A_STAGE1_MUX0_SET) 32 RW 0000_0000h

1718h (WFE_A_STAGE1_MUX0_CLR) 32 RW 0000_0000h

171Ch (WFE_A_STAGE1_MUX0_TOG) 32 RW 0000_0000h

1720h (WFE_A_STAGE1_MUX1) 32 RW 0C00_000Ch

1724h (WFE_A_STAGE1_MUX1_SET) 32 RW 0C00_000Ch

1728h (WFE_A_STAGE1_MUX1_CLR) 32 RW 0C00_000Ch

172Ch (WFE_A_STAGE1_MUX1_TOG) 32 RW 0C00_000Ch

1730h (WFE_A_STAGE1_MUX2) 32 RW 0000_0000h
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1734h (WFE_A_STAGE1_MUX2_SET) 32 RW 0000_0000h

1738h (WFE_A_STAGE1_MUX2_CLR) 32 RW 0000_0000h

173Ch (WFE_A_STAGE1_MUX2_TOG) 32 RW 0000_0000h

1740h (WFE_A_STAGE1_MUX3) 32 RW 0000_0000h

1744h (WFE_A_STAGE1_MUX3_SET) 32 RW 0000_0000h

1748h (WFE_A_STAGE1_MUX3_CLR) 32 RW 0000_0000h

174Ch (WFE_A_STAGE1_MUX3_TOG) 32 RW 0000_0000h

1750h (WFE_A_STAGE1_MUX4) 32 RW 0000_0000h

1754h (WFE_A_STAGE1_MUX4_SET) 32 RW 0000_0000h

1758h (WFE_A_STAGE1_MUX4_CLR) 32 RW 0000_0000h

175Ch (WFE_A_STAGE1_MUX4_TOG) 32 RW 0000_0000h

1760h (WFE_A_STAGE2_MUX0) 32 RW 0000_0000h

1764h (WFE_A_STAGE2_MUX0_SET) 32 RW 0000_0000h

1768h (WFE_A_STAGE2_MUX0_CLR) 32 RW 0000_0000h

176Ch (WFE_A_STAGE2_MUX0_TOG) 32 RW 0000_0000h

1770h (WFE_A_STAGE2_MUX1) 32 RW 0000_0000h

1774h (WFE_A_STAGE2_MUX1_SET) 32 RW 0000_0000h

1778h (WFE_A_STAGE2_MUX1_CLR) 32 RW 0000_0000h

177Ch (WFE_A_STAGE2_MUX1_TOG) 32 RW 0000_0000h

1780h (WFE_A_STAGE2_MUX2) 32 RW 0000_0000h

1784h (WFE_A_STAGE2_MUX2_SET) 32 RW 0000_0000h

1788h (WFE_A_STAGE2_MUX2_CLR) 32 RW 0000_0000h

178Ch (WFE_A_STAGE2_MUX2_TOG) 32 RW 0000_0000h

1790h (WFE_A_STAGE2_MUX3) 32 RW 0000_0000h

1794h (WFE_A_STAGE2_MUX3_SET) 32 RW 0000_0000h

1798h (WFE_A_STAGE2_MUX3_CLR) 32 RW 0000_0000h

179Ch (WFE_A_STAGE2_MUX3_TOG) 32 RW 0000_0000h

17A0h (WFE_A_STAGE2_MUX4) 32 RW 0000_0000h

17A4h (WFE_A_STAGE2_MUX4_SET) 32 RW 0000_0000h

17A8h (WFE_A_STAGE2_MUX4_CLR) 32 RW 0000_0000h

17ACh (WFE_A_STAGE2_MUX4_TOG) 32 RW 0000_0000h
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17B0h (WFE_A_STAGE2_MUX5) 32 RW 0000_0000h

17B4h (WFE_A_STAGE2_MUX5_SET) 32 RW 0000_0000h

17B8h (WFE_A_STAGE2_MUX5_CLR) 32 RW 0000_0000h

17BCh (WFE_A_STAGE2_MUX5_TOG) 32 RW 0000_0000h

17C0h (WFE_A_STAGE2_MUX6) 32 RW 0000_0000h

17C4h (WFE_A_STAGE2_MUX6_SET) 32 RW 0000_0000h

17C8h (WFE_A_STAGE2_MUX6_CLR) 32 RW 0000_0000h

17CCh (WFE_A_STAGE2_MUX6_TOG) 32 RW 0000_0000h

17D0h (WFE_A_STAGE2_MUX7) 32 RW 0000_0000h

17D4h (WFE_A_STAGE2_MUX7_SET) 32 RW 0000_0000h

17D8h (WFE_A_STAGE2_MUX7_CLR) 32 RW 0000_0000h

17DCh (WFE_A_STAGE2_MUX7_TOG) 32 RW 0000_0000h

17E0h (WFE_A_STAGE2_MUX8) 32 RW 0000_0000h

17E4h (WFE_A_STAGE2_MUX8_SET) 32 RW 0000_0000h

17E8h (WFE_A_STAGE2_MUX8_CLR) 32 RW 0000_0000h

17ECh (WFE_A_STAGE2_MUX8_TOG) 32 RW 0000_0000h

17F0h (WFE_A_STAGE2_MUX9) 32 RW 0000_0000h

17F4h (WFE_A_STAGE2_MUX9_SET) 32 RW 0000_0000h

17F8h (WFE_A_STAGE2_MUX9_CLR) 32 RW 0000_0000h

17FCh (WFE_A_STAGE2_MUX9_TOG) 32 RW 0000_0000h

1800h (WFE_A_STAGE2_MUX10) 32 RW 0C00_000Ch

1804h (WFE_A_STAGE2_MUX10_SET) 32 RW 0C00_000Ch

1808h (WFE_A_STAGE2_MUX10_CLR) 32 RW 0C00_000Ch

180Ch (WFE_A_STAGE2_MUX10_TOG) 32 RW 0C00_000Ch

1810h (WFE_A_STAGE2_MUX11) 32 RW 0000_0000h

1814h (WFE_A_STAGE2_MUX11_SET) 32 RW 0000_0000h

1818h (WFE_A_STAGE2_MUX11_CLR) 32 RW 0000_0000h

181Ch (WFE_A_STAGE2_MUX11_TOG) 32 RW 0000_0000h

1820h (WFE_A_STAGE2_MUX12) 32 RW 0000_0000h

1824h (WFE_A_STAGE2_MUX12_SET) 32 RW 0000_0000h

1828h (WFE_A_STAGE2_MUX12_CLR) 32 RW 0000_0000h
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182Ch (WFE_A_STAGE2_MUX12_TOG) 32 RW 0000_0000h

1830h (WFE_A_STAGE3_MUX0) 32 RW 0000_0000h

1834h (WFE_A_STAGE3_MUX0_SET) 32 RW 0000_0000h

1838h (WFE_A_STAGE3_MUX0_CLR) 32 RW 0000_0000h

183Ch (WFE_A_STAGE3_MUX0_TOG) 32 RW 0000_0000h

1840h (WFE_A_STAGE3_MUX1) 32 RW 0000_0000h

1844h (WFE_A_STAGE3_MUX1_SET) 32 RW 0000_0000h

1848h (WFE_A_STAGE3_MUX1_CLR) 32 RW 0000_0000h

184Ch (WFE_A_STAGE3_MUX1_TOG) 32 RW 0000_0000h

1850h (WFE_A_STAGE3_MUX2) 32 RW 0000_0000h

1854h (WFE_A_STAGE3_MUX2_SET) 32 RW 0000_0000h

1858h (WFE_A_STAGE3_MUX2_CLR) 32 RW 0000_0000h

185Ch (WFE_A_STAGE3_MUX2_TOG) 32 RW 0000_0000h

1860h (WFE_A_STAGE3_MUX3) 32 RW 0000_0000h

1864h (WFE_A_STAGE3_MUX3_SET) 32 RW 0000_0000h

1868h (WFE_A_STAGE3_MUX3_CLR) 32 RW 0000_0000h

186Ch (WFE_A_STAGE3_MUX3_TOG) 32 RW 0000_0000h

1870h (WFE_A_STG1_8X1_OUT0_0) 32 RW 0000_0000h

1880h (WFE_A_STG1_8X1_OUT0_1) 32 RW 0000_0000h

1890h (WFE_A_STG1_8X1_OUT0_2) 32 RW 0000_0000h

18A0h (WFE_A_STG1_8X1_OUT0_3) 32 RW 0000_0000h

18B0h (WFE_A_STG1_8X1_OUT0_4) 32 RW 0000_0000h

18C0h (WFE_A_STG1_8X1_OUT0_5) 32 RW 0000_0000h

18D0h (WFE_A_STG1_8X1_OUT0_6) 32 RW 0000_0000h

18E0h (WFE_A_STG1_8X1_OUT0_7) 32 RW 0000_0000h

18F0h (WFE_A_STG1_8X1_OUT1_0) 32 RW 0000_0000h

1900h (WFE_A_STG1_8X1_OUT1_1) 32 RW 0000_0000h

1910h (WFE_A_STG1_8X1_OUT1_2) 32 RW 0000_0000h

1920h (WFE_A_STG1_8X1_OUT1_3) 32 RW 0000_0000h

1930h (WFE_A_STG1_8X1_OUT1_4) 32 RW 0000_0000h

1940h (WFE_A_STG1_8X1_OUT1_5) 32 RW 0000_0000h
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1950h (WFE_A_STG1_8X1_OUT1_6) 32 RW 0000_0000h

1960h (WFE_A_STG1_8X1_OUT1_7) 32 RW 0000_0000h

1970h (WFE_A_STG1_8X1_OUT2_0) 32 RW 0000_0000h

1980h (WFE_A_STG1_8X1_OUT2_1) 32 RW 0000_0000h

1990h (WFE_A_STG1_8X1_OUT2_2) 32 RW 0000_0000h

19A0h (WFE_A_STG1_8X1_OUT2_3) 32 RW 0000_0000h

19B0h (WFE_A_STG1_8X1_OUT2_4) 32 RW 0000_0000h

19C0h (WFE_A_STG1_8X1_OUT2_5) 32 RW 0000_0000h

19D0h (WFE_A_STG1_8X1_OUT2_6) 32 RW 0000_0000h

19E0h (WFE_A_STG1_8X1_OUT2_7) 32 RW 0000_0000h

19F0h (WFE_A_STG1_8X1_OUT3_0) 32 RW 0000_0000h

1A00h (WFE_A_STG1_8X1_OUT3_1) 32 RW 0000_0000h

1A10h (WFE_A_STG1_8X1_OUT3_2) 32 RW 0000_0000h

1A20h (WFE_A_STG1_8X1_OUT3_3) 32 RW 0000_0000h

1A30h (WFE_A_STG1_8X1_OUT3_4) 32 RW 0000_0000h

1A40h (WFE_A_STG1_8X1_OUT3_5) 32 RW 0000_0000h

1A50h (WFE_A_STG1_8X1_OUT3_6) 32 RW 0000_0000h

1A60h (WFE_A_STG1_8X1_OUT3_7) 32 RW 0000_0000h

1A70h (WFE_A_STG2_5X6_OUT0_0) 32 RW 0000_0000h

1A80h (WFE_A_STG2_5X6_OUT0_1) 32 RW 0000_0000h

1A90h (WFE_A_STG2_5X6_OUT0_2) 32 RW 0000_0000h

1AA0h (WFE_A_STG2_5X6_OUT0_3) 32 RW 0000_0000h

1AB0h (WFE_A_STG2_5X6_OUT0_4) 32 RW 0000_0000h

1AC0h (WFE_A_STG2_5X6_OUT0_5) 32 RW 0000_0000h

1AD0h (WFE_A_STG2_5X6_OUT0_6) 32 RW 0000_0000h

1AE0h (WFE_A_STG2_5X6_OUT0_7) 32 RW 0000_0000h

1AF0h (WFE_A_STG2_5X6_OUT1_0) 32 RW 0000_0000h

1B00h (WFE_A_STG2_5X6_OUT1_1) 32 RW 0000_0000h

1B10h (WFE_A_STG2_5X6_OUT1_2) 32 RW 0000_0000h

1B20h (WFE_A_STG2_5X6_OUT1_3) 32 RW 0000_0000h

1B30h (WFE_A_STG2_5X6_OUT1_4) 32 RW 0000_0000h
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1B40h (WFE_A_STG2_5X6_OUT1_5) 32 RW 0000_0000h

1B50h (WFE_A_STG2_5X6_OUT1_6) 32 RW 0000_0000h

1B60h (WFE_A_STG2_5X6_OUT1_7) 32 RW 0000_0000h

1B70h (WFE_A_STG2_5X6_OUT2_0) 32 RW 0000_0000h

1B80h (WFE_A_STG2_5X6_OUT2_1) 32 RW 0000_0000h

1B90h (WFE_A_STG2_5X6_OUT2_2) 32 RW 0000_0000h

1BA0h (WFE_A_STG2_5X6_OUT2_3) 32 RW 0000_0000h

1BB0h (WFE_A_STG2_5X6_OUT2_4) 32 RW 0000_0000h

1BC0h (WFE_A_STG2_5X6_OUT2_5) 32 RW 0000_0000h

1BD0h (WFE_A_STG2_5X6_OUT2_6) 32 RW 0000_0000h

1BE0h (WFE_A_STG2_5X6_OUT2_7) 32 RW 0000_0000h

1BF0h (WFE_A_STG2_5X6_OUT3_0) 32 RW 0000_0000h

1C00h (WFE_A_STG2_5X6_OUT3_1) 32 RW 0000_0000h

1C10h (WFE_A_STG2_5X6_OUT3_2) 32 RW 0000_0000h

1C20h (WFE_A_STG2_5X6_OUT3_3) 32 RW 0000_0000h

1C30h (WFE_A_STG2_5X6_OUT3_4) 32 RW 0000_0000h

1C40h (WFE_A_STG2_5X6_OUT3_5) 32 RW 0000_0000h

1C50h (WFE_A_STG2_5X6_OUT3_6) 32 RW 0000_0000h

1C60h (WFE_A_STG2_5X6_OUT3_7) 32 RW 0000_0000h

1C70h (WFE_A_STAGE2_5X6_MASKS_0) 32 RW 0000_0000h

1C80h (WFE_A_STAGE2_5X6_ADDR_0) 32 RW 0000_0000h

1C90h (WFE_A_STG2_5X1_OUT0) 32 RW 0000_0000h

1CA0h (WFE_A_STG2_5X1_OUT1) 32 RW 0000_0000h

1CB0h (WFE_A_STG2_5X1_OUT2) 32 RW 0000_0000h

1CC0h (WFE_A_STG2_5X1_OUT3) 32 RW 0000_0000h

1CD0h (WFE_A_STG2_5X1_MASKS) 32 RW 0000_0000h

1D00h (WFE_B_CTRL) 32 RW 0000_0008h

1D04h (WFE_B_CTRL_SET) 32 RW 0000_0008h

1D08h (WFE_B_CTRL_CLR) 32 RW 0000_0008h

1D0Ch (WFE_B_CTRL_TOG) 32 RW 0000_0008h

1D10h (WFE_B_DIMENSIONS) 32 RW 0000_0000h

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3406 / 5781



Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

1D20h (WFE_B_OFFSET) 32 RW 0000_0000h

1D30h (WFE_B_SW_DATA_REGS) 32 RW 0000_0000h

1D40h (WFE_B_SW_FLAG_REGS) 32 RW 0000_0000h

1D50h (WFE_B_STAGE1_MUX0) 32 RW 0000_0000h

1D54h (WFE_B_STAGE1_MUX0_SET) 32 RW 0000_0000h

1D58h (WFE_B_STAGE1_MUX0_CLR) 32 RW 0000_0000h

1D5Ch (WFE_B_STAGE1_MUX0_TOG) 32 RW 0000_0000h

1D60h (WFE_B_STAGE1_MUX1) 32 RW 0000_0000h

1D64h (WFE_B_STAGE1_MUX1_SET) 32 RW 0000_0000h

1D68h (WFE_B_STAGE1_MUX1_CLR) 32 RW 0000_0000h

1D6Ch (WFE_B_STAGE1_MUX1_TOG) 32 RW 0000_0000h

1D70h (WFE_B_STAGE1_MUX2) 32 RW 0000_0000h

1D74h (WFE_B_STAGE1_MUX2_SET) 32 RW 0000_0000h

1D78h (WFE_B_STAGE1_MUX2_CLR) 32 RW 0000_0000h

1D7Ch (WFE_B_STAGE1_MUX2_TOG) 32 RW 0000_0000h

1D80h (WFE_B_STAGE1_MUX3) 32 RW 0000_0000h

1D84h (WFE_B_STAGE1_MUX3_SET) 32 RW 0000_0000h

1D88h (WFE_B_STAGE1_MUX3_CLR) 32 RW 0000_0000h

1D8Ch (WFE_B_STAGE1_MUX3_TOG) 32 RW 0000_0000h

1D90h (WFE_B_STAGE1_MUX4) 32 RW 0000_0000h

1D94h (WFE_B_STAGE1_MUX4_SET) 32 RW 0000_0000h

1D98h (WFE_B_STAGE1_MUX4_CLR) 32 RW 0000_0000h

1D9Ch (WFE_B_STAGE1_MUX4_TOG) 32 RW 0000_0000h

1DA0h (WFE_B_STAGE1_MUX5) 32 RW 0000_000Ch

1DA4h (WFE_B_STAGE1_MUX5_SET) 32 RW 0000_000Ch

1DA8h (WFE_B_STAGE1_MUX5_CLR) 32 RW 0000_000Ch

1DACh (WFE_B_STAGE1_MUX5_TOG) 32 RW 0000_000Ch

1DB0h (WFE_B_STAGE1_MUX6) 32 RW 0000_0000h

1DB4h (WFE_B_STAGE1_MUX6_SET) 32 RW 0000_0000h

1DB8h (WFE_B_STAGE1_MUX6_CLR) 32 RW 0000_0000h

1DBCh (WFE_B_STAGE1_MUX6_TOG) 32 RW 0000_0000h
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1DC0h (WFE_B_STAGE1_MUX7) 32 RW 0000_0000h

1DC4h (WFE_B_STAGE1_MUX7_SET) 32 RW 0000_0000h

1DC8h (WFE_B_STAGE1_MUX7_CLR) 32 RW 0000_0000h

1DCCh (WFE_B_STAGE1_MUX7_TOG) 32 RW 0000_0000h

1DD0h (WFE_B_STAGE1_MUX8) 32 RW 0000_0000h

1DD4h (WFE_B_STAGE1_MUX8_SET) 32 RW 0000_0000h

1DD8h (WFE_B_STAGE1_MUX8_CLR) 32 RW 0000_0000h

1DDCh (WFE_B_STAGE1_MUX8_TOG) 32 RW 0000_0000h

1DE0h (WFE_B_STAGE2_MUX0) 32 RW 0000_0000h

1DE4h (WFE_B_STAGE2_MUX0_SET) 32 RW 0000_0000h

1DE8h (WFE_B_STAGE2_MUX0_CLR) 32 RW 0000_0000h

1DECh (WFE_B_STAGE2_MUX0_TOG) 32 RW 0000_0000h

1DF0h (WFE_B_STAGE2_MUX1) 32 RW 0000_0000h

1DF4h (WFE_B_STAGE2_MUX1_SET) 32 RW 0000_0000h

1DF8h (WFE_B_STAGE2_MUX1_CLR) 32 RW 0000_0000h

1DFCh (WFE_B_STAGE2_MUX1_TOG) 32 RW 0000_0000h

1E00h (WFE_B_STAGE2_MUX2) 32 RW 0000_0000h

1E04h (WFE_B_STAGE2_MUX2_SET) 32 RW 0000_0000h

1E08h (WFE_B_STAGE2_MUX2_CLR) 32 RW 0000_0000h

1E0Ch (WFE_B_STAGE2_MUX2_TOG) 32 RW 0000_0000h

1E10h (WFE_B_STAGE2_MUX3) 32 RW 0000_0000h

1E14h (WFE_B_STAGE2_MUX3_SET) 32 RW 0000_0000h

1E18h (WFE_B_STAGE2_MUX3_CLR) 32 RW 0000_0000h

1E1Ch (WFE_B_STAGE2_MUX3_TOG) 32 RW 0000_0000h

1E20h (WFE_B_STAGE2_MUX4) 32 RW 0000_0000h

1E24h (WFE_B_STAGE2_MUX4_SET) 32 RW 0000_0000h

1E28h (WFE_B_STAGE2_MUX4_CLR) 32 RW 0000_0000h

1E2Ch (WFE_B_STAGE2_MUX4_TOG) 32 RW 0000_0000h

1E30h (WFE_B_STAGE2_MUX5) 32 RW 0000_0000h

1E34h (WFE_B_STAGE2_MUX5_SET) 32 RW 0000_0000h

1E38h (WFE_B_STAGE2_MUX5_CLR) 32 RW 0000_0000h
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1E3Ch (WFE_B_STAGE2_MUX5_TOG) 32 RW 0000_0000h

1E40h (WFE_B_STAGE2_MUX6) 32 RW 0000_0000h

1E44h (WFE_B_STAGE2_MUX6_SET) 32 RW 0000_0000h

1E48h (WFE_B_STAGE2_MUX6_CLR) 32 RW 0000_0000h

1E4Ch (WFE_B_STAGE2_MUX6_TOG) 32 RW 0000_0000h

1E50h (WFE_B_STAGE2_MUX7) 32 RW 0000_0000h

1E54h (WFE_B_STAGE2_MUX7_SET) 32 RW 0000_0000h

1E58h (WFE_B_STAGE2_MUX7_CLR) 32 RW 0000_0000h

1E5Ch (WFE_B_STAGE2_MUX7_TOG) 32 RW 0000_0000h

1E60h (WFE_B_STAGE2_MUX8) 32 RW 0000_0000h

1E64h (WFE_B_STAGE2_MUX8_SET) 32 RW 0000_0000h

1E68h (WFE_B_STAGE2_MUX8_CLR) 32 RW 0000_0000h

1E6Ch (WFE_B_STAGE2_MUX8_TOG) 32 RW 0000_0000h

1E70h (WFE_B_STAGE2_MUX9) 32 RW 0000_0000h

1E74h (WFE_B_STAGE2_MUX9_SET) 32 RW 0000_0000h

1E78h (WFE_B_STAGE2_MUX9_CLR) 32 RW 0000_0000h

1E7Ch (WFE_B_STAGE2_MUX9_TOG) 32 RW 0000_0000h

1E80h (WFE_B_STAGE2_MUX10) 32 RW 0000_000Ch

1E84h (WFE_B_STAGE2_MUX10_SET) 32 RW 0000_000Ch

1E88h (WFE_B_STAGE2_MUX10_CLR) 32 RW 0000_000Ch

1E8Ch (WFE_B_STAGE2_MUX10_TOG) 32 RW 0000_000Ch

1E90h (WFE_B_STAGE2_MUX11) 32 RW 0000_0000h

1E94h (WFE_B_STAGE2_MUX11_SET) 32 RW 0000_0000h

1E98h (WFE_B_STAGE2_MUX11_CLR) 32 RW 0000_0000h

1E9Ch (WFE_B_STAGE2_MUX11_TOG) 32 RW 0000_0000h

1EA0h (WFE_B_STAGE2_MUX12) 32 RW 0000_0000h

1EA4h (WFE_B_STAGE2_MUX12_SET) 32 RW 0000_0000h

1EA8h (WFE_B_STAGE2_MUX12_CLR) 32 RW 0000_0000h

1EACh (WFE_B_STAGE2_MUX12_TOG) 32 RW 0000_0000h

1EB0h (WFE_B_STAGE3_MUX0) 32 RW 0000_0000h

1EB4h (WFE_B_STAGE3_MUX0_SET) 32 RW 0000_0000h
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1EB8h (WFE_B_STAGE3_MUX0_CLR) 32 RW 0000_0000h

1EBCh (WFE_B_STAGE3_MUX0_TOG) 32 RW 0000_0000h

1EC0h (WFE_B_STAGE3_MUX1) 32 RW 0000_0000h

1EC4h (WFE_B_STAGE3_MUX1_SET) 32 RW 0000_0000h

1EC8h (WFE_B_STAGE3_MUX1_CLR) 32 RW 0000_0000h

1ECCh (WFE_B_STAGE3_MUX1_TOG) 32 RW 0000_0000h

1ED0h (WFE_B_STAGE3_MUX2) 32 RW 0000_0000h

1ED4h (WFE_B_STAGE3_MUX2_SET) 32 RW 0000_0000h

1ED8h (WFE_B_STAGE3_MUX2_CLR) 32 RW 0000_0000h

1EDCh (WFE_B_STAGE3_MUX2_TOG) 32 RW 0000_0000h

1EE0h (WFE_B_STAGE3_MUX3) 32 RW 0000_0000h

1EE4h (WFE_B_STAGE3_MUX3_SET) 32 RW 0000_0000h

1EE8h (WFE_B_STAGE3_MUX3_CLR) 32 RW 0000_0000h

1EECh (WFE_B_STAGE3_MUX3_TOG) 32 RW 0000_0000h

1EF0h (WFE_B_STAGE3_MUX4) 32 RW 0000_0000h

1EF4h (WFE_B_STAGE3_MUX4_SET) 32 RW 0000_0000h

1EF8h (WFE_B_STAGE3_MUX4_CLR) 32 RW 0000_0000h

1EFCh (WFE_B_STAGE3_MUX4_TOG) 32 RW 0000_0000h

1F00h (WFE_B_STAGE3_MUX5) 32 RW 0000_0000h

1F04h (WFE_B_STAGE3_MUX5_SET) 32 RW 0000_0000h

1F08h (WFE_B_STAGE3_MUX5_CLR) 32 RW 0000_0000h

1F0Ch (WFE_B_STAGE3_MUX5_TOG) 32 RW 0000_0000h

1F10h (WFE_B_STAGE3_MUX6) 32 RW 0000_0000h

1F14h (WFE_B_STAGE3_MUX6_SET) 32 RW 0000_0000h

1F18h (WFE_B_STAGE3_MUX6_CLR) 32 RW 0000_0000h

1F1Ch (WFE_B_STAGE3_MUX6_TOG) 32 RW 0000_0000h

1F20h (WFE_B_STAGE3_MUX7) 32 RW 0000_0000h

1F24h (WFE_B_STAGE3_MUX7_SET) 32 RW 0000_0000h

1F28h (WFE_B_STAGE3_MUX7_CLR) 32 RW 0000_0000h

1F2Ch (WFE_B_STAGE3_MUX7_TOG) 32 RW 0000_0000h

1F30h (WFE_B_STAGE3_MUX8) 32 RW 0000_0000h
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1F34h (WFE_B_STAGE3_MUX8_SET) 32 RW 0000_0000h

1F38h (WFE_B_STAGE3_MUX8_CLR) 32 RW 0000_0000h

1F3Ch (WFE_B_STAGE3_MUX8_TOG) 32 RW 0000_0000h

1F40h (WFE_B_STAGE3_MUX9) 32 RW 0000_0000h

1F44h (WFE_B_STAGE3_MUX9_SET) 32 RW 0000_0000h

1F48h (WFE_B_STAGE3_MUX9_CLR) 32 RW 0000_0000h

1F4Ch (WFE_B_STAGE3_MUX9_TOG) 32 RW 0000_0000h

1F50h (WFE_B_STAGE3_MUX10) 32 RW 0000_0000h

1F54h (WFE_B_STAGE3_MUX10_SET) 32 RW 0000_0000h

1F58h (WFE_B_STAGE3_MUX10_CLR) 32 RW 0000_0000h

1F5Ch (WFE_B_STAGE3_MUX10_TOG) 32 RW 0000_0000h

1F60h (WFE_B_STG1_5X8_OUT0_0) 32 RW 0000_0000h

1F70h (WFE_B_STG1_5X8_OUT0_1) 32 RW 0000_0000h

1F80h (WFE_B_STG1_5X8_OUT0_2) 32 RW 0000_0000h

1F90h (WFE_B_STG1_5X8_OUT0_3) 32 RW 0000_0000h

1FA0h (WFE_B_STG1_5X8_OUT0_4) 32 RW 0000_0000h

1FB0h (WFE_B_STG1_5X8_OUT0_5) 32 RW 0000_0000h

1FC0h (WFE_B_STG1_5X8_OUT0_6) 32 RW 0000_0000h

1FD0h (WFE_B_STG1_5X8_OUT0_7) 32 RW 0000_0000h

1FE0h (WFE_B_STG1_5X8_OUT1_0) 32 RW 0000_0000h

1FF0h (WFE_B_STG1_5X8_OUT1_1) 32 RW 0000_0000h

2000h (WFE_B_STG1_5X8_OUT1_2) 32 RW 0000_0000h

2010h (WFE_B_STG1_5X8_OUT1_3) 32 RW 0000_0000h

2020h (WFE_B_STG1_5X8_OUT1_4) 32 RW 0000_0000h

2030h (WFE_B_STG1_5X8_OUT1_5) 32 RW 0000_0000h

2040h (WFE_B_STG1_5X8_OUT1_6) 32 RW 0000_0000h

2050h (WFE_B_STG1_5X8_OUT1_7) 32 RW 0000_0000h

2060h (WFE_B_STAGE1_5X8_MASKS_0) 32 RW 0000_0000h

2070h (WFE_B_STG1_5X1_OUT0) 32 RW 0000_0000h

2080h (WFE_B_STG1_5X1_MASKS) 32 RW 0000_0000h

2090h (WFE_B_STG1_8X1_OUT0_0) 32 RW 0000_0000h
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20A0h (WFE_B_STG1_8X1_OUT0_1) 32 RW 0000_0000h

20B0h (WFE_B_STG1_8X1_OUT0_2) 32 RW 0000_0000h

20C0h (WFE_B_STG1_8X1_OUT0_3) 32 RW 0000_0000h

20D0h (WFE_B_STG1_8X1_OUT0_4) 32 RW 0000_0000h

20E0h (WFE_B_STG1_8X1_OUT0_5) 32 RW 0000_0000h

20F0h (WFE_B_STG1_8X1_OUT0_6) 32 RW 0000_0000h

2100h (WFE_B_STG1_8X1_OUT0_7) 32 RW 0000_0000h

2110h (WFE_B_STG1_8X1_OUT1_0) 32 RW 0000_0000h

2120h (WFE_B_STG1_8X1_OUT1_1) 32 RW 0000_0000h

2130h (WFE_B_STG1_8X1_OUT1_2) 32 RW 0000_0000h

2140h (WFE_B_STG1_8X1_OUT1_3) 32 RW 0000_0000h

2150h (WFE_B_STG1_8X1_OUT1_4) 32 RW 0000_0000h

2160h (WFE_B_STG1_8X1_OUT1_5) 32 RW 0000_0000h

2170h (WFE_B_STG1_8X1_OUT1_6) 32 RW 0000_0000h

2180h (WFE_B_STG1_8X1_OUT1_7) 32 RW 0000_0000h

2190h (WFE_B_STG1_8X1_OUT2_0) 32 RW 0000_0000h

21A0h (WFE_B_STG1_8X1_OUT2_1) 32 RW 0000_0000h

21B0h (WFE_B_STG1_8X1_OUT2_2) 32 RW 0000_0000h

21C0h (WFE_B_STG1_8X1_OUT2_3) 32 RW 0000_0000h

21D0h (WFE_B_STG1_8X1_OUT2_4) 32 RW 0000_0000h

21E0h (WFE_B_STG1_8X1_OUT2_5) 32 RW 0000_0000h

21F0h (WFE_B_STG1_8X1_OUT2_6) 32 RW 0000_0000h

2200h (WFE_B_STG1_8X1_OUT2_7) 32 RW 0000_0000h

2210h (WFE_B_STG1_8X1_OUT3_0) 32 RW 0000_0000h

2220h (WFE_B_STG1_8X1_OUT3_1) 32 RW 0000_0000h

2230h (WFE_B_STG1_8X1_OUT3_2) 32 RW 0000_0000h

2240h (WFE_B_STG1_8X1_OUT3_3) 32 RW 0000_0000h

2250h (WFE_B_STG1_8X1_OUT3_4) 32 RW 0000_0000h

2260h (WFE_B_STG1_8X1_OUT3_5) 32 RW 0000_0000h

2270h (WFE_B_STG1_8X1_OUT3_6) 32 RW 0000_0000h

2280h (WFE_B_STG1_8X1_OUT3_7) 32 RW 0000_0000h
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2290h (WFE_B_STG1_8X1_OUT4_0) 32 RW 0000_0000h

22A0h (WFE_B_STG1_8X1_OUT4_1) 32 RW 0000_0000h

22B0h (WFE_B_STG1_8X1_OUT4_2) 32 RW 0000_0000h

22C0h (WFE_B_STG1_8X1_OUT4_3) 32 RW 0000_0000h

22D0h (WFE_B_STG1_8X1_OUT4_4) 32 RW 0000_0000h

22E0h (WFE_B_STG1_8X1_OUT4_5) 32 RW 0000_0000h

22F0h (WFE_B_STG1_8X1_OUT4_6) 32 RW 0000_0000h

2300h (WFE_B_STG1_8X1_OUT4_7) 32 RW 0000_0000h

2310h (WFE_B_STG2_5X6_OUT0_0) 32 RW 0000_0000h

2320h (WFE_B_STG2_5X6_OUT0_1) 32 RW 0000_0000h

2330h (WFE_B_STG2_5X6_OUT0_2) 32 RW 0000_0000h

2340h (WFE_B_STG2_5X6_OUT0_3) 32 RW 0000_0000h

2350h (WFE_B_STG2_5X6_OUT0_4) 32 RW 0000_0000h

2360h (WFE_B_STG2_5X6_OUT0_5) 32 RW 0000_0000h

2370h (WFE_B_STG2_5X6_OUT0_6) 32 RW 0000_0000h

2380h (WFE_B_STG2_5X6_OUT0_7) 32 RW 0000_0000h

2390h (WFE_B_STG2_5X6_OUT1_0) 32 RW 0000_0000h

23A0h (WFE_B_STG2_5X6_OUT1_1) 32 RW 0000_0000h

23B0h (WFE_B_STG2_5X6_OUT1_2) 32 RW 0000_0000h

23C0h (WFE_B_STG2_5X6_OUT1_3) 32 RW 0000_0000h

23D0h (WFE_B_STG2_5X6_OUT1_4) 32 RW 0000_0000h

23E0h (WFE_B_STG2_5X6_OUT1_5) 32 RW 0000_0000h

23F0h (WFE_B_STG2_5X6_OUT1_6) 32 RW 0000_0000h

2400h (WFE_B_STG2_5X6_OUT1_7) 32 RW 0000_0000h

2410h (WFE_B_STG2_5X6_OUT2_0) 32 RW 0000_0000h

2420h (WFE_B_STG2_5X6_OUT2_1) 32 RW 0000_0000h

2430h (WFE_B_STG2_5X6_OUT2_2) 32 RW 0000_0000h

2440h (WFE_B_STG2_5X6_OUT2_3) 32 RW 0000_0000h

2450h (WFE_B_STG2_5X6_OUT2_4) 32 RW 0000_0000h

2460h (WFE_B_STG2_5X6_OUT2_5) 32 RW 0000_0000h

2470h (WFE_B_STG2_5X6_OUT2_6) 32 RW 0000_0000h
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2480h (WFE_B_STG2_5X6_OUT2_7) 32 RW 0000_0000h

2490h (WFE_B_STG2_5X6_OUT3_0) 32 RW 0000_0000h

24A0h (WFE_B_STG2_5X6_OUT3_1) 32 RW 0000_0000h

24B0h (WFE_B_STG2_5X6_OUT3_2) 32 RW 0000_0000h

24C0h (WFE_B_STG2_5X6_OUT3_3) 32 RW 0000_0000h

24E0h (WFE_B_STG2_5X6_OUT3_4) 32 RW 0000_0000h

24F0h (WFE_B_STG2_5X6_OUT3_5) 32 RW 0000_0000h

2500h (WFE_B_STG2_5X6_OUT3_6) 32 RW 0000_0000h

2510h (WFE_B_STG2_5X6_OUT3_7) 32 RW 0000_0000h

2520h (WFE_B_STAGE2_5X6_MASKS_0) 32 RW 0000_0000h

2530h (WFE_B_STAGE2_5X6_ADDR_0) 32 RW 0000_0000h

2540h (WFE_B_STG2_5X1_OUT0) 32 RW 0000_0000h

2550h (WFE_B_STG2_5X1_OUT1) 32 RW 0000_0000h

2560h (WFE_B_STG2_5X1_OUT2) 32 RW 0000_0000h

2570h (WFE_B_STG2_5X1_OUT3) 32 RW 0000_0000h

2580h (WFE_B_STG2_5X1_MASKS) 32 RW 0000_0000h

2590h (WFE_B_STG3_F8X1_OUT0_0) 32 RW 0000_0000h

25A0h (WFE_B_STG3_F8X1_OUT0_1) 32 RW 0000_0000h

25B0h (WFE_B_STG3_F8X1_OUT0_2) 32 RW 0000_0000h

25C0h (WFE_B_STG3_F8X1_OUT0_3) 32 RW 0000_0000h

25D0h (WFE_B_STG3_F8X1_OUT0_4) 32 RW 0000_0000h

25E0h (WFE_B_STG3_F8X1_OUT0_5) 32 RW 0000_0000h

25F0h (WFE_B_STG3_F8X1_OUT0_6) 32 RW 0000_0000h

2600h (WFE_B_STG3_F8X1_OUT0_7) 32 RW 0000_0000h

2610h (WFE_B_STG3_F8X1_OUT1_0) 32 RW 0000_0000h

2620h (WFE_B_STG3_F8X1_OUT1_1) 32 RW 0000_0000h

2630h (WFE_B_STG3_F8X1_OUT1_2) 32 RW 0000_0000h

2640h (WFE_B_STG3_F8X1_OUT1_3) 32 RW 0000_0000h

2650h (WFE_B_STG3_F8X1_OUT1_4) 32 RW 0000_0000h

2660h (WFE_B_STG3_F8X1_OUT1_5) 32 RW 0000_0000h

2670h (WFE_B_STG3_F8X1_OUT1_6) 32 RW 0000_0000h
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2680h (WFE_B_STG3_F8X1_OUT1_7) 32 RW 0000_0000h

2690h (WFE_B_STG3_F8X1_OUT2_0) 32 RW 0000_0000h

26A0h (WFE_B_STG3_F8X1_OUT2_1) 32 RW 0000_0000h

26B0h (WFE_B_STG3_F8X1_OUT2_2) 32 RW 0000_0000h

26C0h (WFE_B_STG3_F8X1_OUT2_3) 32 RW 0000_0000h

26D0h (WFE_B_STG3_F8X1_OUT2_4) 32 RW 0000_0000h

26E0h (WFE_B_STG3_F8X1_OUT2_5) 32 RW 0000_0000h

26F0h (WFE_B_STG3_F8X1_OUT2_6) 32 RW 0000_0000h

2700h (WFE_B_STG3_F8X1_OUT2_7) 32 RW 0000_0000h

2710h (WFE_B_STG3_F8X1_OUT3_0) 32 RW 0000_0000h

2720h (WFE_B_STG3_F8X1_OUT3_1) 32 RW 0000_0000h

2730h (WFE_B_STG3_F8X1_OUT3_2) 32 RW 0000_0000h

2740h (WFE_B_STG3_F8X1_OUT3_3) 32 RW 0000_0000h

2750h (WFE_B_STG3_F8X1_OUT3_4) 32 RW 0000_0000h

2760h (WFE_B_STG3_F8X1_OUT3_5) 32 RW 0000_0000h

2770h (WFE_B_STG3_F8X1_OUT3_6) 32 RW 0000_0000h

2780h (WFE_B_STG3_F8X1_OUT3_7) 32 RW 0000_0000h

2790h (WFE_B_STG3_F8X1_MASKS) 32 RW 0000_0000h

2810h (ALU_A_CTRL) 32 RW 0000_1000h

2814h (ALU_A_CTRL_SET) 32 RW 0000_1000h

2818h (ALU_A_CTRL_CLR) 32 RW 0000_1000h

281Ch (ALU_A_CTRL_TOG) 32 RW 0000_1000h

2820h (ALU_A_BUF_SIZE) 32 RW 0000_0000h

2830h (ALU_A_INST_ENTRY) 32 RW 0000_0000h

2840h (ALU_A_PARAM) 32 RW 0000_0000h

2850h (ALU_A_CONFIG) 32 RW 0000_0000h

2860h (ALU_A_LUT_CONFIG) 32 RW 0000_0000h

2864h (ALU_A_LUT_CONFIG_SET) 32 RW 0000_0000h

2868h (ALU_A_LUT_CONFIG_CLR) 32 RW 0000_0000h

286Ch (ALU_A_LUT_CONFIG_TOG) 32 RW 0000_0000h

2870h (ALU_A_LUT_DATA0) 32 RW 0000_0000h
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

2880h (ALU_A_LUT_DATA1) 32 RW 0000_0000h

2890h (ALU_A_DBG) 32 RW 0000_0000h

28A0h (ALU_B_CTRL) 32 RW 0000_1000h

28A4h (ALU_B_CTRL_SET) 32 RW 0000_1000h

28A8h (ALU_B_CTRL_CLR) 32 RW 0000_1000h

28ACh (ALU_B_CTRL_TOG) 32 RW 0000_1000h

28B0h (ALU_B_BUF_SIZE) 32 RW 0000_0000h

28C0h (ALU_B_INST_ENTRY) 32 RW 0000_0000h

28D0h (ALU_B_PARAM) 32 RW 0000_0000h

28E0h (ALU_B_CONFIG) 32 RW 0000_0000h

28F0h (ALU_B_LUT_CONFIG) 32 RW 0000_0000h

28F4h (ALU_B_LUT_CONFIG_SET) 32 RW 0000_0000h

28F8h (ALU_B_LUT_CONFIG_CLR) 32 RW 0000_0000h

28FCh (ALU_B_LUT_CONFIG_TOG) 32 RW 0000_0000h

2900h (ALU_B_LUT_DATA0) 32 RW 0000_0000h

2910h (ALU_B_LUT_DATA1) 32 RW 0000_0000h

2920h (ALU_B_DBG) 32 RW 0000_0000h

2A00h Histogram Control Register. (HIST_A_CTRL) 32 RW 0500_1F00h

2A10h Histogram Pixel Mask Register. (HIST_A_MASK) 32 RW 0000_0000h

2A20h Histogram Pixel Buffer Size Register. (HIST_A_BUF_SIZE) 32 RW 0000_0000h

2A30h Total Number of Pixels Used by Histogram Engine. 
(HIST_A_TOTAL_PIXEL)

32 R 0000_0000h

2A40h The X Coordinate Offset for Active Area. 
(HIST_A_ACTIVE_AREA_X)

32 R 0000_0000h

2A50h The Y Coordinate Offset for Active Area. 
(HIST_A_ACTIVE_AREA_Y)

32 R 0000_0000h

2A60h Histogram Result Based on RAW Pixel Value. 
(HIST_A_RAW_STAT0)

32 R 0000_0000h

2A70h Histogram Result Based on RAW Pixel Value. 
(HIST_A_RAW_STAT1)

32 R 0000_0000h

2A80h Histogram Control Register. (HIST_B_CTRL) 32 RW 0500_1F00h

2A90h Histogram Pixel Mask Register. (HIST_B_MASK) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

2AA0h Histogram Pixel Buffer Size Register. (HIST_B_BUF_SIZE) 32 RW 0000_0000h

2AB0h Total Number of Pixels Used by Histogram Engine. 
(HIST_B_TOTAL_PIXEL)

32 R 0000_0000h

2AC0h The X Coordinate Offset for Active Area. 
(HIST_B_ACTIVE_AREA_X)

32 R 0000_0000h

2AD0h The Y Coordinate Offset for Active Area. 
(HIST_B_ACTIVE_AREA_Y)

32 R 0000_0000h

2AE0h Histogram Result Based on RAW Pixel Value. 
(HIST_B_RAW_STAT0)

32 R 0000_0000h

2AF0h Histogram Result Based on RAW Pixel Value. 
(HIST_B_RAW_STAT1)

32 R 0000_0000h

2B00h 2-level Histogram Parameter Register. (HIST2_PARAM) 32 RW 0000_0F00h

2B10h 4-level Histogram Parameter Register. (HIST4_PARAM) 32 RW 0F0A_0500h

2B20h 8-level Histogram Parameter 0 Register. (HIST8_PARAM0) 32 RW 0604_0200h

2B30h 8-level Histogram Parameter 1 Register. (HIST8_PARAM1) 32 RW 0F0D_0B09h

2B40h 16-level Histogram Parameter 0 Register. (HIST16_PARAM0) 32 RW 0302_0100h

2B50h 16-level Histogram Parameter 1 Register. (HIST16_PARAM1) 32 RW 0706_0504h

2B60h 16-level Histogram Parameter 2 Register. (HIST16_PARAM2) 32 RW 0B0A_0908h

2B70h 16-level Histogram Parameter 3 Register. (HIST16_PARAM3) 32 RW 0F0E_0D0Ch

2B80h 32-level Histogram Parameter 0 Register. (HIST32_PARAM0) 32 RW 0302_0100h

2B90h 32-level Histogram Parameter 1 Register. (HIST32_PARAM1) 32 RW 0706_0504h

2BA0h 32-level Histogram Parameter 2 Register. (HIST32_PARAM2) 32 RW 0B0A_0908h

2BB0h 32-level Histogram Parameter 3 Register. (HIST32_PARAM3) 32 RW 0F0E_0D0Ch

2BC0h 32-level Histogram Parameter 0 Register. (HIST32_PARAM4) 32 RW 0302_0100h

2BD0h 32-level Histogram Parameter 1 Register. (HIST32_PARAM5) 32 RW 0706_0504h

2BE0h 32-level Histogram Parameter 2 Register. (HIST32_PARAM6) 32 RW 0B0A_0908h

2BF0h 32-level Histogram Parameter 3 Register. (HIST32_PARAM7) 32 RW 0F0E_0D0Ch

2C00h (COMP_CTRL) 32 RW 0000_0000h

2C04h (COMP_CTRL_SET) 32 RW 0000_0000h

2C08h (COMP_CTRL_CLR) 32 RW 0000_0000h

2C0Ch (COMP_CTRL_TOG) 32 RW 0000_0000h

2C10h (COMP_FORMAT0) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

2C14h (COMP_FORMAT0_SET) 32 RW 0000_0000h

2C18h (COMP_FORMAT0_CLR) 32 RW 0000_0000h

2C1Ch (COMP_FORMAT0_TOG) 32 RW 0000_0000h

2C20h (COMP_FORMAT1) 32 RW 0000_0000h

2C30h (COMP_FORMAT2) 32 RW 0000_0000h

2C40h (COMP_MASK0) 32 RW 0000_0000h

2C50h (COMP_MASK1) 32 RW 0000_0000h

2C60h (COMP_BUFFER_SIZE) 32 RW 0000_0000h

2C70h (COMP_SOURCE) 32 RW 0000_0000h

2C80h (COMP_TARGET) 32 RW 0000_0000h

2C90h (COMP_BUFFER_A) 32 RW 0000_0000h

2CA0h (COMP_BUFFER_B) 32 RW 0000_0000h

2CB0h (COMP_BUFFER_C) 32 RW 0000_0000h

2CC0h (COMP_BUFFER_D) 32 RW 0000_0000h

2CD0h (COMP_DEBUG) 32 RW 0000_0000h

2CE0h (BUS_MUX) 32 RW 0000_0000h

2CF0h (HANDSHAKE_READY_MUX0) 32 RW 7654_3210h

2D00h (HANDSHAKE_READY_MUX1) 32 RW FEDC_BA98h

2D10h (HANDSHAKE_DONE_MUX0) 32 RW 7654_3210h

2D20h (HANDSHAKE_DONE_MUX1) 32 RW FEDC_BA98h

2D30h (HANDSHAKE_CPU_FETCH) 32 RW 0010_0010h

2D34h (HANDSHAKE_CPU_FETCH_SET) 32 RW 0010_0010h

2D38h (HANDSHAKE_CPU_FETCH_CLR) 32 RW 0010_0010h

2D3Ch (HANDSHAKE_CPU_FETCH_TOG) 32 RW 0010_0010h

2D40h (HANDSHAKE_CPU_STORE) 32 RW 0010_0010h

2D44h (HANDSHAKE_CPU_STORE_SET) 32 RW 0010_0010h

2D48h (HANDSHAKE_CPU_STORE_CLR) 32 RW 0010_0010h

2D4Ch (HANDSHAKE_CPU_STORE_TOG) 32 RW 0010_0010h

2D50h CFA RGB format control (CFA_CTRL) 32 RW 8000_0000h

2D54h CFA RGB format control (CFA_CTRL_SET) 32 RW 8000_0000h

2D58h CFA RGB format control (CFA_CTRL_CLR) 32 RW 8000_0000h

Table continues on the next page...
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Offset Register Width

(In bits)

Access Reset value

2D5Ch CFA RGB format control (CFA_CTRL_TOG) 32 RW 8000_0000h

2D60h CFA_SIZE (CFA_SIZE) 32 RW 0000_0000h

2D70h CFA_ARRAY0 (CFA_ARRAY0) 32 RW 0000_0024h

2D80h CFA_ARRAY1 (CFA_ARRAY1) 32 RW 0000_0012h

2D90h CFA_ARRAY2 (CFA_ARRAY2) 32 RW 0000_0009h

2DA0h CFA_ARRAY3 (CFA_ARRAY3) 32 RW 0000_0000h

2DB0h CFA_ARRAY4 (CFA_ARRAY4) 32 RW 0000_0000h

2DC0h CFA_ARRAY5 (CFA_ARRAY5) 32 RW 0000_0000h

2DD0h CFA_ARRAY6 (CFA_ARRAY6) 32 RW 0000_0000h

2DE0h CFA_ARRAY7 (CFA_ARRAY7) 32 RW 0000_0000h

2DF0h CFA_ARRAY8 (CFA_ARRAY8) 32 RW 0000_0000h

2E00h CFA_ARRAY9 (CFA_ARRAY9) 32 RW 0000_0000h

2E10h CFA_ARRAY10 (CFA_ARRAY10) 32 RW 0000_0000h

2E20h CFA_ARRAY11 (CFA_ARRAY11) 32 RW 0000_0000h

2E30h CFA_ARRAY12 (CFA_ARRAY12) 32 RW 0000_0000h

2E40h CFA_ARRAY13 (CFA_ARRAY13) 32 RW 0000_0000h

2E50h CFA_ARRAY14 (CFA_ARRAY14) 32 RW 0000_0000h

2E60h CFA_ARRAY15 (CFA_ARRAY15) 32 RW 0000_0000h

60.6.1.2 Control Register 0 (CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

CTRL 0h Control Register 0

CTRL_SET 4h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 1

CTRL_CLR 8h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL is 0

CTRL_TOG Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in CTRL
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Function

The CTRL register contains controls for the PXP module.

CTRL: 0x000

CTRL_SET: 0x004

CTRL_CLR: 0x008

CTRL_TOG: 0x00C

The Control register contains the primary controls for the PXP block.

EXAMPLE

REG_CTRL_SET(BM_PXP_CTRL_SFTRST); REG_CTRL_CLR(BM_PXP_CTRL_SFTRST | BM_PXP_CTRL_CLKGATE);

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SFTR
ST 

CLKG
ATE 

RSVD
4 

0 ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

BLOC
K_S...

RSVD
1 ENAB

LE_...
ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

W

Reset 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFLIP
1 

HFLIP
1 

ROTATE1 
VFLIP

0 
HFLIP

0 
ROTATE0 

RSVD0 HAND
SHA...

ENAB
LE_...

LUT_D
MA...

NEXT_
IR...

IRQ_E
NA...

ENAB
LE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

SFTRST

SFTRST

Set this bit to zero to enable normal PXP operation. Set this bit to one (default) to disable clocking with the 
PXP and hold it in its reset (lowest power) state. This bit can be turned on and then off to reset the PXP block 
to its default state.

30

CLKGATE

CLKGATE

This bit must be set to zero for normal operation. When set to one it gates off the clocks to the block.

29

RSVD4

RSVD4

Reserved, always set to zero.

28

RSVD2

RSVD2

Reserved, always set to zero.

27

ENABLE_ROTA
TE1

ENABLE_ROTATE1

Enable the ROTATE1 engine in the PXP primary processing flow.

Table continues on the next page...
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Table continued from the previous page...

Field Function

26

ENABLE_ROTA
TE0

ENABLE_ROTATE0

Enable the ROTATE0 engine in the PXP primary processing flow.

25

ENABLE_LUT

ENABLE_LUT

Enable the LUT engine in the PXP primary processing flow.

24

ENABLE_CSC2

ENABLE_CSC2

Enable the CSC2 engine in the PXP primary processing flow.

23

BLOCK_SIZE

BLOCK_SIZE

Select the block size to process through the Rotate block.

0b - BLK_SIZE_8X8 : Process 8x8 pixel blocks.

1b - BLK_SIZE_16X16 : Process 16x16 pixel blocks.

22

RSVD1

RSVD1

Reserved, always set to zero.

21

ENABLE_ALPH
A_B

ENABLE_ALPHA_B

Enable the Alpha-B engine in the PXP primary processing flow.

20

ENABLE_INPU
T_FETCH_STO

RE

ENABLE_INPUT_FETCH_STORE

Enable the Input Fetch and Store engine in the PXP primary processing flow.

19

ENABLE_WFE_
B

ENABLE_WFE_B

Enable the WFE-B engine in the PXP primary processing flow.

18

ENABLE_WFE_
A

ENABLE_WFE_A

Enable the WFE-A engine in the PXP primary processing flow.

17

ENABLE_DITH
ER

ENABLE_DITHER

Enable the Dithering engine in the PXP primary processing flow.

16

ENABLE_PS_A
S_OUT

ENABLE_PS_AS_OUT

Enable the PS engine, AS engine, OUTBUF in the PXP primary processing flow.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

VFLIP1

VFLIP1

Indicates that the input should be flipped vertically (effect applied before rotation).

14

HFLIP1

HFLIP1

Indicates that the input should be flipped horizontally (effect applied before rotation).

13-12

ROTATE1

ROTATE1

Indicates the clockwise rotation to be applied at the input buffer. The rotation effect is defined as occurring 
after the FLIP_X and FLIP_Y permutation.

00b - ROT_0 : rotate 0 degrees

01b - ROT_90 : rotate 90 degrees

10b - ROT_180 : rotate 180 degrees

11b - ROT_270 : rotate 270 degrees

11

VFLIP0

VFLIP0

Indicates that the output buffer should be flipped vertically (effect applied before rotation).

10

HFLIP0

HFLIP0

Indicates that the output buffer should be flipped horizontally (effect applied before rotation).

9-8

ROTATE0

ROTATE0

Indicates the clockwise rotation to be applied at the output buffer. The rotation effect is defined as occurring 
after the FLIP_X and FLIP_Y permutation.

00b - ROT_0 : rotate 0 degrees

01b - ROT_90 : rotate 90 degrees

10b - ROT_180 : rotate 180 degrees

11b - ROT_270 : rotate 270 degrees

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5

HANDSHAKE_
ABORT_SKIP

HANDSHAKE_ABORT_SKIP

When skip is enable, even the abort asserted, pxp will not assert the ready directly but wait for whole block 
line complete.

4

ENABLE_LCD0
_HANDSHAKE

ENABLE_LCD0_HANDSHAKE

Enable handshake with LCD0 controller. When this is set, the PXP will not process an entire framebuffer, 
but will instead process rows of NxN blocks in a double-buffer handshake with the LCDIF. This enables the 
use of the onboard SRAM for a partial frame buffer.

3 LUT_DMA_IRQ_ENABLE

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUT_DMA_IRQ
_ENABLE

LUT DMA interrupt enable. When set, the PXP will issue an interrupt when the LUT DMA has finished 
transferring data.

2

NEXT_IRQ_EN
ABLE

NEXT_IRQ_ENABLE

Next command interrupt enable. When set, the PXP will issue an interrupt when a queued command 
initiated by a write to the PXP_NEXT register has been loaded into the PXP's registers. This interrupt also 
indicates that a new command may now be queued.

1

IRQ_ENABLE

IRQ_ENABLE

Interrupt enable. NOTE: When using the NEXT functionality to reprogram the PXP, the new value of this bit 
will be used and may therefore enable or disable an interrupt unintentionally.

0

ENABLE

ENABLE

Enables PXP operation with specified parameters. The ENABLE bit will remain set while the PXP is active 
and will be cleared once the current operation completes. Software should use the IRQ bit in the STAT when 
polling for PXP completion.

60.6.1.3 Status Register (STAT)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

STAT 10h Status Register

STAT_SET 14h Writing 1 to a bit in this register ensures that the 
corresponding bit in STAT is 1

STAT_CLR 18h Writing 1 to a bit in this register ensures that the 
corresponding bit in STAT is 0

STAT_TOG 1Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in STAT

Function

The PXP Interrupt Status register provides interrupt status information.

STAT: 0x010

STAT_SET: 0x014

STAT_CLR: 0x018

STAT_TOG: 0x01C

This register provides PXP interrupt status and the current X/Y block coordinate that is being processed.

EXAMPLE

REG_STAT_CLR(BM_PXP_STAT_IRQ); // clear CSC interrupt
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Writing on SET or TOG variants of these registers will have no impact on value.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BLOCKX BLOCKY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R AXI_ERROR_ID_1 
RSVD

2 
AXI_R
EA...

AXI_W
RI...

LUT_D
MA...

AXI_ERROR_ID_0 
NEXT_

IRQ 
AXI_R
EA...

AXI_W
RI...

IRQ0 

W W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

BLOCKX

BLOCKX

Indicates the X coordinate of the block currently being rendered.

23-16

BLOCKY

BLOCKY

Indicates the Y coordinate of the block currently being rendered.

15-12

AXI_ERROR_ID
_1

AXI_ERROR_ID_1

Indicates the AXI1 ID of the failing bus operation.

11

RSVD2

RSVD2

Reserved, always set to zero.

10

AXI_READ_ER
ROR_1

AXI_READ_ERROR_1

Indicates PXP encountered an AXI read error and processing has been terminated.

9

AXI_WRITE_ER
ROR_1

AXI_WRITE_ERROR_1

Indicates PXP encountered an AXI write error and processing has been terminated.

8

LUT_DMA_LOA
D_DONE_IRQ

LUT_DMA_LOAD_DONE_IRQ

Indicates that the LUT DMA transfer has completed.

7-4 AXI_ERROR_ID_0

Table continues on the next page...
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Table continued from the previous page...

Field Function

AXI_ERROR_ID
_0

Indicates the AXI0 ID of the failing bus operation.

3

NEXT_IRQ

NEXT_IRQ

Indicates that a command issued with the "Next Command" functionality has been issued and that a new 
command may be initiated with a write to the PXP_NEXT register.

2

AXI_READ_ER
ROR_0

AXI_READ_ERROR_0

Indicates PXP encountered an AXI read error and processing has been terminated.

1

AXI_WRITE_ER
ROR_0

AXI_WRITE_ERROR_0

Indicates PXP encountered an AXI write error and processing has been terminated.

0

IRQ0

IRQ0

Indicates current PXP interrupt status. The IRQ is routed through the pxp_irq when the IRQ_ENABLE bit in 
the control register is set.

60.6.1.4 Output Buffer Control Register (OUT_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

OUT_CTRL 20h Output Buffer Control Register

OUT_CTRL_SET 24h Writing 1 to a bit in this register ensures that the 
corresponding bit in OUT_CTRL is 1

OUT_CTRL_CLR 28h Writing 1 to a bit in this register ensures that the 
corresponding bit in OUT_CTRL is 0

OUT_CTRL_TOG 2Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in OUT_CTRL

Function

The OUT_CTRL register contains controls for the Output Buffer.

OUT_CTRL: 0x020

OUT_CTRL_SET: 0x024

OUT_CTRL_CLR: 0x028

OUT_CTRL_TOG: 0x02C

Control register to determine OUT buffer processing.

EXAMPLE
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REG_CTRL_SET(BM_PXP_CTRL_SFTRST); REG_CTRL_CLR(BM_PXP_CTRL_SFTRST | BM_PXP_CTRL_CLKGATE);

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ALPHA 

ALPHA
_O...

RSVD1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 INTERLACED_
OUTP...

RSVD0 
FORMAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

ALPHA

ALPHA

When generating an output buffer with an alpha component, the value in this field will be used when enabled 
to override the alpha passed through the pixel data pipeline.

23

ALPHA_OUTP
UT

ALPHA_OUTPUT

Indicates that alpha component in output buffer pixels should be overwritten by REG_OUT_CTRL[ALPHA] 
register. If 0, retain their alpha value from the computed alpha for that pixel.

22-10

RSVD1

RSVD1

Reserved, always set to zero.

9-8

INTERLACED_
OUTPUT

INTERLACED_OUTPUT

Determines how the PXP writes it's output data. Output interlacing should not be used in conjunction with 
input interlacing. Splitting frames into fields is most efficient using output interlacing. 2-plane output formats 
AND interlaced output is NOT supported.

00b - PROGRESSIVE : All data written in progressive format to the OUTBUF Pointer.

01b - FIELD0 : Interlaced output: only data for field 0 is written to the OUTBUF Pointer.

10b - FIELD1 : Interlaced output: only data for field 1 is written to the OUTBUF2 Pointer.

11b - INTERLACED : Interlaced output: data for field 0 is written to OUTBUF and data for field 1 
is written to OUTBUF2.

7-5

RSVD0

RSVD0

Reserved, always set to zero.

4-0

FORMAT

FORMAT

Table continues on the next page...
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Table continued from the previous page...

Field Function

Output framebuffer format. The UV byte lanes are synonymous with CbCr byte lanes for YUV output pixel 
formats. For example, the YUV2P420 format should be selected when the output is YCbCr 2-plane 420 
output format.

0_0000b - ARGB8888 : 32-bit pixels

0_0100b - RGB888 : 32-bit pixels (unpacked 24-bit pixel in 32 bit DWORD.)

0_0101b - RGB888P : 24-bit pixels (packed 24-bit format)

0_1000b - ARGB1555 : 16-bit pixels

0_1001b - ARGB4444 : 16-bit pixels

0_1100b - RGB555 : 16-bit pixels

0_1101b - RGB444 : 16-bit pixels

0_1110b - RGB565 : 16-bit pixels

1_0000b - YUV1P444 : 32-bit pixels (1-plane XYUV unpacked)

1_0010b - UYVY1P422 : 16-bit pixels (1-plane U0,Y0,V0,Y1 interleaved bytes)

1_0011b - VYUY1P422 : 16-bit pixels (1-plane V0,Y0,U0,Y1 interleaved bytes)

1_0100b - Y8 : 8-bit monochrome pixels (1-plane Y luma output)

1_0101b - Y4 : 4-bit monochrome pixels (1-plane Y luma, 4 bit truncation)

1_1000b - YUV2P422 : 16-bit pixels (2-plane UV interleaved bytes)

1_1001b - YUV2P420 : 16-bit pixels (2-plane UV)

1_1010b - YVU2P422 : 16-bit pixels (2-plane VU interleaved bytes)

1_1011b - YVU2P420 : 16-bit pixels (2-plane VU)

60.6.1.5 Output Frame Buffer Pointer (OUT_BUF)

Offset

Register Offset

OUT_BUF 30h

Function

Output Framebuffer Pointer. This register points to the beginning of the output frame buffer. This pointer is used for progressive 
format and field 0 when generating interlaced output.

This register is used by the logic to point to the current output location for the output frame buffer.

EXAMPLE

REG_OUT_BUF_WR( buffer );
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Current address pointer for the output frame buffer. The address can have any byte alignment. 64B 
alignment is recommended for optimal performance.

60.6.1.6 Output Frame Buffer Pointer #2 (OUT_BUF2)

Offset

Register Offset

OUT_BUF2 40h

Function

Output Framebuffer Pointer #2. This register points to the beginning of the output frame buffer for either field 1 when 
generating interlaced output or for the UV buffer when in YUV 2-plane output modes. Both interlaced output AND 2-plane 
output modes are not supported in a single PXP operation. This register is NOT used as the pointer to the 2nd buffer when in 
LCDIF_HANDSHAKE mode.

This register is used by the logic to point to the current output location for the field 1 or UV output frame buffer.

EXAMPLE

REG_OUT_BUF_WR( field0 ); // buffer for interlaced field 0 REG_OUT_BUF2_WR( field1 ); // 
buffer for interlaced field 1
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Current address pointer for the output frame buffer. The address can have any byte alignment. 64B 
alignment is recommended for optimal performance.

60.6.1.7 Output Buffer Pitch (OUT_PITCH)

Offset

Register Offset

OUT_PITCH 50h

Function

This register contains the output buffer pitch in bytes.

Any byte value will indicate the vertical pitch. This value will be used in output pixel address calculations.

EXAMPLE

REG_OUT_PITCH_WR( 68 * 4 ); // The output buffer pitch is 68 pixels times 32 bits per pixel

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-0

PITCH

PITCH

Indicates the number of bytes in memory between two vertically adjacent pixels.

60.6.1.8 Output Surface Lower Right Coordinate (OUT_LRC)

Offset

Register Offset

OUT_LRC 60h

Function

This register contains the size, or lower right coordinate, of the output buffer NOT rotated. It is implied that the upper left coordinate 
of the output surface is always [0,0]. When rotating the framebuffer, the PXP will automatically swap the X/Y, or WIDTH/HEIGHT, 
to accommodate the rotated size.

This register sets the size of the output frame buffer in pixels, not blocks. The frame buffer need not be a multiple of NxN pixels. 
Partial blocks will be written for output frame buffer sizes that are not divisible by N pixels in either dimension.

EXAMPLE

REG_OUT_LRC[X]=319; // set width of output frame buffer to 320 pixels REG_OUT_LRC[Y]=243; // 
set height of output frame buffer to 244 pixels which is not divisible by block size N 
REG_OUT_LRC_WR( BF_PXP_OUT_LRC_X(319) | BF_PXP_OUT_LRC_Y(243) );

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD1

RSVD1

Reserved, always set to zero.

29-16

X

X

Indicates number of horizontal PIXELS in the output surface (non-rotated). The output buffer pixel width 
minus 1 should be programmed. The image size is not required to be a multiple of 8 pixels. The PXP will clip 
the pixel output at this boundary.

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13-0

Y

Y

Indicates the number of vertical PIXELS in the output surface (non-rotated). The output buffer pixel height 
minus 1 should be programmed. The image size is not required to be a multiple of 8 pixels. The PXP will clip 
the pixel output at this boundary.

60.6.1.9 Processed Surface Upper Left Coordinate (OUT_PS_ULC)

Offset

Register Offset

OUT_PS_ULC 70h

Function

This register contains the upper left pixel coordinate for the Processed Surface in the OUTPUT buffer.

This register contains the upper left coordinate of the Processed Surface in the output frame buffer (in pixels). Values 
that are within the REG_OUT_LRC[X,Y] extents are valid. The lowest valid value for these fields is 0,0. If the value of 
the REG_OUT_PS_ULC is greater than the REG_OUT_LRC, then no PS pixels will be fetched from memory, but only 
REG_PS_BACKGROUND pixels will be processed by the PS engine. Pixel locations that are greater than or equal to the PS upper 
left coordinates, less than or equal to the PS lower right coordinates, and within the REG_OUT_LRC extents will use the PS to 
render pixels into the output buffer.

EXAMPLE

REG_OUT_PS_ULC_WR(0,0x0002_0002); // Processed Surface upper left coordinate at (X,Y) = 2,2. 
The PS surface will not effect pixels in the first and second row and column of the output 
buffer.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD1

RSVD1

Reserved, always set to zero.

29-16

X

X

This field indicates the upper left X-coordinate (in pixels) of the processed surface (PS) in the output buffer.

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13-0

Y

Y

This field indicates the upper left Y-coordinate (in pixels) of the processed surface in the output buffer.

60.6.1.10 Processed Surface Lower Right Coordinate (OUT_PS_LRC)

Offset

Register Offset

OUT_PS_LRC 80h

Function

This register contains the lower right extent for the Processed Surface in the OUTPUT buffer.

This register contains the lower right coordinate of the Processed Surface in the output frame buffer (in pixels). Values that are 
within the REG_OUT_LRC[X,Y] extents are valid. The lowest valid value for these fields is 0,0. Pixel locations that are greater 
than or equal to the PS upper left coordinates, less than or equal to the PS lower right coordinates, and within the REG_OUT_LRC 
extents will use the PS to render pixels into the output buffer.

EXAMPLE

REG_OUT_PS_ULC_WR(0,0x03FF_03FF); // With this UL/LR pair of pixel coordinates, only 
one pixel at OUT[X,Y]=1023,1023 will use the PS to contribute to its value. 
REG_OUT_PS_LRC_WR(0,0x03FF_03FF);
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD1

RSVD1

Reserved, always set to zero.

29-16

X

X

This field indicates the lower right X-coordinate (in pixels) of the processed surface (PS) in the output 
frame buffer.

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13-0

Y

Y

This field indicates the lower right Y-coordinate (in pixels) of the processed surface in the output 
frame buffer.

60.6.1.11 Alpha Surface Upper Left Coordinate (OUT_AS_ULC)

Offset

Register Offset

OUT_AS_ULC 90h

Function

This register contains the upper left location for the Alpha Surface in the output buffer.

This register contains the upper left coordinate of AS in the output frame buffer (in pixels). Values that are within the 
REG_OUT_LRC[X,Y] extents are valid. The lowest valid value for these fields is 0,0. Pixel locations that are greater than or equal 
to the upper left coordinates will use the AS to render pixels in the output buffer.

EXAMPLE

REG_OUT_AS_ULC_WR(0,0x0001_0001); // Alpha Surface upper left coordinate at (X,Y) = 1,1. The 
AS surface will not effect pixels in the first row or first column of the output buffer.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD1

RSVD1

Reserved, always set to zero.

29-16

X

X

This field indicates the upper left X-coordinate (in pixels) of the alpha surface (AS) in the output frame buffer.

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13-0

Y

Y

This field indicates the upper left Y-coordinate (in pixels) of the alpha surface in the output frame buffer.

60.6.1.12 Alpha Surface Lower Right Coordinate (OUT_AS_LRC)

Offset

Register Offset

OUT_AS_LRC A0h

Function

This register contains the lower right extent for Alpha Surface in the output buffer.

This register contains the lower right coordinate of AS in the output frame buffer (in pixels). Values that are within the 
REG_OUT_LRC[X,Y] extents are valid. The lowest valid value for these fields is 0,0. Pixel locations that are less than or equal to 
the lower right coordinates will use the AS to render pixels in the output buffer.

EXAMPLE

REG_AS_LRC_WR(0,0x03FF_03FF); // Alpha Surface lower right coordinate at (X,Y) = 1023,1023.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD1

RSVD1

Reserved, always set to zero.

29-16

X

X

This field indicates the lower right X-coordinate (in pixels) of the alpha surface (AS) in the output 
frame buffer.

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13-0

Y

Y

This field indicates the lower right Y-coordinate (in pixels) of the alpha surface in the output frame buffer.

60.6.1.13 Processed Surface (PS) Control Register (PS_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

PS_CTRL B0h Processed Surface (PS) Control Register

PS_CTRL_SET B4h Writing 1 to a bit in this register ensures that the 
corresponding bit in PS_CTRL is 1

PS_CTRL_CLR B8h Writing 1 to a bit in this register ensures that the 
corresponding bit in PS_CTRL is 0

PS_CTRL_TOG BCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in PS_CTRL
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Function

The PS_CTRL register contains controls for the Processed Surface Buffer.

PS_CTRL: 0x0B0

PS_CTRL_SET: 0x0b4

PS_CTRL_CLR: 0x0B8

PS_CTRL_TOG: 0x0BC

Control register to determine PS buffer processing.

EXAMPLE

REG_CTRL_SET(BM_PXP_CTRL_SFTRST); REG_CTRL_CLR(BM_PXP_CTRL_SFTRST | BM_PXP_CTRL_CLKGATE);

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
DECX DECY 

RSVD
0 WB_

SWAP 
FORMAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

RSVD1

RSVD1

Reserved, always set to zero.

11-10

DECX

DECX

Horizontal pre decimation filter control.

00b - DISABLE : Disable pre-decimation filter.

01b - DECX2 : Decimate PS by 2.

10b - DECX4 : Decimate PS by 4.

11b - DECX8 : Decimate PS by 8.

9-8

DECY

DECY

Vertical pre decimation filter control.

00b - DISABLE : Disable pre-decimation filter.

01b - DECY2 : Decimate PS by 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - DECY4 : Decimate PS by 4.

11b - DECY8 : Decimate PS by 8.

7

RSVD0

RSVD0

Reserved, always set to zero.

6

WB_SWAP

WB_SWAP

Swap bytes in words. For each 16 bit word, the two bytes will be swapped.

5-0

FORMAT

FORMAT

PS buffer format. To select between YUV and YCbCr formats, see bit 31 of the CSC1_COEF0 register.

00_0100b - RGB888 : 32-bit pixels (unpacked 24-bit format)

00_1100b - RGB555 : 16-bit pixels

00_1101b - RGB444 : 16-bit pixels

00_1110b - RGB565 : 16-bit pixels

01_0000b - YUV1P444 : 32-bit pixels (1-plane XYUV unpacked)

01_0010b - UYVY1P422 : 16-bit pixels (1-plane U0,Y0,V0,Y1 interleaved bytes)

01_0011b - VYUY1P422 : 16-bit pixels (1-plane V0,Y0,U0,Y1 interleaved bytes)

01_0100b - Y8 : 8-bit monochrome pixels (1-plane Y luma output)

01_0101b - Y4 : 4-bit monochrome pixels (1-plane Y luma, 4 bit truncation)

01_1000b - YUV2P422 : 16-bit pixels (2-plane UV interleaved bytes)

01_1001b - YUV2P420 : 16-bit pixels (2-plane UV)

01_1010b - YVU2P422 : 16-bit pixels (2-plane VU interleaved bytes)

01_1011b - YVU2P420 : 16-bit pixels (2-plane VU)

01_1110b - YUV422 : 16-bit pixels (3-plane format)

01_1111b - YUV420 : 16-bit pixels (3-plane format)

60.6.1.14 PS Input Buffer Address (PS_BUF)

Offset

Register Offset

PS_BUF C0h

Function

PS Input Buffer Address. This should be programmed to the starting address of the RGB data or Y (luma) data for the PS plane.

This register contains the pointer to the Luma/RGB buffer. If the application requires an offset into the PS buffer, then this address 
can be set so that the desired offset is achieved. Any byte address is valid. For best performance, 64B alignment is recommended.
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EXAMPLE

REG_PS_BUF_WR(image_rgb); // RGB image REG_PS_BUF_WR(image_y); // Y (luma) image data 
REG_PS_UBUF_WR(image_u); // U (Cb) image data REG_PS_VBUF_WR(image_v); // V (Cr) image data

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Address pointer for the PS RGB or Y (luma) input buffer.

60.6.1.15 PS U/Cb or 2 Plane UV Input Buffer Address (PS_UBUF)

Offset

Register Offset

PS_UBUF D0h

Function

PS Chroma (U/Cb/UV) Input Buffer Address. This register points to the beginning of the PS U/Cb input buffer. In two plane 
operation, this register points to the beginning of the PS UV chroma input buffer.

This register contains the pointer to the Chroma U/Cb or 2 plane UV buffer. This register is unused when processing 1-plane buffer 
formats. If the application requires an offset into the PS buffer, then this address can be set so that the desired offset is achieved. 
Any byte address is valid. For best performance, 64B alignment is recommended.

EXAMPLE

REG_PS_BUF_WR(image_y); // Y (luma) image data REG_PS_UBUF_WR(image_u); // U (Cb) image data 
REG_PS_VBUF_WR(image_v); // V (Cr) image data
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Address pointer for the PS U/Cb or 2 plane UV Chroma input buffer.

60.6.1.16 PS V/Cr Input Buffer Address (PS_VBUF)

Offset

Register Offset

PS_VBUF E0h

Function

PS Chroma (V/Cr) Input Buffer Address. This register points to the beginning of the PS V/Cr input buffer. In one or two plane 
operation, this register is not used. In monochrome modes Y8 and Y4, the low 16 bits are used as the U/V data in the datapath 
instead of sourcing U/V data from external buffers. In this case, it represents a fixed value 0x8080 for U/V data.

This register contains the pointer to the Chroma V/Cr buffer. For Y8/Y4 modes, the low 16 bits are used as the monochrome U 
and V values in the data path. Bits [15:8] represent the U data byte, and bits ]7:0] represent the V data byte. Other than with Y8/Y4 
input buffer formats, this register is unused when processing 1 or 2-plane buffer formats. If the application requires an offset into 
the PS buffer, then this address can be set so that the desired offset is achieved. Any byte address is valid. For best performance, 
64B alignment is recommended.

EXAMPLE

REG_PS_BUF_WR(image_y); // Y (luma) image data REG_PS_UBUF_WR(image_u); // U (Cb) image data 
REG_PS_VBUF_WR(image_v); // V (Cr) image data
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Address pointer for the PS V/Cr Chroma input buffer.

60.6.1.17 Processed Surface Pitch (PS_PITCH)

Offset

Register Offset

PS_PITCH F0h

Function

This register contains the processed surface pitch in bytes.

Any byte value will indicate the vertical pitch of the PS source frame buffer. This value will be used in PS pixel address calculations. 
This value has no relation to the UL and LR registers. It specifies how many bytes are between two vertically adjacent pixels in 
the input PS surface. For multi-plane formats, the Y buffer pitch should be programmed. For 2-plane YUV422, the UV pitch is the 
same as the Y pitch. For 3-plane YUV422, the U and V pitch is 1/2 the Y pitch. For 2-plane YUV420, the UV pitch is 1/2 the Y 
pitch. For 3-plane YUV420, the U and V pitch is 1/4 the Y pitch. All source buffers should comply with these U and V resolution 
reductions with respect to their Y source buffers.

EXAMPLE

REG_PS_PITCH_WR( 64 * 4 ); // The output buffer pitch is 64 pixels times 32 bits per pixel
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-0

PITCH

PITCH

Indicates the number of bytes in memory between two vertically adjacent pixels.

60.6.1.18 PS Background Color (PS_BACKGROUND_0)

Offset

Register Offset

PS_BACKGROUND_0 100h

Function

PS Background Pixel Color. This register provides a pixel value used when processing pixels outside of the region specified by 
the PS Coordinate registers. This value can effectively be used to set the color of the letterboxing region around the PS image. 
This value is used by the Alpha A block.

This register contains a pixel value to be used for any PS pixels that fall outside the PS extents. This is effectively a background 
or letterbox color. The CSC1 control and datapath pixel format should be considered when selecting the background color.

EXAMPLE

REG_PS_BACKGROUND_WR(0x00000000); // letterbox is black REG_PS_BACKGROUND_WR(0x00800000); // 
letterbox is dark red REG_PS_BACKGROUND_WR(0x00008000); // letterbox is dark green 
REG_PS_BACKGROUND_WR(0x00000080); // letterbox is dark blue
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 
COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD

RSVD

Reserved, always set to zero.

23-0

COLOR

COLOR

Background color (in 24bpp format) for any pixels not within the buffer range specified by the PS ULC/LRC.

60.6.1.19 PS Scale Factor Register (PS_SCALE)

Offset

Register Offset

PS_SCALE 110h

Function

PS Scale Factor. This register provides the scale factor for the PS buffer.

The maximum down scaling factor is 1/2 such that the output image in either axis is 1/2 the size of the source. The maximum 
up scaling factor is 2^12 for either axis. The reciprocal of the scale factor should be loaded into this register. To reduce the PS 
buffer by a factor of two in the output frame buffer, a value of 10.0000_0000_0000 should be loaded into this register. To scale 
up by a factor of 4, the value of 1/4, or 00.0100_0000_0000, should be loaded into this register. To scale up by 8/5, the value of 
00.1010_0000_0000 should be loaded.

EXAMPLE

REG_PS_SCALE_WR(0x10001000); // 1:1 scaling (0x1.000) REG_PS_SCALE_WR(0x08000800); // 2x 
scaling (0x0.800) REG_PS_SCALE_WR(0x20002000); // 1/2x scaling (0x2.000)
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

2 YSCALE 
W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

1 XSCALE 
W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD2

RSVD2

Reserved, always set to zero.

30-16

YSCALE

YSCALE

This is a two bit integer and 12 bit fractional representation (##.####_####_####) of the Y scaling factor for 
the PS source buffer. The maximum value programmed should be 2 since scaling down by a factor greater 
than 2 is not supported with the bilinear filter. Decimation and the bilinear filter should be used together to 
achieve scaling by more than a factor of 2.

15

RSVD1

RSVD1

Reserved, always set to zero.

14-0

XSCALE

XSCALE

This is a two bit integer and 12 bit fractional representation (##.####_####_####) of the X scaling factor for 
the PS source buffer. The maximum value programmed should be 2 since scaling down by a factor greater 
than 2 is not supported with the bilinear filter. Decimation and the bilinear filter should be used together to 
achieve scaling by more than a factor of 2.

60.6.1.20 PS Scale Offset Register (PS_OFFSET)

Offset

Register Offset

PS_OFFSET 120h

Function

PS Scale Offset. This register provides the initial scale offset for the PS buffer.

The X and Y offset provides the ability to access the source image with a per sub-pixel granularity. This provides the capability to 
use all source pixels to effect the output PS image. The fixed offset values can be used for sub-pixel adjustments in the bilinear 
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scaling filter. For example, when scaling an image down by a factor of 2, an initial offset of 0x0 would result in sub-sampling every 
other pixel. If a fixed offset of 0x800 (1/2), all pixels are used in scaling the final output pixel value. In this case, the first output 
pixel would be the sum of (1/2*P0) + (1/2*P1). This fixed offset is applied after the decimation filter stage, and before the bilinear 
filter stage.

EXAMPLE

REG_PS_SCALE_WR(0x2000_2000); // 1/2x scaling (0x2.000) REG_PS_OFFSET_WR(0x0800_0800); // 
half-pixel offset in both X and Y to ensure averaging versus pixel decimation

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD2 
YOFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
XOFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

RSVD2

RSVD2

Reserved, always set to zero.

27-16

YOFFSET

YOFFSET

This is a 12 bit fractional representation (0.####_####_####) of the Y scaling offset. This represents a fixed 
pixel offset which gets added to the scaled address to determine source data for the scaling engine.

15-12

RSVD1

RSVD1

Reserved, always set to zero.

11-0

XOFFSET

XOFFSET

This is a 12 bit fractional representation (0.####_####_####) of the X scaling offset. This represents a fixed 
pixel offset which gets added to the scaled address to determine source data for the scaling engine.

60.6.1.21 PS Color Key Low (PS_CLRKEYLOW_0)

Offset

Register Offset

PS_CLRKEYLOW_0 130h
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Function

This register contains the color key low value for the PS buffer. This value is used by the Alpha A block.

When processing an image, if the PXP finds a pixel in the PS buffer with a color that falls in the range between 
REG_PS_CLRKEYLOW and REG_PS_CLRKEYHIGH, it will insert the pixel from the AS channel. If the current AS pixel 
is letterboxed or if the AS also matches its colorkey range, the REG_PS_BACKGROUND color is passed down the pixel pipeline.

EXAMPLE

// colorkey values between REG_PS_CLRKEYLOW_WR (0x008000); // medium green and 
REG_PS_CLRKEYHIGH_WR(0x00FF00); // light green

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

Low range of color key applied to PS buffer. To disable PS colorkeying, set the low colorkey to 0xFFFFFF 
and the high colorkey to 0x000000.

60.6.1.22 PS Color Key High (PS_CLRKEYHIGH_0)

Offset

Register Offset

PS_CLRKEYHIGH_0 140h

Function

This register contains the color key high value for the PS buffer. This value is used by the Alpha A block.

When processing an image, if the PXP finds a pixel in the PS buffer with a color that falls in the range between 
REG_PS_CLRKEYLOW and REG_PS_CLRKEYHIGH, it will insert the pixel from the AS channel. If the current AS pixel 
is letterboxed or if the AS also matches its colorkey range, the REG_PS_BACKGROUND color is passed down the pixel pipeline.

EXAMPLE
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// colorkey values between REG_PS_CLRKEYLOW_WR (0x008000); // medium green and 
REG_PS_CLRKEYHIGH_WR(0x00FF00); // light green

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

High range of color key applied to PS buffer. To disable PS colorkeying, set the low colorkey to 0xFFFFFF 
and the high colorkey to 0x000000.

60.6.1.23 Alpha Surface Control (AS_CTRL)

Offset

Register Offset

AS_CTRL 150h

Function

This register contains buffer control for the Alpha Surface 0 input buffer.

Control register to determine AS buffer processing.

EXAMPLE

u32 asparam; asparam = BF_PXP_ASPARAM_ENABLE (1); asparam 
|= BF_PXP_ASPARAM_ALPHA_CTRL(BV_PXP_ASPARAM_ALPHA_CTRL__ROPs); asparam |= 
BF_PXP_ASPARAM_FORMAT (BV_PXP_ASPARAM_FORMAT__ARGB8888); asparam |= BF_PXP_ASPARAM_ROP 
(BV_PXP_ASPARAM_ROP__XORAS); REG_ASPARAM_WR(0,asparam); // enable alpha surface to perform 
XOR ROP using RGB8888 AS pixel format
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 ALPHA
1_...

ALPHA
0_...

ROP 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ALPHA FORMAT 

ENABL
E_...

ALPHA_CTRL 

RSVD
0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

RSVD1

RSVD1

Reserved, always set to zero.

21

ALPHA1_INVE
RT

ALPHA1_INVERT

Setting this bit to logic 0 will not alter the alpha1 value. A logic 1 will invert the alpha1 value and apply 
(1-alpha) for image composition.

20

ALPHA0_INVE
RT

ALPHA0_INVERT

Setting this bit to logic 0 will not alter the alpha0 value. A logic 1 will invert the alpha0 value and apply 
(1-alpha) for image composition.

19-16

ROP

ROP

Indicates a raster operation to perform when enabled. Raster operations are enabled through the 
ALPHA_CTRL field.

0000b - MASKAS : AS AND PS

0001b - MASKNOTAS : nAS AND PS

0010b - MASKASNOT : AS AND nPS

0011b - MERGEAS : AS OR PS

0100b - MERGENOTAS : nAS OR PS

0101b - MERGEASNOT : AS OR nPS

0110b - NOTCOPYAS : nAS

0111b - NOT : nPS

1000b - NOTMASKAS : AS NAND PS

1001b - NOTMERGEAS : AS NOR PS

1010b - XORAS : AS XOR PS

1011b - NOTXORAS : AS XNOR PS

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-8

ALPHA

ALPHA

Alpha modifier used when the ALPHA_MULTIPLY or ALPHA_OVERRIDE values are programmed in 
REG_AS_CTRL[ALPHA_CTRL]. The output alpha value will either be replaced (ALPHA_OVERRIDE) or 
scaled (ALPHA_MULTIPLY) when selected.

7-4

FORMAT

FORMAT

Indicates the input buffer format for AS.

0000b - ARGB8888 : 32-bit pixels with alpha

0001b - RGBA8888 : 32-bit pixels with alpha

0100b - RGB888 : 32-bit pixels without alpha (unpacked 24-bit format)

1000b - ARGB1555 : 16-bit pixels with alpha

1001b - ARGB4444 : 16-bit pixels with alpha

1100b - RGB555 : 16-bit pixels without alpha

1101b - RGB444 : 16-bit pixels without alpha

1110b - RGB565 : 16-bit pixels without alpha

3

ENABLE_COL
ORKEY

ENABLE_COLORKEY

Indicates that colorkey functionality is enabled for this alpha surface. Pixels found in the alpha surface 
colorkey range will be displayed as transparent (the PS pixel will be used).

2-1

ALPHA_CTRL

ALPHA_CTRL

Determines how the alpha value is constructed for this alpha surface. Indicates that the value in the ALPHA 
field should be used instead of the alpha values present in the input pixels.

00b - Embedded : Indicates that the AS pixel alpha value will be used to blend the AS with PS. 
The ALPHA field is ignored.

01b - Override : Indicates that the value in the ALPHA field should be used instead of the alpha 
values present in the input pixels.

10b - Multiply : Indicates that the value in the ALPHA field should be used to scale all pixel alpha 
values. Each pixel alpha is multiplied by the value in the ALPHA field.

11b - ROPs : Enable ROPs. The ROP field indicates an operation to be performed on the alpha 
surface and PS pixels.

0

RSVD0

RSVD0

Reserved, always set to zero.
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60.6.1.24 Alpha Surface Buffer Pointer (AS_BUF)

Offset

Register Offset

AS_BUF 160h

Function

Alpha Surface 0 Buffer Address Pointer. This register points to the beginning of the Alpha Surface 0 input buffer.

This register is used to indicate the base address of the AS buffer.

EXAMPLE

u32* alpha_ptr; REG_ASn_WR(0,alpha_ptr);

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

Address pointer for the alpha surface 0 buffer.

60.6.1.25 Alpha Surface Pitch (AS_PITCH)

Offset

Register Offset

AS_PITCH 170h

Function

This register contains the alpha surface pitch in bytes.

Any byte value will indicate the vertical pitch. This value will be used in AS pixel address calculations. This value has no relation 
to the UL and LR registers. It specifies how many bytes are between two vertically adjacent pixels in the input AS surface.
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EXAMPLE

REG_AS_PITCH_WR( 1920 * 4 ); // The output buffer pitch is HD resolution at 32 bits per pixel

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-0

PITCH

PITCH

Indicates the number of bytes in memory between two vertically adjacent pixels.

60.6.1.26 Overlay Color Key Low (AS_CLRKEYLOW_0)

Offset

Register Offset

AS_CLRKEYLOW_0 180h

Function

This register contains the color key low value for the AS buffer. This value is used by the Alpha A block.

When processing an image, the if the PXP finds a pixel in the current overlay image with a color that falls in the range from the 
ASCOLORKEYLOW to ASCOLORKEYHIGH range, it will use the PS pixel value for that location. If no PS image is present or 
if the PS image also matches its colorkey range, the PS background color is used. Colorkey operations are higher priority than 
alpha or ROP operations.

EXAMPLE

// colorkey values between REG_AS_CLRKEYLOW_WR (0x000000); // black and 
REG_AS_CLRKEYHIGH_WR(0x800000); // medium red
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

Low range of RGB color key applied to AS buffer. Each overlay has an independent colorkey enable.

60.6.1.27 Overlay Color Key High (AS_CLRKEYHIGH_0)

Offset

Register Offset

AS_CLRKEYHIGH_0 190h

Function

This register contains the color key high value for the AS buffer. This value is used by the Alpha A block.

When processing an image, the if the PXP finds a pixel in the current overlay image with a color that falls in the range from the 
ASCOLORKEYLOW to ASCOLORKEYHIGH range, it will use the PS pixel value for that location. If no PS image is present or 
if the PS image also matches its colorkey range, the PS background color is used. Colorkey operations are higher priority than 
alpha or ROP operations.

EXAMPLE

// colorkey values between REG_AS_CLRKEYLOW_WR (0x000000); // black and 
REG_AS_CLRKEYHIGH_WR(0x800000); // medium red
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

High range of RGB color key applied to AS buffer. Each overlay has an independent colorkey enable.

60.6.1.28 Color Space Conversion Coefficient Register 0 (CSC1_COEF0)

Offset

Register Offset

CSC1_COEF0 1A0h

Function

This register contains color space conversion coefficients in two's compliment notation.

The Coefficient 0 register contains coefficients used in the color space conversion algorithm. The Y and UV offsets are added to 
the source buffer to normalize them before the conversion. C0 is the coefficient that is used to multiply the luma component of the 
data for all three RGB components.

EXAMPLE

// The equations used for Colorspace conversion are: // R = C0*(Y+YOFFSET) + 
C1(V+UV_OFFSET) // G = C0*(Y+YOFFSET) + C3(U+UV_OFFSET) + C2(V+UV_OFFSET) // R 
= C0*(Y+YOFFSET) + C4(U+UV_OFFSET) REG_CSCCOEF0_WR(0x04030000); // YUV coefficients: 
C0, Yoffset, UVoffset REG_CSCCOEF1_WR(0x01230208); // YUV coefficients: C1, C4 
REG_CSCCOEF2_WR(0x076B079b); // YUV coefficients: C2, C3
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R YCBC
R_M...

BYPA
SS 

RSVD
1 C0 UV_OFFSET 

W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
UV_OFFSET Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

YCBCR_MODE

YCBCR_MODE

Set to 1 when performing YCbCr conversion to RGB. Set to 0 when converting YUV to RGB data. This bit 
changes the behavior of the scaler when performing U/V scaling.

30

BYPASS

BYPASS

Bypass the CSC unit in the scaling engine. When set to logic 1, bypass is enabled and the output pixels 
will be in the YUV/YCbCr color space. When set to logic 0, the CSC unit is enabled and the pixels will be 
converted based on the programmed coefficients.

29

RSVD1

RSVD1

Reserved, always set to zero.

28-18

C0

C0

Two's compliment Y multiplier coefficient. YUV=0x100 (1.000) YCbCr=0x12A (1.164)

17-9

UV_OFFSET

UV_OFFSET

Two's compliment phase offset implicit for CbCr data. Generally used for YCbCr to RGB conversion. 
YCbCr=0x180, YUV=0x000 (typically -128 or 0x180 to indicate normalized -0.5 to 0.5 range)

8-0

Y_OFFSET

Y_OFFSET

Two's compliment amplitude offset implicit in the Y data. For YUV, this is typically 0 and for YCbCr, this is 
typically -16 (0x1F0)

60.6.1.29 Color Space Conversion Coefficient Register 1 (CSC1_COEF1)

Offset

Register Offset

CSC1_COEF1 1B0h
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Function

This register contains color space conversion coefficients in two's compliment notation.

The Coefficient 1 register contains coefficients used in the color space conversion algorithm. C1 is the coefficient that is used to 
multiply the chroma (Cr/V) component of the data for the red component. C4 is the coefficient that is used to multiply the chroma 
(Cb/U) component of the data for the blue component. Both values should be coded as a two's compliment fixed point number 
with 8 bits right of the decimal.

EXAMPLE

REG_CSCCOEF0_WR(0x04030000); // YUV coefficients: C0, Yoffset, UVoffset 
REG_CSCCOEF1_WR(0x01230208); // YUV coefficients: C1, C4 REG_CSCCOEF2_WR(0x076B079b); // YUV 
coefficients: C2, C3

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
C1 

W

Reset 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
C4 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

C1

C1

Two's compliment Red V/Cr multiplier coefficient. YUV=0x123 (1.140) YCbCr=0x198 (1.596)

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

C4

C4

Two's compliment Blue U/Cb multiplier coefficient. YUV=0x208 (2.032) YCbCr=0x204 (2.017)

60.6.1.30 Color Space Conversion Coefficient Register 2 (CSC1_COEF2)

Offset

Register Offset

CSC1_COEF2 1C0h
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Function

This register contains color space conversion coefficients in two's compliment notation.

The Coefficient 2 register contains coefficients used in the color space conversion algorithm. C2 is the coefficient that is used to 
multiply the chroma (Cr/V) component of the data for the green component. C3 is the coefficient that is used to multiply the chroma 
(Cb/U) component of the data for the green component. Both values should be coded as a two's compliment fixed point number 
with 8 bits right of the decimal.

EXAMPLE

// NOTE: The default values for the CSCCOEF2 register are incorrect. C2 should be 
0x76B and C3 should be 0x79C for proper operation. REG_CSCCOEF0_WR(0x04030000); // YUV 
coefficients: C0, Yoffset, UVoffset REG_CSCCOEF1_WR(0x01230208); // YUV coefficients: C1, C4 
REG_CSCCOEF2_WR(0x076B079b); // YUV coefficients: C2, C3

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
C2 

W

Reset 0 0 0 0 0 1 1 1 1 0 0 1 1 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
C3 

W

Reset 0 0 0 0 0 1 1 1 0 1 1 0 1 1 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

C2

C2

Two's compliment Green V/Cr multiplier coefficient. YUV=0x76B (-0.581) YCbCr=0x730 (-0.813)

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

C3

C3

Two's compliment Green U/Cb multiplier coefficient. YUV=0x79C (-0.394) YCbCr=0x79C (-0.392)

60.6.1.31 Color Space Conversion Control Register. (CSC2_CTRL)

Offset

Register Offset

CSC2_CTRL 1D0h
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Function

This register contains the control registers to configure the CSC module.

The CSC control register will configure the CSC module to perform color space conversion between the RGB/YUV/YCbCr 
color spaces.

EXAMPLE

//Converting from YUV/YCbCr color spaces to the RGB color space uses the //following 
equation structure: // // R = A1(Y-D1) + A2(U-D2) + A3(V-D3) // G = B1(Y-D1) + B2(U-D2) + 
B3(V-D3) // B = C1(Y-D1) + C2(U-D2) + C3(V-D3) // //Converting from the RGB color space to 
YUV/YCbCr color spaces uses the //following equation structure: // // Y = A1*R + A2*G + A3*B 
+ D1 // U = B1*R + B2*G + B3*B + D2 // V = C1*R + C2*G + C3*B + D3 // //All math is signed, 
so all coefficients come in as two's comp numbers //

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD 
CSC_MODE 

BYPA
SS W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-3

RSVD

RSVD

Reserved, always set to zero.

2-1

CSC_MODE

CSC_MODE

This field controls how the CSC unit operates on pixels when the CSC is not bypassed.

00b - YUV2RGB : Convert from YUV to RGB.

01b - YCbCr2RGB : Convert from YCbCr to RGB.

10b - RGB2YUV : Convert from RGB to YUV.

11b - RGB2YCbCr : Convert from RGB to YCbCr.

0

BYPASS

BYPASS

This bit controls whether the pixels entering the CSC2 unit get converted or not. When BYPASS is set, no 
operations occur on the pixels. When BYPASS is cleared, the selected CSC operation takes place.
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60.6.1.32 Color Space Conversion Coefficient Register 0 (CSC2_COEF0)

Offset

Register Offset

CSC2_COEF0 1E0h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
A2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
A1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

A2

A2

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

A1

A1

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.
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60.6.1.33 Color Space Conversion Coefficient Register 1 (CSC2_COEF1)

Offset

Register Offset

CSC2_COEF1 1F0h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
B1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
A3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

B1

B1

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

A3

A3

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3458 / 5781



60.6.1.34 Color Space Conversion Coefficient Register 2 (CSC2_COEF2)

Offset

Register Offset

CSC2_COEF2 200h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
B3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
B2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

B3

B3

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

B2

B2

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.
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60.6.1.35 Color Space Conversion Coefficient Register 3 (CSC2_COEF3)

Offset

Register Offset

CSC2_COEF3 210h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
C2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
C1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD1

RSVD1

Reserved, always set to zero.

26-16

C2

C2

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

C1

C1

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.
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60.6.1.36 Color Space Conversion Coefficient Register 4 (CSC2_COEF4)

Offset

Register Offset

CSC2_COEF4 220h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
D1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
C3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

RSVD1

RSVD1

Reserved, always set to zero.

24-16

D1

D1

Two's compliment coefficient integer offset to be added.

15-11

RSVD0

RSVD0

Reserved, always set to zero.

10-0

C3

C3

Two's compliment coefficient offset. This coefficient has a sign bit, 2 bits integer, and 8 bits of fraction 
as ###.####_####.
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60.6.1.37 Color Space Conversion Coefficient Register 5 (CSC2_COEF5)

Offset

Register Offset

CSC2_COEF5 230h

Function

This register contains color space conversion coefficients in two's compliment notation.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
D3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
D2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

RSVD1

RSVD1

Reserved, always set to zero.

24-16

D3

D3

Two's compliment coefficient integer offset to be added.

15-9

RSVD0

RSVD0

Reserved, always set to zero.

8-0

D2

D2

Two's compliment D1 coefficient integer offset to be added.

60.6.1.38 Lookup Table Control Register. (LUT_CTRL)

Offset

Register Offset

LUT_CTRL 240h
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Function

This register is used to access/control the Monochrome Lookup table.

The Y8 LUT input mode will take the high order data path byte and transform it using the LUT memory. This is an 8-bit to 8-bit 
transformation. The two low order bytes bypass the LUT and are not transformed, but bypassed without modification. This option 
can be used for monochrome gamma correction. The Direct Lookup mode will use the high nibble of each data byte and truncate 
the low nibble to generate the lookup address, i.e. R[7:0]G[7:0]B[7:0] -> R[7:4]G[7:4]B[7:4]. 4K pixels (12-bit address) with 2 bytes 
per pixel is supported in this mode. Cached Lookup mode will use the high order bits, R[7:3],G[7:2],B[7:3] or RGB565, to address 
the cached LUT memory. 64KB LUT tables, using 16KB of internal LUT memory, can be indirectly transformed to 16-bit output 
pixels (as in RGBW4444/RGB565). This is used for 16bpp gamma correction or EPD color panel support. Cache misses are 
internally managed by the PXP LUT Cache controller.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BYPA
SS 

RSVD3 LOOKUP_MOD
E 

RSVD2 
OUT_MODE 

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 SEL_
8KB 

LRU_
UPD 

INVALI
D 

RSVD0 DMA_
STA...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BYPASS

BYPASS

Setting this bit will bypass the LUT memory resource completely. No pixel transformations will occur at this 
stage of the PXP pixel processing pipeline.

30-26

RSVD3

RSVD3

Reserved, always set to zero.

25-24

LOOKUP_MOD
E

LOOKUP_MODE

Configure the input address for the 16KB

LUT memory. The address into the LUT uses different

parts of the pixel data path bytes. The data path is

defined as three bytes, conceptually as RGB/YUV/YCbCr[23:0]. Also referred to as R/Y[7:0],G/
U[7:0],B/V[7:0]

00b - CACHE_RGB565 : LUT ADDR = R[7:3],G[7:2],B[7:3]. Use all 16KB of LUT for indirect 
cached 128KB lookup.

01b - DIRECT_Y8 : LUT ADDR = 16'b0,Y[7:0]. Use only the first 256 bytes of LUT. Only the Y, or 
third data path byte, is transformed.

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - DIRECT_RGB444 : LUT ADDR = R[7:4],G[7:4],B[7:4]. Use one 8KB bank of LUT selected 
by SEL_8KB.

11b - DIRECT_RGB454 : LUT ADDR = R[7:4],G[7:3],B[7:4]. Use all 16KB of LUT.

23-18

RSVD2

RSVD2

Reserved, always set to zero.

17-16

OUT_MODE

OUT_MODE

Select the output mode of operation for

the LUT resource. There are four bytes [3-0] in the data

path at the output of the LUT resource. Byte lane 3

is always bypassed and usually contains an alpha

value. The LUT can be programmed to transform bytes

2,1,0 according to the options available in this field.

00b - RESERVED : Reserved, not valid when using the LUT to transform pixels.

01b - Y8 : R/Y byte lane 2 lookup, bytes 1,0 bypassed.

10b - RGBW4444CFA : Byte lane 2 = CFA_Y8, byte lane 1,0 = RGBW4444.

11b - RGB888 : RGB565->RGB888 conversion for Gamma correction.

15-11

RSVD1

RSVD1

Reserved, always set to zero.

10

SEL_8KB

SEL_8KB

Selects which 8KB bank of memory to use for direct 12bpp lookup modes. Logic 0 indicates first 8KB, 
logic 1 indicates second 8KB. Two direct LUT arrays can be stored and one can be selected for a given 
PXP operation.

9

LRU_UPD

LRU_UPD

Least Recently Used Policy Update Control: 1=> block LRU update for hit after miss. 0=> update LRU for 
all hits including hit after miss.

8

INVALID

INVALID

Invalidate the cache LRU and valid bits. This bit will automatically reset when set to a logic 1.

7-1

RSVD0

RSVD0

Reserved, always set to zero.

0

DMA_START

DMA_START

Setting this bit will result in the DMA operation to load the PXP LUT memory based on 
REG_LUT_ADDR_NUM_BYTES, REG_LUT_ADDR_ADDR, and REG_LUT_MEM_ADDR.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This bit will automatically reset when set to a logic 1. Note: The LOOKUP_MODE must not be set to 
CACHE_RGB565 when starting and performing DMA transfers.

60.6.1.39 Lookup Table Control Register. (LUT_ADDR)

Offset

Register Offset

LUT_ADDR 250h

Function

This register is used to access/control the Monochrome Lookup table.

The Y8 LUT input mode will take the high order data path byte and transform it using the LUT memory. This is an 8-bit to 8-bit 
transformation. The two low order bytes bypass the LUT and are not transformed, but bypassed without modification. This option 
can be used for monochrome gamma correction. The Direct Lookup mode will use the high nibble of each data byte and truncate 
the low nibble to generate the lookup address, i.e. R[7:0]G[7:0]B[7:0] -> R[7:4]G[7:4]B[7:4]. 4K pixels (12-bit address) with 2 bytes 
per pixel is supported in this mode. Cached Lookup mode will use the high order bits, R[7:3],G[7:2],B[7:3] or RGB565, to address 
the cached LUT memory. 64KB LUT tables, using 16KB of internal LUT memory, can be indirectly transformed to 16-bit output 
pixels (as in RGBW4444/RGB565). This is used for 16bpp gamma correction or EPD color panel support. Cache misses are 
internally managed by the PXP LUT Cache controller.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

2 NUM_BYTES 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD2

RSVD2

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

30-16

NUM_BYTES

NUM_BYTES

Indicates the number of bytes to load via a DMA operation. This field must be divisible by 8 and the least 
significant 3 bits must be 0. The value 8 indicates load 8 bytes from the external address indicated by 
REG_LUT_MEM_ADDR to the LUT memory location indicated by REG_LUT_CTRL_ADDR.

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-0

ADDR

ADDR

LUT indexed address pointer. This address into the LUT memory is always four byte aligned for PIO access, 
and eight byte aligned for DMA access.

The least two significant bits are not used to drive the LUT memory array. For PIO LUT access, when the 
LUT data register is written, the contents of the LUT at the address specified by this address field will be 
loaded with a 32-bit DWORD. This address pointer will be incremented after the LUT data is written. This 
will provide recursive writes to the LUT data register to initialize the entire LUT array with recursive writes 
to the LUT data register. For DMA access, this register indicates the LUT memory address of the 8 byte 
QWORD to be loaded. When using the NUM_BYTES field to load more than 8 bytes, the register should be 
programmed with the first LUT memory location to be filled and each load of the LUT memory will increment 
this address field until NUM_BYTES has been loaded.

60.6.1.40 Lookup Table Data Register. (LUT_DATA)

Offset

Register Offset

LUT_DATA 260h

Function

This register is used to load data into the lookup table.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

DATA

DATA

Writing this field will load 4 bytes, aligned to four byte boundaries, of data indexed by the ADDR field of the 
REG_LUT_CTRL register.

60.6.1.41 Lookup Table External Memory Address Register. (LUT_EXTMEM)

Offset

Register Offset

LUT_EXTMEM 270h

Function

This register is used as the external memory base address for LUT data transfers.

For DMA LUT memory loads, this is the base address from which data will be sourced to store into the LUT memory array. For 
Cached LUT memory pixel transformations, this register will store the base address of the full 64K pixel LUT translation table.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ADDR

ADDR

This register contains the external memory address used for LUT memory operation.
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60.6.1.42 Color Filter Array Register. (CFA)

Offset

Register Offset

CFA 280h

Function

This register contains the pattern of the CFA mapping within PXP macro blocks.

There are sixteen 2 bit values in this register each mapping a selected component to the output pixel. The two bit values are 
defined as 0=>R, 1=>G, 2=>B, and 3=>W. The first byte represents the repetitive pattern of RGBW pixels in the CFA for the first 
line segment of each processed PXP block. The second byte represents the pattern in the second line segment of the block, and 
so on. The first byte repeats 4 times for 8x8 macro block mode, and repeats 16 times for 16x16 block mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

DATA

This register contains the Color Filter

Array pattern for decimation of RGBW4444 16 bit pixels

to individual R, G, B, W values. The pattern

represents a replicated 4x4 color filter array for the

entire output frame buffer.

60.6.1.43 PXP Alpha Engine A Control Register. (ALPHA_A_CTRL)

Offset

Register Offset

ALPHA_A_CTRL 290h
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Function

This register controls alpha blending function in PXP.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
S1_GLOBAL_ALPHA S0_GLOBAL_ALPHA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 S1_CO
LO...

S1_AL
PH...

S1_GLOBAL_A
LPHA...

S1_S0_FACTO
R_MO...

RSVD
1 S0_CO

LO...
S0_AL
PH...

S0_GLOBAL_A
LPHA...

S0_S1_FACTO
R_MO...

PORT
ER_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

S1_GLOBAL_A
LPHA

S1_GLOBAL_ALPHA

s1 global alpha

23-16

S0_GLOBAL_A
LPHA

S0_GLOBAL_ALPHA

s0 global alpha

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13

S1_COLOR_M
ODE

S1_COLOR_MODE

s1 color mode

0b - straight mode for s1 color

1b - multiply mode for s1 color

12

S1_ALPHA_MO
DE

S1_ALPHA_MODE

s1 alpha mode

0b - straight mode for s1 alpha

1b - inversed mode for s1 alpha

11-10

S1_GLOBAL_A
LPHA_MODE

S1_GLOBAL_ALPHA_MODE

s1 global alpha mode

00b - using global alpha.

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - using local alpha.

10b - using scaled alpha.

11b - using scaled alpha.

9-8

S1_S0_FACTO
R_MODE

S1_S0_FACTOR_MODE

s1 to s0 factor mode

00b - using 1.

01b - using 0.

10b - using straight alpha.

11b - using inverse alpha.

7

RSVD1

RSVD1

Reserved, always set to zero.

6

S0_COLOR_M
ODE

S0_COLOR_MODE

s0 color mode

0b - straight mode for s0 color

1b - multiply mode for s0 color

5

S0_ALPHA_MO
DE

S0_ALPHA_MODE

s0 alpha mode

0b - straight mode for s0 alpha

1b - inversed mode for s0 alpha

4-3

S0_GLOBAL_A
LPHA_MODE

S0_GLOBAL_ALPHA_MODE

s0 global alpha mode

00b - using global alpha.

01b - using local alpha.

10b - using scaled alpha.

11b - using scaled alpha.

2-1

S0_S1_FACTO
R_MODE

S0_S1_FACTOR_MODE

s0 to s1 factor mode

00b - using 1.

01b - using 0.

10b - using straight alpha.

11b - using inverse alpha.

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3470 / 5781



Table continued from the previous page...

Field Function

0

PORTER_DUF
F_ENABLE

PORTER_DUFF_ENABLE

porter_duff enable

0b - porter duff disable.

1b - porter duff enable.

60.6.1.44 PXP Alpha Engine B Control Register. (ALPHA_B_CTRL)

Offset

Register Offset

ALPHA_B_CTRL 2A0h

Function

This register controls alpha blending function in PXP.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
S1_GLOBAL_ALPHA S0_GLOBAL_ALPHA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 S1_CO
LO...

S1_AL
PH...

S1_GLOBAL_A
LPHA...

S1_S0_FACTO
R_MO...

RSVD
1 S0_CO

LO...
S0_AL
PH...

S0_GLOBAL_A
LPHA...

S0_S1_FACTO
R_MO...

PORT
ER_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

S1_GLOBAL_A
LPHA

S1_GLOBAL_ALPHA

s1 global alpha

23-16

S0_GLOBAL_A
LPHA

S0_GLOBAL_ALPHA

s0 global alpha

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-14

RSVD0

RSVD0

Reserved, always set to zero.

13

S1_COLOR_M
ODE

S1_COLOR_MODE

s1 color mode

0b - straight mode for s1 color

1b - multiply mode for s1 color

12

S1_ALPHA_MO
DE

S1_ALPHA_MODE

s1 alpha mode

0b - straight mode for s1 alpha

1b - inversed mode for s1 alpha

11-10

S1_GLOBAL_A
LPHA_MODE

S1_GLOBAL_ALPHA_MODE

s1 global alpha mode

00b - using global alpha.

01b - using local alpha.

10b - using scaled alpha.

11b - using scaled alpha.

9-8

S1_S0_FACTO
R_MODE

S1_S0_FACTOR_MODE

s1 to s0 factor mode

00b - using 1.

01b - using 0.

10b - using straight alpha.

11b - using inverse alpha.

7

RSVD1

RSVD1

Reserved, always set to zero.

6

S0_COLOR_M
ODE

S0_COLOR_MODE

s0 color mode

0b - straight mode for s0 color

1b - multiply mode for s0 color

5

S0_ALPHA_MO
DE

S0_ALPHA_MODE

s0 alpha mode

0b - straight mode for s0 alpha
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Table continued from the previous page...

Field Function

1b - inversed mode for s0 alpha

4-3

S0_GLOBAL_A
LPHA_MODE

S0_GLOBAL_ALPHA_MODE

s0 global alpha mode

00b - using global alpha.

01b - using local alpha.

10b - using scaled alpha.

11b - using scaled alpha.

2-1

S0_S1_FACTO
R_MODE

S0_S1_FACTOR_MODE

s0 to s1 factor mode

00b - using 1.

01b - using 0.

10b - using straight alpha.

11b - using inverse alpha.

0

PORTER_DUF
F_ENABLE

PORTER_DUFF_ENABLE

porter_duff enable

0b - porter duff disable.

1b - porter duff enable.

60.6.1.45 (ALPHA_B_CTRL_1)

Offset

Register Offset

ALPHA_B_CTRL_1 2B0h

Function

This register defines software define pixels for alpha blending.

This register defines alpha1 legacy blending parameters.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
ROP 

RSVD1 OL_CL
RK...

ROP_
ENA...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

RSVD0

RSVD0

Reserved, always set to zero.

7-4

ROP

ROP

Indicates a raster operation to perform when enabled.

0000b - MASKAS : AS AND PS

0001b - MASKNOTAS : nAS AND PS

0010b - MASKASNOT : AS AND nPS

0011b - MERGEAS : AS OR PS

0100b - MERGENOTAS : nAS OR PS

0101b - MERGEASNOT : AS OR nPS

0110b - NOTCOPYAS : nAS

0111b - NOT : nPS

1000b - NOTMASKAS : AS NAND PS

1001b - NOTMERGEAS : AS NOR PS

1010b - XORAS : AS XOR PS

1011b - NOTXORAS : AS XNOR PS

3-2

RSVD1

RSVD1

Reserved, always set to zero.

1

OL_CLRKEY_E
NABLE

OL_CLRKEY_ENABLE

Indicates that colorkey functionality is enabled for this alpha surface. Pixels found in the alpha surface 
colorkey range will be displayed as transparent (the PS pixel will be used).

0

ROP_ENABLE

ROP_ENABLE

ROP ENABLE
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60.6.1.46 PS Background Color 1 (PS_BACKGROUND_1)

Offset

Register Offset

PS_BACKGROUND_1 2C0h

Function

PS Background Pixel Color. This register provides a pixel value used when processing pixels outside of the region specified by 
the PS Coordinate registers. This value can effectively be used to set the color of the letterboxing region around the PS image. 
This value is used by the Alpha B block.

This register contains a pixel value to be used for any PS pixels that fall outside the PS extents. This is effectively a background 
or letterbox color. The CSC1 control and datapath pixel format should be considered when selecting the background color.

EXAMPLE

REG_PS_BACKGROUND_WR(0x00000000); // letterbox is black REG_PS_BACKGROUND_WR(0x00800000); // 
letterbox is dark red REG_PS_BACKGROUND_WR(0x00008000); // letterbox is dark green 
REG_PS_BACKGROUND_WR(0x00000080); // letterbox is dark blue

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 
COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD

RSVD

Reserved, always set to zero.

23-0

COLOR

COLOR

Background color (in 24bpp format) for any pixels not within the buffer range specified by the PS ULC/LRC.
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60.6.1.47 PS Color Key Low 1 (PS_CLRKEYLOW_1)

Offset

Register Offset

PS_CLRKEYLOW_1 2D0h

Function

This register contains the color key low value for the PS buffer 1. This value is used by the Alpha B block.

When processing an image, if the PXP finds a pixel in the PS buffer with a color that falls in the range between 
REG_PS_CLRKEYLOW and REG_PS_CLRKEYHIGH, it will insert the pixel from the AS channel. If the current AS pixel 
is letterboxed or if the AS also matches its colorkey range, the REG_PS_BACKGROUND color is passed down the pixel pipeline.

EXAMPLE

// colorkey values between REG_PS_CLRKEYLOW_WR (0x008000); // medium green and 
REG_PS_CLRKEYHIGH_WR(0x00FF00); // light green

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

Low range of color key applied to PS buffer. To disable PS colorkeying, set the low colorkey to 0xFFFFFF 
and the high colorkey to 0x000000.
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60.6.1.48 PS Color Key High 1 (PS_CLRKEYHIGH_1)

Offset

Register Offset

PS_CLRKEYHIGH_1 2E0h

Function

This register contains the color key high value for the PS buffer. This value is used by the Alpha B block.

When processing an image, if the PXP finds a pixel in the PS buffer with a color that falls in the range between 
REG_PS_CLRKEYLOW and REG_PS_CLRKEYHIGH, it will insert the pixel from the AS channel. If the current AS pixel 
is letterboxed or if the AS also matches its colorkey range, the REG_PS_BACKGROUND color is passed down the pixel pipeline.

EXAMPLE

// colorkey values between REG_PS_CLRKEYLOW_WR (0x008000); // medium green and 
REG_PS_CLRKEYHIGH_WR(0x00FF00); // light green

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

High range of color key applied to PS buffer. To disable PS colorkeying, set the low colorkey to 0xFFFFFF 
and the high colorkey to 0x000000.
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60.6.1.49 Overlay Color Key Low (AS_CLRKEYLOW_1)

Offset

Register Offset

AS_CLRKEYLOW_1 2F0h

Function

This register contains the color key low value for the AS buffer. This value is used by the Alpha B block.

When processing an image, the if the PXP finds a pixel in the current overlay image with a color that falls in the range from the 
ASCOLORKEYLOW to ASCOLORKEYHIGH range, it will use the PS pixel value for that location. If no PS image is present or 
if the PS image also matches its colorkey range, the PS background color is used. Colorkey operations are higher priority than 
alpha or ROP operations.

EXAMPLE

// colorkey values between REG_AS_CLRKEYLOW_WR (0x000000); // black and 
REG_AS_CLRKEYHIGH_WR(0x800000); // medium red

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

Low range of RGB color key applied to AS buffer. Each overlay has an independent colorkey enable.
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60.6.1.50 Overlay Color Key High (AS_CLRKEYHIGH_1)

Offset

Register Offset

AS_CLRKEYHIGH_1 300h

Function

This register contains the color key high value for the AS buffer. This value is used by the Alpha B block.

When processing an image, the if the PXP finds a pixel in the current overlay image with a color that falls in the range from the 
ASCOLORKEYLOW to ASCOLORKEYHIGH range, it will use the PS pixel value for that location. If no PS image is present or 
if the PS image also matches its colorkey range, the PS background color is used. Colorkey operations are higher priority than 
alpha or ROP operations.

EXAMPLE

// colorkey values between REG_AS_CLRKEYLOW_WR (0x000000); // black and 
REG_AS_CLRKEYHIGH_WR(0x800000); // medium red

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-0

PIXEL

PIXEL

High range of RGB color key applied to AS buffer. Each overlay has an independent colorkey enable.

60.6.1.51 Control Register 2 (CTRL2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

CTRL2 310h Control Register 2

CTRL2_SET 314h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL2 is 1

CTRL2_CLR 318h Writing 1 to a bit in this register ensures that the 
corresponding bit in CTRL2 is 0

CTRL2_TOG 31Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in CTRL2

Function

The CTRL register contains controls for the secondary processing flow in PXP module.

CTRL2: 0x310

CTRL2_SET: 0x314

CTRL2_CLR: 0x318

CTRL2_TOG: 0x31C

The Control register contains the controls for the secondary data flow in PXP block.

EXAMPLE

REG_CTRL_SET(BM_PXP_CTRL_SFTRST); REG_CTRL_CLR(BM_PXP_CTRL_SFTRST | BM_PXP_CTRL_CLKGATE);

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

BLOC
K_S...

RSVD
2 ENAB

LE_...
ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

ENAB
LE_...

RSVD
1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R VFLIP
1 

HFLIP
1 

ROTATE1 
VFLIP

0 
HFLIP

0 
ROTATE0 

RSVD0 ENAB
LE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

RSVD3

RSVD3

Reserved, always set to zero.

27 ENABLE_ROTATE1

Enable the ROTATE1 engine in the PXP secondary processing flow.

Table continues on the next page...
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Table continued from the previous page...

Field Function

ENABLE_ROTA
TE1

26

ENABLE_ROTA
TE0

ENABLE_ROTATE0

Enable the ROTATE0 engine in the PXP secondary processing flow.

25

ENABLE_LUT

ENABLE_LUT

Enable the LUT engine in the PXP secondary processing flow.

24

ENABLE_CSC2

ENABLE_CSC2

Enable the CSC2 engine in the PXP secondary processing flow.

23

BLOCK_SIZE

BLOCK_SIZE

Select the block size to process through the Rotate block.

0b - BLK_SIZE_8X8 : Process 8x8 pixel blocks.

1b - BLK_SIZE_16X16 : Process 16x16 pixel blocks.

22

RSVD2

RSVD2

Reserved, always set to zero.

21

ENABLE_ALPH
A_B

ENABLE_ALPHA_B

Enable the Alpha-B engine in the PXP secondary processing flow.

20

ENABLE_INPU
T_FETCH_STO

RE

ENABLE_INPUT_FETCH_STORE

Enable the Input Fetch and Store engine in the PXP secondary processing flow.

19

ENABLE_WFE_
B

ENABLE_WFE_B

Enable the WFE-B engine in the PXP secondary processing flow.

18

ENABLE_WFE_
A

ENABLE_WFE_A

Enable the WFE-A engine in the PXP secondary processing flow.

17

ENABLE_DITH
ER

ENABLE_DITHER

Enable the Dithering engine in the PXP secondary processing flow.

16 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved, always set to zero.

15

VFLIP1

VFLIP1

Indicates that the input should be flipped vertically (effect applied before rotation).

14

HFLIP1

HFLIP1

Indicates that the input should be flipped horizontally (effect applied before rotation).

13-12

ROTATE1

ROTATE1

Indicates the clockwise rotation to be applied at the input buffer. The rotation effect is defined as occurring 
after the FLIP_X and FLIP_Y permutation.

00b -

01b -

10b -

11b -

11

VFLIP0

VFLIP0

Indicates that the output buffer should be flipped vertically (effect applied before rotation).

10

HFLIP0

HFLIP0

Indicates that the output buffer should be flipped horizontally (effect applied before rotation).

9-8

ROTATE0

ROTATE0

Indicates the clockwise rotation to be applied at the output buffer. The rotation effect is defined as occurring 
after the FLIP_X and FLIP_Y permutation.

00b -

01b -

10b -

11b -

7-1

RSVD0

RSVD0

Reserved, always set to zero.

0

ENABLE

ENABLE

Enables PXP secondary data processing flow with specified parameters. The ENABLE bit will remain set 
while the PXP is active and will be cleared once the current operation completes. Software should use the 
IRQ bit in the STAT when polling for PXP completion.
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60.6.1.52 PXP Power Control Register. (POWER_REG0)

Offset

Register Offset

POWER_REG0 320h

Function

This register controls power states for PXP memories.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CTRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CTRL ROT0_MEM_LP_STATE 

LUT_LP_STATE_WAY1_
BANKN 

LUT_LP_STATE_WAY0_
BANKN 

LUT_LP_STATE_WAY0_
BANK0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

CTRL

CTRL

This register contains power control for the PXP module.

11-9

ROT0_MEM_LP
_STATE

ROT0_MEM_LP_STATE

Select the low power state of the ROT 0 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

8-6

LUT_LP_STAT
E_WAY1_BANK

N

LUT_LP_STATE_WAY1_BANKN

Select the low power state of the LUT's WAY1-BANK0,1,2,3 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

Table continues on the next page...
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Table continued from the previous page...

Field Function

5-3

LUT_LP_STAT
E_WAY0_BANK

N

LUT_LP_STATE_WAY0_BANKN

Select the low power state of the LUT's WAY0-BANK1,2,3 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

2-0

LUT_LP_STAT
E_WAY0_BANK

0

LUT_LP_STATE_WAY0_BANK0

Select the low power state of the LUT's WAY0-BANK0 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

60.6.1.53 PXP Power Control Register 1. (POWER_REG1)

Offset

Register Offset

POWER_REG1 330h

Function

This register controls power states for PXP memories.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
ALU_B_MEM_LP_STATE ALU_A_MEM_LP_STATE 

DITH2_LUT_M
EM_L...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DITH2
_L...

DITH1_LUT_MEM_LP_S
TATE 

DITH0_ERR1_MEM_LP_
STATE 

DITH0_ERR0_MEM_LP_
STATE 

DITH0_LUT_MEM_LP_S
TATE 

ROT1_MEM_LP_STATE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

RSVD0

RSVD0

This register contains power control for

the PXP.

23-21

ALU_B_MEM_L
P_STATE

ALU_B_MEM_LP_STATE

Select the low power state of the ALU B memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

20-18

ALU_A_MEM_L
P_STATE

ALU_A_MEM_LP_STATE

Select the low power state of the ALU A memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

17-15

DITH2_LUT_M
EM_LP_STATE

DITH2_LUT_MEM_LP_STATE

Select the low power state of the dither2 LUT memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

14-12

DITH1_LUT_M
EM_LP_STATE

DITH1_LUT_MEM_LP_STATE

Select the low power state of the dither1 LUT memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

11-9

DITH0_ERR1_
MEM_LP_STAT

E

DITH0_ERR1_MEM_LP_STATE

Select the low power state of the dither0 ERR1 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

Table continues on the next page...
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Table continued from the previous page...

Field Function

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

8-6

DITH0_ERR0_
MEM_LP_STAT

E

DITH0_ERR0_MEM_LP_STATE

Select the low power state of the dither0 ERR0 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

5-3

DITH0_LUT_M
EM_LP_STATE

DITH0_LUT_MEM_LP_STATE

Select the low power state of the dither0 LUT memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

2-0

ROT1_MEM_LP
_STATE

ROT1_MEM_LP_STATE

Select the low power state of the ROT 1 memory.

000b - NONE : Memory is not in low power state.

001b - LS : Light Sleep Mode. Low leakage mode, maintain memory contents.

010b - DS : Deep Sleep Mode. Low leakage mode, maintain memory contents.

100b - SD : Shut Down Mode. Shut Down periphery and core, no memory retention.

60.6.1.54 (DATA_PATH_CTRL0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DATA_PATH_CTRL0 340h -

DATA_PATH_CTRL0_S
ET

344h Writing 1 to a bit in this register ensures that the 
corresponding bit in DATA_PATH_CTRL0 is 1

DATA_PATH_CTRL0_C
LR

348h Writing 1 to a bit in this register ensures that the 
corresponding bit in DATA_PATH_CTRL0 is 0

DATA_PATH_CTRL0_T
OG

34Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in DATA_PATH_CTRL0
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Function

This register helps decide the data path through the PXP.

DATA_PATH_CTRL0: 0x340

DATA_PATH_CTRL0_SET: 0x344

DATA_PATH_CTRL0_CLR: 0x348

DATA_PATH_CTRL0_TOG: 0x34C

The Control register contains the control bits for the data path through the PXP.

 
There should be only 1 destination for a pxp processing flow operation, otherwise the output data might be 
corrupted, i.e. MUX output should not be redirected to 2 paths in single processing flow.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MUX15_SEL MUX14_SEL MUX13_SEL MUX12_SEL MUX11_SEL MUX10_SEL MUX9_SEL MUX8_SEL 

W

Reset 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MUX7_SEL MUX6_SEL MUX5_SEL MUX4_SEL MUX3_SEL MUX2_SEL MUX1_SEL MUX0_SEL 

W

Reset 0 1 0 1 1 0 1 0 0 0 1 0 1 0 1 1

Fields

Field Function

31-30

MUX15_SEL

MUX15_SEL

This field chooses the data path through MUX 15.

00b - Output of Input fetch, Channel 0

01b - Output of MUX 10

10b - No output

11b - No Output

29-28

MUX14_SEL

MUX14_SEL

This field chooses the data path through MUX 14.

00b - Output of Rotation 0.

01b - Output of MUX 11

10b - No output

11b - No Output

Table continues on the next page...
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Table continued from the previous page...

Field Function

27-26

MUX13_SEL

MUX13_SEL

This field chooses the data path through MUX 14.

00b - No output

01b - Input stage Fetch engine, Channel 1

10b - No output

11b - No Output

25-24

MUX12_SEL

MUX12_SEL

This field chooses the data path through MUX 13.

00b - Output of MUX 10

01b - Output of MUX 11

10b - No output

11b - No Output

23-22

MUX11_SEL

MUX11_SEL

This field chooses the data path through MUX 11.

00b - Output of LUT

01b - Output of MUX 8

10b - No output

11b - No Output

21-20

MUX10_SEL

MUX10_SEL

This field chooses the data path through MUX 10.

00b - Output of MUX 7

01b - Output of LUT

10b - No output

11b - No Output

19-18

MUX9_SEL

MUX9_SEL

This field chooses the data path through MUX 9.

00b - Output of MUX 7

01b - Output of MUX 8

10b - No output

11b - No Output

17-16

MUX8_SEL

MUX8_SEL

This field chooses the data path through MUX 8.

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3488 / 5781



Table continued from the previous page...

Field Function

00b - Output of CSC2

01b - Output of alpha blending / color key 0

10b - No output

11b - No Output

15-14

MUX7_SEL

MUX7_SEL

This field chooses the data path through MUX 7.

00b - Output of MUX 5

01b - Output of CSC2

10b - No output

11b - No Output

13-12

MUX6_SEL

MUX6_SEL

This field chooses the data path through MUX 6.

00b - Output of alpha blending / color key 1

01b - Output of alpha blending / color key 0

10b - No output

11b - No Output

11-10

MUX5_SEL

MUX5_SEL

This field chooses the data path through MUX 5.

00b - Output of MUX1

01b - Output of alpha blending / color key 1

10b - No output

11b - No Output

9-8

MUX4_SEL

MUX4_SEL

This field chooses the data path through MUX 4.

00b - No output

01b - No output

10b - No output

11b - No Output

7-6

MUX3_SEL

MUX3_SEL

This field chooses the data path through MUX 3.

00b - Output of the CSC1 engine

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Output of the Rotation1 engine

10b - No output

11b - No Output

5-4

MUX2_SEL

MUX2_SEL

This field chooses the data path through MUX 2.

00b - Input stage Fetch engine, Channel 1

01b - Output of the Rotation1 engine

10b - No output

11b - No Output

3-2

MUX1_SEL

MUX1_SEL

This field chooses the data path through MUX 1.

00b - Input stage Fetch engine, Channel 0

01b - Output of the Rotation1 engine

10b - No output

11b - No Output

1-0

MUX0_SEL

MUX0_SEL

This mux chooses the data that will go through the Rotate 2 engine.

00b - Input from Process Surface engine.

01b - Input stage Fetch engine, Channel 0

10b - Input stage Fetch engine, Channel 1

11b - No output

60.6.1.55 (DATA_PATH_CTRL1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DATA_PATH_CTRL1 350h -

DATA_PATH_CTRL1_S
ET

354h Writing 1 to a bit in this register ensures that the 
corresponding bit in DATA_PATH_CTRL1 is 1

DATA_PATH_CTRL1_C
LR

358h Writing 1 to a bit in this register ensures that the 
corresponding bit in DATA_PATH_CTRL1 is 0

DATA_PATH_CTRL1_T
OG

35Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in DATA_PATH_CTRL1
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Function

This register helps decide the data path through the PXP.

DATA_PATH_CTRL1: 0x350

DATA_PATH_CTRL1_SET: 0x354

DATA_PATH_CTRL1_CLR: 0x358

DATA_PATH_CTRL1_TOG: 0x35C

The Control register contains the control bits for the data path through the PXP.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MUX17_SEL MUX16_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

RSVD0

RSVD0

Reserved. This field always reads 0.

3-2

MUX17_SEL

MUX17_SEL

This field chooses the data path through MUX 17.

00b - Output of ALU A

01b - Output of ALU B

10b - No output

11b - No Output

1-0

MUX16_SEL

MUX16_SEL

This mux chooses the data path through MUX 16.

00b - Output of ALU A Engine

01b - histogram_pixel output from output

10b - Output of ALU B Engine

11b - No output
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60.6.1.56 Initialize memory buffer control Register (INIT_MEM_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INIT_MEM_CTRL 360h Initialize memory buffer control Register

INIT_MEM_CTRL_SET 364h Writing 1 to a bit in this register ensures that the 
corresponding bit in INIT_MEM_CTRL is 1

INIT_MEM_CTRL_CLR 368h Writing 1 to a bit in this register ensures that the 
corresponding bit in INIT_MEM_CTRL is 0

INIT_MEM_CTRL_TOG 36Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in INIT_MEM_CTRL

Function

Controls initializing/writing to dither and ALU memory buffers.

INIT_MEM_CTRL: 0x360

INIT_MEM_CTRL_SET: 0x364

INIT_MEM_CTRL_CLR: 0x368

INIT_MEM_CTRL_TOG: 0x36C

This register controls IRQ the initializing of internal pxp rams.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
START SELECT 

RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

START

START

Enable writing to the memory.

30-27 SELECT

Table continues on the next page...
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Table continued from the previous page...

Field Function

SELECT Select which memory to write.

0000b - DITHER0_LUT : Select the LUT memory for access

0001b - DITHER0_ERR0 : Select the ERR0 memory for access

0010b - DITHER0_ERR1 : Select the ERR1 memory for access

0011b - DITHER1_LUT : Select the LUT memory for access

0100b - DITHER2_LUT : Select the LUT memory for access

0101b - ALU_A : Select the ALU instr memory for access

0110b - ALU_B : Select the ALU instr memory for access

0111b - WFE_A_FETCH : Select the WFE-A fetch memory for access

1000b - WFE_B_FETCH : Select the WFE-B fetch memory for access

26-16

RSVD0

RSVD0

Reserved.

15-0

ADDR

ADDR

Base address to start writing. The control logic will increment the address value internally each time the data 
register is written.

60.6.1.57 Write data Register (INIT_MEM_DATA)

Offset

Register Offset

INIT_MEM_DATA 370h

Function

Write data for initializing/writing to dither, ALU and fetch memory buffers.

This register holds the data word to initialize internal pxp rams.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATA

DATA

Data value to be written to the memory. A write to this register kicks off a write cycle to the memory selected.

60.6.1.58 Write data Register (INIT_MEM_DATA_HIGH)

Offset

Register Offset

INIT_MEM_DATA_HIGH 380h

Function

Write data for initializing/writing to the most significant 32 bits of the fetch memory buffers.

This register holds the upper data word to initialize internal pxp fetch rams.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

DATA

DATA

Data value to be written to the most significant 32 bits of the fetch memories. this register must be written 
before the INIT_MEM_DATA as that register triggers the write cycle to memory.

60.6.1.59 PXP IRQ Mask Register (IRQ_MASK)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ_MASK 390h PXP IRQ Mask Register

IRQ_MASK_SET 394h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK is 1

IRQ_MASK_CLR 398h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ_MASK is 0

IRQ_MASK_TOG 39Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ_MASK

Function

Controls masking for all PXP interrupts

IRQ_MASK: 0x390

IRQ_MASK_SET: 0x394

IRQ_MASK_CLR: 0x398

IRQ_MASK_TOG: 0x39C

This register controls IRQ masks for all PXP interrupts

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R COMP
RES...

RSVD1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R WFE_
B_S...

WFE_
A_S...

DITHE
R_...

FIRST
_S...

WFE_
B_C...

WFE_
B_C...

WFE_
A_C...

WFE_
A_C...

DITHE
R_...

DITHE
R_...

DITHE
R_...

DITHE
R_...

FIRST
_C...

FIRST
_C...

FIRST
_C...

FIRST
_C...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

COMPRESS_D
ONE_IRQ_EN

COMPRESS_DONE_IRQ_EN

Enable compression done interrupt detection.

30-16

RSVD1

RSVD1

Reserved.

15

WFE_B_STOR
E_IRQ_EN

WFE_B_STORE_IRQ_EN

Enable WFE B store engine interrupt detection.

14

WFE_A_STOR
E_IRQ_EN

WFE_A_STORE_IRQ_EN

Enable WFE A store engine interrupt detection.

13

DITHER_STOR
E_IRQ_EN

DITHER_STORE_IRQ_EN

Enable dither store engine interrupt detection.

12

FIRST_STORE
_IRQ_EN

FIRST_STORE_IRQ_EN

Enable First store engine interrupt detection

11

WFE_B_CH1_S
TORE_IRQ_EN

WFE_B_CH1_STORE_IRQ_EN

Enable WFE B ch1 store engine interrupt detection.

10

WFE_B_CH0_S
TORE_IRQ_EN

WFE_B_CH0_STORE_IRQ_EN

Enable WFE B ch0 store engine interrupt detection.

9

WFE_A_CH1_S
TORE_IRQ_EN

WFE_A_CH1_STORE_IRQ_EN

Enable WFE A ch1 store engine interrupt detection.

8

WFE_A_CH0_S
TORE_IRQ_EN

WFE_A_CH0_STORE_IRQ_EN

Enable WFE A ch0 store engine interrupt detection.

7

DITHER_CH1_
STORE_IRQ_E

N

DITHER_CH1_STORE_IRQ_EN

Enable dither ch1 store engine interrupt detection.

Table continues on the next page...
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Table continued from the previous page...

Field Function

6

DITHER_CH0_
STORE_IRQ_E

N

DITHER_CH0_STORE_IRQ_EN

Enable dither ch0 store engine interrupt detection.

5

DITHER_CH1_
PREFETCH_IR

Q_EN

DITHER_CH1_PREFETCH_IRQ_EN

Enable Dither ch1 prefetch engine interrupt detection

4

DITHER_CH0_
PREFETCH_IR

Q_EN

DITHER_CH0_PREFETCH_IRQ_EN

Enable Dither ch0 prefetch engine interrupt detection

3

FIRST_CH1_ST
ORE_IRQ_EN

FIRST_CH1_STORE_IRQ_EN

Enable First ch1 store engine interrupt detection

2

FIRST_CH0_ST
ORE_IRQ_EN

FIRST_CH0_STORE_IRQ_EN

Enable First ch0 store engine interrupt detection

1

FIRST_CH1_P
REFETCH_IRQ

_EN

FIRST_CH1_PREFETCH_IRQ_EN

Enable First ch1 prefetch engine interrupt detection

0

FIRST_CH0_P
REFETCH_IRQ

_EN

FIRST_CH0_PREFETCH_IRQ_EN

Enable First ch0 prefetch engine interrupt detection

60.6.1.60 PXP Interrupt Register (IRQ)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

IRQ 3A0h PXP Interrupt Register

IRQ_SET 3A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ is 1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

IRQ_CLR 3A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in IRQ is 0

IRQ_TOG 3ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in IRQ

Function

PXP Fetch and Store engine IRQs. Each interrupt has a corresponding mask register in HW_EPDC_IRQ_MASK

IRQ: 0x3A0

IRQ_SET: 0x3A4

IRQ_CLR: 0x3a8

IRQ_TOG: 0x3AC

This register houses the interrupt bits for the Prefetch and Store Engines

 
Writing on SET or TOG variants of these registers will have no impact on value.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COMP
RES...

RSVD1 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WFE_
B_S...

WFE_
A_S...

DITHE
R_...

FIRST
_S...

WFE_
B_C...

WFE_
B_C...

WFE_
A_C...

WFE_
A_C...

DITHE
R_...

DITHE
R_...

DITHE
R_...

DITHE
R_...

FIRST
_C...

FIRST
_C...

FIRST
_C...

FIRST
_C...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

COMPRESS_D
ONE_IRQ

COMPRESS_DONE_IRQ

compression done Interrupt

30-16

RSVD1

RSVD1

Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

WFE_B_STOR
E_IRQ

WFE_B_STORE_IRQ

WFE B store engine Interrupt

14

WFE_A_STOR
E_IRQ

WFE_A_STORE_IRQ

WFE A store engine Interrupt.

13

DITHER_STOR
E_IRQ

DITHER_STORE_IRQ

Dither store engine Interrupt

12

FIRST_STORE
_IRQ

FIRST_STORE_IRQ

Initial store engine interrupt

11

WFE_B_CH1_S
TORE_IRQ

WFE_B_CH1_STORE_IRQ

WFE B ch1 store engine Interrupt

10

WFE_B_CH0_S
TORE_IRQ

WFE_B_CH0_STORE_IRQ

WFE B ch0 store engine Interrupt

9

WFE_A_CH1_S
TORE_IRQ

WFE_A_CH1_STORE_IRQ

WFE A ch1 store engine Interrupt.

8

WFE_A_CH0_S
TORE_IRQ

WFE_A_CH0_STORE_IRQ

WFE A ch0 store engine Interrupt.

7

DITHER_CH1_
STORE_IRQ

DITHER_CH1_STORE_IRQ

Dither ch1 store engine Interrupt

6

DITHER_CH0_
STORE_IRQ

DITHER_CH0_STORE_IRQ

Dither ch0 store engine Interrupt

5

DITHER_CH1_
PREFETCH_IR

Q

DITHER_CH1_PREFETCH_IRQ

Dither ch1 prefetch engine interrupt

Table continues on the next page...
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Table continued from the previous page...

Field Function

4

DITHER_CH0_
PREFETCH_IR

Q

DITHER_CH0_PREFETCH_IRQ

Dither ch0 prefetch engine interrupt

3

FIRST_CH1_ST
ORE_IRQ

FIRST_CH1_STORE_IRQ

Initial ch1 store engine interrupt

2

FIRST_CH0_ST
ORE_IRQ

FIRST_CH0_STORE_IRQ

Initial ch0 store engine interrupt

1

FIRST_CH1_P
REFETCH_IRQ

FIRST_CH1_PREFETCH_IRQ

Initial ch1 prefetch engine interrupt

0

FIRST_CH0_P
REFETCH_IRQ

FIRST_CH0_PREFETCH_IRQ

Initial ch0 prefetch engine interrupt

60.6.1.61 Next Frame Pointer (NEXT)

Offset

Register Offset

NEXT 400h

Function

This register contains a pointer to a data structure used to reload the PXP registers at the end of the current frame.

To enable this functionality, software must write this register while the PXP is processing the current data frame (if the PXP is 
currently idle, this will also initiate an immediate load of registers from the pointer). The process of writing this register (WRITE 
operation) will set a semaphore in hardware to notify the control logic that a register reload operation must be performed when the 
current frame processing is complete. At the end of a frame, the PXP will fetch the register settings from this location, signal an 
interrupt to software, then proceed with rendering the next frame of data. Software may cancel the reload operation by issuing a 
CLEAR operation to this register. SET and TOGGLE operations should not be used when addressing this register. All registers will 
be reloaded with the exception of the following: STAT, CSCCOEFn, NEXT, VERSION. All other registers will be loaded in the order 
they appear in the register map. Once the pointer's contents have been loaded into the PXP's registers, the NEXT_IRQ interrupt 
will be issued (see the PXP_STATUS register).

EXAMPLE

// create register command structure in memory u32* pxp_commands0[48], pxp_commands1; 
u32 rc; // initialize control structure for frame 0 pxp_commands0[0] = ...; // CTRL 
pxp_commands0[1] = ...; // OUT Buffer ... pxp_commands0[47] = ..; // Overlay7 param2 // 
initialize control structure for frame 1 pxp_commands1[0] = ...; // CTRL pxp_commands1[1] 
= ...; // OUT Buffer ... pxp_commands1[47] = ..; // Overlay7 param2 // poll until a command 
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isn't queued while (rc=REG_NEXT_RD() & BM_PXP_NEXT_ENABLED ); REG_NEXT_WR(pxp_commands0); // 
enable PXP operation 0 via command pointer // poll until first command clears 
while (rc=REG_NEXT_RD() & BM_PXP_NEXT_ENABLED ); REG_NEXT_WR(pxp_commands1); // enable PXP 
operation 1 via command pointer

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
POINTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
POINTER 

RSVD 
ENABL

ED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

POINTER

POINTER

A pointer to a data structure containing register values to be used when processing the next frame.

The pointer must be 32-bit aligned and should reside in on-chip or off-chip memory.

1

RSVD

RSVD

Reserved, always set to zero.

0

ENABLED

ENABLED

Indicates that the "next frame" functionality has been enabled. This bit reflects the status of the hardware 
semaphore indicating that a reload operation is pending at the end of the current frame.

60.6.1.62 Pre-fetch engine Control Channel 0 Register (INPUT_FETCH_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_CTRL_C
H0

450h Pre-fetch engine Control Channel 0 Register

INPUT_FETCH_CTRL_C
H0_SET

454h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_FETCH_CTRL_CH0 is 
1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

INPUT_FETCH_CTRL_C
H0_CLR

458h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_FETCH_CTRL_CH0 is 
0

INPUT_FETCH_CTRL_C
H0_TOG

45Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in INPUT_FETCH_CTRL_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_CTRL_CH0: 0x450

INPUT_FETCH_CTRL_CH0_SET: 0x454

INPUT_FETCH_CTRL_CH0_CLR: 0x458

INPUT_FETCH_CTRL_CH0_TOG: 0x45C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 HANDSHAKE_
SCAN_...

RSVD1 RD_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 ROTATION_AN
GLE 

RSVD
3 VFLIP HFLIP 

RSVD4 HIGH_
BY...

BYPA
SS_...

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Enables Arbitration

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets.

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-26

RSVD0

RSVD0

Reserved, always set to zero.

25-24 HANDSHAKE_SCAN_LINE_NUM

Table continues on the next page...
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Table continued from the previous page...

Field Function

HANDSHAKE_
SCAN_LINE_N

UM

scan handshake line number

00b - 1 line.

01b - 8 lines

10b - 16 lines

11b - 16 lines

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

RD_NUM_BYT
ES

RD_NUM_BYTES

Bytes in a read burst

00b - NUM_8_BYTES : 8 bytes.

01b - NUM_16_BYTES : 16 bytes.

10b - NUM_32_BYTES : 32 bytes.

11b - NUM_64_BYTES : 64 bytes.

15-14

RSVD2

RSVD2

Reserved, always set to zero.

13-12

ROTATION_AN
GLE

ROTATION_ANGLE

00b - ROT_0 : Rotate image by 0 degrees.

01b - ROT_90 : Rotate image by 90 degrees.

10b - ROT_180 : Rotate image by 180 degrees.

11b - ROT_270 : Rotate image by 270 degrees.

11

RSVD3

RSVD3

Reserved, always set to zero.

10

VFLIP

VFLIP

Enables VFLIP

0b - VFLIP disable

1b - VFLIP enable

9

HFLIP

HFLIP

Enables HFLIP.

0b - HFLIP disable

1b - VFLIP enable

8-6 RSVD4

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD4 Reserved, always set to zero.

5

HIGH_BYTE

HIGH_BYTE

channel 0 high byte selection

0b - In 64 bit mode, the output high byte will use channel1.

1b - In 64 bit mode, the output high byte will use channel0

4

BYPASS_PIXE
L_EN

BYPASS_PIXEL_EN

Selects Channel 0 pixel source

0b - Channel 0 is from memory

1b - Channel 0 is from previous process engine

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the store engine is disabled

1b - Handshake with the store engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the prefetch mode.

0b - Prefetch in scan mode

1b - Prefetch in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Prefetch function is disable

1b - Prefetch function is enable

60.6.1.63 Pre-fetch engine Control Channel 1 Register (INPUT_FETCH_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

INPUT_FETCH_CTRL_C
H1

460h Pre-fetch engine Control Channel 1 Register

INPUT_FETCH_CTRL_C
H1_SET

464h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_FETCH_CTRL_CH1 is 
1

INPUT_FETCH_CTRL_C
H1_CLR

468h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_FETCH_CTRL_CH1 is 
0

INPUT_FETCH_CTRL_C
H1_TOG

46Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in INPUT_FETCH_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_CTRL_CH1: 0x460

INPUT_FETCH_CTRL_CH1_SET: 0x464

INPUT_FETCH_CTRL_CH1_CLR: 0x468

INPUT_FETCH_CTRL_CH1_TOG: 0x46C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 HANDSHAKE_
SCAN_...

RSVD1 RD_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 ROTATION_AN
GLE 

RSVD
3 VFLIP HFLIP 

RSVD4 BYPA
SS_...

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

RSVD0

RSVD0

Reserved, always set to zero.

25-24 HANDSHAKE_SCAN_LINE_NUM

scan handshake line number

Table continues on the next page...
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Table continued from the previous page...

Field Function

HANDSHAKE_
SCAN_LINE_N

UM

00b - 1 line.

01b - 8 lines

10b - 16 lines

11b - 16 lines

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

RD_NUM_BYT
ES

RD_NUM_BYTES

Bytes in a read burst

00b - NUM_8_BYTES : 8 bytes.

01b - NUM_16_BYTES : 16 bytes.

10b - NUM_32_BYTES : 32 bytes.

11b - NUM_64_BYTES : 64 bytes.

15-14

RSVD2

RSVD2

Reserved, always set to zero.

13-12

ROTATION_AN
GLE

ROTATION_ANGLE

00b - ROT_0 : Rotate image by 0 degrees.

01b - ROT_90 : Rotate image by 90 degrees.

10b - ROT_180 : Rotate image by 180 degrees.

11b - ROT_270 : Rotate image by 270 degrees.

11

RSVD3

RSVD3

Reserved, always set to zero.

10

VFLIP

VFLIP

Enables VFLIP

0b - VFLIP disable

1b - VFLIP enable

9

HFLIP

HFLIP

Enables HFLIP.

0b - HFLIP disable

1b - VFLIP enable

8-5

RSVD4

RSVD4

Reserved, always set to zero.

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3506 / 5781



Table continued from the previous page...

Field Function

4

BYPASS_PIXE
L_EN

BYPASS_PIXEL_EN

Selects Channel 1 pixel source

0b - Channel 1 is from memory

1b - Channel 1 is from previous process engine

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the store engine is disabled

1b - Handshake with the store engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the prefetch mode.

0b - Prefetch in scan mode

1b - Prefetch in block mode

0

CH_EN

CH_EN

Channel enable.

0b - prefetch function is disable

1b - prefetch function is enable

60.6.1.64 Pre-fetch engine status Channel 0 Register (INPUT_FETCH_STATUS_CH0)

Offset

Register Offset

INPUT_FETCH_STATU
S_CH0

470h

Function

This register defines the status bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREFETCH_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PREFETCH_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PREFETCH_BL
OCK_Y

PREFETCH_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

PREFETCH_BL
OCK_X

PREFETCH_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.65 Store engine status Channel 1 Register (INPUT_FETCH_STATUS_CH1)

Offset

Register Offset

INPUT_FETCH_STATU
S_CH1

480h

Function

This register defines the status bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREFETCH_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PREFETCH_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PREFETCH_BL
OCK_Y

PREFETCH_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

PREFETCH_BL
OCK_X

PREFETCH_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.66 (INPUT_FETCH_ACTIVE_SIZE_ULC_CH0)

Offset

Register Offset

INPUT_FETCH_ACTIVE
_SIZE_ULC_CH0

490h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_ULC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_ULC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
ULC_Y

ACTIVE_SIZE_ULC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
ULC_X

ACTIVE_SIZE_ULC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.67 (INPUT_FETCH_ACTIVE_SIZE_LRC_CH0)

Offset

Register Offset

INPUT_FETCH_ACTIVE
_SIZE_LRC_CH0

4A0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_LRC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_LRC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
LRC_Y

ACTIVE_SIZE_LRC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
LRC_X

ACTIVE_SIZE_LRC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.68 (INPUT_FETCH_ACTIVE_SIZE_ULC_CH1)

Offset

Register Offset

INPUT_FETCH_ACTIVE
_SIZE_ULC_CH1

4B0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_ULC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_ULC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
ULC_Y

ACTIVE_SIZE_ULC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
ULC_X

ACTIVE_SIZE_ULC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.69 (INPUT_FETCH_ACTIVE_SIZE_LRC_CH1)

Offset

Register Offset

INPUT_FETCH_ACTIVE
_SIZE_LRC_CH1

4C0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_LRC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_LRC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
LRC_Y

ACTIVE_SIZE_LRC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
LRC_X

ACTIVE_SIZE_LRC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.70 (INPUT_FETCH_SIZE_CH0)

Offset

Register Offset

INPUT_FETCH_SIZE_C
H0

4D0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_TOTAL_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_TOTAL_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INPUT_TOTAL_
HEIGHT

INPUT_TOTAL_HEIGHT

actual total height - 1

15-0

INPUT_TOTAL_
WIDTH

INPUT_TOTAL_WIDTH

actual total width -1

60.6.1.71 (INPUT_FETCH_SIZE_CH1)

Offset

Register Offset

INPUT_FETCH_SIZE_C
H1

4E0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_TOTAL_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_TOTAL_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INPUT_TOTAL_
HEIGHT

INPUT_TOTAL_HEIGHT

actual total height -1

15-0

INPUT_TOTAL_
WIDTH

INPUT_TOTAL_WIDTH

actual total width -1

60.6.1.72 (INPUT_FETCH_BACKGROUND_COLOR_CH0)

Offset

Register Offset

INPUT_FETCH_BACKG
ROUND_COLOR_CH0

4F0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BACKGROUND
_COLOR

BACKGROUND_COLOR

background color(in 32bpp format) for any pixels not within the bufffer range specified by the ULC/LRC

60.6.1.73 (INPUT_FETCH_BACKGROUND_COLOR_CH1)

Offset

Register Offset

INPUT_FETCH_BACKG
ROUND_COLOR_CH1

500h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

BACKGROUND
_COLOR

BACKGROUND_COLOR

background color(in 32bpp format) for any pixels not within the bufffer range specified by the ULC/LRC

60.6.1.74 (INPUT_FETCH_PITCH)

Offset

Register Offset

INPUT_FETCH_PITCH 510h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_INPUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_INPUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

CH1_INPUT_PI
TCH

CH1_INPUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_INPUT_PI
TCH

CH0_INPUT_PITCH

This field indicates the channel 0 input pitch
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60.6.1.75 (INPUT_FETCH_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_SHIFT_
CTRL_CH0

520h -

INPUT_FETCH_SHIFT_
CTRL_CH0_SET

524h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH0 is 1

INPUT_FETCH_SHIFT_
CTRL_CH0_CLR

528h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH0 is 0

INPUT_FETCH_SHIFT_
CTRL_CH0_TOG

52Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_CTRL_CH0: 0x520

INPUT_FETCH_SHIFT_CTRL_CH0_SET: 0x524

INPUT_FETCH_SHIFT_CTRL_CH0_CLR: 0x528

INPUT_FETCH_SHIFT_CTRL_CH0_TOG: 0x52C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

EXPA
ND_...

EXPAND_FORMAT 
RSVD1 INPUT_ACTIVE

_BPP W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-13

RSVD0

RSVD0

Reserved, always set to zero.

12

SHIFT_BYPAS
S

SHIFT_BYPASS

0b - channel0 data will do shift function

1b - channel0 will bypass shift function

11

EXPAND_EN

EXPAND_EN

0b - channel0 format expanding disable

1b - channel0 format expanding enable

10-8

EXPAND_FOR
MAT

EXPAND_FORMAT

Select Pixel format

000b - RGB 565

001b - RGB 555

010b - ARGB 1555

011b - RGB 444

100b - ARGB 4444

101b - YUYV/YVYU

110b - UYVY/VYUY

111b - YUV422_2P

7-2

RSVD1

RSVD1

Reserved, always set to zero.

1-0

INPUT_ACTIVE
_BPP

INPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 64 bits

60.6.1.76 (INPUT_FETCH_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

INPUT_FETCH_SHIFT_
CTRL_CH1

530h -

INPUT_FETCH_SHIFT_
CTRL_CH1_SET

534h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH1 is 1

INPUT_FETCH_SHIFT_
CTRL_CH1_CLR

538h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH1 is 0

INPUT_FETCH_SHIFT_
CTRL_CH1_TOG

53Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_CTRL_CH1: 0x530

INPUT_FETCH_SHIFT_CTRL_CH1_SET: 0x534

INPUT_FETCH_SHIFT_CTRL_CH1_CLR: 0x538

INPUT_FETCH_SHIFT_CTRL_CH1_TOG: 0x53C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

EXPA
ND_...

EXPAND_FORMAT 
RSVD1 INPUT_ACTIVE

_BPP W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-13

RSVD0

RSVD0

Reserved, always set to zero.

12 SHIFT_BYPASS

Table continues on the next page...
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Table continued from the previous page...

Field Function

SHIFT_BYPAS
S

0b - channel1 data will do shift function

1b - channel1 will bypass shift function

11

EXPAND_EN

EXPAND_EN

0b - channel1 format expanding disable

1b - channel1 format expanding enable

10-8

EXPAND_FOR
MAT

EXPAND_FORMAT

Select Pixel format

000b - RGB 565

001b - RGB 555

010b - ARGB 1555

011b - RGB 444

100b - ARGB 4444

101b - YUYV/YVYU

110b - UYVY/VYUY

111b - YUV422_2P

7-2

RSVD1

RSVD1

Reserved, always set to zero.

1-0

INPUT_ACTIVE
_BPP

INPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

60.6.1.77 (INPUT_FETCH_SHIFT_OFFSET_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_SHIFT_
OFFSET_CH0

540h -

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

INPUT_FETCH_SHIFT_
OFFSET_CH0_SET

544h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH0 is 1

INPUT_FETCH_SHIFT_
OFFSET_CH0_CLR

548h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH0 is 0

INPUT_FETCH_SHIFT_
OFFSET_CH0_TOG

54Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_OFFSET_CH0: 0x540

INPUT_FETCH_SHIFT_OFFSET_CH0_SET: 0x544

INPUT_FETCH_SHIFT_OFFSET_CH0_CLR: 0x548

INPUT_FETCH_SHIFT_OFFSET_CH0_TOG: 0x54C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
OFFSET3 

RSVD1 
OFFSET2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
OFFSET1 

RSVD3 
OFFSET0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved, always set to zero.

28-24

OFFSET3

OFFSET3

Shift Offset for channel 0 component 3.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-21

RSVD1

RSVD1

Reserved, always set to zero.

20-16

OFFSET2

OFFSET2

Shift Offset for channel 0 component 2.

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

OFFSET1

OFFSET1

Shift Offset for channel 0 component 1.

7-5

RSVD3

RSVD3

Reserved, always set to zero.

4-0

OFFSET0

OFFSET0

Shift Offset for channel 0 component 0.

60.6.1.78 (INPUT_FETCH_SHIFT_OFFSET_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_SHIFT_
OFFSET_CH1

550h -

INPUT_FETCH_SHIFT_
OFFSET_CH1_SET

554h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH1 is 1

INPUT_FETCH_SHIFT_
OFFSET_CH1_CLR

558h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH1 is 0

INPUT_FETCH_SHIFT_
OFFSET_CH1_TOG

55Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_OFFSET_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_OFFSET_CH1: 0x550

INPUT_FETCH_SHIFT_OFFSET_CH1_SET: 0x554

INPUT_FETCH_SHIFT_OFFSET_CH1_CLR: 0x558
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INPUT_FETCH_SHIFT_OFFSET_CH1_TOG: 0x55C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
OFFSET3 

RSVD1 
OFFSET2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
OFFSET1 

RSVD3 
OFFSET0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved, always set to zero.

28-24

OFFSET3

OFFSET3

Shift Offset for channel 1 component 3.

23-21

RSVD1

RSVD1

Reserved, always set to zero.

20-16

OFFSET2

OFFSET2

Shift Offset for channel 1 component 2.

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

OFFSET1

OFFSET1

Shift Offset for channel 1 component 1.

7-5

RSVD3

RSVD3

Reserved, always set to zero.

4-0

OFFSET0

OFFSET0

Shift Offset for channel 1 component 0.
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60.6.1.79 (INPUT_FETCH_SHIFT_WIDTH_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_SHIFT_
WIDTH_CH0

560h -

INPUT_FETCH_SHIFT_
WIDTH_CH0_SET

564h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH0 is 1

INPUT_FETCH_SHIFT_
WIDTH_CH0_CLR

568h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH0 is 0

INPUT_FETCH_SHIFT_
WIDTH_CH0_TOG

56Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_WIDTH_CH0: 0x560

INPUT_FETCH_SHIFT_WIDTH_CH0_SET: 0x564

INPUT_FETCH_SHIFT_WIDTH_CH0_CLR: 0x568

INPUT_FETCH_SHIFT_WIDTH_CH0_TOG: 0x56C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WIDTH3 WIDTH2 WIDTH1 WIDTH0 

W

Reset 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

Fields

Field Function

31-16 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved, always set to zero.

15-12

WIDTH3

WIDTH3

Shift Width for channel 0 component 3.

11-8

WIDTH2

WIDTH2

Shift Width for channel 0 component 2.

7-4

WIDTH1

WIDTH1

Shift Width for channel 0 component 1.

3-0

WIDTH0

WIDTH0

Shift Width for channel 0 component 0.

60.6.1.80 (INPUT_FETCH_SHIFT_WIDTH_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_FETCH_SHIFT_
WIDTH_CH1

570h -

INPUT_FETCH_SHIFT_
WIDTH_CH1_SET

574h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH1 is 1

INPUT_FETCH_SHIFT_
WIDTH_CH1_CLR

578h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH1 is 0

INPUT_FETCH_SHIFT_
WIDTH_CH1_TOG

57Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_FETCH_SHIFT_WIDTH_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_FETCH_SHIFT_WIDTH_CH1: 0x570

INPUT_FETCH_SHIFT_WIDTH_CH1_SET: 0x574

INPUT_FETCH_SHIFT_WIDTH_CH1_CLR: 0x578

INPUT_FETCH_SHIFT_WIDTH_CH1_TOG: 0x57C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WIDTH3 WIDTH2 WIDTH1 WIDTH0 

W

Reset 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

Fields

Field Function

31-16

RSVD0

RSVD0

Reserved, always set to zero.

15-12

WIDTH3

WIDTH3

Shift Width for channel 1 component 3.

11-8

WIDTH2

WIDTH2

Shift Width for channel 1 component 2.

7-4

WIDTH1

WIDTH1

Shift Width for channel 1 component 1.

3-0

WIDTH0

WIDTH0

Shift Width for channel 1 component 0.

60.6.1.81 (INPUT_FETCH_ADDR_0_CH0)

Offset

Register Offset

INPUT_FETCH_ADDR_0
_CH0

580h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR0

INPUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.82 (INPUT_FETCH_ADDR_1_CH0)

Offset

Register Offset

INPUT_FETCH_ADDR_1
_CH0

590h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

INPUT_BASE_
ADDR1

INPUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.83 (INPUT_FETCH_ADDR_0_CH1)

Offset

Register Offset

INPUT_FETCH_ADDR_0
_CH1

5A0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR0

INPUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.84 (INPUT_FETCH_ADDR_1_CH1)

Offset

Register Offset

INPUT_FETCH_ADDR_1
_CH1

5B0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR1

INPUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.85 Store engine Control Channel 0 Register (INPUT_STORE_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_STORE_CTRL_
CH0

5C0h Store engine Control Channel 0 Register

INPUT_STORE_CTRL_
CH0_SET

5C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_STORE_CTRL_CH0 is 
1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

INPUT_STORE_CTRL_
CH0_CLR

5C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_STORE_CTRL_CH0 is 
0

INPUT_STORE_CTRL_
CH0_TOG

5CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in INPUT_STORE_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

INPUT_STORE_CTRL_CH0: 0x5C0

INPUT_STORE_CTRL_CH0_SET: 0x5C4

INPUT_STORE_CTRL_CH0_CLR: 0x5C8

INPUT_STORE_CTRL_CH0_TOG: 0x5CC

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 COMBI
NE...

RSVD1 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 FILL_D
A...

PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Arbitration Enable

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-25

RSVD0

RSVD0

Reserved, always set to zero.

24 COMBINE_2CHANNEL

Table continues on the next page...
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Table continued from the previous page...

Field Function

COMBINE_2CH
ANNEL

Combine 2 channel Enable

0b - combine 2 channel disable

1b - combine 2 channel enable

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-12

RSVD2

RSVD2

Reserved, always set to zero.

11

FILL_DATA_EN

FILL_DATA_EN

fill data enable

0b - Fill data mode disable.

1b - Fill data mode enable. When using fill_data mode, store_engine will store fixed data defined 
in fill_data register

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select low 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

store bypass enable

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7 RSVD3

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD3 Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the prefetch engine is disabled

1b - Handshake with the prefetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.86 Store engine Control Channel 1 Register (INPUT_STORE_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

INPUT_STORE_CTRL_
CH1

5D0h Store engine Control Channel 1 Register

INPUT_STORE_CTRL_
CH1_SET

5D4h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_STORE_CTRL_CH1 is 
1

INPUT_STORE_CTRL_
CH1_CLR

5D8h Writing 1 to a bit in this register ensures that the 
corresponding bit in INPUT_STORE_CTRL_CH1 is 
0

INPUT_STORE_CTRL_
CH1_TOG

5DCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in INPUT_STORE_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

INPUT_STORE_CTRL_CH1: 0x5D0

INPUT_STORE_CTRL_CH1_SET: 0x5D4

INPUT_STORE_CTRL_CH1_CLR: 0x5D8

INPUT_STORE_CTRL_CH1_TOG: 0x5DC

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

RSVD0

RSVD0

Reserved, always set to zero.

17-16 WR_NUM_BYTES

Bytes in a write burst

Table continues on the next page...
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Table continued from the previous page...

Field Function

WR_NUM_BYT
ES

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-11

RSVD1

RSVD1

Reserved, always set to zero.

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select channel 0 high 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory.

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3 HANDSHAKE_EN

Enable bit for handshake with the fetch engine.

Table continues on the next page...
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Table continued from the previous page...

Field Function

HANDSHAKE_
EN

0b - Handshake with the fetch engine is disabled

1b - Handshake with the fetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.87 Store engine status Channel 0 Register (INPUT_STORE_STATUS_CH0)

Offset

Register Offset

INPUT_STORE_STATU
S_CH0

5E0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3536 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.88 Store engine status Channel 1 Register (INPUT_STORE_STATUS_CH1)

Offset

Register Offset

INPUT_STORE_STATU
S_CH1

5F0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.89 (INPUT_STORE_SIZE_CH0)

Offset

Register Offset

INPUT_STORE_SIZE_C
H0

600h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.90 (INPUT_STORE_SIZE_CH1)

Offset

Register Offset

INPUT_STORE_SIZE_C
H1

610h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.91 (INPUT_STORE_PITCH)

Offset

Register Offset

INPUT_STORE_PITCH 620h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

CH1_OUT_PIT
CH

CH1_OUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_OUT_PIT
CH

CH0_OUT_PITCH

This field indicates the channel 0 input pitch

60.6.1.92 (INPUT_STORE_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_STORE_SHIFT_
CTRL_CH0

630h -

INPUT_STORE_SHIFT_
CTRL_CH0_SET

634h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH0 is 1

INPUT_STORE_SHIFT_
CTRL_CH0_CLR

638h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH0 is 0

INPUT_STORE_SHIFT_
CTRL_CH0_TOG

63Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

INPUT_STORE_SHIFT_CTRL_CH0: 0x630

INPUT_STORE_SHIFT_CTRL_CH0_SET: 0x634

INPUT_STORE_SHIFT_CTRL_CH0_CLR: 0x638

INPUT_STORE_SHIFT_CTRL_CH0_TOG: 0x63C

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

RSVD
1 OUT_

YUV...
OUT_
YUV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

RSVD0

RSVD0

Reserved, always set to zero.

7

SHIFT_BYPAS
S

SHIFT_BYPASS

CH0 shift bypass

0b - data will do shift processing.

1b - data will bypass shift module.

6

RSVD1

RSVD1

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 64 bits

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

RSVD2

RSVD2

Reserved, always set to zero.

60.6.1.93 (INPUT_STORE_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

INPUT_STORE_SHIFT_
CTRL_CH1

640h -

INPUT_STORE_SHIFT_
CTRL_CH1_SET

644h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH1 is 1

INPUT_STORE_SHIFT_
CTRL_CH1_CLR

648h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH1 is 0

INPUT_STORE_SHIFT_
CTRL_CH1_TOG

64Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
INPUT_STORE_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp store_engine sub-block.

INPUT_STORE_SHIFT_CTRL_CH1: 0x640

INPUT_STORE_SHIFT_CTRL_CH1_SET: 0x644

INPUT_STORE_SHIFT_CTRL_CH1_CLR: 0x648

INPUT_STORE_SHIFT_CTRL_CH1_TOG: 0x64C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 OUT_Y
UV...

OUT_Y
UV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

1-0

RSVD2

RSVD2

Reserved, always set to zero.
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60.6.1.94 (INPUT_STORE_ADDR_0_CH0)

Offset

Register Offset

INPUT_STORE_ADDR_
0_CH0

690h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.95 (INPUT_STORE_ADDR_1_CH0)

Offset

Register Offset

INPUT_STORE_ADDR_
1_CH0

6A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.96 (INPUT_STORE_FILL_DATA_CH0)

Offset

Register Offset

INPUT_STORE_FILL_D
ATA_CH0

6B0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

FILL_DATA_CH
0

FILL_DATA_CH0

when using fill_data mode,store engine channel0 will store the fill_data value defined here.

60.6.1.97 (INPUT_STORE_ADDR_0_CH1)

Offset

Register Offset

INPUT_STORE_ADDR_
0_CH1

6C0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.98 (INPUT_STORE_ADDR_1_CH1)

Offset

Register Offset

INPUT_STORE_ADDR_
1_CH1

6D0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.99 (INPUT_STORE_D_MASK0_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K0_H_CH0

6E0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK0_H_C
H0

D_MASK0_H_CH0

data mask0 high byte

60.6.1.100 (INPUT_STORE_D_MASK0_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K0_L_CH0

6F0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK0_L_C
H0

D_MASK0_L_CH0

data mask0 low byte

60.6.1.101 (INPUT_STORE_D_MASK1_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K1_H_CH0

700h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_H_C
H0

D_MASK1_H_CH0

data mask1 high byte
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60.6.1.102 (INPUT_STORE_D_MASK1_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K1_L_CH0

710h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_L_C
H0

D_MASK1_L_CH0

data mask1 low byte

60.6.1.103 (INPUT_STORE_D_MASK2_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K2_H_CH0

720h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK2_H_C
H0

D_MASK2_H_CH0

data mask2 high byte

60.6.1.104 (INPUT_STORE_D_MASK2_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K2_L_CH0

730h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK2_L_C
H0

D_MASK2_L_CH0

data mask2 low byte

60.6.1.105 (INPUT_STORE_D_MASK3_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K3_H_CH0

740h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_H_C
H0

D_MASK3_H_CH0

data mask3 high byte
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60.6.1.106 (INPUT_STORE_D_MASK3_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K3_L_CH0

750h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_L_C
H0

D_MASK3_L_CH0

data mask3 low byte

60.6.1.107 (INPUT_STORE_D_MASK4_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K4_H_CH0

760h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK4_H_C
H0

D_MASK4_H_CH0

data mask4 high byte

60.6.1.108 (INPUT_STORE_D_MASK4_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K4_L_CH0

770h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK4_L_C
H0

D_MASK4_L_CH0

data mask4 low byte

60.6.1.109 (INPUT_STORE_D_MASK5_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K5_H_CH0

780h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_H_C
H0

D_MASK5_H_CH0

data mask5 high byte
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60.6.1.110 (INPUT_STORE_D_MASK5_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K5_L_CH0

790h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_L_C
H0

D_MASK5_L_CH0

data mask5 low byte

60.6.1.111 (INPUT_STORE_D_MASK6_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K6_H_CH0

7A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK6_H_C
H0

D_MASK6_H_CH0

data mask6 high byte

60.6.1.112 (INPUT_STORE_D_MASK6_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K6_L_CH0

7B0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK6_L_C
H0

D_MASK6_L_CH0

data mask6 low byte

60.6.1.113 (INPUT_STORE_D_MASK7_H_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K7_H_CH0

7C0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_H_C
H0

D_MASK7_H_CH0

data mask7 high byte
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60.6.1.114 (INPUT_STORE_D_MASK7_L_CH0)

Offset

Register Offset

INPUT_STORE_D_MAS
K7_L_CH0

7E0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_L_C
H0

D_MASK7_L_CH0

data mask7 low byte

60.6.1.115 (INPUT_STORE_D_SHIFT_L_CH0)

Offset

Register Offset

INPUT_STORE_D_SHIF
T_L_CH0

7F0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH3 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH1 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

D_SHIFT_FLAG
3

D_SHIFT_FLAG3

data shift flag 3

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H3

D_SHIFT_WIDTH3

data shift width 3

23

D_SHIFT_FLAG
2

D_SHIFT_FLAG2

data shift flag 2

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H2

D_SHIFT_WIDTH2

data shift width 2

15

D_SHIFT_FLAG
1

D_SHIFT_FLAG1

data shift flag 1

14

RSVD2

RSVD2

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

D_SHIFT_WIDT
H1

D_SHIFT_WIDTH1

data shift width 1

7

D_SHIFT_FLAG
0

D_SHIFT_FLAG0

data shift flag 0

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H0

D_SHIFT_WIDTH0

data shift width 0

60.6.1.116 (INPUT_STORE_D_SHIFT_H_CH0)

Offset

Register Offset

INPUT_STORE_D_SHIF
T_H_CH0

800h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH7 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH5 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

D_SHIFT_FLAG
7

D_SHIFT_FLAG7

data shift flag 7

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H7

D_SHIFT_WIDTH7

data shift width 3

23

D_SHIFT_FLAG
6

D_SHIFT_FLAG6

data shift flag 6

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H6

D_SHIFT_WIDTH6

data shift width 6

15

D_SHIFT_FLAG
5

D_SHIFT_FLAG5

data shift flag 5

14

RSVD2

RSVD2

Reserved, always set to zero.

13-8

D_SHIFT_WIDT
H5

D_SHIFT_WIDTH5

data shift width 5

7

D_SHIFT_FLAG
4

D_SHIFT_FLAG4

data shift flag 4

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H4

D_SHIFT_WIDTH4

data shift width 4
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60.6.1.117 (INPUT_STORE_F_SHIFT_L_CH0)

Offset

Register Offset

INPUT_STORE_F_SHIF
T_L_CH0

810h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH3 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH1 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
3

F_SHIFT_FLAG3

flag shift flag3

29-24

F_SHIFT_WIDT
H3

F_SHIFT_WIDTH3

flag shift width 3

23

RSVD1

RSVD1

Reserved, always set to zero.

22 F_SHIFT_FLAG2

Table continues on the next page...
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Table continued from the previous page...

Field Function

F_SHIFT_FLAG
2

flag shift flag2

21-16

F_SHIFT_WIDT
H2

F_SHIFT_WIDTH2

flag shift width 2

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
1

F_SHIFT_FLAG1

flag shift flag1

13-8

F_SHIFT_WIDT
H1

F_SHIFT_WIDTH1

flag shift width 1

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
0

F_SHIFT_FLAG0

flag shift flag0

5-0

F_SHIFT_WIDT
H0

F_SHIFT_WIDTH0

flag shift width 0

60.6.1.118 (INPUT_STORE_F_SHIFT_H_CH0)

Offset

Register Offset

INPUT_STORE_F_SHIF
T_H_CH0

820h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH7 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH5 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
7

F_SHIFT_FLAG7

flag shift flag7

29-24

F_SHIFT_WIDT
H7

F_SHIFT_WIDTH7

flag shift width 7

23

RSVD1

RSVD1

Reserved, always set to zero.

22

F_SHIFT_FLAG
6

F_SHIFT_FLAG6

flag shift flag6

21-16

F_SHIFT_WIDT
H6

F_SHIFT_WIDTH6

flag shift width 5

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
5

F_SHIFT_FLAG5

flag shift flag5

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

F_SHIFT_WIDT
H5

F_SHIFT_WIDTH5

flag shift width 5

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
4

F_SHIFT_FLAG4

flag shift flag4

5-0

F_SHIFT_WIDT
H4

F_SHIFT_WIDTH4

flag shift width 4

60.6.1.119 (INPUT_STORE_F_MASK_L_CH0)

Offset

Register Offset

INPUT_STORE_F_MAS
K_L_CH0

830h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK3 F_MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK1 F_MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK3

F_MASK3

flag mask3

23-16

F_MASK2

F_MASK2

flag mask2

15-8

F_MASK1

F_MASK1

flag mask1

7-0

F_MASK0

F_MASK0

flag mask0

60.6.1.120 (INPUT_STORE_F_MASK_H_CH0)

Offset

Register Offset

INPUT_STORE_F_MAS
K_H_CH0

840h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK7 F_MASK6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK5 F_MASK4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK7

F_MASK7

flag mask7

23-16

F_MASK6

F_MASK6

flag mask6

15-8

F_MASK5

F_MASK5

flag mask5

7-0

F_MASK4

F_MASK4

flag mask4

60.6.1.121 Pre-fetch engine Control Channel 0 Register (DITHER_FETCH_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_CTRL_
CH0

850h Pre-fetch engine Control Channel 0 Register

DITHER_FETCH_CTRL_
CH0_SET

854h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FETCH_CTRL_CH0 is 
1

DITHER_FETCH_CTRL_
CH0_CLR

858h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FETCH_CTRL_CH0 is 
0

DITHER_FETCH_CTRL_
CH0_TOG

85Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_CTRL_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_CTRL_CH0: 0x850

DITHER_FETCH_CTRL_CH0_SET: 0x854

DITHER_FETCH_CTRL_CH0_CLR: 0x858

DITHER_FETCH_CTRL_CH0_TOG: 0x85C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 HANDSHAKE_
SCAN_...

RSVD1 RD_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 ROTATION_AN
GLE 

RSVD
3 VFLIP HFLIP 

RSVD4 HIGH_
BY...

BYPA
SS_...

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Enables Arbitration

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets.

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-26

RSVD0

RSVD0

Reserved, always set to zero.

25-24

HANDSHAKE_
SCAN_LINE_N

UM

HANDSHAKE_SCAN_LINE_NUM

scan handshake line number

00b - 1 line.

01b - 8 lines

10b - 16 lines

11b - 16 lines

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

RD_NUM_BYT
ES

RD_NUM_BYTES

Bytes in a read burst

00b - NUM_8_BYTES : 8 bytes.

01b - NUM_16_BYTES : 16 bytes.

10b - NUM_32_BYTES : 32 bytes.

11b - NUM_64_BYTES : 64 bytes.

15-14 RSVD2

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD2 Reserved, always set to zero.

13-12

ROTATION_AN
GLE

ROTATION_ANGLE

00b - ROT_0 : Rotate image by 0 degrees.

01b - ROT_90 : Rotate image by 90 degrees.

10b - ROT_180 : Rotate image by 180 degrees.

11b - ROT_270 : Rotate image by 270 degrees.

11

RSVD3

RSVD3

Reserved, always set to zero.

10

VFLIP

VFLIP

Enables VFLIP

0b - VFLIP disable

1b - VFLIP enable

9

HFLIP

HFLIP

Enables HFLIP.

0b - HFLIP disable

1b - VFLIP enable

8-6

RSVD4

RSVD4

Reserved, always set to zero.

5

HIGH_BYTE

HIGH_BYTE

channel 0 high byte selection

0b - In 64 bit mode, the output high byte will use channel1.

1b - In 64 bit mode, the output high byte will use channel0

4

BYPASS_PIXE
L_EN

BYPASS_PIXEL_EN

Selects Channel 0 pixel source

0b - Channel 0 is from memory

1b - Channel 0 is from previous process engine

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the store engine is disabled

1b - Handshake with the store engine is enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the prefetch mode.

0b - Prefetch in scan mode

1b - Prefetch in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Prefetch function is disable

1b - Prefetch function is enable

60.6.1.122 Pre-fetch engine Control Channel 1 Register (DITHER_FETCH_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_CTRL_
CH1

860h Pre-fetch engine Control Channel 1 Register

DITHER_FETCH_CTRL_
CH1_SET

864h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FETCH_CTRL_CH1 is 
1

DITHER_FETCH_CTRL_
CH1_CLR

868h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FETCH_CTRL_CH1 is 
0

DITHER_FETCH_CTRL_
CH1_TOG

86Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_CTRL_CH1: 0x860

DITHER_FETCH_CTRL_CH1_SET: 0x864

DITHER_FETCH_CTRL_CH1_CLR: 0x868

DITHER_FETCH_CTRL_CH1_TOG: 0x86C
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The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 HANDSHAKE_
SCAN_...

RSVD1 RD_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 ROTATION_AN
GLE 

RSVD
3 VFLIP HFLIP 

RSVD4 BYPA
SS_...

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

RSVD0

RSVD0

Reserved, always set to zero.

25-24

HANDSHAKE_
SCAN_LINE_N

UM

HANDSHAKE_SCAN_LINE_NUM

scan handshake line number

00b - 1 line.

01b - 8 lines

10b - 16 lines

11b - 16 lines

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

RD_NUM_BYT
ES

RD_NUM_BYTES

Bytes in a read burst

00b - NUM_8_BYTES : 8 bytes.

01b - NUM_16_BYTES : 16 bytes.

10b - NUM_32_BYTES : 32 bytes.

11b - NUM_64_BYTES : 64 bytes.

15-14

RSVD2

RSVD2

Reserved, always set to zero.

13-12 ROTATION_ANGLE

Table continues on the next page...
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Table continued from the previous page...

Field Function

ROTATION_AN
GLE

00b - ROT_0 : Rotate image by 0 degrees.

01b - ROT_90 : Rotate image by 90 degrees.

10b - ROT_180 : Rotate image by 180 degrees.

11b - ROT_270 : Rotate image by 270 degrees.

11

RSVD3

RSVD3

Reserved, always set to zero.

10

VFLIP

VFLIP

Enables VFLIP

0b - VFLIP disable

1b - VFLIP enable

9

HFLIP

HFLIP

Enables HFLIP.

0b - HFLIP disable

1b - VFLIP enable

8-5

RSVD4

RSVD4

Reserved, always set to zero.

4

BYPASS_PIXE
L_EN

BYPASS_PIXEL_EN

Selects Channel 1 pixel source

0b - Channel 1 is from memory

1b - Channel 1 is from previous process engine

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the store engine is disabled

1b - Handshake with the store engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the prefetch mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Prefetch in scan mode

1b - Prefetch in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Prefetch function is disable

1b - Prefetch function is enable

60.6.1.123 Pre-fetch engine status Channel 0 Register (DITHER_FETCH_STATUS_CH0)

Offset

Register Offset

DITHER_FETCH_STAT
US_CH0

870h

Function

This register defines the status bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREFETCH_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PREFETCH_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PREFETCH_BL
OCK_Y

PREFETCH_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-0

PREFETCH_BL
OCK_X

PREFETCH_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.124 Store engine status Channel 1 Register (DITHER_FETCH_STATUS_CH1)

Offset

Register Offset

DITHER_FETCH_STAT
US_CH1

880h

Function

This register defines the status bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREFETCH_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PREFETCH_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PREFETCH_BL
OCK_Y

PREFETCH_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

PREFETCH_BL
OCK_X

PREFETCH_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.
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60.6.1.125 (DITHER_FETCH_ACTIVE_SIZE_ULC_CH0)

Offset

Register Offset

DITHER_FETCH_ACTIV
E_SIZE_ULC_CH0

890h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_ULC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_ULC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
ULC_Y

ACTIVE_SIZE_ULC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
ULC_X

ACTIVE_SIZE_ULC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.126 (DITHER_FETCH_ACTIVE_SIZE_LRC_CH0)

Offset

Register Offset

DITHER_FETCH_ACTIV
E_SIZE_LRC_CH0

8A0h
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Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_LRC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_LRC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
LRC_Y

ACTIVE_SIZE_LRC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
LRC_X

ACTIVE_SIZE_LRC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.127 (DITHER_FETCH_ACTIVE_SIZE_ULC_CH1)

Offset

Register Offset

DITHER_FETCH_ACTIV
E_SIZE_ULC_CH1

8B0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_ULC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_ULC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
ULC_Y

ACTIVE_SIZE_ULC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
ULC_X

ACTIVE_SIZE_ULC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.128 (DITHER_FETCH_ACTIVE_SIZE_LRC_CH1)

Offset

Register Offset

DITHER_FETCH_ACTIV
E_SIZE_LRC_CH1

8C0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ACTIVE_SIZE_LRC_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ACTIVE_SIZE_LRC_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

ACTIVE_SIZE_
LRC_Y

ACTIVE_SIZE_LRC_Y

This field indicates the upper left Y-coordinate(in pixels) of the active surface of the total input memory

15-0

ACTIVE_SIZE_
LRC_X

ACTIVE_SIZE_LRC_X

This field indicates the upper left X-coordinate(in pixels) of the active surface of the total input memory

60.6.1.129 (DITHER_FETCH_SIZE_CH0)

Offset

Register Offset

DITHER_FETCH_SIZE_
CH0

8D0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_TOTAL_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_TOTAL_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INPUT_TOTAL_
HEIGHT

INPUT_TOTAL_HEIGHT

actual total height -1

15-0

INPUT_TOTAL_
WIDTH

INPUT_TOTAL_WIDTH

actual total width -1

60.6.1.130 (DITHER_FETCH_SIZE_CH1)

Offset

Register Offset

DITHER_FETCH_SIZE_
CH1

8E0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_TOTAL_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_TOTAL_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INPUT_TOTAL_
HEIGHT

INPUT_TOTAL_HEIGHT

actual total height -1

15-0

INPUT_TOTAL_
WIDTH

INPUT_TOTAL_WIDTH

actual_total_width -1

60.6.1.131 (DITHER_FETCH_BACKGROUND_COLOR_CH0)

Offset

Register Offset

DITHER_FETCH_BACK
GROUND_COLOR_CH0

8F0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BACKGROUND
_COLOR

BACKGROUND_COLOR

background color(in 32bpp format) for any pixels not within the buffer range specified by the ULC/LRC

60.6.1.132 (DITHER_FETCH_BACKGROUND_COLOR_CH1)

Offset

Register Offset

DITHER_FETCH_BACK
GROUND_COLOR_CH1

900h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BACKGROUND_COLOR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

BACKGROUND
_COLOR

BACKGROUND_COLOR

background color(in 32bpp format) for any pixels not within the buffer range specified by the ULC/LRC

60.6.1.133 (DITHER_FETCH_PITCH)

Offset

Register Offset

DITHER_FETCH_PITCH 910h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_INPUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_INPUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

CH1_INPUT_PI
TCH

CH1_INPUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_INPUT_PI
TCH

CH0_INPUT_PITCH

This field indicates the channel 0 input pitch
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60.6.1.134 (DITHER_FETCH_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_SHIFT
_CTRL_CH0

920h -

DITHER_FETCH_SHIFT
_CTRL_CH0_SET

924h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH0 is 1

DITHER_FETCH_SHIFT
_CTRL_CH0_CLR

928h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH0 is 0

DITHER_FETCH_SHIFT
_CTRL_CH0_TOG

92Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_CTRL_CH0: 0x920

DITHER_FETCH_SHIFT_CTRL_CH0_SET: 0x924

DITHER_FETCH_SHIFT_CTRL_CH0_CLR: 0x928

DITHER_FETCH_SHIFT_CTRL_CH0_TOG: 0x92C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

EXPA
ND_...

EXPAND_FORMAT 
RSVD1 INPUT_ACTIVE

_BPP W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-13

RSVD0

RSVD0

Reserved, always set to zero.

12

SHIFT_BYPAS
S

SHIFT_BYPASS

0b - channel0 data will do shift function

1b - channel0 will bypass shift function

11

EXPAND_EN

EXPAND_EN

0b - channel0 format expanding disable

1b - channel0 format expanding enable

10-8

EXPAND_FOR
MAT

EXPAND_FORMAT

Select Pixel format

000b - RGB 565

001b - RGB 555

010b - ARGB 1555

011b - RGB 444

100b - ARGB 4444

101b - YUYV/YVYU

110b - UYVY/VYUY

111b - YUV422_2P

7-2

RSVD1

RSVD1

Reserved, always set to zero.

1-0

INPUT_ACTIVE
_BPP

INPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

60.6.1.135 (DITHER_FETCH_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

DITHER_FETCH_SHIFT
_CTRL_CH1

930h -

DITHER_FETCH_SHIFT
_CTRL_CH1_SET

934h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH1 is 1

DITHER_FETCH_SHIFT
_CTRL_CH1_CLR

938h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH1 is 0

DITHER_FETCH_SHIFT
_CTRL_CH1_TOG

93Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_CTRL_CH1: 0x930

DITHER_FETCH_SHIFT_CTRL_CH1_SET: 0x934

DITHER_FETCH_SHIFT_CTRL_CH1_CLR: 0x938

DITHER_FETCH_SHIFT_CTRL_CH1_TOG: 0x93C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

EXPA
ND_...

EXPAND_FORMAT 
RSVD1 INPUT_ACTIVE

_BPP W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-13

RSVD0

RSVD0

Reserved, always set to zero.

12 SHIFT_BYPASS

Table continues on the next page...
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Table continued from the previous page...

Field Function

SHIFT_BYPAS
S

0b - channel1 data will do shift function

1b - channel1 will bypass shift function

11

EXPAND_EN

EXPAND_EN

0b - channel1 format expanding disable

1b - channel1 format expanding enable

10-8

EXPAND_FOR
MAT

EXPAND_FORMAT

Select Pixel format

000b - RGB 565

001b - RGB 555

010b - ARGB 1555

011b - RGB 444

100b - ARGB 4444

101b - YUYV/YVYU

110b - UYVY/VYUY

111b - YUV422_2P

7-2

RSVD1

RSVD1

Reserved, always set to zero.

1-0

INPUT_ACTIVE
_BPP

INPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

60.6.1.136 (DITHER_FETCH_SHIFT_OFFSET_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_SHIFT
_OFFSET_CH0

940h -

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

DITHER_FETCH_SHIFT
_OFFSET_CH0_SET

944h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH0 is 1

DITHER_FETCH_SHIFT
_OFFSET_CH0_CLR

948h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH0 is 0

DITHER_FETCH_SHIFT
_OFFSET_CH0_TOG

94Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_OFFSET_CH0: 0x940

DITHER_FETCH_SHIFT_OFFSET_CH0_SET: 0x944

DITHER_FETCH_SHIFT_OFFSET_CH0_CLR: 0x948

DITHER_FETCH_SHIFT_OFFSET_CH0_TOG: 0x94C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
OFFSET3 

RSVD1 
OFFSET2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
OFFSET1 

RSVD3 
OFFSET0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved, always set to zero.

28-24

OFFSET3

OFFSET3

Shift Offset for channel 0 component 3.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-21

RSVD1

RSVD1

Reserved, always set to zero.

20-16

OFFSET2

OFFSET2

Shift Offset for channel 0 component 2.

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

OFFSET1

OFFSET1

Shift Offset for channel 0 component 1.

7-5

RSVD3

RSVD3

Reserved, always set to zero.

4-0

OFFSET0

OFFSET0

Shift Offset for channel 0 component 0.

60.6.1.137 (DITHER_FETCH_SHIFT_OFFSET_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_SHIFT
_OFFSET_CH1

950h -

DITHER_FETCH_SHIFT
_OFFSET_CH1_SET

954h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH1 is 1

DITHER_FETCH_SHIFT
_OFFSET_CH1_CLR

958h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH1 is 0

DITHER_FETCH_SHIFT
_OFFSET_CH1_TOG

95Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_OFFSET_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_OFFSET_CH1: 0x950

DITHER_FETCH_SHIFT_OFFSET_CH1_SET: 0x954

DITHER_FETCH_SHIFT_OFFSET_CH1_CLR: 0x958
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DITHER_FETCH_SHIFT_OFFSET_CH1_TOG: 0x95C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
OFFSET3 

RSVD1 
OFFSET2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
OFFSET1 

RSVD3 
OFFSET0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved, always set to zero.

28-24

OFFSET3

OFFSET3

Shift Offset for channel 1 component 3.

23-21

RSVD1

RSVD1

Reserved, always set to zero.

20-16

OFFSET2

OFFSET2

Shift Offset for channel 1 component 2.

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

OFFSET1

OFFSET1

Shift Offset for channel 1 component 1.

7-5

RSVD3

RSVD3

Reserved, always set to zero.

4-0

OFFSET0

OFFSET0

Shift Offset for channel 1 component 0.
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60.6.1.138 (DITHER_FETCH_SHIFT_WIDTH_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_SHIFT
_WIDTH_CH0

960h -

DITHER_FETCH_SHIFT
_WIDTH_CH0_SET

964h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH0 is 1

DITHER_FETCH_SHIFT
_WIDTH_CH0_CLR

968h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH0 is 0

DITHER_FETCH_SHIFT
_WIDTH_CH0_TOG

96Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH0

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_WIDTH_CH0: 0x960

DITHER_FETCH_SHIFT_WIDTH_CH0_SET: 0x964

DITHER_FETCH_SHIFT_WIDTH_CH0_CLR: 0x968

DITHER_FETCH_SHIFT_WIDTH_CH0_TOG: 0x96C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WIDTH3 WIDTH2 WIDTH1 WIDTH0 

W

Reset 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

Fields

Field Function

31-16 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved, always set to zero.

15-12

WIDTH3

WIDTH3

Shift Width for channel 0 component 3.

11-8

WIDTH2

WIDTH2

Shift Width for channel 0 component 2.

7-4

WIDTH1

WIDTH1

Shift Width for channel 0 component 1.

3-0

WIDTH0

WIDTH0

Shift Width for channel 0 component 0.

60.6.1.139 (DITHER_FETCH_SHIFT_WIDTH_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FETCH_SHIFT
_WIDTH_CH1

970h -

DITHER_FETCH_SHIFT
_WIDTH_CH1_SET

974h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH1 is 1

DITHER_FETCH_SHIFT
_WIDTH_CH1_CLR

978h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH1 is 0

DITHER_FETCH_SHIFT
_WIDTH_CH1_TOG

97Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FETCH_SHIFT_WIDTH_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_FETCH_SHIFT_WIDTH_CH1: 0x970

DITHER_FETCH_SHIFT_WIDTH_CH1_SET: 0x974

DITHER_FETCH_SHIFT_WIDTH_CH1_CLR: 0x978

DITHER_FETCH_SHIFT_WIDTH_CH1_TOG: 0x97C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WIDTH3 WIDTH2 WIDTH1 WIDTH0 

W

Reset 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

Fields

Field Function

31-16

RSVD0

RSVD0

Reserved, always set to zero.

15-12

WIDTH3

WIDTH3

Shift Width for channel 1 component 3.

11-8

WIDTH2

WIDTH2

Shift Width for channel 1 component 2.

7-4

WIDTH1

WIDTH1

Shift Width for channel 1 component 1.

3-0

WIDTH0

WIDTH0

Shift Width for channel 1 component 0.

60.6.1.140 (DITHER_FETCH_ADDR_0_CH0)

Offset

Register Offset

DITHER_FETCH_ADDR
_0_CH0

980h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR0

INPUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.141 (DITHER_FETCH_ADDR_1_CH0)

Offset

Register Offset

DITHER_FETCH_ADDR
_1_CH0

990h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

INPUT_BASE_
ADDR1

INPUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.142 (DITHER_FETCH_ADDR_0_CH1)

Offset

Register Offset

DITHER_FETCH_ADDR
_0_CH1

9A0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR0

INPUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.143 (DITHER_FETCH_ADDR_1_CH1)

Offset

Register Offset

DITHER_FETCH_ADDR
_1_CH1

9B0h

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INPUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INPUT_BASE_
ADDR1

INPUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.144 Store engine Control Channel 0 Register (DITHER_STORE_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_STORE_CTRL
_CH0

9C0h Store engine Control Channel 0 Register

DITHER_STORE_CTRL
_CH0_SET

9C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_STORE_CTRL_CH0 
is 1

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

DITHER_STORE_CTRL
_CH0_CLR

9C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_STORE_CTRL_CH0 
is 0

DITHER_STORE_CTRL
_CH0_TOG

9CCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_STORE_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

DITHER_STORE_CTRL_CH0: 0x9C0

DITHER_STORE_CTRL_CH0_SET: 0x9C4

DITHER_STORE_CTRL_CH0_CLR: 0x9C8

DITHER_STORE_CTRL_CH0_TOG: 0x9CC

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 COMBI
NE...

RSVD1 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 FILL_D
A...

PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Arbitration Enable

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-25

RSVD0

RSVD0

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

COMBINE_2CH
ANNEL

COMBINE_2CHANNEL

Combine 2 channel Enable

0b - combine 2 channel disable

1b - combine 2 channel enable

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-12

RSVD2

RSVD2

Reserved, always set to zero.

11

FILL_DATA_EN

FILL_DATA_EN

enable bit for fill data

0b - Fill data mode disable.

1b - Fill data mode enable. When using fill_data mode, store_engine will store fixed data defined 
in fill_data register

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select low 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the prefetch engine is disabled

1b - Handshake with the prefetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.145 Store engine Control Channel 1 Register (DITHER_STORE_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

DITHER_STORE_CTRL
_CH1

9D0h Store engine Control Channel 1 Register

DITHER_STORE_CTRL
_CH1_SET

9D4h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_STORE_CTRL_CH1 
is 1

DITHER_STORE_CTRL
_CH1_CLR

9D8h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_STORE_CTRL_CH1 
is 0

DITHER_STORE_CTRL
_CH1_TOG

9DCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_STORE_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

DITHER_STORE_CTRL_CH1: 0x9D0

DITHER_STORE_CTRL_CH1_SET: 0x9D4

DITHER_STORE_CTRL_CH1_CLR: 0x9D8

DITHER_STORE_CTRL_CH1_TOG: 0x9DC

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

RSVD0

RSVD0

Reserved, always set to zero.

17-16 WR_NUM_BYTES

Table continues on the next page...
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Table continued from the previous page...

Field Function

WR_NUM_BYT
ES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-11

RSVD1

RSVD1

Reserved, always set to zero.

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select channel 0 high 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3 HANDSHAKE_EN

Table continues on the next page...
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Table continued from the previous page...

Field Function

HANDSHAKE_
EN

Enable bit for handshake with the fetch engine.

0b - Handshake with the fetch engine is disabled

1b - Handshake with the fetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.146 Store engine status Channel 0 Register (DITHER_STORE_STATUS_CH0)

Offset

Register Offset

DITHER_STORE_STAT
US_CH0

9E0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.147 Store engine status Channel 1 Register (DITHER_STORE_STATUS_CH1)

Offset

Register Offset

DITHER_STORE_STAT
US_CH1

9F0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.148 (DITHER_STORE_SIZE_CH0)

Offset

Register Offset

DITHER_STORE_SIZE_
CH0

A00h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.149 (DITHER_STORE_SIZE_CH1)

Offset

Register Offset

DITHER_STORE_SIZE_
CH1

A10h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.150 (DITHER_STORE_PITCH)

Offset

Register Offset

DITHER_STORE_PITCH A20h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

CH1_OUT_PIT
CH

CH1_OUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_OUT_PIT
CH

CH0_OUT_PITCH

This field indicates the channel 0 input pitch

60.6.1.151 (DITHER_STORE_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_STORE_SHIFT
_CTRL_CH0

A30h -

DITHER_STORE_SHIFT
_CTRL_CH0_SET

A34h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH0 is 1

DITHER_STORE_SHIFT
_CTRL_CH0_CLR

A38h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH0 is 0

DITHER_STORE_SHIFT
_CTRL_CH0_TOG

A3Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

DITHER_STORE_SHIFT_CTRL_CH0: 0xA30

DITHER_STORE_SHIFT_CTRL_CH0_SET: 0xA34

DITHER_STORE_SHIFT_CTRL_CH0_CLR: 0xA38

DITHER_STORE_SHIFT_CTRL_CH0_TOG: 0xA3C

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

RSVD
1 OUT_

YUV...
OUT_
YUV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

RSVD0

RSVD0

Reserved, always set to zero.

7

SHIFT_BYPAS
S

SHIFT_BYPASS

CH0 shift bypass

0b - data will do shift processing.

1b - data will bypass shift module.

6

RSVD1

RSVD1

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

RSVD2

RSVD2

Reserved, always set to zero.

60.6.1.152 (DITHER_STORE_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_STORE_SHIFT
_CTRL_CH1

A40h -

DITHER_STORE_SHIFT
_CTRL_CH1_SET

A44h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH1 is 1

DITHER_STORE_SHIFT
_CTRL_CH1_CLR

A48h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH1 is 0

DITHER_STORE_SHIFT
_CTRL_CH1_TOG

A4Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_STORE_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp store_engine sub-block.

DITHER_STORE_SHIFT_CTRL_CH1: 0xA40

DITHER_STORE_SHIFT_CTRL_CH1_SET: 0xA44

DITHER_STORE_SHIFT_CTRL_CH1_CLR: 0xA48

DITHER_STORE_SHIFT_CTRL_CH1_TOG: 0xA4C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 OUT_Y
UV...

OUT_Y
UV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

1-0

RSVD2

RSVD2

Reserved, always set to zero.
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60.6.1.153 (DITHER_STORE_ADDR_0_CH0)

Offset

Register Offset

DITHER_STORE_ADDR
_0_CH0

A90h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.154 (DITHER_STORE_ADDR_1_CH0)

Offset

Register Offset

DITHER_STORE_ADDR
_1_CH0

AA0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.155 (DITHER_STORE_FILL_DATA_CH0)

Offset

Register Offset

DITHER_STORE_FILL_
DATA_CH0

AB0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

FILL_DATA_CH
0

FILL_DATA_CH0

when using fill_data mode,store engine channel0 will store the fill_data value defined here.

60.6.1.156 (DITHER_STORE_ADDR_0_CH1)

Offset

Register Offset

DITHER_STORE_ADDR
_0_CH1

AC0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.157 (DITHER_STORE_ADDR_1_CH1)

Offset

Register Offset

DITHER_STORE_ADDR
_1_CH1

AD0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.158 (DITHER_STORE_D_MASK0_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK0_H_CH0

AE0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK0_H_C
H0

D_MASK0_H_CH0

data mask0 high byte

60.6.1.159 (DITHER_STORE_D_MASK0_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK0_L_CH0

AF0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK0_L_C
H0

D_MASK0_L_CH0

data mask0 low byte

60.6.1.160 (DITHER_STORE_D_MASK1_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK1_H_CH0

B00h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_H_C
H0

D_MASK1_H_CH0

data mask1 high byte
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60.6.1.161 (DITHER_STORE_D_MASK1_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK1_L_CH0

B10h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_L_C
H0

D_MASK1_L_CH0

data mask1 low byte

60.6.1.162 (DITHER_STORE_D_MASK2_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK2_H_CH0

B20h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK2_H_C
H0

D_MASK2_H_CH0

data mask2 high byte

60.6.1.163 (DITHER_STORE_D_MASK2_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK2_L_CH0

B30h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK2_L_C
H0

D_MASK2_L_CH0

data mask2 low byte

60.6.1.164 (DITHER_STORE_D_MASK3_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK3_H_CH0

B40h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_H_C
H0

D_MASK3_H_CH0

data mask3 high byte
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60.6.1.165 (DITHER_STORE_D_MASK3_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK3_L_CH0

B50h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_L_C
H0

D_MASK3_L_CH0

data mask3 low byte

60.6.1.166 (DITHER_STORE_D_MASK4_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK4_H_CH0

B60h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK4_H_C
H0

D_MASK4_H_CH0

data mask4 high byte

60.6.1.167 (DITHER_STORE_D_MASK4_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK4_L_CH0

B70h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK4_L_C
H0

D_MASK4_L_CH0

data mask4 low byte

60.6.1.168 (DITHER_STORE_D_MASK5_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK5_H_CH0

B80h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_H_C
H0

D_MASK5_H_CH0

data mask5 high byte
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60.6.1.169 (DITHER_STORE_D_MASK5_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK5_L_CH0

B90h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_L_C
H0

D_MASK5_L_CH0

data mask5 low byte

60.6.1.170 (DITHER_STORE_D_MASK6_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK6_H_CH0

BA0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK6_H_C
H0

D_MASK6_H_CH0

data mask6 high byte

60.6.1.171 (DITHER_STORE_D_MASK6_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK6_L_CH0

BB0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK6_L_C
H0

D_MASK6_L_CH0

data mask6 low byte

60.6.1.172 (DITHER_STORE_D_MASK7_H_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK7_H_CH0

BC0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_H_C
H0

D_MASK7_H_CH0

data mask7 high byte
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60.6.1.173 (DITHER_STORE_D_MASK7_L_CH0)

Offset

Register Offset

DITHER_STORE_D_MA
SK7_L_CH0

BD0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_L_C
H0

D_MASK7_L_CH0

data mask7 low byte

60.6.1.174 (DITHER_STORE_D_SHIFT_L_CH0)

Offset

Register Offset

DITHER_STORE_D_SHI
FT_L_CH0

BE0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH3 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH1 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

D_SHIFT_FLAG
3

D_SHIFT_FLAG3

data shift flag 3

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H3

D_SHIFT_WIDTH3

data shift width 3

23

D_SHIFT_FLAG
2

D_SHIFT_FLAG2

data shift flag 2

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H2

D_SHIFT_WIDTH2

data shift width 2

15

D_SHIFT_FLAG
1

D_SHIFT_FLAG1

data shift flag 1

14

RSVD2

RSVD2

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

D_SHIFT_WIDT
H1

D_SHIFT_WIDTH1

data shift width 1

7

D_SHIFT_FLAG
0

D_SHIFT_FLAG0

data shift flag 0

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H0

D_SHIFT_WIDTH0

data shift width 0

60.6.1.175 (DITHER_STORE_D_SHIFT_H_CH0)

Offset

Register Offset

DITHER_STORE_D_SHI
FT_H_CH0

BF0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH7 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH5 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

D_SHIFT_FLAG
7

D_SHIFT_FLAG7

data shift flag 7

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H7

D_SHIFT_WIDTH7

data shift width 3

23

D_SHIFT_FLAG
6

D_SHIFT_FLAG6

data shift flag 6

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H6

D_SHIFT_WIDTH6

data shift width 6

15

D_SHIFT_FLAG
5

D_SHIFT_FLAG5

data shift flag 5

14

RSVD2

RSVD2

Reserved, always set to zero.

13-8

D_SHIFT_WIDT
H5

D_SHIFT_WIDTH5

data shift width 5

7

D_SHIFT_FLAG
4

D_SHIFT_FLAG4

data shift flag 4

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H4

D_SHIFT_WIDTH4

data shift width 4
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60.6.1.176 (DITHER_STORE_F_SHIFT_L_CH0)

Offset

Register Offset

DITHER_STORE_F_SHI
FT_L_CH0

C00h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH3 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH1 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
3

F_SHIFT_FLAG3

flag shift flag3

29-24

F_SHIFT_WIDT
H3

F_SHIFT_WIDTH3

flag shift width 3

23

RSVD1

RSVD1

Reserved, always set to zero.

22 F_SHIFT_FLAG2

Table continues on the next page...
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Table continued from the previous page...

Field Function

F_SHIFT_FLAG
2

flag shift flag2

21-16

F_SHIFT_WIDT
H2

F_SHIFT_WIDTH2

flag shift width 2

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
1

F_SHIFT_FLAG1

flag shift flag1

13-8

F_SHIFT_WIDT
H1

F_SHIFT_WIDTH1

flag shift width 1

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
0

F_SHIFT_FLAG0

flag shift flag0

5-0

F_SHIFT_WIDT
H0

F_SHIFT_WIDTH0

flag shift width 0

60.6.1.177 (DITHER_STORE_F_SHIFT_H_CH0)

Offset

Register Offset

DITHER_STORE_F_SHI
FT_H_CH0

C10h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH7 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH5 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
7

F_SHIFT_FLAG7

flag shift flag7

29-24

F_SHIFT_WIDT
H7

F_SHIFT_WIDTH7

flag shift width 7

23

RSVD1

RSVD1

Reserved, always set to zero.

22

F_SHIFT_FLAG
6

F_SHIFT_FLAG6

flag shift flag6

21-16

F_SHIFT_WIDT
H6

F_SHIFT_WIDTH6

flag shift width 5

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
5

F_SHIFT_FLAG5

flag shift flag5

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

F_SHIFT_WIDT
H5

F_SHIFT_WIDTH5

flag shift width 5

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
4

F_SHIFT_FLAG4

flag shift flag4

5-0

F_SHIFT_WIDT
H4

F_SHIFT_WIDTH4

flag shift width 4

60.6.1.178 (DITHER_STORE_F_MASK_L_CH0)

Offset

Register Offset

DITHER_STORE_F_MA
SK_L_CH0

C20h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK3 F_MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK1 F_MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK3

F_MASK3

flag mask3

23-16

F_MASK2

F_MASK2

flag mask2

15-8

F_MASK1

F_MASK1

flag mask1

7-0

F_MASK0

F_MASK0

flag mask0

60.6.1.179 (DITHER_STORE_F_MASK_H_CH0)

Offset

Register Offset

DITHER_STORE_F_MA
SK_H_CH0

C30h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK7 F_MASK6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK5 F_MASK4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK7

F_MASK7

flag mask7

23-16

F_MASK6

F_MASK6

flag mask6

15-8

F_MASK5

F_MASK5

flag mask5

7-0

F_MASK4

F_MASK4

flag mask4

60.6.1.180 Fetch engine Control for WFE A Register (WFA_FETCH_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFA_FETCH_CTRL C40h Fetch engine Control for WFE A Register

WFA_FETCH_CTRL_SE
T

C44h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFA_FETCH_CTRL is 1

WFA_FETCH_CTRL_CL
R

C48h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFA_FETCH_CTRL is 0

WFA_FETCH_CTRL_TO
G

C4Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFA_FETCH_CTRL

Function

WFA_FETCH_CTRL: 0xC40

WFA_FETCH_CTRL_SET: 0xC44

WFA_FETCH_CTRL_CLR: 0xC48

WFA_FETCH_CTRL_TOG: 0xC4C

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R BUF2_
DO...

BUF1_
DO...

BUF2_
DO...

BUF1_
DO...

RSVD0 BF2_LINE_MO
DE 

BF2_BYTES_P
P 

BF1_LINE_MO
DE 

BF1_BYTES_P
P 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 BF2_B
OR...

BF2_B
UR...

BF2_B
YP...

BF2_H
SK...

BF2_S
RA...

BF2_
EN 

RSVD2 BF1_B
OR...

BF1_B
UR...

BF1_B
YP...

BF1_H
SK...

BF1_S
RA...

BF1_
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BUF2_DONE_I
RQ_EN

BUF2_DONE_IRQ_EN

This bit is set to enable buffer2 fetch done interrupt.

30

BUF1_DONE_I
RQ_EN

BUF1_DONE_IRQ_EN

This bit is set to enable buffer1 fetch done interrupt.

29

BUF2_DONE_I
RQ

BUF2_DONE_IRQ

This bit is set to indicate that buffer2 fetch done interrupt, this bit is cleared by writing a one to its SCT 
clear address

28

BUF1_DONE_I
RQ

BUF1_DONE_IRQ

This bit is set to indicate that buffer1 fetch done interrupt, this bit is cleared by writing a one to its SCT 
clear address

27-24

RSVD0

RSVD0

Reserved, always set to zero.

23-22

BF2_LINE_MO
DE

BF2_LINE_MODE

Indicates the number of lines to be fetched

00b - One line fetched

01b - Three lines fetched

10b - Five lines fetched

11b - Reserved

21-20 BF2_BYTES_PP

This indicate how many bytes in each pixel for the buffer

Table continues on the next page...
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Table continued from the previous page...

Field Function

BF2_BYTES_P
P

19-18

BF1_LINE_MO
DE

BF1_LINE_MODE

Indicates the number of lines to be fetched

00b - One line fetched

01b - Three lines fetched

10b - Five lines fetched

11b - Reserved

17-16

BF1_BYTES_P
P

BF1_BYTES_PP

This indicate how many bytes in each pixel for the buffer

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13

BF2_BORDER_
MODE

BF2_BORDER_MODE

Indicate buffer2 border pixels select

0b - Normal Mode

1b - SW REG Mode

12

BF2_BURST_L
EN

BF2_BURST_LEN

Indicate buffer2 AXI burst length

0b - Burst length is 4

1b - Burst length is 8

11

BF2_BYPASS_
MODE

BF2_BYPASS_MODE

Indicate buffer2 use bypass pixels or not

0b - Normal Mode

1b - Bypass Mode

10

BF2_HSK_MOD
E

BF2_HSK_MODE

Mode of operation

0b - Normal Mode

1b - Handshake Mode

9

BF2_SRAM_IF

BF2_SRAM_IF

Fetch Source

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - external axi bus fetch.

1b - internal sram fetch

8

BF2_EN

BF2_EN

BF2 enable bit.

0b - Disabled. The buffer2 fetch will not work

1b - Enabled. The buffer2 fetch will start to work

7-6

RSVD2

RSVD2

Reserved, always set to zero.

5

BF1_BORDER_
MODE

BF1_BORDER_MODE

Indicate buffer1 border pixels select

0b - Normal Mode

1b - SW REG Mode

4

BF1_BURST_L
EN

BF1_BURST_LEN

Indicate buffer1 AXI burst length

0b - Burst length is 4

1b - Burst length is 8

3

BF1_BYPASS_
MODE

BF1_BYPASS_MODE

Indicate buffer1 use bypass pixels or not

0b - Normal Mode

1b - Bypass Mode

2

BF1_HSK_MOD
E

BF1_HSK_MODE

Mode of operation

0b - Normal Mode

1b - Handshake Mode

1

BF1_SRAM_IF

BF1_SRAM_IF

Fetch Source

0b - external axi bus fetch.

1b - internal sram fetch

0

BF1_EN

BF1_EN

BF1 enable bit.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disabled. The buffer1 fetch will not work

1b - Enabled. The buffer1 fetch will start to work

60.6.1.181 (WFA_FETCH_BUF1_ADDR)

Offset

Register Offset

WFA_FETCH_BUF1_AD
DR

C50h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF_ADDR

BUF_ADDR

This indicate the base address for wfa buffer1 fetch

60.6.1.182 (WFA_FETCH_BUF1_PITCH)

Offset

Register Offset

WFA_FETCH_BUF1_PIT
CH

C60h
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Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-0

PITCH

PITCH

This indicate the number of bytes in memory between two vertically adjacent pixels.

60.6.1.183 (WFA_FETCH_BUF1_SIZE)

Offset

Register Offset

WFA_FETCH_BUF1_SIZ
E

C70h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
BUF_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-16

BUF_HEIGHT

BUF_HEIGHT

This indicate the buffer height in pixels.

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-0

BUF_WIDTH

BUF_WIDTH

This indicate the buffer width in pixels.

60.6.1.184 (WFA_FETCH_BUF2_ADDR)

Offset

Register Offset

WFA_FETCH_BUF2_AD
DR

C80h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF_ADDR

BUF_ADDR

This indicate the base address for wfa buffer2 fetch

60.6.1.185 (WFA_FETCH_BUF2_PITCH)

Offset

Register Offset

WFA_FETCH_BUF2_PIT
CH

C90h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-0

PITCH

PITCH

This indicate the number of bytes in memory between two vertically adjacent pixels.

60.6.1.186 (WFA_FETCH_BUF2_SIZE)

Offset

Register Offset

WFA_FETCH_BUF2_SIZ
E

CA0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
BUF_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-16

BUF_HEIGHT

BUF_HEIGHT

This indicates the buffer height in pixels.

15-14 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved, always set to zero.

13-0

BUF_WIDTH

BUF_WIDTH

This indicates the buffer width in pixels.

60.6.1.187 (WFA_ARRAY_PIXEL0_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL0_
MASK

CB0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.188 (WFA_ARRAY_PIXEL1_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL1_
MASK

CC0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.189 (WFA_ARRAY_PIXEL2_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL2_
MASK

CD0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.190 (WFA_ARRAY_PIXEL3_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL3_
MASK

CE0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.191 (WFA_ARRAY_PIXEL4_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL4_
MASK

CF0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.192 (WFA_ARRAY_PIXEL5_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL5_
MASK

D00h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.193 (WFA_ARRAY_PIXEL6_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL6_
MASK

D10h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.194 (WFA_ARRAY_PIXEL7_MASK)

Offset

Register Offset

WFA_ARRAY_PIXEL7_
MASK

D20h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5
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Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.195 (WFA_ARRAY_FLAG0_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG0_M
ASK

D30h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.196 (WFA_ARRAY_FLAG1_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG1_M
ASK

D40h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.197 (WFA_ARRAY_FLAG2_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG2_M
ASK

D50h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.198 (WFA_ARRAY_FLAG3_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG3_M
ASK

D60h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3665 / 5781



Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.199 (WFA_ARRAY_FLAG4_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG4_M
ASK

D70h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.200 (WFA_ARRAY_FLAG5_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG5_M
ASK

D80h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.201 (WFA_ARRAY_FLAG6_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG6_M
ASK

D90h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.202 (WFA_ARRAY_FLAG7_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG7_M
ASK

DA0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5
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Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.203 (WFA_FETCH_BUF1_CORD)

Offset

Register Offset

WFA_FETCH_BUF1_CO
RD

DB0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
YCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
XCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-16

YCORD

YCORD

This indicate Y co-ordinate in pixels.

15-14

RSVD1

RSVD1

Reserved, always set to zero.
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Field Function

13-0

XCORD

XCORD

This indicate X co-ordinate in pixels.

60.6.1.204 (WFA_FETCH_BUF2_CORD)

Offset

Register Offset

WFA_FETCH_BUF2_CO
RD

DC0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
YCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
XCORD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-16

YCORD

YCORD

This indicate Y co-ordinate in pixels.

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-0

XCORD

XCORD

This indicate X co-ordinate in pixels.
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60.6.1.205 (WFA_ARRAY_FLAG8_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG8_M
ASK

DD0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.206 (WFA_ARRAY_FLAG9_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG9_M
ASK

DE0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.207 (WFA_ARRAY_FLAG10_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG10_
MASK

DF0h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.208 (WFA_ARRAY_FLAG11_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG11_
MASK

E00h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.209 (WFA_ARRAY_FLAG12_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG12_
MASK

E10h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.210 (WFA_ARRAY_FLAG13_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG13_
MASK

E20h

Function

This register defines the control bits for the pxp wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.
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Table continued from the previous page...

Field Function

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.211 (WFA_ARRAY_FLAG14_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG14_
MASK

E30h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5 RSVD5

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD5 Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel

60.6.1.212 (WFA_ARRAY_FLAG15_MASK)

Offset

Register Offset

WFA_ARRAY_FLAG15_
MASK

E40h

Function

This register defines the control bits for the pxp wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_SEL 

RSVD1 SIGN_
Y 

SIGN_
X 

RSVD2 
OFFSET_Y 

RSVD3 
OFFSET_X 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD4 
H_OFS 

RSVD5 
L_OFS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved, always set to zero.

29-28

BUF_SEL

BUF_SEL

Select between Buffer 1 and 2

00b - Pixel from buffer 1

01b - Pixel from buffer 2
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Table continued from the previous page...

Field Function

10b - Pixel from SW_PIXEL0

27-26

RSVD1

RSVD1

Reserved, always set to zero.

25

SIGN_Y

SIGN_Y

Offset sign

0b - Positive Offset

1b - Negative Offset

24

SIGN_X

SIGN_X

Offset sign

0b - Positive Offset

1b - Negative Offset

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-20

OFFSET_Y

OFFSET_Y

This indicates the Y offset position for the pixel.

19-18

RSVD3

RSVD3

Reserved, always set to zero.

17-16

OFFSET_X

OFFSET_X

This indicates the X offset position for the pixel.

15-13

RSVD4

RSVD4

Reserved, always set to zero.

12-8

H_OFS

H_OFS

This indicates the right bit position on the original pixel

7-5

RSVD5

RSVD5

Reserved, always set to zero.

4-0

L_OFS

L_OFS

This indicates the left bit position on the original pixel
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60.6.1.213 (WFA_ARRAY_REG0)

Offset

Register Offset

WFA_ARRAY_REG0 E50h

Function

This register defines software define pixels for wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SW_PIXLE3 SW_PIXLE2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SW_PIXLE1 SW_PIXLE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

SW_PIXLE3

SW_PIXLE3

Software define pixel3

23-16

SW_PIXLE2

SW_PIXLE2

Software define pixel2

15-8

SW_PIXLE1

SW_PIXLE1

Software define pixel1

7-0

SW_PIXLE0

SW_PIXLE0

Software define pixel0

60.6.1.214 (WFA_ARRAY_REG1)

Offset

Register Offset

WFA_ARRAY_REG1 E60h

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3689 / 5781



Function

This register defines software define pixels for wfa fetch sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SW_PIXLE7 SW_PIXLE6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SW_PIXLE5 SW_PIXLE4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

SW_PIXLE7

SW_PIXLE7

Software define pixel7

23-16

SW_PIXLE6

SW_PIXLE6

Software define pixel6

15-8

SW_PIXLE5

SW_PIXLE5

Software define pixel5

7-0

SW_PIXLE4

SW_PIXLE4

Software define pixel4

60.6.1.215 (WFA_ARRAY_REG2)

Offset

Register Offset

WFA_ARRAY_REG2 E70h

Function

This register defines software define pixels for wfa fetch sub-block.

This register defines software define flags for wfa fetch sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SW_F
LAG...

SW_F
LAG...

SW_F
LAG...

SW_F
LAG...

SW_F
LAG...

SW_F
LAG...

SW_F
LAG9 

SW_F
LAG8 

SW_F
LAG7 

SW_F
LAG6 

SW_F
LAG5 

SW_F
LAG4 

SW_F
LAG3 

SW_F
LAG2 

SW_F
LAG1 

SW_F
LAG0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD0

RSVD0

Reserved, always set to zero.

15

SW_FLAG15

SW_FLAG15

Software define flag15

14

SW_FLAG14

SW_FLAG14

Software define flag14

13

SW_FLAG13

SW_FLAG13

Software define flag13

12

SW_FLAG12

SW_FLAG12

Software define flag12

11

SW_FLAG11

SW_FLAG11

Software define flag11

10

SW_FLAG10

SW_FLAG10

Software define flag10

9

SW_FLAG9

SW_FLAG9

Software define flag9

8

SW_FLAG8

SW_FLAG8

Software define flag8

7

SW_FLAG7

SW_FLAG7

Software define flag7

Table continues on the next page...
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Table continued from the previous page...

Field Function

6

SW_FLAG6

SW_FLAG6

Software define flag6

5

SW_FLAG5

SW_FLAG5

Software define flag5

4

SW_FLAG4

SW_FLAG4

Software define flag4

3

SW_FLAG3

SW_FLAG3

Software define flag3

2

SW_FLAG2

SW_FLAG2

Software define flag2

1

SW_FLAG1

SW_FLAG1

Software define flag1

0

SW_FLAG0

SW_FLAG0

Software define flag0

60.6.1.216 Pre-fetch engine Control Channel 0 Register (WFE_A_STORE_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STORE_CTRL_
CH0

E80h Pre-fetch engine Control Channel 0 Register

WFE_A_STORE_CTRL_
CH0_SET

E84h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STORE_CTRL_CH0 is 
1

WFE_A_STORE_CTRL_
CH0_CLR

E88h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STORE_CTRL_CH0 is 
0

WFE_A_STORE_CTRL_
CH0_TOG

E8Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_A_STORE_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_A_STORE_CTRL_CH0: 0xE80
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WFE_A_STORE_CTRL_CH0_SET: 0xE84

WFE_A_STORE_CTRL_CH0_CLR: 0xE88

WFE_A_STORE_CTRL_CH0_TOG: 0xE8C

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 COMBI
NE...

RSVD1 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 FILL_D
A...

PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Arbitration Enable

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-25

RSVD0

RSVD0

Reserved, always set to zero.

24

COMBINE_2CH
ANNEL

COMBINE_2CHANNEL

Combine 2 channel Enable

0b - combine 2 channel disable

1b - combine 2 channel enable

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3693 / 5781



Table continued from the previous page...

Field Function

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-12

RSVD2

RSVD2

Reserved, always set to zero.

11

FILL_DATA_EN

FILL_DATA_EN

enable bit for fill data

0b - Fill data mode disable.

1b - Fill data mode enable. When using fill_data mode, store_engine will store fixed data defined 
in fill_data register

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select low 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

Table continues on the next page...
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Field Function

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the prefetch engine is disabled

1b - Handshake with the prefetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.217 Pre-fetch engine Control Channel 1 Register (WFE_A_STORE_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STORE_CTRL_
CH1

E90h Pre-fetch engine Control Channel 1 Register

WFE_A_STORE_CTRL_
CH1_SET

E94h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STORE_CTRL_CH1 is 
1

WFE_A_STORE_CTRL_
CH1_CLR

E98h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STORE_CTRL_CH1 is 
0

WFE_A_STORE_CTRL_
CH1_TOG

E9Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_A_STORE_CTRL_CH1
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Function

This register defines the control bits for the pxp prefetch_engine sub-block.

WFE_A_STORE_CTRL_CH1: 0xE90

WFE_A_STORE_CTRL_CH1_SET: 0xE94

WFE_A_STORE_CTRL_CH1_CLR: 0xE98

WFE_A_STORE_CTRL_CH1_TOG: 0xE9C

The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

RSVD0

RSVD0

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-11

RSVD1

RSVD1

Reserved, always set to zero.

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select channel 0 high 32 bit shift out data to pack

Table continues on the next page...
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Table continued from the previous page...

Field Function

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the fetch engine.

0b - Handshake with the fetch engine is disabled

1b - Handshake with the fetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.218 Store engine status Channel 0 Register (WFE_A_STORE_STATUS_CH0)

Offset

Register Offset

WFE_A_STORE_STATU
S_CH0

EA0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.
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60.6.1.219 Store engine status Channel 1 Register (WFE_A_STORE_STATUS_CH1)

Offset

Register Offset

WFE_A_STORE_STATU
S_CH1

EB0h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.220 (WFE_A_STORE_SIZE_CH0)

Offset

Register Offset

WFE_A_STORE_SIZE_
CH0

EC0h
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Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.221 (WFE_A_STORE_SIZE_CH1)

Offset

Register Offset

WFE_A_STORE_SIZE_
CH1

ED0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.222 (WFE_A_STORE_PITCH)

Offset

Register Offset

WFE_A_STORE_PITCH EE0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

CH1_OUT_PIT
CH

CH1_OUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_OUT_PIT
CH

CH0_OUT_PITCH

This field indicates the channel 0 input pitch

60.6.1.223 (WFE_A_STORE_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STORE_SHIFT_
CTRL_CH0

EF0h -

WFE_A_STORE_SHIFT_
CTRL_CH0_SET

EF4h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH0 is 1

WFE_A_STORE_SHIFT_
CTRL_CH0_CLR

EF8h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH0 is 0

WFE_A_STORE_SHIFT_
CTRL_CH0_TOG

EFCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_A_STORE_SHIFT_CTRL_CH0: 0xEF0

WFE_A_STORE_SHIFT_CTRL_CH0_SET: 0xEF4

WFE_A_STORE_SHIFT_CTRL_CH0_CLR: 0xEF8

WFE_A_STORE_SHIFT_CTRL_CH0_TOG: 0xEFC

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

RSVD
1 OUT_

YUV...
OUT_
YUV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

RSVD0

RSVD0

Reserved, always set to zero.

7

SHIFT_BYPAS
S

SHIFT_BYPASS

CH0 shift bypass

0b - data will do shift processing.

1b - data will bypass shift module.

6

RSVD1

RSVD1

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

RSVD2

RSVD2

Reserved, always set to zero.

60.6.1.224 (WFE_A_STORE_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STORE_SHIFT_
CTRL_CH1

F00h -

WFE_A_STORE_SHIFT_
CTRL_CH1_SET

F04h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH1 is 1

WFE_A_STORE_SHIFT_
CTRL_CH1_CLR

F08h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH1 is 0

WFE_A_STORE_SHIFT_
CTRL_CH1_TOG

F0Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_A_STORE_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_A_STORE_SHIFT_CTRL_CH1: 0xF00

WFE_A_STORE_SHIFT_CTRL_CH1_SET: 0xF04

WFE_A_STORE_SHIFT_CTRL_CH1_CLR: 0xF08

WFE_A_STORE_SHIFT_CTRL_CH1_TOG: 0xF0C

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 OUT_Y
UV...

OUT_Y
UV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

1-0

RSVD2

RSVD2

Reserved, always set to zero.
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60.6.1.225 (WFE_A_STORE_ADDR_0_CH0)

Offset

Register Offset

WFE_A_STORE_ADDR_
0_CH0

F50h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.226 (WFE_A_STORE_ADDR_1_CH0)

Offset

Register Offset

WFE_A_STORE_ADDR_
1_CH0

F60h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.227 (WFE_A_STORE_FILL_DATA_CH0)

Offset

Register Offset

WFE_A_STORE_FILL_D
ATA_CH0

F70h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3707 / 5781



Fields

Field Function

31-0

FILL_DATA_CH
0

FILL_DATA_CH0

when using fill_data mode,store engine channel0 will store the fill_data value defined here.

60.6.1.228 (WFE_A_STORE_ADDR_0_CH1)

Offset

Register Offset

WFE_A_STORE_ADDR_
0_CH1

F80h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.229 (WFE_A_STORE_ADDR_1_CH1)

Offset

Register Offset

WFE_A_STORE_ADDR_
1_CH1

F90h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel 1 base address. For 1 channel and YUV422 2 
plane, indicate the UV base address

60.6.1.230 (WFE_A_STORE_D_MASK0_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K0_H_CH0

FA0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK0_H_C
H0

D_MASK0_H_CH0

data mask0 high byte

60.6.1.231 (WFE_A_STORE_D_MASK0_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K0_L_CH0

FB0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK0_L_C
H0

D_MASK0_L_CH0

data mask0 low byte

60.6.1.232 (WFE_A_STORE_D_MASK1_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K1_H_CH0

FC0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_H_C
H0

D_MASK1_H_CH0

data mask1 high byte
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60.6.1.233 (WFE_A_STORE_D_MASK1_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K1_L_CH0

FD0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_L_C
H0

D_MASK1_L_CH0

data mask1 low byte

60.6.1.234 (WFE_A_STORE_D_MASK2_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K2_H_CH0

FE0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK2_H_C
H0

D_MASK2_H_CH0

data mask2 high byte

60.6.1.235 (WFE_A_STORE_D_MASK2_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K2_L_CH0

FF0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK2_L_C
H0

D_MASK2_L_CH0

data mask2 low byte

60.6.1.236 (WFE_A_STORE_D_MASK3_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K3_H_CH0

1000h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_H_C
H0

D_MASK3_H_CH0

data mask3 high byte
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60.6.1.237 (WFE_A_STORE_D_MASK3_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K3_L_CH0

1010h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_L_C
H0

D_MASK3_L_CH0

data mask3 low byte

60.6.1.238 (WFE_A_STORE_D_MASK4_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K4_H_CH0

1020h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK4_H_C
H0

D_MASK4_H_CH0

data mask4 high byte

60.6.1.239 (WFE_A_STORE_D_MASK4_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K4_L_CH0

1030h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK4_L_C
H0

D_MASK4_L_CH0

data mask4 low byte

60.6.1.240 (WFE_A_STORE_D_MASK5_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K5_H_CH0

1040h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_H_C
H0

D_MASK5_H_CH0

data mask5 high byte
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60.6.1.241 (WFE_A_STORE_D_MASK5_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K5_L_CH0

1050h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_L_C
H0

D_MASK5_L_CH0

data mask5 low byte

60.6.1.242 (WFE_A_STORE_D_MASK6_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K6_H_CH0

1060h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK6_H_C
H0

D_MASK6_H_CH0

data mask6 high byte

60.6.1.243 (WFE_A_STORE_D_MASK6_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K6_L_CH0

1070h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK6_L_C
H0

D_MASK6_L_CH0

data mask6 low byte

60.6.1.244 (WFE_A_STORE_D_MASK7_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K7_H_CH0

1080h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_H_C
H0

D_MASK7_H_CH0

data mask7 high byte
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60.6.1.245 (WFE_A_STORE_D_MASK7_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_MAS
K7_L_CH0

1090h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_L_C
H0

D_MASK7_L_CH0

data mask7 low byte

60.6.1.246 (WFE_A_STORE_D_SHIFT_L_CH0)

Offset

Register Offset

WFE_A_STORE_D_SHI
FT_L_CH0

10A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH3 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH1 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

D_SHIFT_FLAG
3

D_SHIFT_FLAG3

data shift flag 3

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H3

D_SHIFT_WIDTH3

data shift width 3

23

D_SHIFT_FLAG
2

D_SHIFT_FLAG2

data shift flag 2

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H2

D_SHIFT_WIDTH2

data shift width 2

15

D_SHIFT_FLAG
1

D_SHIFT_FLAG1

data shift flag 1

14

RSVD2

RSVD2

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

D_SHIFT_WIDT
H1

D_SHIFT_WIDTH1

data shift width 1

7

D_SHIFT_FLAG
0

D_SHIFT_FLAG0

data shift flag 0

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H0

D_SHIFT_WIDTH0

data shift width 0

60.6.1.247 (WFE_A_STORE_D_SHIFT_H_CH0)

Offset

Register Offset

WFE_A_STORE_D_SHI
FT_H_CH0

10B0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH7 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH5 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

D_SHIFT_FLAG
7

D_SHIFT_FLAG7

data shift flag 7

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H7

D_SHIFT_WIDTH7

data shift width 3

23

D_SHIFT_FLAG
6

D_SHIFT_FLAG6

data shift flag 6

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H6

D_SHIFT_WIDTH6

data shift width 6

15

D_SHIFT_FLAG
5

D_SHIFT_FLAG5

data shift flag 5

14

RSVD2

RSVD2

Reserved, always set to zero.

13-8

D_SHIFT_WIDT
H5

D_SHIFT_WIDTH5

data shift width 5

7

D_SHIFT_FLAG
4

D_SHIFT_FLAG4

data shift flag 4

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H4

D_SHIFT_WIDTH4

data shift width 4
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60.6.1.248 (WFE_A_STORE_F_SHIFT_L_CH0)

Offset

Register Offset

WFE_A_STORE_F_SHIF
T_L_CH0

10C0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH3 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH1 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
3

F_SHIFT_FLAG3

flag shift flag3

29-24

F_SHIFT_WIDT
H3

F_SHIFT_WIDTH3

flag shift width 3

23

RSVD1

RSVD1

Reserved, always set to zero.

22 F_SHIFT_FLAG2

Table continues on the next page...
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Table continued from the previous page...

Field Function

F_SHIFT_FLAG
2

flag shift flag2

21-16

F_SHIFT_WIDT
H2

F_SHIFT_WIDTH2

flag shift width 2

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
1

F_SHIFT_FLAG1

flag shift flag1

13-8

F_SHIFT_WIDT
H1

F_SHIFT_WIDTH1

flag shift width 1

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
0

F_SHIFT_FLAG0

flag shift flag0

5-0

F_SHIFT_WIDT
H0

F_SHIFT_WIDTH0

flag shift width 0

60.6.1.249 (WFE_A_STORE_F_SHIFT_H_CH0)

Offset

Register Offset

WFE_A_STORE_F_SHIF
T_H_CH0

10D0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH7 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH5 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
7

F_SHIFT_FLAG7

flag shift flag7

29-24

F_SHIFT_WIDT
H7

F_SHIFT_WIDTH7

flag shift width 7

23

RSVD1

RSVD1

Reserved, always set to zero.

22

F_SHIFT_FLAG
6

F_SHIFT_FLAG6

flag shift flag6

21-16

F_SHIFT_WIDT
H6

F_SHIFT_WIDTH6

flag shift width 5

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
5

F_SHIFT_FLAG5

flag shift flag5

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

F_SHIFT_WIDT
H5

F_SHIFT_WIDTH5

flag shift width 5

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
4

F_SHIFT_FLAG4

flag shift flag4

5-0

F_SHIFT_WIDT
H4

F_SHIFT_WIDTH4

flag shift width 4

60.6.1.250 (WFE_A_STORE_F_MASK_L_CH0)

Offset

Register Offset

WFE_A_STORE_F_MAS
K_L_CH0

10E0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK3 F_MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK1 F_MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK3

F_MASK3

flag mask3

23-16

F_MASK2

F_MASK2

flag mask2

15-8

F_MASK1

F_MASK1

flag mask1

7-0

F_MASK0

F_MASK0

flag mask0

60.6.1.251 (WFE_A_STORE_F_MASK_H_CH0)

Offset

Register Offset

WFE_A_STORE_F_MAS
K_H_CH0

10F0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK7 F_MASK6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK5 F_MASK4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK7

F_MASK7

flag mask7

23-16

F_MASK6

F_MASK6

flag mask6

15-8

F_MASK5

F_MASK5

flag mask5

7-0

F_MASK4

F_MASK4

flag mask4

60.6.1.252 Store engine Control Channel 0 Register (WFE_B_STORE_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STORE_CTRL_
CH0

1340h Store engine Control Channel 0 Register

WFE_B_STORE_CTRL_
CH0_SET

1344h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STORE_CTRL_CH0 is 
1

WFE_B_STORE_CTRL_
CH0_CLR

1348h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STORE_CTRL_CH0 is 
0

WFE_B_STORE_CTRL_
CH0_TOG

134Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_B_STORE_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_B_STORE_CTRL_CH0: 0x1340

WFE_B_STORE_CTRL_CH0_SET: 0x1344

WFE_B_STORE_CTRL_CH0_CLR: 0x1348

WFE_B_STORE_CTRL_CH0_TOG: 0x134C

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ARBIT
_EN 

RSVD0 COMBI
NE...

RSVD1 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 FILL_D
A...

PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

ARBIT_EN

ARBIT_EN

Arbitration Enable

0b - Arbitration disable. If using 2 channels, will output 2 axi bus sets

1b - Arbitration enable. If using 2 channel, will only output 1 axi bus sets

30-25

RSVD0

RSVD0

Reserved, always set to zero.

24

COMBINE_2CH
ANNEL

COMBINE_2CHANNEL

Combine 2 channel Enable

0b - combine 2 channel disable

1b - combine 2 channel enable

23-18

RSVD1

RSVD1

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-12

RSVD2

RSVD2

Reserved, always set to zero.

11 FILL_DATA_EN

Table continues on the next page...
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Table continued from the previous page...

Field Function

FILL_DATA_EN enable bit for fill data

0b - Fill data mode disable.

1b - Fill data mode enable. When using fill_data mode, store_engine will store fixed data defined 
in fill_data register

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select low 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8

STORE_BYPA
SS_EN

STORE_BYPASS_EN

enable bit for store bypass

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the store engine.

0b - Handshake with the prefetch engine is disabled

1b - Handshake with the prefetch engine is enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable

60.6.1.253 Store engine Control Channel 1 Register (WFE_B_STORE_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STORE_CTRL_
CH1

1350h Store engine Control Channel 1 Register

WFE_B_STORE_CTRL_
CH1_SET

1354h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STORE_CTRL_CH1 is 
1

WFE_B_STORE_CTRL_
CH1_CLR

1358h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STORE_CTRL_CH1 is 
0

WFE_B_STORE_CTRL_
CH1_TOG

135Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_B_STORE_CTRL_CH1

Function

This register defines the control bits for the pxp prefetch_engine sub-block.

WFE_B_STORE_CTRL_CH1: 0x1350

WFE_B_STORE_CTRL_CH1_SET: 0x1354

WFE_B_STORE_CTRL_CH1_CLR: 0x1358

WFE_B_STORE_CTRL_CH1_TOG: 0x135C

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3733 / 5781



The Control register contains the control bits for the pxp prefetch_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 WR_NUM_BYT
ES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 PACK_
IN...

STOR
E_M...

STOR
E_B...

RSVD
3 ARRAY_LINE_

NUM 
ARRA
Y_EN 

HAND
SHA...

BLOC
K_16 

BLOC
K_EN 

CH_
EN 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

RSVD0

RSVD0

Reserved, always set to zero.

17-16

WR_NUM_BYT
ES

WR_NUM_BYTES

Bytes in a write burst

00b - NUM_8_BYTES : 8 bytes

01b - NUM_16_BYTES : 16 bytes

10b - NUM_32_BYTES : 32 bytes

11b - NUM_64_BYTES : 64 bytes

15-11

RSVD1

RSVD1

Reserved, always set to zero.

10

PACK_IN_SEL

PACK_IN_SEL

pack_in_sel

0b - select 64 shift out data to pack

1b - select channel 0 high 32 bit shift out data to pack

9

STORE_MEMO
RY_EN

STORE_MEMORY_EN

store memory enable

0b - store memory mode disable.

1b - store memory mode enable. Data will store to memory

8 STORE_BYPASS_EN

enable bit for store bypass

Table continues on the next page...
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Table continued from the previous page...

Field Function

STORE_BYPA
SS_EN

0b - store bypass mode disable.

1b - store bypass mode enable. Data will bypass to store output.

7

RSVD3

RSVD3

Reserved, always set to zero.

6-5

ARRAY_LINE_
NUM

ARRAY_LINE_NUM

Selects Array Size

00b - Using 1x1 Array

01b - Using 3x3 Array

10b - Using 5x5 Array

11b - Using 5x5 Array

4

ARRAY_EN

ARRAY_EN

0b - Array Handshake Disabled

1b - Array Handshake Enabled

3

HANDSHAKE_
EN

HANDSHAKE_EN

Enable bit for handshake with the fetch engine.

0b - Handshake with the fetch engine is disabled

1b - Handshake with the fetch engine is enabled

2

BLOCK_16

BLOCK_16

Determines the block size.

0b - BLK_SIZE_8x8 : Block size is 8x8

1b - BLK_SIZE_16x16 : Block size is 16x16

1

BLOCK_EN

BLOCK_EN

Chooses the store mode.

0b - Store in scan mode

1b - Store in block mode

0

CH_EN

CH_EN

Channel enable.

0b - Store function is disable

1b - Store function is enable
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60.6.1.254 Store engine status Channel 0 Register (WFE_B_STORE_STATUS_CH0)

Offset

Register Offset

WFE_B_STORE_STATU
S_CH0

1360h

Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.255 Store engine status Channel 1 Register (WFE_B_STORE_STATUS_CH1)

Offset

Register Offset

WFE_B_STORE_STATU
S_CH1

1370h
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Function

This register defines the status bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STORE_BLOCK_Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STORE_BLOCK_X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

STORE_BLOC
K_Y

STORE_BLOCK_Y

When in scan mode, this field indicates the current Y coordinate of the frame. In block mode, it indicates the 
Y coordinate of the block currently being rendered.

15-0

STORE_BLOC
K_X

STORE_BLOCK_X

When in scan mode, this field is always 0. In block mode, it indicates the X coordinate of the block currently 
being rendered.

60.6.1.256 (WFE_B_STORE_SIZE_CH0)

Offset

Register Offset

WFE_B_STORE_SIZE_
CH0

1380h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.257 (WFE_B_STORE_SIZE_CH1)

Offset

Register Offset

WFE_B_STORE_SIZE_
CH1

1390h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

OUT_HEIGHT

OUT_HEIGHT

actual output height -1

15-0

OUT_WIDTH

OUT_WIDTH

actual output width -1

60.6.1.258 (WFE_B_STORE_PITCH)

Offset

Register Offset

WFE_B_STORE_PITCH 13A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CH1_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CH0_OUT_PITCH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

CH1_OUT_PIT
CH

CH1_OUT_PITCH

This field indicates the channel 1 input pitch

15-0

CH0_OUT_PIT
CH

CH0_OUT_PITCH

This field indicates the channel 0 input pitch

60.6.1.259 (WFE_B_STORE_SHIFT_CTRL_CH0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STORE_SHIFT_
CTRL_CH0

13B0h -

WFE_B_STORE_SHIFT_
CTRL_CH0_SET

13B4h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH0 is 1

WFE_B_STORE_SHIFT_
CTRL_CH0_CLR

13B8h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH0 is 0

WFE_B_STORE_SHIFT_
CTRL_CH0_TOG

13BCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH0

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_B_STORE_SHIFT_CTRL_CH0: 0x13B0

WFE_B_STORE_SHIFT_CTRL_CH0_SET: 0x13B4

WFE_B_STORE_SHIFT_CTRL_CH0_CLR: 0x13B8

WFE_B_STORE_SHIFT_CTRL_CH0_TOG: 0x13BC

The Control register contains the control bits for the pxp store_engine sub-block.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3740 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SHIFT
_B...

RSVD
1 OUT_

YUV...
OUT_
YUV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

RSVD0

RSVD0

Reserved, always set to zero.

7

SHIFT_BYPAS
S

SHIFT_BYPASS

CH0 shift bypass

0b - data will do shift processing.

1b - data will bypass shift module.

6

RSVD1

RSVD1

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

Table continues on the next page...
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Table continued from the previous page...

Field Function

1-0

RSVD2

RSVD2

Reserved, always set to zero.

60.6.1.260 (WFE_B_STORE_SHIFT_CTRL_CH1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STORE_SHIFT_
CTRL_CH1

13C0h -

WFE_B_STORE_SHIFT_
CTRL_CH1_SET

13C4h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH1 is 1

WFE_B_STORE_SHIFT_
CTRL_CH1_CLR

13C8h Writing 1 to a bit in this register 
ensures that the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH1 is 0

WFE_B_STORE_SHIFT_
CTRL_CH1_TOG

13CCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
WFE_B_STORE_SHIFT_CTRL_CH1

Function

This register defines the control bits for the pxp store_engine sub-block.

WFE_B_STORE_SHIFT_CTRL_CH1: 0x13C0

WFE_B_STORE_SHIFT_CTRL_CH1_SET: 0x13C4

WFE_B_STORE_SHIFT_CTRL_CH1_CLR: 0x13C8

WFE_B_STORE_SHIFT_CTRL_CH1_TOG: 0x13CC

The Control register contains the control bits for the pxp prefetch_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 OUT_Y
UV...

OUT_Y
UV...

OUTPUT_ACTI
VE_B...

RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved, always set to zero.

5

OUT_YUV422_
2P_EN

OUT_YUV422_2P_EN

Enable for YUV422 2 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

4

OUT_YUV422_
1P_EN

OUT_YUV422_1P_EN

Enable for YUV422 1 plane

0b - YUYV422 2 plane disabled.

1b - YUYV422 2 plane enabled.

3-2

OUTPUT_ACTI
VE_BPP

OUTPUT_ACTIVE_BPP

00b - 8 bits

01b - 16 bits

10b - 32 bits

11b - 32 bits

1-0

RSVD2

RSVD2

Reserved, always set to zero.
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60.6.1.261 (WFE_B_STORE_ADDR_0_CH0)

Offset

Register Offset

WFE_B_STORE_ADDR_
0_CH0

1410h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.262 (WFE_B_STORE_ADDR_1_CH0)

Offset

Register Offset

WFE_B_STORE_ADDR_
1_CH0

1420h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.263 (WFE_B_STORE_FILL_DATA_CH0)

Offset

Register Offset

WFE_B_STORE_FILL_D
ATA_CH0

1430h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FILL_DATA_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

FILL_DATA_CH
0

FILL_DATA_CH0

when using fill_data mode,store engine channel0 will store the fill_data value defined here.

60.6.1.264 (WFE_B_STORE_ADDR_0_CH1)

Offset

Register Offset

WFE_B_STORE_ADDR_
0_CH1

1440h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR0

OUT_BASE_ADDR0

input base address0. For 2 channel, indicated the channel0 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address
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60.6.1.265 (WFE_B_STORE_ADDR_1_CH1)

Offset

Register Offset

WFE_B_STORE_ADDR_
1_CH1

1450h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OUT_BASE_ADDR1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

OUT_BASE_AD
DR1

OUT_BASE_ADDR1

input base address1. For 2 channel, indicated the channel1 base address. For 1 channel and YUV422 2 
plane, indicate the Y base address

60.6.1.266 (WFE_B_STORE_D_MASK0_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K0_H_CH0

1460h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK0_H_C
H0

D_MASK0_H_CH0

data mask0 high byte

60.6.1.267 (WFE_B_STORE_D_MASK0_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K0_L_CH0

1470h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK0_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK0_L_C
H0

D_MASK0_L_CH0

data mask0 low byte

60.6.1.268 (WFE_B_STORE_D_MASK1_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K1_H_CH0

1480h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_H_C
H0

D_MASK1_H_CH0

data mask1 high byte
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60.6.1.269 (WFE_B_STORE_D_MASK1_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K1_L_CH0

1490h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK1_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK1_L_C
H0

D_MASK1_L_CH0

data mask1 low byte

60.6.1.270 (WFE_B_STORE_D_MASK2_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K2_H_CH0

14A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK2_H_C
H0

D_MASK2_H_CH0

data mask2 high byte

60.6.1.271 (WFE_B_STORE_D_MASK2_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K2_L_CH0

14B0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK2_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK2_L_C
H0

D_MASK2_L_CH0

data mask2 low byte

60.6.1.272 (WFE_B_STORE_D_MASK3_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K3_H_CH0

14C0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_H_C
H0

D_MASK3_H_CH0

data mask3 high byte
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60.6.1.273 (WFE_B_STORE_D_MASK3_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K3_L_CH0

14D0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK3_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK3_L_C
H0

D_MASK3_L_CH0

data mask3 low byte

60.6.1.274 (WFE_B_STORE_D_MASK4_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K4_H_CH0

14E0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK4_H_C
H0

D_MASK4_H_CH0

data mask4 high byte

60.6.1.275 (WFE_B_STORE_D_MASK4_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K4_L_CH0

14F0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK4_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK4_L_C
H0

D_MASK4_L_CH0

data mask4 low byte

60.6.1.276 (WFE_B_STORE_D_MASK5_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K5_H_CH0

1500h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_H_C
H0

D_MASK5_H_CH0

data mask5 high byte
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60.6.1.277 (WFE_B_STORE_D_MASK5_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K5_L_CH0

1510h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK5_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK5_L_C
H0

D_MASK5_L_CH0

data mask5 low byte

60.6.1.278 (WFE_B_STORE_D_MASK6_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K6_H_CH0

1520h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK6_H_C
H0

D_MASK6_H_CH0

data mask6 high byte

60.6.1.279 (WFE_B_STORE_D_MASK6_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K6_L_CH0

1530h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK6_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

D_MASK6_L_C
H0

D_MASK6_L_CH0

data mask6 low byte

60.6.1.280 (WFE_B_STORE_D_MASK7_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K7_H_CH0

1540h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_H_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_H_C
H0

D_MASK7_H_CH0

data mask7 high byte
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60.6.1.281 (WFE_B_STORE_D_MASK7_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_MAS
K7_L_CH0

1550h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_MASK7_L_CH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_MASK7_L_C
H0

D_MASK7_L_CH0

data mask7 low byte

60.6.1.282 (WFE_B_STORE_D_SHIFT_L_CH0)

Offset

Register Offset

WFE_B_STORE_D_SHI
FT_L_CH0

1560h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH3 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH1 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

D_SHIFT_FLAG
3

D_SHIFT_FLAG3

data shift flag 3

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H3

D_SHIFT_WIDTH3

data shift width 3

23

D_SHIFT_FLAG
2

D_SHIFT_FLAG2

data shift flag 2

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H2

D_SHIFT_WIDTH2

data shift width 2

15

D_SHIFT_FLAG
1

D_SHIFT_FLAG1

data shift flag 1

14

RSVD2

RSVD2

Reserved, always set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

D_SHIFT_WIDT
H1

D_SHIFT_WIDTH1

data shift width 1

7

D_SHIFT_FLAG
0

D_SHIFT_FLAG0

data shift flag 0

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H0

D_SHIFT_WIDTH0

data shift width 0

60.6.1.283 (WFE_B_STORE_D_SHIFT_H_CH0)

Offset

Register Offset

WFE_B_STORE_D_SHI
FT_H_CH0

1570h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R D_SHI
FT...

RSVD
0 D_SHIFT_WIDTH7 

D_SHI
FT...

RSVD
1 D_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D_SHI
FT...

RSVD
2 D_SHIFT_WIDTH5 

D_SHI
FT...

RSVD
3 D_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

D_SHIFT_FLAG
7

D_SHIFT_FLAG7

data shift flag 7

30

RSVD0

RSVD0

Reserved, always set to zero.

29-24

D_SHIFT_WIDT
H7

D_SHIFT_WIDTH7

data shift width 3

23

D_SHIFT_FLAG
6

D_SHIFT_FLAG6

data shift flag 6

22

RSVD1

RSVD1

Reserved, always set to zero.

21-16

D_SHIFT_WIDT
H6

D_SHIFT_WIDTH6

data shift width 6

15

D_SHIFT_FLAG
5

D_SHIFT_FLAG5

data shift flag 5

14

RSVD2

RSVD2

Reserved, always set to zero.

13-8

D_SHIFT_WIDT
H5

D_SHIFT_WIDTH5

data shift width 5

7

D_SHIFT_FLAG
4

D_SHIFT_FLAG4

data shift flag 4

6

RSVD3

RSVD3

Reserved, always set to zero.

5-0

D_SHIFT_WIDT
H4

D_SHIFT_WIDTH4

data shift width 4
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60.6.1.284 (WFE_B_STORE_F_SHIFT_L_CH0)

Offset

Register Offset

WFE_B_STORE_F_SHIF
T_L_CH0

1580h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH3 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH1 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
3

F_SHIFT_FLAG3

flag shift flag3

29-24

F_SHIFT_WIDT
H3

F_SHIFT_WIDTH3

flag shift width 3

23

RSVD1

RSVD1

Reserved, always set to zero.

22 F_SHIFT_FLAG2

Table continues on the next page...
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Table continued from the previous page...

Field Function

F_SHIFT_FLAG
2

flag shift flag2

21-16

F_SHIFT_WIDT
H2

F_SHIFT_WIDTH2

flag shift width 2

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
1

F_SHIFT_FLAG1

flag shift flag1

13-8

F_SHIFT_WIDT
H1

F_SHIFT_WIDTH1

flag shift width 1

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
0

F_SHIFT_FLAG0

flag shift flag0

5-0

F_SHIFT_WIDT
H0

F_SHIFT_WIDTH0

flag shift width 0

60.6.1.285 (WFE_B_STORE_F_SHIFT_H_CH0)

Offset

Register Offset

WFE_B_STORE_F_SHIF
T_H_CH0

1590h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RSVD

0 F_SHI
FT...

F_SHIFT_WIDTH7 

RSVD
1 F_SHI

FT...
F_SHIFT_WIDTH6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
RSVD

2 F_SHI
FT...

F_SHIFT_WIDTH5 

RSVD
3 F_SHI

FT...
F_SHIFT_WIDTH4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RSVD0

RSVD0

Reserved, always set to zero.

30

F_SHIFT_FLAG
7

F_SHIFT_FLAG7

flag shift flag7

29-24

F_SHIFT_WIDT
H7

F_SHIFT_WIDTH7

flag shift width 7

23

RSVD1

RSVD1

Reserved, always set to zero.

22

F_SHIFT_FLAG
6

F_SHIFT_FLAG6

flag shift flag6

21-16

F_SHIFT_WIDT
H6

F_SHIFT_WIDTH6

flag shift width 5

15

RSVD2

RSVD2

Reserved, always set to zero.

14

F_SHIFT_FLAG
5

F_SHIFT_FLAG5

flag shift flag5

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

F_SHIFT_WIDT
H5

F_SHIFT_WIDTH5

flag shift width 5

7

RSVD3

RSVD3

Reserved, always set to zero.

6

F_SHIFT_FLAG
4

F_SHIFT_FLAG4

flag shift flag4

5-0

F_SHIFT_WIDT
H4

F_SHIFT_WIDTH4

flag shift width 4

60.6.1.286 (WFE_B_STORE_F_MASK_L_CH0)

Offset

Register Offset

WFE_B_STORE_F_MAS
K_L_CH0

15A0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK3 F_MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK1 F_MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK3

F_MASK3

flag mask3

23-16

F_MASK2

F_MASK2

flag mask2

15-8

F_MASK1

F_MASK1

flag mask1

7-0

F_MASK0

F_MASK0

flag mask0

60.6.1.287 (WFE_B_STORE_F_MASK_H_CH0)

Offset

Register Offset

WFE_B_STORE_F_MAS
K_H_CH0

15B0h

Function

This register defines the control bits for the pxp store_engine sub-block.

The Control register contains the control bits for the pxp store_engine sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
F_MASK7 F_MASK6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
F_MASK5 F_MASK4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

F_MASK7

F_MASK7

flag mask7

23-16

F_MASK6

F_MASK6

flag mask6

15-8

F_MASK5

F_MASK5

flag mask5

7-0

F_MASK4

F_MASK4

flag mask4

60.6.1.288 (FETCH_WFE_A_DEBUG)

Offset

Register Offset

FETCH_WFE_A_DEBU
G

15C0h

Function

This register holds the debug bits for the prefetch engine for WFE A.

The Control register contains the debug information for the pxp array fetch block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD BUF_
SEL 

ITEM_SEL 
DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3768 / 5781



Fields

Field Function

31-29

RSVD

RSVD

Reserved, always set to zero.

28

BUF_SEL

BUF_SEL

Index into WFE A BUFFER.

0b - BF0 : Buffer 0 select

1b - BF1 : Buffer 1 select

27-24

ITEM_SEL

ITEM_SEL

Index into one of the PXP debug registers. The data for the selected register will be returned

23-0

DEBUG_VALU
E

DEBUG_VALUE

Debug information for array fetch.

60.6.1.289 (FETCH_WFE_B_DEBUG)

Offset

Register Offset

FETCH_WFE_B_DEBU
G

15D0h

Function

This register holds the debug bits for the prefetch engine for WFE B.

The Control register contains the debug information for the pxp array fetch block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD BUF_
SEL 

ITEM_SEL 
DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

RSVD

RSVD

Reserved, always set to zero.

28

BUF_SEL

BUF_SEL

Index into WFE A BUFFER.

0b - BF0 : Buffer 0 select

1b - BF1 : Buffer 1 select

27-24

ITEM_SEL

ITEM_SEL

Index into one of the PXP debug registers. The data for the selected register will be returned

23-0

DEBUG_VALU
E

DEBUG_VALUE

Debug information for array fetch.

60.6.1.290 Dither Control Register 0 (DITHER_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_CTRL 1670h Dither Control Register 0

DITHER_CTRL_SET 1674h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_CTRL is 1

DITHER_CTRL_CLR 1678h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_CTRL is 0

DITHER_CTRL_TOG 167Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in DITHER_CTRL

Function

This register defines the control bits for the pxp dither sub-block.

DITHER_CTRL: 0x1670

DITHER_CTRL_SET: 0x1674

DITHER_CTRL_CLR: 0x1678

DITHER_CTRL_TOG: 0x167C

The Control register contains the primary controls for the PXP block.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUSY

0 
BUSY

1 
BUSY

2 
RSVD0 ORDE

RED...
FINAL
_L...

IDX_MATRIX2_
SIZE 

IDX_MATRIX1_
SIZE 

IDX_MATRIX0_
SIZE 

LUT_
MODE 

W

Reset 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUT_
MODE 

NUM_QUANT_BIT DITHER_MODE2 DITHER_MODE1 DITHER_MODE0 
ENAB
LE2 

ENAB
LE1 

ENAB
LE0 W

Reset 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

BUSY0

BUSY0

When set indicates if the dither engine 0 is busy -- started but not finished processing all of the pixels in the 
current frame.

30

BUSY1

BUSY1

When set indicates if the dither engine 1 is busy -- started but not finished processing all of the pixels in the 
current frame.

29

BUSY2

BUSY2

When set indicates if the dither engine 2 is busy -- started but not finished processing all of the pixels in the 
current frame.

28-25

RSVD0

RSVD0

Reserved, always set to zero.

24

ORDERED_RO
UND_MODE

ORDERED_ROUND_MODE

For test purposes. In ordered mode only, this field specifies to use rounding or truncation when calculating 
the output pixel.

0b - Use truncation method.

1b - Use rounding method.

23

FINAL_LUT_EN
ABLE

FINAL_LUT_ENABLE

Enables a final stage register based LUT at the last stage before output. the lookup transform values come 
from register bits, not internal memory. Therefore they must be setup by the user by writing to the registers 
before processing.

0b - Disabled : The dither engine 2 will not process any frames.

1b - Enabled : The dither engine 2 is on and ready for processing

22-21 IDX_MATRIX2_SIZE

Table continues on the next page...
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Table continued from the previous page...

Field Function

IDX_MATRIX2_
SIZE

For Dither Engine 2. Specify dimension (assumed square) of the index matrix in the LUT memory so proper 
indexing can occur.

00b - 4x4

01b - 8x8

10b - 16x16

11b - Input value of index

20-19

IDX_MATRIX1_
SIZE

IDX_MATRIX1_SIZE

For Dither Engine 1. Specify dimension (assumed square) of the index matrix in the LUT memory so proper 
indexing can occur.

00b - 4x4

01b - 8x8

10b - 16x16

11b - Input value of index

18-17

IDX_MATRIX0_
SIZE

IDX_MATRIX0_SIZE

For Dither Engine 0. Specify dimension (assumed square) of the index matrix in the LUT memory so proper 
indexing can occur.

00b - 4x4

01b - 8x8

10b - 16x16

11b - Input value of index

16-15

LUT_MODE

LUT_MODE

Specify to use memory lut to transform pixel. Lookup pre or post dithering cannot be used with Ordered 
dithering. This field only has reference to the internal memory based LUT function. There is a final stage LUT 
that is enabled through the FINAL_LUT_ENABLE field in this register. This final stage LUT can be enabled 
in any dither mode or LUT mode.

00b - LUT mode off.

01b - Use LUT at pre-dither stage.

10b - Use LUT at post-dither stage.

11b - Reserved`

14-12

NUM_QUANT_
BIT

NUM_QUANT_BIT

Number of bits to quantize down to. From 8 to (0-7).

000b - Reserved.

001b - Quantize down to 1 bit.

010b - Quantize down to 2 bits.

Table continues on the next page...
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Table continued from the previous page...

Field Function

011b - Quantize down to 3 bits.

100b - Quantize down to 4 bits.

101b - Quantize down to 5 bits.

110b - Quantize down to 6 bits.

111b - Quantize down to 7 bits.

11-9

DITHER_MODE
2

DITHER_MODE2

Dither mode.

000b - Pass through.

001b - Reserved.

010b - Reserved.

011b - Ordered.

100b - No Dithering, quantization only.

101b - Reserved.

110b - Reserved.

111b - Reserved.

8-6

DITHER_MODE
1

DITHER_MODE1

Dither mode.

000b - Pass through.

001b - Reserved.

010b - Reserved

011b - Ordered.

100b - No Dithering, quantization only.

101b - Reserved.

110b - Reserved.

111b - Reserved.

5-3

DITHER_MODE
0

DITHER_MODE0

Dither mode.

000b - Pass through.

001b - Floyd-Steinberg.

010b - Atkinson.

011b - Ordered.

100b - No Dithering, quantization only.

Table continues on the next page...
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Table continued from the previous page...

Field Function

101b - Sierra

110b - Reserved.

111b - Reserved.

2

ENABLE2

ENABLE2

Enables the dither engine 2

0b - Disabled : The dither engine 2 will not process any frames.

1b - Enabled : The dither engine 2 is on and ready for processing

1

ENABLE1

ENABLE1

Enables the dither engine 1

0b - Disabled : The dither engine 1 will not process any frames.

1b - Enabled : The dither engine 1 is on and ready for processing

0

ENABLE0

ENABLE0

Enables the dither engine 0

0b - Disabled : The dither engine 0 will not process any frames.

1b - Enabled : The dither engine 0 is on and ready for processing

60.6.1.291 Final stage lookup value Register (DITHER_FINAL_LUT_DATA0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FINAL_LUT_D
ATA0

1680h Final stage lookup value Register

DITHER_FINAL_LUT_D
ATA0_SET

1684h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA0 is 
1

DITHER_FINAL_LUT_D
ATA0_CLR

1688h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA0 is 
0

DITHER_FINAL_LUT_D
ATA0_TOG

168Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FINAL_LUT_DATA0

Function

8 bit data values for the final stage dither LUT.

DITHER_FINAL_LUT_DATA0: 0x1680
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DITHER_FINAL_LUT_DATA0_SET: 0x1684

DITHER_FINAL_LUT_DATA0_CLR: 0x1688

DITHER_FINAL_LUT_DATA0_TOG: 0x168C

This register contains lookup data values for the final stage register based dither LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA3 DATA2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA1 DATA0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

DATA3

DATA3

Final stage LUT data value.

23-16

DATA2

DATA2

Final stage LUT data value.

15-8

DATA1

DATA1

Final stage LUT data value.

7-0

DATA0

DATA0

Final stage LUT data value.

60.6.1.292 Final stage lookup value Register (DITHER_FINAL_LUT_DATA1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FINAL_LUT_D
ATA1

1690h Final stage lookup value Register

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

DITHER_FINAL_LUT_D
ATA1_SET

1694h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA1 is 
1

DITHER_FINAL_LUT_D
ATA1_CLR

1698h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA1 is 
0

DITHER_FINAL_LUT_D
ATA1_TOG

169Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FINAL_LUT_DATA1

Function

8 bit data values for the final stage dither LUT.

DITHER_FINAL_LUT_DATA1: 0x1690

DITHER_FINAL_LUT_DATA1_SET: 0x1694

DITHER_FINAL_LUT_DATA1_CLR: 0x1698

DITHER_FINAL_LUT_DATA1_TOG: 0x169C

This register contains lookup data values for the final stage register based dither LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA7 DATA6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA5 DATA4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

DATA7

DATA7

Final stage LUT data value.

23-16

DATA6

DATA6

Final stage LUT data value.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-8

DATA5

DATA5

Final stage LUT data value.

7-0

DATA4

DATA4

Final stage LUT data value.

60.6.1.293 Final stage lookup value Register (DITHER_FINAL_LUT_DATA2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FINAL_LUT_D
ATA2

16A0h Final stage lookup value Register

DITHER_FINAL_LUT_D
ATA2_SET

16A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA2 is 
1

DITHER_FINAL_LUT_D
ATA2_CLR

16A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA2 is 
0

DITHER_FINAL_LUT_D
ATA2_TOG

16ACh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FINAL_LUT_DATA2

Function

8 bit data values for the final stage dither LUT.

DITHER_FINAL_LUT_DATA2: 0x16A0

DITHER_FINAL_LUT_DATA2_SET: 0x16A4

DITHER_FINAL_LUT_DATA2_CLR: 0x16A8

DITHER_FINAL_LUT_DATA2_TOG: 0x16AC

This register contains lookup data values for the final stage register based dither LUT.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA11 DATA10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA9 DATA8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

DATA11

DATA11

Final stage LUT data value.

23-16

DATA10

DATA10

Final stage LUT data value.

15-8

DATA9

DATA9

Final stage LUT data value.

7-0

DATA8

DATA8

Final stage LUT data value.

60.6.1.294 Final stage lookup value Register (DITHER_FINAL_LUT_DATA3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

DITHER_FINAL_LUT_D
ATA3

16B0h Final stage lookup value Register

DITHER_FINAL_LUT_D
ATA3_SET

16B4h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA3 is 
1

DITHER_FINAL_LUT_D
ATA3_CLR

16B8h Writing 1 to a bit in this register ensures that the 
corresponding bit in DITHER_FINAL_LUT_DATA3 is 
0

DITHER_FINAL_LUT_D
ATA3_TOG

16BCh Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
DITHER_FINAL_LUT_DATA3
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Function

8 bit data values for the final stage dither LUT.

DITHER_FINAL_LUT_DATA3: 0x16B0

DITHER_FINAL_LUT_DATA3_SET: 0x16B4

DITHER_FINAL_LUT_DATA3_CLR: 0x16B8

DITHER_FINAL_LUT_DATA3_TOG: 0x16BC

This register contains lookup data values for the final stage register based dither LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA15 DATA14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA13 DATA12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

DATA15

DATA15

Final stage LUT data value.

23-16

DATA14

DATA14

Final stage LUT data value.

15-8

DATA13

DATA13

Final stage LUT data value.

7-0

DATA12

DATA12

Final stage LUT data value.

60.6.1.295 (WFE_A_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_CTRL 16C0h -

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

WFE_A_CTRL_SET 16C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_CTRL is 1

WFE_A_CTRL_CLR 16C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_CTRL is 0

WFE_A_CTRL_TOG 16CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_CTRL

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_CTRL: 0x16C0

WFE_A_CTRL_SET: 0x16C4

WFE_A_CTRL_CLR: 0x16C8

WFE_A_CTRL_TOG: 0x16CC

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DONE RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 ALU_R
EG...

SW_R
ESET 

RSVD
1 ENAB

LE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31

DONE

DONE

This bit indicates that WFE A has completed processing the update memory region.

30-4

RSVD0

RSVD0

Reserved. This field always reads 0.

3 ALU_REGISTER_ENABLE

enable register of ALU inside waveform.

Table continues on the next page...
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Table continued from the previous page...

Field Function

ALU_REGISTE
R_ENABLE

0b - Disabled, the WFE will use the output of alu inside directly.

1b - Enable, the WFE will use the register output of alu inside.

2

SW_RESET

SW_RESET

Reset WFE A state. This is a active high reset value.

1

RSVD1

RSVD1

Reserved. This field always reads 0.

0

ENABLE

ENABLE

Enables the WFE A Block

0b - Disabled, the WFE A sub-block will not process any frames

1b - The WFE A sub-block is on and ready for processing.

60.6.1.296 (WFE_A_DIMENSIONS)

Offset

Register Offset

WFE_A_DIMENSIONS 16D0h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

HEIGHT

HEIGHT

This field defines the height in pixels of the update region.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

WIDTH

WIDTH

This field defines the width in pixels of the update region.

60.6.1.297 (WFE_A_OFFSET)

Offset

Register Offset

WFE_A_OFFSET 16E0h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29 RSVD0

Table continues on the next page...
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Field Function

RSVD0 Reserved. This field always reads 0.

28-16

Y_OFFSET

Y_OFFSET

This field defines the distance from the frame origin to the update region origin in the Y direction.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

X_OFFSET

X_OFFSET

This field defines the distance from the frame origin to the update region origin in the X direction.

60.6.1.298 (WFE_A_SW_DATA_REGS)

Offset

Register Offset

WFE_A_SW_DATA_RE
GS

16F0h

Function

This register defines the software values needed for WFE processing.

This register holds the software programmable values for WFE A.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VAL3 VAL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VAL1 VAL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 VAL3

Table continues on the next page...
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Table continued from the previous page...

Field Function

VAL3 This is a SW register that holds a programmable data value.

23-16

VAL2

VAL2

This is a SW register that holds a programmable data value.

15-8

VAL1

VAL1

This is a SW register that holds a programmable data value.

7-0

VAL0

VAL0

This is a SW register that holds a programmable data value.

60.6.1.299 (WFE_A_SW_FLAG_REGS)

Offset

Register Offset

WFE_A_SW_FLAG_RE
GS

1700h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD 
VAL3 VAL2 VAL1 VAL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4 RSVD

Table continues on the next page...
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Field Function

RSVD Reserved. This field always reads 0.

3

VAL3

VAL3

This is a SW register that holds a programmable flag value.

2

VAL2

VAL2

This is a SW register that holds a programmable flag value.

1

VAL1

VAL1

This is a SW register that holds a programmable flag value.

0

VAL0

VAL0

This is a SW register that holds a programmable flag value.

60.6.1.300 (WFE_A_STAGE1_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE1_MUX0 1710h -

WFE_A_STAGE1_MUX0
_SET

1714h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX0 is 1

WFE_A_STAGE1_MUX0
_CLR

1718h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX0 is 0

WFE_A_STAGE1_MUX0
_TOG

171Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE1_MUX0

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE1_MUX0: 0x1710

WFE_A_STAGE1_MUX0_SET: 0x1714

WFE_A_STAGE1_MUX0_CLR: 0x1718

WFE_A_STAGE1_MUX0_TOG: 0x171C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX3

MUX3

This bit selects the data byte for 8x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX2

MUX2

This bit selects the data byte for 8x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

This bit selects the data byte for 8x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

This bit selects the data byte for 8x1 LUT 0.

60.6.1.301 (WFE_A_STAGE1_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE1_MUX1 1720h -

WFE_A_STAGE1_MUX1
_SET

1724h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX1 is 1

WFE_A_STAGE1_MUX1
_CLR

1728h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX1 is 0

WFE_A_STAGE1_MUX1
_TOG

172Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE1_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE1_MUX1: 0x1720

WFE_A_STAGE1_MUX1_SET: 0x1724

WFE_A_STAGE1_MUX1_CLR: 0x1728

WFE_A_STAGE1_MUX1_TOG: 0x172C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Instruction select bits for ALU1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input data select bits for ALU0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input data select bits for ALU0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Instruction select bits for ALU0.

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

Table continues on the next page...
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Field Function

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.

60.6.1.302 (WFE_A_STAGE1_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE1_MUX2 1730h -

WFE_A_STAGE1_MUX2
_SET

1734h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX2 is 1

WFE_A_STAGE1_MUX2
_CLR

1738h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX2 is 0

WFE_A_STAGE1_MUX2
_TOG

173Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE1_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE1_MUX2: 0x1730

WFE_A_STAGE1_MUX2_SET: 0x1734

WFE_A_STAGE1_MUX2_CLR: 0x1738

WFE_A_STAGE1_MUX2_TOG: 0x173C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3789 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX11

MUX11

Input data select bits for Comparator 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input data select bits for Comparator 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input data select bits for ALU1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input data select bits for ALU1.

60.6.1.303 (WFE_A_STAGE1_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE1_MUX3 1740h -

WFE_A_STAGE1_MUX3
_SET

1744h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX3 is 1

WFE_A_STAGE1_MUX3
_CLR

1748h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX3 is 0

WFE_A_STAGE1_MUX3
_TOG

174Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE1_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE1_MUX3: 0x1740

WFE_A_STAGE1_MUX3_SET: 0x1744

WFE_A_STAGE1_MUX3_CLR: 0x1748

WFE_A_STAGE1_MUX3_TOG: 0x174C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Input data select bits for Comparator 2.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input data select bits for Comparator 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input data select bits for Comparator 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input data select bits for Comparator 1.

60.6.1.304 (WFE_A_STAGE1_MUX4)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE1_MUX4 1750h -

WFE_A_STAGE1_MUX4
_SET

1754h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX4 is 1

WFE_A_STAGE1_MUX4
_CLR

1758h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE1_MUX4 is 0

WFE_A_STAGE1_MUX4
_TOG

175Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE1_MUX4

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE1_MUX4: 0x1750

WFE_A_STAGE1_MUX4_SET: 0x1754

WFE_A_STAGE1_MUX4_CLR: 0x1758

WFE_A_STAGE1_MUX4_TOG: 0x175C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 RSVD1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX17 

RSVD3 
MUX16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

RSVD0

RSVD0

Reserved. This field always reads 0.

23-16

RSVD1

RSVD1

Reserved. This field always reads 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX17

MUX17

Input data select bits for Comparator 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX16

MUX16

Input data select bits for Comparator 3.

60.6.1.305 (WFE_A_STAGE2_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX0 1760h -

WFE_A_STAGE2_MUX0
_SET

1764h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX0 is 1

Table continues on the next page...
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Register Offset Description

WFE_A_STAGE2_MUX0
_CLR

1768h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX0 is 0

WFE_A_STAGE2_MUX0
_TOG

176Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX0

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX0: 0x1760

WFE_A_STAGE2_MUX0_SET: 0x1764

WFE_A_STAGE2_MUX0_CLR: 0x1768

WFE_A_STAGE2_MUX0_TOG: 0x176C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX3

MUX3

Input 4 data select bits for 5x6 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

Table continues on the next page...
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Field Function

21-16

MUX2

MUX2

Input 3 data select bits for 5x6 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

Input 2 data select bits for 5x6 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

Input 1 data select bits for 5x6 LUT 0.

60.6.1.306 (WFE_A_STAGE2_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX1 1770h -

WFE_A_STAGE2_MUX1
_SET

1774h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX1 is 1

WFE_A_STAGE2_MUX1
_CLR

1778h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX1 is 0

WFE_A_STAGE2_MUX1
_TOG

177Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX1: 0x1770

WFE_A_STAGE2_MUX1_SET: 0x1774

WFE_A_STAGE2_MUX1_CLR: 0x1778

WFE_A_STAGE2_MUX1_TOG: 0x177C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Input 3 data select bits for 5x6 LUT 1.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input 2 data select bits for 5x6 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input 1 data select bits for 5x6 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Input 5 data select bits for 5x6 LUT 0.

60.6.1.307 (WFE_A_STAGE2_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE2_MUX2 1780h -

WFE_A_STAGE2_MUX2
_SET

1784h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX2 is 1

WFE_A_STAGE2_MUX2
_CLR

1788h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX2 is 0

WFE_A_STAGE2_MUX2
_TOG

178Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX2: 0x1780

WFE_A_STAGE2_MUX2_SET: 0x1784

WFE_A_STAGE2_MUX2_CLR: 0x1788

WFE_A_STAGE2_MUX2_TOG: 0x178C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX11

MUX11

Input 2 data select bits for 5x6 LUT 2.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input 1 data select bits for 5x6 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input 5 data select bits for 5x6 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input 4 data select bits for 5x6 LUT 1.

60.6.1.308 (WFE_A_STAGE2_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX3 1790h -

WFE_A_STAGE2_MUX3
_SET

1794h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX3 is 1

WFE_A_STAGE2_MUX3
_CLR

1798h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX3 is 0

WFE_A_STAGE2_MUX3
_TOG

179Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX3: 0x1790

WFE_A_STAGE2_MUX3_SET: 0x1794

WFE_A_STAGE2_MUX3_CLR: 0x1798

WFE_A_STAGE2_MUX3_TOG: 0x179C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Input 1 data select bits for 5x6 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input 5 data select bits for 5x6 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input 4 data select bits for 5x6 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input 3 data select bits for 5x6 LUT 2.

60.6.1.309 (WFE_A_STAGE2_MUX4)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE2_MUX4 17A0h -

WFE_A_STAGE2_MUX4
_SET

17A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX4 is 1

WFE_A_STAGE2_MUX4
_CLR

17A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX4 is 0

WFE_A_STAGE2_MUX4
_TOG

17ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX4

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX4: 0x17A0

WFE_A_STAGE2_MUX4_SET: 0x17A4

WFE_A_STAGE2_MUX4_CLR: 0x17A8

WFE_A_STAGE2_MUX4_TOG: 0x17AC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX19 

RSVD1 
MUX18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX17 

RSVD3 
MUX16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX19

MUX19

Input 5 data select bits for 5x6 LUT 3.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX18

MUX18

Input 4 data select bits for 5x6 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX17

MUX17

Input 3 data select bits for 5x6 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX16

MUX16

Input 2 data select bits for 5x6 LUT 3.

60.6.1.310 (WFE_A_STAGE2_MUX5)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX5 17B0h -

WFE_A_STAGE2_MUX5
_SET

17B4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX5 is 1

WFE_A_STAGE2_MUX5
_CLR

17B8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX5 is 0

WFE_A_STAGE2_MUX5
_TOG

17BCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX5

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX5: 0x17B0

WFE_A_STAGE2_MUX5_SET: 0x17B4

WFE_A_STAGE2_MUX5_CLR: 0x17B8

WFE_A_STAGE2_MUX5_TOG: 0x17BC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX23 

RSVD1 
MUX22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX21 

RSVD3 
MUX20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX23

MUX23

Input 4 data select bits for 5x1 LUT0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX22

MUX22

Input 3 data select bits for 5x1 LUT0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX21

MUX21

Input 2 data select bits for 5x1 LUT0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX20

MUX20

Input 1 data select bits for 5x1 LUT0.

60.6.1.311 (WFE_A_STAGE2_MUX6)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE2_MUX6 17C0h -

WFE_A_STAGE2_MUX6
_SET

17C4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX6 is 1

WFE_A_STAGE2_MUX6
_CLR

17C8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX6 is 0

WFE_A_STAGE2_MUX6
_TOG

17CCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX6

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX6: 0x17C0

WFE_A_STAGE2_MUX6_SET: 0x17C4

WFE_A_STAGE2_MUX6_CLR: 0x17C8

WFE_A_STAGE2_MUX6_TOG: 0x17CC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX27 

RSVD1 
MUX26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX25 

RSVD3 
MUX24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX27

MUX27

Input 3 data select bits for 5x1 LUT 1.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX26

MUX26

Input 2 data select bits for 5x1 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX25

MUX25

Input 1 data select bits for 5x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX24

MUX24

Input 5 data select bits for 5x1 LUT 0.

60.6.1.312 (WFE_A_STAGE2_MUX7)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX7 17D0h -

WFE_A_STAGE2_MUX7
_SET

17D4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX7 is 1

WFE_A_STAGE2_MUX7
_CLR

17D8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX7 is 0

WFE_A_STAGE2_MUX7
_TOG

17DCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX7

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX7: 0x17D0

WFE_A_STAGE2_MUX7_SET: 0x17D4

WFE_A_STAGE2_MUX7_CLR: 0x17D8

WFE_A_STAGE2_MUX7_TOG: 0x17DC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX31 

RSVD1 
MUX30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX29 

RSVD3 
MUX28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX31

MUX31

Input 2 data select bits for 5x1 LUT 2.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX30

MUX30

Input 1 data select bits for 5x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX29

MUX29

Input 5 data select bits for 5x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX28

MUX28

Input 4 data select bits for 5x1 LUT 1.

60.6.1.313 (WFE_A_STAGE2_MUX8)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE2_MUX8 17E0h -

WFE_A_STAGE2_MUX8
_SET

17E4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX8 is 1

WFE_A_STAGE2_MUX8
_CLR

17E8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX8 is 0

WFE_A_STAGE2_MUX8
_TOG

17ECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX8

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX8: 0x17E0

WFE_A_STAGE2_MUX8_SET: 0x17E4

WFE_A_STAGE2_MUX8_CLR: 0x17E8

WFE_A_STAGE2_MUX8_TOG: 0x17EC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX35 

RSVD1 
MUX34 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX33 

RSVD3 
MUX32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX35

MUX35

Input 1 data select bits for 5x1 LUT 3.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX34

MUX34

Input 5 data select bits for 5x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX33

MUX33

Input 4 data select bits for 5x1 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX32

MUX32

Input 3 data select bits for 5x1 LUT 2.

60.6.1.314 (WFE_A_STAGE2_MUX9)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX9 17F0h -

WFE_A_STAGE2_MUX9
_SET

17F4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX9 is 1

WFE_A_STAGE2_MUX9
_CLR

17F8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX9 is 0

WFE_A_STAGE2_MUX9
_TOG

17FCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX9

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX9: 0x17F0

WFE_A_STAGE2_MUX9_SET: 0x17F4

WFE_A_STAGE2_MUX9_CLR: 0x17F8

WFE_A_STAGE2_MUX9_TOG: 0x17FC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX39 

RSVD1 
MUX38 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX37 

RSVD3 
MUX36 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX39

MUX39

Input 5 data select bits for 5x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX38

MUX38

Input 4 data select bits for 5x1 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX37

MUX37

Input 3 data select bits for 5x1 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX36

MUX36

Input 2 data select bits for 5x1 LUT 3.

60.6.1.315 (WFE_A_STAGE2_MUX10)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3808 / 5781



Register Offset Description

WFE_A_STAGE2_MUX1
0

1800h -

WFE_A_STAGE2_MUX1
0_SET

1804h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX10 is 1

WFE_A_STAGE2_MUX1
0_CLR

1808h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX10 is 0

WFE_A_STAGE2_MUX1
0_TOG

180Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX10

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX10: 0x1800

WFE_A_STAGE2_MUX10_SET: 0x1804

WFE_A_STAGE2_MUX10_CLR: 0x1808

WFE_A_STAGE2_MUX10_TOG: 0x180C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX43 

RSVD1 
MUX42 

W

Reset 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX41 

RSVD3 
MUX40 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX43

MUX43

Instruction select bits for ALU 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX42

MUX42

Input data select bits for ALU 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX41

MUX41

Input data select bits for ALU 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX40

MUX40

Instruction select bits for ALU 0.

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

Table continues on the next page...
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Table continued from the previous page...

Field Function

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.

60.6.1.316 (WFE_A_STAGE2_MUX11)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE2_MUX1
1

1810h -

WFE_A_STAGE2_MUX1
1_SET

1814h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX11 is 1

WFE_A_STAGE2_MUX1
1_CLR

1818h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX11 is 0

WFE_A_STAGE2_MUX1
1_TOG

181Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX11

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX11: 0x1810

WFE_A_STAGE2_MUX11_SET: 0x1814

WFE_A_STAGE2_MUX11_CLR: 0x1818

WFE_A_STAGE2_MUX11_TOG: 0x181C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX47 

RSVD1 
MUX46 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX45 

RSVD3 
MUX44 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX47

MUX47

Input data select bits for Comparator 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX46

MUX46

Input data select bits for Comparator 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX45

MUX45

Input data select bits for ALU 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX44

MUX44

Input data select bits for ALU 1.

60.6.1.317 (WFE_A_STAGE2_MUX12)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE2_MUX1
2

1820h -

WFE_A_STAGE2_MUX1
2_SET

1824h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX12 is 1

WFE_A_STAGE2_MUX1
2_CLR

1828h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE2_MUX12 is 0

WFE_A_STAGE2_MUX1
2_TOG

182Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE2_MUX12

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE2_MUX12: 0x1820

WFE_A_STAGE2_MUX12_SET: 0x1824

WFE_A_STAGE2_MUX12_CLR: 0x1828

WFE_A_STAGE2_MUX12_TOG: 0x182C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MUX49 

RSVD3 
MUX48 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-14

RSVD0

RSVD0

Reserved. This field always reads 0.

13-8

MUX49

MUX49

Input data select bits for Comparator 1.

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3813 / 5781
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Field Function

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX48

MUX48

Input data select bits for Comparator 1.

60.6.1.318 (WFE_A_STAGE3_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE3_MUX0 1830h -

WFE_A_STAGE3_MUX0
_SET

1834h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX0 is 1

WFE_A_STAGE3_MUX0
_CLR

1838h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX0 is 0

WFE_A_STAGE3_MUX0
_TOG

183Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE3_MUX0

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE3_MUX0: 0x1830

WFE_A_STAGE3_MUX0_SET: 0x1834

WFE_A_STAGE3_MUX0_CLR: 0x1838

WFE_A_STAGE3_MUX0_TOG: 0x183C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX3

MUX3

Input data select bits for DMUX 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX2

MUX2

Input data select bits for DMUX 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

Input data select bits for DMUX 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

Input data select bits for DMUX 0.

60.6.1.319 (WFE_A_STAGE3_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_A_STAGE3_MUX1 1840h -

WFE_A_STAGE3_MUX1
_SET

1844h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX1 is 1

WFE_A_STAGE3_MUX1
_CLR

1848h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX1 is 0

WFE_A_STAGE3_MUX1
_TOG

184Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE3_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE3_MUX1: 0x1840

WFE_A_STAGE3_MUX1_SET: 0x1844

WFE_A_STAGE3_MUX1_CLR: 0x1848

WFE_A_STAGE3_MUX1_TOG: 0x184C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Input data select bits for DMUX 7.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input data select bits for DMUX 6.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input data select bits for DMUX 5.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Input data select bits for DMUX 4.

60.6.1.320 (WFE_A_STAGE3_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_A_STAGE3_MUX2 1850h -

WFE_A_STAGE3_MUX2
_SET

1854h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX2 is 1

WFE_A_STAGE3_MUX2
_CLR

1858h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX2 is 0

WFE_A_STAGE3_MUX2
_TOG

185Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE3_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE3_MUX2: 0x1850

WFE_A_STAGE3_MUX2_SET: 0x1854

WFE_A_STAGE3_MUX2_CLR: 0x1858

WFE_A_STAGE3_MUX2_TOG: 0x185C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX11

MUX11

Input flag select bits for FMUX 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input flag select bits for FMUX 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input flag select bits for FMUX 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input flag select bits for FMUX 0.

60.6.1.321 (WFE_A_STAGE3_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3818 / 5781



Register Offset Description

WFE_A_STAGE3_MUX3 1860h -

WFE_A_STAGE3_MUX3
_SET

1864h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX3 is 1

WFE_A_STAGE3_MUX3
_CLR

1868h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_A_STAGE3_MUX3 is 0

WFE_A_STAGE3_MUX3
_TOG

186Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_A_STAGE3_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_A_STAGE3_MUX3: 0x1860

WFE_A_STAGE3_MUX3_SET: 0x1864

WFE_A_STAGE3_MUX3_CLR: 0x1868

WFE_A_STAGE3_MUX3_TOG: 0x186C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Input flag select bits for FMUX 7.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input flag select bits for FMUX 6.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input flag select bits for FMUX 5.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input flag select bits for FMUX 4.

60.6.1.322 (WFE_A_STG1_8X1_OUT0_0)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_0

1870h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17 LUTOUT17

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7

LUTOUT7

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

Table continues on the next page...
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Table continued from the previous page...

Field Function

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.323 (WFE_A_STG1_8X1_OUT0_1)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_1

1880h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

Table continues on the next page...
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Table continued from the previous page...

Field Function

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16 LUTOUT48

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7

LUTOUT39

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.324 (WFE_A_STG1_8X1_OUT0_2)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_2

1890h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

Table continues on the next page...
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Table continued from the previous page...

Field Function

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15 LUTOUT79

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7

LUTOUT71

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65
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Table continued from the previous page...

Field Function

0

LUTOUT64

LUTOUT64

60.6.1.325 (WFE_A_STG1_8X1_OUT0_3)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_3

18A0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

Table continues on the next page...
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Table continued from the previous page...

Field Function

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14 LUTOUT110
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Table continued from the previous page...

Field Function

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7

LUTOUT103

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96
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60.6.1.326 (WFE_A_STG1_8X1_OUT0_4)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_4

18B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26 LUTOUT154
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Field Function

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140
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Table continued from the previous page...

Field Function

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7

LUTOUT135

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.327 (WFE_A_STG1_8X1_OUT0_5)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_5

18C0h
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Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23 LUTOUT183
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Table continued from the previous page...

Field Function

LUTOUT183

22

LUTOUT182

LUTOUT182

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169
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Table continued from the previous page...

Field Function

8

LUTOUT168

LUTOUT168

7

LUTOUT167

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.328 (WFE_A_STG1_8X1_OUT0_6)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_6

18D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.329 (WFE_A_STG1_8X1_OUT0_7)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T0_7

18E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.330 (WFE_A_STG1_8X1_OUT1_0)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_0

18F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.331 (WFE_A_STG1_8X1_OUT1_1)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_1

1900h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.332 (WFE_A_STG1_8X1_OUT1_2)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_2

1910h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.333 (WFE_A_STG1_8X1_OUT1_3)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_3

1920h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.334 (WFE_A_STG1_8X1_OUT1_4)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_4

1930h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.335 (WFE_A_STG1_8X1_OUT1_5)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_5

1940h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.336 (WFE_A_STG1_8X1_OUT1_6)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_6

1950h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.337 (WFE_A_STG1_8X1_OUT1_7)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T1_7

1960h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3864 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.338 (WFE_A_STG1_8X1_OUT2_0)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_0

1970h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.339 (WFE_A_STG1_8X1_OUT2_1)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_1

1980h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3871 / 5781



Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.340 (WFE_A_STG1_8X1_OUT2_2)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_2

1990h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3873 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.341 (WFE_A_STG1_8X1_OUT2_3)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_3

19A0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.342 (WFE_A_STG1_8X1_OUT2_4)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_4

19B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.343 (WFE_A_STG1_8X1_OUT2_5)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_5

19C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.344 (WFE_A_STG1_8X1_OUT2_6)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_6

19D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.345 (WFE_A_STG1_8X1_OUT2_7)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T2_7

19E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.346 (WFE_A_STG1_8X1_OUT3_0)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_0

19F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.347 (WFE_A_STG1_8X1_OUT3_1)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_1

1A00h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.348 (WFE_A_STG1_8X1_OUT3_2)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_2

1A10h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3899 / 5781



Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.349 (WFE_A_STG1_8X1_OUT3_3)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_3

1A20h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3902 / 5781



Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.350 (WFE_A_STG1_8X1_OUT3_4)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_4

1A30h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.351 (WFE_A_STG1_8X1_OUT3_5)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_5

1A40h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3907 / 5781



Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.352 (WFE_A_STG1_8X1_OUT3_6)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_6

1A50h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3909 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.353 (WFE_A_STG1_8X1_OUT3_7)

Offset

Register Offset

WFE_A_STG1_8X1_OU
T3_7

1A60h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.354 (WFE_A_STG2_5X6_OUT0_0)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_0

1A70h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0
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60.6.1.355 (WFE_A_STG2_5X6_OUT0_1)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_1

1A80h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT5

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT5 LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.356 (WFE_A_STG2_5X6_OUT0_2)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_2

1A90h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT11

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT11 LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.357 (WFE_A_STG2_5X6_OUT0_3)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_3

1AA0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12
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60.6.1.358 (WFE_A_STG2_5X6_OUT0_4)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_4

1AB0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT17

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT17 LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.359 (WFE_A_STG2_5X6_OUT0_5)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_5

1AC0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT23
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Table continued from the previous page...

Field Function

LUTOUT23 LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.360 (WFE_A_STG2_5X6_OUT0_6)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_6

1AD0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24
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60.6.1.361 (WFE_A_STG2_5X6_OUT0_7)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T0_7

1AE0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT29
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Table continued from the previous page...

Field Function

LUTOUT29 LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.362 (WFE_A_STG2_5X6_OUT1_0)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_0

1AF0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT3
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Table continued from the previous page...

Field Function

LUTOUT3 LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.363 (WFE_A_STG2_5X6_OUT1_1)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_1

1B00h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT5

LUTOUT5

LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4
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60.6.1.364 (WFE_A_STG2_5X6_OUT1_2)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_2

1B10h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT11

LUTOUT11

LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT9

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT9 LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.365 (WFE_A_STG2_5X6_OUT1_3)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_3

1B20h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT15
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Table continued from the previous page...

Field Function

LUTOUT15 LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12

60.6.1.366 (WFE_A_STG2_5X6_OUT1_4)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_4

1B30h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT17

LUTOUT17

LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16
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60.6.1.367 (WFE_A_STG2_5X6_OUT1_5)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_5

1B40h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT23

LUTOUT23

LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT21
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Table continued from the previous page...

Field Function

LUTOUT21 LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.368 (WFE_A_STG2_5X6_OUT1_6)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_6

1B50h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT27
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Table continued from the previous page...

Field Function

LUTOUT27 LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24

60.6.1.369 (WFE_A_STG2_5X6_OUT1_7)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T1_7

1B60h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT29

LUTOUT29

LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28
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60.6.1.370 (WFE_A_STG2_5X6_OUT2_0)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_0

1B70h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT1
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Field Function

LUTOUT1 LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.371 (WFE_A_STG2_5X6_OUT2_1)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_1

1B80h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT7

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3938 / 5781



Table continued from the previous page...

Field Function

LUTOUT7 LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT5

LUTOUT5

LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.372 (WFE_A_STG2_5X6_OUT2_2)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_2

1B90h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT11

LUTOUT11

LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8
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60.6.1.373 (WFE_A_STG2_5X6_OUT2_3)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_3

1BA0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT13
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Table continued from the previous page...

Field Function

LUTOUT13 LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12

60.6.1.374 (WFE_A_STG2_5X6_OUT2_4)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_4

1BB0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT19
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Table continued from the previous page...

Field Function

LUTOUT19 LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT17

LUTOUT17

LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.375 (WFE_A_STG2_5X6_OUT2_5)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_5

1BC0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT23

LUTOUT23

LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20
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60.6.1.376 (WFE_A_STG2_5X6_OUT2_6)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_6

1BD0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT25
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Table continued from the previous page...

Field Function

LUTOUT25 LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24

60.6.1.377 (WFE_A_STG2_5X6_OUT2_7)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T2_7

1BE0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT31
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Table continued from the previous page...

Field Function

LUTOUT31 LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT29

LUTOUT29

LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.378 (WFE_A_STG2_5X6_OUT3_0)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_0

1BF0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0
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60.6.1.379 (WFE_A_STG2_5X6_OUT3_1)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_1

1C00h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT5
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Table continued from the previous page...

Field Function

LUTOUT5 LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.380 (WFE_A_STG2_5X6_OUT3_2)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_2

1C10h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT11
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Table continued from the previous page...

Field Function

LUTOUT11 LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.381 (WFE_A_STG2_5X6_OUT3_3)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_3

1C20h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12
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60.6.1.382 (WFE_A_STG2_5X6_OUT3_4)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_4

1C30h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT17
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Field Function

LUTOUT17 LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.383 (WFE_A_STG2_5X6_OUT3_5)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_5

1C40h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT23
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Field Function

LUTOUT23 LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.384 (WFE_A_STG2_5X6_OUT3_6)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_6

1C50h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3956 / 5781



60.6.1.385 (WFE_A_STG2_5X6_OUT3_7)

Offset

Register Offset

WFE_A_STG2_5X6_OU
T3_7

1C60h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT29
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Field Function

LUTOUT29 LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.386 (WFE_A_STAGE2_5X6_MASKS_0)

Offset

Register Offset

WFE_A_STAGE2_5X6_
MASKS_0

1C70h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x6 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MASK3 

RSVD1 
MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MASK1 

RSVD3 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-24

MASK3

MASK3

This field selects the input flags that are valid for 5x6 LUT 3. Bit 0 = input 1, Bit 1 = input 2 and so on.
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Table continued from the previous page...

Field Function

23-21

RSVD1

RSVD1

Reserved. This field always reads 0.

20-16

MASK2

MASK2

This field selects the input flags that are valid for 5x6 LUT 2. Bit 0 = input 1, Bit 1 = input 2 and so on.

15-13

RSVD2

RSVD2

Reserved. This field always reads 0.

12-8

MASK1

MASK1

This field selects the input flags that are valid for 5x6 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-5

RSVD3

RSVD3

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x6 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

60.6.1.387 (WFE_A_STAGE2_5X6_ADDR_0)

Offset

Register Offset

WFE_A_STAGE2_5X6_
ADDR_0

1C80h

Function

Each Address specifies the MUX position in the MUX array. There is one MUXADDR per 5x6 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUXADDR3 

RSVD1 
MUXADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUXADDR1 

RSVD3 
MUXADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUXADDR3

MUXADDR3

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUXADDR2

MUXADDR2

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUXADDR1

MUXADDR1

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUXADDR0

MUXADDR0

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

60.6.1.388 (WFE_A_STG2_5X1_OUT0)

Offset

Register Offset

WFE_A_STG2_5X1_OU
T0

1C90h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3961 / 5781



Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.389 (WFE_A_STG2_5X1_OUT1)

Offset

Register Offset

WFE_A_STG2_5X1_OU
T1

1CA0h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.390 (WFE_A_STG2_5X1_OUT2)

Offset

Register Offset

WFE_A_STG2_5X1_OU
T2

1CB0h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.391 (WFE_A_STG2_5X1_OUT3)

Offset

Register Offset

WFE_A_STG2_5X1_OU
T3

1CC0h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.392 (WFE_A_STG2_5X1_MASKS)

Offset

Register Offset

WFE_A_STG2_5X1_MA
SKS

1CD0h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x1 LUT.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
MASK3 

RSVD2 
MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
MASK1 

RSVD0 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD3

RSVD3

Reserved. This field always reads 0.

28-24

MASK3

MASK3

This field selects the input flags that are valid for 5x1 LUT 3. Bit 0 = input 1, Bit 1 = input 2 and so on.

23-21

RSVD2

RSVD2

Reserved. This field always reads 0.

20-16

MASK2

MASK2

This field selects the input flags that are valid for 5x1 LUT 2. Bit 0 = input 1, Bit 1 = input 2 and so on.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-8

MASK1

MASK1

This field selects the input flags that are valid for 5x1 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-5

RSVD0

RSVD0

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

60.6.1.393 (WFE_B_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_CTRL 1D00h -

WFE_B_CTRL_SET 1D04h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_CTRL is 1

WFE_B_CTRL_CLR 1D08h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_CTRL is 0

WFE_B_CTRL_TOG 1D0Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_CTRL

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_CTRL: 0x1D00

WFE_B_CTRL_SET: 0x1D04

WFE_B_CTRL_CLR: 0x1D08

WFE_B_CTRL_TOG: 0x1D0C

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DONE RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 ALU_R
EG...

SW_R
ESET 

RSVD
1 ENAB

LE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31

DONE

DONE

This field indicates that the WFE B has completed processing the update memory region.

30-4

RSVD0

RSVD0

Reserved. This field always reads 0.

3 ALU_REGISTER_ENABLE

enable register of ALU inside waveform.

Table continues on the next page...
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Table continued from the previous page...

Field Function

ALU_REGISTE
R_ENABLE

0b - Disabled, the WFE will use the output of alu inside directly.

1b - Enable, the WFE will use the register output of alu inside.

2

SW_RESET

SW_RESET

Reset WFE B state. This is a active high reset value.

1

RSVD1

RSVD1

Reserved. This field always reads 0.

0

ENABLE

ENABLE

Enables the WFE B Block

0b - Disabled, the WFE B sub-block will not process any frames

1b - The WFE B sub-block is on and ready for processing.

60.6.1.394 (WFE_B_DIMENSIONS)

Offset

Register Offset

WFE_B_DIMENSIONS 1D10h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 3975 / 5781



Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

HEIGHT

HEIGHT

This field defines the height in pixels of the update region.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

WIDTH

WIDTH

This bit defines the width in pixels of the update region.

60.6.1.395 (WFE_B_OFFSET)

Offset

Register Offset

WFE_B_OFFSET 1D20h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved. This field always reads 0.

28-16

Y_OFFSET

Y_OFFSET

This field defines the distance from the frame origin to the update region origin in the Y direction.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

X_OFFSET

X_OFFSET

This field defines the distance from the frame origin to the update region origin in the X direction.

60.6.1.396 (WFE_B_SW_DATA_REGS)

Offset

Register Offset

WFE_B_SW_DATA_RE
GS

1D30h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VAL3 VAL2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VAL1 VAL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 VAL3

Table continues on the next page...
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Table continued from the previous page...

Field Function

VAL3 This is a SW register that holds a programmable data value.

23-16

VAL2

VAL2

This is a SW register that holds a programmable data value.

15-8

VAL1

VAL1

This is a SW register that holds a programmable data value.

7-0

VAL0

VAL0

This is a SW register that holds a programmable data value.

60.6.1.397 (WFE_B_SW_FLAG_REGS)

Offset

Register Offset

WFE_B_SW_FLAG_RE
GS

1D40h

Function

This register defines the control bits for the pxp wfe sub-block

The Control register contains the control bits for the pxp wfe sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD 
VAL3 VAL2 VAL1 VAL0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4 RSVD

Table continues on the next page...
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Field Function

RSVD Reserved. This field always reads 0.

3

VAL3

VAL3

This is a SW register that holds a programmable flag value.

2

VAL2

VAL2

This is a SW register that holds a programmable flag value.

1

VAL1

VAL1

This is a SW register that holds a programmable flag value.

0

VAL0

VAL0

This is a SW register that holds a programmable flag value.

60.6.1.398 (WFE_B_STAGE1_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE1_MUX0 1D50h -

WFE_B_STAGE1_MUX0
_SET

1D54h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX0 is 1

WFE_B_STAGE1_MUX0
_CLR

1D58h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX0 is 0

WFE_B_STAGE1_MUX0
_TOG

1D5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX0

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX0: 0x1D50

WFE_B_STAGE1_MUX0_SET: 0x1D54

WFE_B_STAGE1_MUX0_CLR: 0x1D58

WFE_B_STAGE1_MUX0_TOG: 0x1D5C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX3

MUX3

Input 4 data select bits for 5x8 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX2

MUX2

Input 3 data select bits for 5x8 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

Input 2 data select bits for 5x8 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

Input 1 data select bits for 5x8 LUT 0.

60.6.1.399 (WFE_B_STAGE1_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE1_MUX1 1D60h -

WFE_B_STAGE1_MUX1
_SET

1D64h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX1 is 1

WFE_B_STAGE1_MUX1
_CLR

1D68h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX1 is 0

WFE_B_STAGE1_MUX1
_TOG

1D6Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX1: 0x1D60

WFE_B_STAGE1_MUX1_SET: 0x1D64

WFE_B_STAGE1_MUX1_CLR: 0x1D68

WFE_B_STAGE1_MUX1_TOG: 0x1D6C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Input 3 data select bits for 5x8 LUT 1.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input 2 data select bits for 5x8 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input 1 data select bits for 5x8 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Input 5 data select bits for 5x8 LUT 0.

60.6.1.400 (WFE_B_STAGE1_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE1_MUX2 1D70h -

WFE_B_STAGE1_MUX2
_SET

1D74h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX2 is 1

WFE_B_STAGE1_MUX2
_CLR

1D78h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX2 is 0

WFE_B_STAGE1_MUX2
_TOG

1D7Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX2: 0x1D70

WFE_B_STAGE1_MUX2_SET: 0x1D74

WFE_B_STAGE1_MUX2_CLR: 0x1D78

WFE_B_STAGE1_MUX2_TOG: 0x1D7C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX11

MUX11

Input 2 data select bits for 5x1 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input 1 data select bits for 5x1 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input 5 data select bits for 5x8 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input 4 data select bits for 5x8 LUT 1.

60.6.1.401 (WFE_B_STAGE1_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE1_MUX3 1D80h -

WFE_B_STAGE1_MUX3
_SET

1D84h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX3 is 1

WFE_B_STAGE1_MUX3
_CLR

1D88h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX3 is 0

WFE_B_STAGE1_MUX3
_TOG

1D8Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX3: 0x1D80

WFE_B_STAGE1_MUX3_SET: 0x1D84

WFE_B_STAGE1_MUX3_CLR: 0x1D88

WFE_B_STAGE1_MUX3_TOG: 0x1D8C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Data select bits for D8x1 LUT 0.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input 5 data select bits for 5x1 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input 4 data select bits for 5x1 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input 3 data select bits for 5x1 LUT 0.

60.6.1.402 (WFE_B_STAGE1_MUX4)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE1_MUX4 1D90h -

WFE_B_STAGE1_MUX4
_SET

1D94h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX4 is 1

WFE_B_STAGE1_MUX4
_CLR

1D98h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX4 is 0

WFE_B_STAGE1_MUX4
_TOG

1D9Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX4

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX4: 0x1D90

WFE_B_STAGE1_MUX4_SET: 0x1D94

WFE_B_STAGE1_MUX4_CLR: 0x1D98

WFE_B_STAGE1_MUX4_TOG: 0x1D9C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX19 

RSVD1 
MUX18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX17 

RSVD3 
MUX16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX19

MUX19

Data select bits for D8x1 LUT 4.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX18

MUX18

Data select bits for D8x1 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX17

MUX17

Data select bits for D8x1 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX16

MUX16

Data select bits for D8x1 LUT 1.

60.6.1.403 (WFE_B_STAGE1_MUX5)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE1_MUX5 1DA0h -

WFE_B_STAGE1_MUX5
_SET

1DA4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX5 is 1

WFE_B_STAGE1_MUX5
_CLR

1DA8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX5 is 0

WFE_B_STAGE1_MUX5
_TOG

1DACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX5

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX5: 0x1DA0

WFE_B_STAGE1_MUX5_SET: 0x1DA4

WFE_B_STAGE1_MUX5_CLR: 0x1DA8

WFE_B_STAGE1_MUX5_TOG: 0x1DAC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX23 

RSVD1 
MUX22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX21 

RSVD3 
MUX20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX23

MUX23

Input data select bits for Comparator 0.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX22

MUX22

Input data select bits for ALU 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX21

MUX21

Input data select bits for ALU 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX20

MUX20

Instruction select bits for ALU 0.

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.

60.6.1.404 (WFE_B_STAGE1_MUX6)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE1_MUX6 1DB0h -

Table continues on the next page...
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Table continued from the previous page...

Register Offset Description

WFE_B_STAGE1_MUX6
_SET

1DB4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX6 is 1

WFE_B_STAGE1_MUX6
_CLR

1DB8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX6 is 0

WFE_B_STAGE1_MUX6
_TOG

1DBCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX6

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX6: 0x1Db0

WFE_B_STAGE1_MUX6_SET: 0x1Db4

WFE_B_STAGE1_MUX6_CLR: 0x1Db8

WFE_B_STAGE1_MUX6_TOG: 0x1DbC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX27 

RSVD1 
MUX26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX25 

RSVD3 
MUX24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX27

MUX27

Input data select bits for Comparator 2.

23-22 RSVD1

Table continues on the next page...
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX26

MUX26

Input data select bits for Comparator 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX25

MUX25

Input data select bits for Comparator 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX24

MUX24

Input data select bits for Comparator 0.

60.6.1.405 (WFE_B_STAGE1_MUX7)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE1_MUX7 1DC0h -

WFE_B_STAGE1_MUX7
_SET

1DC4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX7 is 1

WFE_B_STAGE1_MUX7
_CLR

1DC8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX7 is 0

WFE_B_STAGE1_MUX7
_TOG

1DCCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX7

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX7: 0x1Dc0

WFE_B_STAGE1_MUX7_SET: 0x1Dc4

WFE_B_STAGE1_MUX7_CLR: 0x1Dc8

WFE_B_STAGE1_MUX7_TOG: 0x1DcC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX31 

RSVD1 
MUX30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX29 

RSVD3 
MUX28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX31

MUX31

Input data select bits for Comparator 4.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX30

MUX30

Input data select bits for Comparator 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX29

MUX29

Input data select bits for Comparator 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX28

MUX28

Input data select bits for Comparator 2.

60.6.1.406 (WFE_B_STAGE1_MUX8)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE1_MUX8 1DD0h -

WFE_B_STAGE1_MUX8
_SET

1DD4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX8 is 1

WFE_B_STAGE1_MUX8
_CLR

1DD8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE1_MUX8 is 0

WFE_B_STAGE1_MUX8
_TOG

1DDCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE1_MUX8

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE1_MUX8: 0x1DD0

WFE_B_STAGE1_MUX8_SET: 0x1DD4

WFE_B_STAGE1_MUX8_CLR: 0x1DD8

WFE_B_STAGE1_MUX8_TOG: 0x1dDC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MUX32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved. This field always reads 0.

5-0

MUX32

MUX32

Input data select bits for Comparator 4.
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60.6.1.407 (WFE_B_STAGE2_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX0 1DE0h -

WFE_B_STAGE2_MUX0
_SET

1DE4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX0 is 1

WFE_B_STAGE2_MUX0
_CLR

1DE8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX0 is 0

WFE_B_STAGE2_MUX0
_TOG

1DECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX0

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX0: 0x1DE0

WFE_B_STAGE2_MUX0_SET: 0x1DE4

WFE_B_STAGE2_MUX0_CLR: 0x1DE8

WFE_B_STAGE2_MUX0_TOG: 0x1DEC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

29-24

MUX3

MUX3

Input 4 data select bits for 5x6 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX2

MUX2

Input 3 data select bits for 5x6 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

Input 2 data select bits for 5x6 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

Input 1 data select bits for 5x6 LUT 0.

60.6.1.408 (WFE_B_STAGE2_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX1 1DF0h -

WFE_B_STAGE2_MUX1
_SET

1DF4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX1 is 1

WFE_B_STAGE2_MUX1
_CLR

1DF8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX1 is 0

WFE_B_STAGE2_MUX1
_TOG

1DFCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX1: 0x1DF0

WFE_B_STAGE2_MUX1_SET: 0x1DF4

WFE_B_STAGE2_MUX1_CLR: 0x1DF8
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WFE_B_STAGE2_MUX1_TOG: 0x1DFC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Input 3 data select bits for 5x6 LUT 1.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input 2 data select bits for 5x6 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input 1 data select bits for 5x6 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Input 5 data select bits for 5x6 LUT 0.
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60.6.1.409 (WFE_B_STAGE2_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX2 1E00h -

WFE_B_STAGE2_MUX2
_SET

1E04h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX2 is 1

WFE_B_STAGE2_MUX2
_CLR

1E08h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX2 is 0

WFE_B_STAGE2_MUX2
_TOG

1E0Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX2: 0x1E00

WFE_B_STAGE2_MUX2_SET: 0x1E04

WFE_B_STAGE2_MUX2_CLR: 0x1E08

WFE_B_STAGE2_MUX2_TOG: 0x1E0C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

29-24

MUX11

MUX11

Input 2 data select bits for 5x6 LUT 2.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input 1 data select bits for 5x6 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input 5 data select bits for 5x6 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input 4 data select bits for 5x6 LUT 1.

60.6.1.410 (WFE_B_STAGE2_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX3 1E10h -

WFE_B_STAGE2_MUX3
_SET

1E14h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX3 is 1

WFE_B_STAGE2_MUX3
_CLR

1E18h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX3 is 0

WFE_B_STAGE2_MUX3
_TOG

1E1Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX3: 0x1E10

WFE_B_STAGE2_MUX3_SET: 0x1E14

WFE_B_STAGE2_MUX3_CLR: 0x1E18
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WFE_B_STAGE2_MUX3_TOG: 0x1E1C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Input 1 data select bits for 5x6 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input 5 data select bits for 5x6 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input 4 data select bits for 5x6 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input 3 data select bits for 5x6 LUT 2.
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60.6.1.411 (WFE_B_STAGE2_MUX4)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX4 1E20h -

WFE_B_STAGE2_MUX4
_SET

1E24h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX4 is 1

WFE_B_STAGE2_MUX4
_CLR

1E28h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX4 is 0

WFE_B_STAGE2_MUX4
_TOG

1E2Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX4

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX4: 0x1E20

WFE_B_STAGE2_MUX4_SET: 0x1e24

WFE_B_STAGE2_MUX4_CLR: 0x1e28

WFE_B_STAGE2_MUX4_TOG: 0x1e2C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX19 

RSVD1 
MUX18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX17 

RSVD3 
MUX16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

29-24

MUX19

MUX19

Input 5 data select bits for 5x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX18

MUX18

Input 4 data select bits for 5x6 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX17

MUX17

Input 3 data select bits for 5x6 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX16

MUX16

Input 2 data select bits for 5x6 LUT 3.

60.6.1.412 (WFE_B_STAGE2_MUX5)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX5 1E30h -

WFE_B_STAGE2_MUX5
_SET

1E34h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX5 is 1

WFE_B_STAGE2_MUX5
_CLR

1E38h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX5 is 0

WFE_B_STAGE2_MUX5
_TOG

1E3Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX5

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX5: 0x1E30

WFE_B_STAGE2_MUX5_SET: 0x1E34

WFE_B_STAGE2_MUX5_CLR: 0x1E38
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WFE_B_STAGE2_MUX5_TOG: 0x1E3C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX23 

RSVD1 
MUX22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX21 

RSVD3 
MUX20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX23

MUX23

Input 4 data select bits for 5x1 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX22

MUX22

Input 3 data select bits for 5x1 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX21

MUX21

Input 2 data select bits for 5x1 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX20

MUX20

Input 1 data select bits for 5x1 LUT 0.
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60.6.1.413 (WFE_B_STAGE2_MUX6)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX6 1E40h -

WFE_B_STAGE2_MUX6
_SET

1E44h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX6 is 1

WFE_B_STAGE2_MUX6
_CLR

1E48h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX6 is 0

WFE_B_STAGE2_MUX6
_TOG

1E4Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX6

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX6: 0x1E40

WFE_B_STAGE2_MUX6_SET: 0x1E44

WFE_B_STAGE2_MUX6_CLR: 0x1E48

WFE_B_STAGE2_MUX6_TOG: 0x1E4C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX27 

RSVD1 
MUX26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX25 

RSVD3 
MUX24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

Table continues on the next page...
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Field Function

29-24

MUX27

MUX27

Input 3 data select bits for 5x1 LUT 1.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX26

MUX26

Input 2 data select bits for 5x1 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX25

MUX25

Input 1 data select bits for 5x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX24

MUX24

Input 5 data select bits for 5x1 LUT 0.

60.6.1.414 (WFE_B_STAGE2_MUX7)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX7 1E50h -

WFE_B_STAGE2_MUX7
_SET

1E54h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX7 is 1

WFE_B_STAGE2_MUX7
_CLR

1E58h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX7 is 0

WFE_B_STAGE2_MUX7
_TOG

1E5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX7

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX7: 0x1E50

WFE_B_STAGE2_MUX7_SET: 0x1E54

WFE_B_STAGE2_MUX7_CLR: 0x1E58
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WFE_B_STAGE2_MUX7_TOG: 0x1E5C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX31 

RSVD1 
MUX30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX29 

RSVD3 
MUX28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX31

MUX31

Input 2 data select bits for 5x1 LUT 2.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX30

MUX30

Input 1 data select bits for 5x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX29

MUX29

Input 5 data select bits for 5x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX28

MUX28

Input 4 data select bits for 5x1 LUT 1.
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60.6.1.415 (WFE_B_STAGE2_MUX8)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX8 1E60h -

WFE_B_STAGE2_MUX8
_SET

1E64h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX8 is 1

WFE_B_STAGE2_MUX8
_CLR

1E68h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX8 is 0

WFE_B_STAGE2_MUX8
_TOG

1E6Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX8

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX8: 0x1E60

WFE_B_STAGE2_MUX8_SET: 0x1E64

WFE_B_STAGE2_MUX8_CLR: 0x1E68

WFE_B_STAGE2_MUX8_TOG: 0x1E6C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX35 

RSVD1 
MUX34 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX33 

RSVD3 
MUX32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.
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Field Function

29-24

MUX35

MUX35

Input 1 data select bits for 5x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX34

MUX34

Input 5 data select bits for 5x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX33

MUX33

Input 4 data select bits for 5x1 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX32

MUX32

Input 3 data select bits for 5x1 LUT 2.

60.6.1.416 (WFE_B_STAGE2_MUX9)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX9 1E70h -

WFE_B_STAGE2_MUX9
_SET

1E74h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX9 is 1

WFE_B_STAGE2_MUX9
_CLR

1E78h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX9 is 0

WFE_B_STAGE2_MUX9
_TOG

1E7Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX9

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX9: 0x1E70

WFE_B_STAGE2_MUX9_SET: 0x1E74

WFE_B_STAGE2_MUX9_CLR: 0x1E78
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WFE_B_STAGE2_MUX9_TOG: 0x1e7C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX39 

RSVD1 
MUX38 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX37 

RSVD3 
MUX36 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX39

MUX39

Input 5 data select bits for 5x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX38

MUX38

Input 4 data select bits for 5x1 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX37

MUX37

Input 3 data select bits for 5x1 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX36

MUX36

Input 2 data select bits for 5x1 LUT 3.
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60.6.1.417 (WFE_B_STAGE2_MUX10)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX1
0

1E80h -

WFE_B_STAGE2_MUX1
0_SET

1E84h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX10 is 1

WFE_B_STAGE2_MUX1
0_CLR

1E88h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX10 is 0

WFE_B_STAGE2_MUX1
0_TOG

1E8Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX10

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX10: 0x1E80

WFE_B_STAGE2_MUX10_SET: 0x1E84

WFE_B_STAGE2_MUX10_CLR: 0x1E88

WFE_B_STAGE2_MUX10_TOG: 0x1E8C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX43 

RSVD1 
MUX42 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX41 

RSVD3 
MUX40 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

Fields

Field Function

31-30 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved. This field always reads 0.

29-24

MUX43

MUX43

Input data select bits for Comparator 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX42

MUX42

Input data select bits for ALU 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX41

MUX41

Input data select bits for ALU 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX40

MUX40

Instruction select bits for ALU 0.

00_0000b - INC : Increment operation.

00_0001b - DEC : Decrement operation.

00_0010b - ADD : Addition operation.

00_0011b - MINUS : Subtraction operation.

00_0100b - AND : Bitwise AND operation. A AND B.

00_0101b - OR : Bitwise OR operation. A OR B.

00_0110b - XOR : Bitwise XOR operation. A XOR B.

00_0111b - SHIFTLEFT : Shift A operand left by B operand places.

00_1000b - SHIFTRIGHT : Shift A operand right by B operand places.

00_1001b - BIT_AND : Reduction AND operation on A operand.

00_1010b - BIT_OR : Reduction OR operation on A operand.

00_1011b - BIT_CMP : Compare A and B operands and set equal flag if A and B are equal. All 
other output is 0.

00_1100b - NOP : No operation. All outputs are 0.
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60.6.1.418 (WFE_B_STAGE2_MUX11)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX1
1

1E90h -

WFE_B_STAGE2_MUX1
1_SET

1E94h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX11 is 1

WFE_B_STAGE2_MUX1
1_CLR

1E98h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX11 is 0

WFE_B_STAGE2_MUX1
1_TOG

1E9Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX11

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX11: 0x1E90

WFE_B_STAGE2_MUX11_SET: 0x1E94

WFE_B_STAGE2_MUX11_CLR: 0x1E98

WFE_B_STAGE2_MUX11_TOG: 0x1E9C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX47 

RSVD1 
MUX46 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX45 

RSVD3 
MUX44 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved. This field always reads 0.

29-24

MUX47

MUX47

Input data select bits for Comparator 2.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX46

MUX46

Input data select bits for Comparator 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX45

MUX45

Input data select bits for Comparator 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX44

MUX44

Input data select bits for Comparator 0.

60.6.1.419 (WFE_B_STAGE2_MUX12)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE2_MUX1
2

1EA0h -

WFE_B_STAGE2_MUX1
2_SET

1EA4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX12 is 1

WFE_B_STAGE2_MUX1
2_CLR

1EA8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE2_MUX12 is 0

WFE_B_STAGE2_MUX1
2_TOG

1EACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE2_MUX12

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE2_MUX12: 0x1EA0
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WFE_B_STAGE2_MUX12_SET: 0x1EA4

WFE_B_STAGE2_MUX12_CLR: 0x1EA8

WFE_B_STAGE2_MUX12_TOG: 0x1EAC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MUX48 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved. This field always reads 0.

5-0

MUX48

MUX48

Input data select bits for Comparator 2.

60.6.1.420 (WFE_B_STAGE3_MUX0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX0 1EB0h -

WFE_B_STAGE3_MUX0
_SET

1EB4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX0 is 1

WFE_B_STAGE3_MUX0
_CLR

1EB8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX0 is 0

WFE_B_STAGE3_MUX0
_TOG

1EBCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX0
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Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX0: 0x1EB0

WFE_B_STAGE3_MUX0_SET: 0x1EB4

WFE_B_STAGE3_MUX0_CLR: 0x1EB8

WFE_B_STAGE3_MUX0_TOG: 0x1eBC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX3 

RSVD1 
MUX2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX1 

RSVD3 
MUX0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX3

MUX3

Input 4 flag select bits for F8x1 LUT0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX2

MUX2

Input 3 flag select bits for F8x1 LUT0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX1

MUX1

Input 2 flag select bits for F8x1 LUT 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX0

MUX0

Input 1 flag select bits for F8x1 LUT 0.

60.6.1.421 (WFE_B_STAGE3_MUX1)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX1 1EC0h -

WFE_B_STAGE3_MUX1
_SET

1EC4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX1 is 1

WFE_B_STAGE3_MUX1
_CLR

1EC8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX1 is 0

WFE_B_STAGE3_MUX1
_TOG

1ECCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX1

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX1: 0x1EC0

WFE_B_STAGE3_MUX1_SET: 0x1EC4

WFE_B_STAGE3_MUX1_CLR: 0x1EC8

WFE_B_STAGE3_MUX1_TOG: 0x1ECC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX7 

RSVD1 
MUX6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX5 

RSVD3 
MUX4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX7

MUX7

Input 8 flag select bits for F8x1 LUT 0.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX6

MUX6

Input 7 flag select bits for F8x1 LUT 0.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX5

MUX5

Input 6 flag select bits for F8x1 LUT 0.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX4

MUX4

Input 5 flag select bits for F8x1 LUT 0.

60.6.1.422 (WFE_B_STAGE3_MUX2)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE3_MUX2 1ED0h -

WFE_B_STAGE3_MUX2
_SET

1ED4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX2 is 1

WFE_B_STAGE3_MUX2
_CLR

1ED8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX2 is 0

WFE_B_STAGE3_MUX2
_TOG

1EDCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX2

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX2: 0x1ED0

WFE_B_STAGE3_MUX2_SET: 0x1ED4

WFE_B_STAGE3_MUX2_CLR: 0x1ED8

WFE_B_STAGE3_MUX2_TOG: 0x1EDC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX11 

RSVD1 
MUX10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX9 

RSVD3 
MUX8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX11

MUX11

Input 4 flag select bits for F8x1 LUT 1.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX10

MUX10

Input 3 flag select bits for F8x1 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX9

MUX9

Input 2 flag select bits for F8x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX8

MUX8

Input 1 flag select bits for F8x1 LUT 1.

60.6.1.423 (WFE_B_STAGE3_MUX3)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX3 1EE0h -

WFE_B_STAGE3_MUX3
_SET

1EE4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX3 is 1

WFE_B_STAGE3_MUX3
_CLR

1EE8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX3 is 0

WFE_B_STAGE3_MUX3
_TOG

1EECh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX3

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX3: 0x1EE0

WFE_B_STAGE3_MUX3_SET: 0x1EE4

WFE_B_STAGE3_MUX3_CLR: 0x1EE8

WFE_B_STAGE3_MUX3_TOG: 0x1EEC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX15 

RSVD1 
MUX14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX13 

RSVD3 
MUX12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX15

MUX15

Input 8 flag select bits for F8x1 LUT 1.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX14

MUX14

Input 7 flag select bits for F8x1 LUT 1.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX13

MUX13

Input 6 flag select bits for F8x1 LUT 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX12

MUX12

Input 5 flag select bits for F8x1 LUT 1.

60.6.1.424 (WFE_B_STAGE3_MUX4)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE3_MUX4 1EF0h -

WFE_B_STAGE3_MUX4
_SET

1EF4h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX4 is 1

WFE_B_STAGE3_MUX4
_CLR

1EF8h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX4 is 0

WFE_B_STAGE3_MUX4
_TOG

1EFCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX4

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX4: 0x1EF0

WFE_B_STAGE3_MUX4_SET: 0x1EF4

WFE_B_STAGE3_MUX4_CLR: 0x1EF8

WFE_B_STAGE3_MUX4_TOG: 0x1EFC

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX19 

RSVD1 
MUX18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX17 

RSVD3 
MUX16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX19

MUX19

Input 4 flag select bits for F8x1 LUT 2.

23-22 RSVD1

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4019 / 5781
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Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX18

MUX18

Input 3 flag select bits for F8x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX17

MUX17

Input 2 flag select bits for F8x1 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX16

MUX16

Input 1 flag select bits for F8x1 LUT 2.

60.6.1.425 (WFE_B_STAGE3_MUX5)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX5 1F00h -

WFE_B_STAGE3_MUX5
_SET

1F04h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX5 is 1

WFE_B_STAGE3_MUX5
_CLR

1F08h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX5 is 0

WFE_B_STAGE3_MUX5
_TOG

1F0Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX5

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX5: 0x1F00

WFE_B_STAGE3_MUX5_SET: 0x1F04

WFE_B_STAGE3_MUX5_CLR: 0x1F08

WFE_B_STAGE3_MUX5_TOG: 0x1F0C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX23 

RSVD1 
MUX22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX21 

RSVD3 
MUX20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX23

MUX23

Input 8 flag select bits for F8x1 LUT 2.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX22

MUX22

Input 7 flag select bits for F8x1 LUT 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX21

MUX21

Input 6 flag select bits for F8x1 LUT 2.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX20

MUX20

Input 5 flag select bits for F8x1 LUT 2.

60.6.1.426 (WFE_B_STAGE3_MUX6)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE3_MUX6 1F10h -

WFE_B_STAGE3_MUX6
_SET

1F14h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX6 is 1

WFE_B_STAGE3_MUX6
_CLR

1F18h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX6 is 0

WFE_B_STAGE3_MUX6
_TOG

1F1Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX6

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX6: 0x1F10

WFE_B_STAGE3_MUX6_SET: 0x1F14

WFE_B_STAGE3_MUX6_CLR: 0x1F18

WFE_B_STAGE3_MUX6_TOG: 0x1F1C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX27 

RSVD1 
MUX26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX25 

RSVD3 
MUX24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX27

MUX27

Input 4 flag select bits for F8x1 LUT 3.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX26

MUX26

Input 3 flag select bits for F8x1 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX25

MUX25

Input 2 flag select bits for F8x1 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX24

MUX24

Input 1 flag select bits for F8x1 LUT 3.

60.6.1.427 (WFE_B_STAGE3_MUX7)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX7 1F20h -

WFE_B_STAGE3_MUX7
_SET

1F24h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX7 is 1

WFE_B_STAGE3_MUX7
_CLR

1F28h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX7 is 0

WFE_B_STAGE3_MUX7
_TOG

1F2Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX7

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX7: 0x1F20

WFE_B_STAGE3_MUX7_SET: 0x1F24

WFE_B_STAGE3_MUX7_CLR: 0x1F28

WFE_B_STAGE3_MUX7_TOG: 0x1F2C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX31 

RSVD1 
MUX30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX29 

RSVD3 
MUX28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX31

MUX31

Input 8 flag select bits for F8x1 LUT 3.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX30

MUX30

Input 7 flag select bits for F8x1 LUT 3.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX29

MUX29

Input 6 flag select bits for F8x1 LUT 3.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX28

MUX28

Input 5 flag select bits for F8x1 LUT 3.

60.6.1.428 (WFE_B_STAGE3_MUX8)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE3_MUX8 1F30h -

WFE_B_STAGE3_MUX8
_SET

1F34h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX8 is 1

WFE_B_STAGE3_MUX8
_CLR

1F38h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX8 is 0

WFE_B_STAGE3_MUX8
_TOG

1F3Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX8

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX8: 0x1F30

WFE_B_STAGE3_MUX8_SET: 0x1F34

WFE_B_STAGE3_MUX8_CLR: 0x1F38

WFE_B_STAGE3_MUX8_TOG: 0x1F3C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX35 

RSVD1 
MUX34 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX33 

RSVD3 
MUX32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX35

MUX35

Input data select bits for DMUX 3.

23-22 RSVD1

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD1 Reserved. This field always reads 0.

21-16

MUX34

MUX34

Input data select bits for DMUX 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX33

MUX33

Input data select bits for DMUX 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX32

MUX32

Input data select bits for DMUX 0.

60.6.1.429 (WFE_B_STAGE3_MUX9)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

WFE_B_STAGE3_MUX9 1F40h -

WFE_B_STAGE3_MUX9
_SET

1F44h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX9 is 1

WFE_B_STAGE3_MUX9
_CLR

1F48h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX9 is 0

WFE_B_STAGE3_MUX9
_TOG

1F4Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX9

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX9: 0x1F40

WFE_B_STAGE3_MUX9_SET: 0x1F44

WFE_B_STAGE3_MUX9_CLR: 0x1F48

WFE_B_STAGE3_MUX9_TOG: 0x1F4C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX39 

RSVD1 
MUX38 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX37 

RSVD3 
MUX36 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX39

MUX39

Input data select bits for DMUX 7.

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX38

MUX38

Input data select bits for DMUX 6.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX37

MUX37

Input data select bits for DMUX 5.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX36

MUX36

Input data select bits for DMUX 4.

60.6.1.430 (WFE_B_STAGE3_MUX10)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

WFE_B_STAGE3_MUX1
0

1F50h -

WFE_B_STAGE3_MUX1
0_SET

1F54h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX10 is 1

WFE_B_STAGE3_MUX1
0_CLR

1F58h Writing 1 to a bit in this register ensures that the 
corresponding bit in WFE_B_STAGE3_MUX10 is 0

WFE_B_STAGE3_MUX1
0_TOG

1F5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in WFE_B_STAGE3_MUX10

Function

This register defines the control bits for the pxp wfe sub-block

WFE_B_STAGE3_MUX10: 0x1F50

WFE_B_STAGE3_MUX10_SET: 0x1F54

WFE_B_STAGE3_MUX10_CLR: 0x1F58

WFE_B_STAGE3_MUX10_TOG: 0x1F5C

Mux value to select one of the flags or data inputs of the pipeline stage. Each mux corresponds to one of the inputs to each of 
the logic elements (e.g. alu, comparator, LUT, etc). Some logic elements have one mux and others have two or more. The mux 
numbers are mapped to the pipeline according to the hardware configuration. Please see the reference design for the mux map.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
MUX43 

RSVD1 
MUX42 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MUX41 

RSVD3 
MUX40 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

MUX43

MUX43

Input flag select bits for FMUX 3.

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4028 / 5781



Table continued from the previous page...

Field Function

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

MUX42

MUX42

Input flag select bits for FMUX 2.

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

MUX41

MUX41

Input flag select bits for FMUX 1.

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

MUX40

MUX40

Input flag select bits for FMUX 0.

60.6.1.431 (WFE_B_STG1_5X8_OUT0_0)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_0

1F60h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT3 LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT1 LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.432 (WFE_B_STG1_5X8_OUT0_1)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_1

1F70h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT7 LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT5 LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT7

LUTOUT7

LUTOUT 3

23-16

LUTOUT6

LUTOUT6

LUTOUT 2

15-8

LUTOUT5

LUTOUT5

LUTOUT 1

7-0

LUTOUT4

LUTOUT4

LUTOUT 0

60.6.1.433 (WFE_B_STG1_5X8_OUT0_2)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_2

1F80h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT11 LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT9 LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4031 / 5781



Fields

Field Function

31-24

LUTOUT11

LUTOUT11

LUTOUT 3

23-16

LUTOUT10

LUTOUT10

LUTOUT 2

15-8

LUTOUT9

LUTOUT9

LUTOUT 1

7-0

LUTOUT8

LUTOUT8

LUTOUT 0

60.6.1.434 (WFE_B_STG1_5X8_OUT0_3)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_3

1F90h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT15 LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT13 LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4032 / 5781



Fields

Field Function

31-24

LUTOUT15

LUTOUT15

LUTOUT 3

23-16

LUTOUT14

LUTOUT14

LUTOUT 2

15-8

LUTOUT13

LUTOUT13

LUTOUT 1

7-0

LUTOUT12

LUTOUT12

LUTOUT 0

60.6.1.435 (WFE_B_STG1_5X8_OUT0_4)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_4

1FA0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT19 LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT17 LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT19

LUTOUT19

LUTOUT 3

23-16

LUTOUT18

LUTOUT18

LUTOUT 2

15-8

LUTOUT17

LUTOUT17

LUTOUT 1

7-0

LUTOUT16

LUTOUT16

LUTOUT 0

60.6.1.436 (WFE_B_STG1_5X8_OUT0_5)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_5

1FB0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT23 LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT21 LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT23

LUTOUT23

LUTOUT 3

23-16

LUTOUT22

LUTOUT22

LUTOUT 2

15-8

LUTOUT21

LUTOUT21

LUTOUT 1

7-0

LUTOUT20

LUTOUT20

LUTOUT 0

60.6.1.437 (WFE_B_STG1_5X8_OUT0_6)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_6

1FC0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT27 LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT25 LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4035 / 5781



Fields

Field Function

31-24

LUTOUT27

LUTOUT27

LUTOUT 3

23-16

LUTOUT26

LUTOUT26

LUTOUT 2

15-8

LUTOUT25

LUTOUT25

LUTOUT 1

7-0

LUTOUT24

LUTOUT24

LUTOUT 0

60.6.1.438 (WFE_B_STG1_5X8_OUT0_7)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T0_7

1FD0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT31 LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT29 LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT31

LUTOUT31

LUTOUT 3

23-16

LUTOUT30

LUTOUT30

LUTOUT 2

15-8

LUTOUT29

LUTOUT29

LUTOUT 1

7-0

LUTOUT28

LUTOUT28

LUTOUT 0

60.6.1.439 (WFE_B_STG1_5X8_OUT1_0)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_0

1FE0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT3 LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT1 LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.440 (WFE_B_STG1_5X8_OUT1_1)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_1

1FF0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT7 LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT5 LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT7

LUTOUT7

LUTOUT 3

23-16

LUTOUT6

LUTOUT6

LUTOUT 2

15-8

LUTOUT5

LUTOUT5

LUTOUT 1

7-0

LUTOUT4

LUTOUT4

LUTOUT 0

60.6.1.441 (WFE_B_STG1_5X8_OUT1_2)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_2

2000h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT11 LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT9 LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT11

LUTOUT11

LUTOUT 3

23-16

LUTOUT10

LUTOUT10

LUTOUT 2

15-8

LUTOUT9

LUTOUT9

LUTOUT 1

7-0

LUTOUT8

LUTOUT8

LUTOUT 0

60.6.1.442 (WFE_B_STG1_5X8_OUT1_3)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_3

2010h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT15 LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT13 LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT15

LUTOUT15

LUTOUT 3

23-16

LUTOUT14

LUTOUT14

LUTOUT 2

15-8

LUTOUT13

LUTOUT13

LUTOUT 1

7-0

LUTOUT12

LUTOUT12

LUTOUT 0

60.6.1.443 (WFE_B_STG1_5X8_OUT1_4)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_4

2020h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT19 LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT17 LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT19

LUTOUT19

LUTOUT 3

23-16

LUTOUT18

LUTOUT18

LUTOUT 2

15-8

LUTOUT17

LUTOUT17

LUTOUT 1

7-0

LUTOUT16

LUTOUT16

LUTOUT 0

60.6.1.444 (WFE_B_STG1_5X8_OUT1_5)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_5

2030h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT23 LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT21 LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT23

LUTOUT23

LUTOUT 3

23-16

LUTOUT22

LUTOUT22

LUTOUT 2

15-8

LUTOUT21

LUTOUT21

LUTOUT 1

7-0

LUTOUT20

LUTOUT20

LUTOUT 0

60.6.1.445 (WFE_B_STG1_5X8_OUT1_6)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_6

2040h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT27 LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT25 LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT27

LUTOUT27

LUTOUT 3

23-16

LUTOUT26

LUTOUT26

LUTOUT 2

15-8

LUTOUT25

LUTOUT25

LUTOUT 1

7-0

LUTOUT24

LUTOUT24

LUTOUT 0

60.6.1.446 (WFE_B_STG1_5X8_OUT1_7)

Offset

Register Offset

WFE_B_STG1_5X8_OU
T1_7

2050h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x8 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUTOUT31 LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUTOUT29 LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

LUTOUT31

LUTOUT31

LUTOUT 3

23-16

LUTOUT30

LUTOUT30

LUTOUT 2

15-8

LUTOUT29

LUTOUT29

LUTOUT 1

7-0

LUTOUT28

LUTOUT28

LUTOUT 0

60.6.1.447 (WFE_B_STAGE1_5X8_MASKS_0)

Offset

Register Offset

WFE_B_STAGE1_5X8_
MASKS_0

2060h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x8 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
MASK1 

RSVD3 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-13 RSVD2

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD2 Reserved. This field always reads 0.

12-8

MASK1

MASK1

This field selects the input flags that are valid for 5x8 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-5

RSVD3

RSVD3

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x8 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

60.6.1.448 (WFE_B_STG1_5X1_OUT0)

Offset

Register Offset

WFE_B_STG1_5X1_OU
T0

2070h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 LUTOUT31

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7

LUTOUT7

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2 LUTOUT2

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.449 (WFE_B_STG1_5X1_MASKS)

Offset

Register Offset

WFE_B_STG1_5X1_MA
SKS

2080h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x1 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

RSVD0

RSVD0

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.
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60.6.1.450 (WFE_B_STG1_8X1_OUT0_0)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_0

2090h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26 LUTOUT26

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

Table continues on the next page...
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Table continued from the previous page...

Field Function

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7

LUTOUT7

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.451 (WFE_B_STG1_8X1_OUT0_1)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_1

20A0h
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Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23 LUTOUT55

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT55

22

LUTOUT54

LUTOUT54

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

Table continues on the next page...
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Table continued from the previous page...

Field Function

8

LUTOUT40

LUTOUT40

7

LUTOUT39

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.452 (WFE_B_STG1_8X1_OUT0_2)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_2

20B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.453 (WFE_B_STG1_8X1_OUT0_3)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_3

20C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4058 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.454 (WFE_B_STG1_8X1_OUT0_4)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_4

20D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.455 (WFE_B_STG1_8X1_OUT0_5)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_5

20E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.456 (WFE_B_STG1_8X1_OUT0_6)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_6

20F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.457 (WFE_B_STG1_8X1_OUT0_7)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T0_7

2100h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.458 (WFE_B_STG1_8X1_OUT1_0)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_0

2110h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.459 (WFE_B_STG1_8X1_OUT1_1)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_1

2120h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.460 (WFE_B_STG1_8X1_OUT1_2)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_2

2130h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.461 (WFE_B_STG1_8X1_OUT1_3)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_3

2140h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.462 (WFE_B_STG1_8X1_OUT1_4)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_4

2150h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.463 (WFE_B_STG1_8X1_OUT1_5)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_5

2160h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.464 (WFE_B_STG1_8X1_OUT1_6)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_6

2170h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.465 (WFE_B_STG1_8X1_OUT1_7)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T1_7

2180h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.466 (WFE_B_STG1_8X1_OUT2_0)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_0

2190h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4097 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.467 (WFE_B_STG1_8X1_OUT2_1)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_1

21A0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.468 (WFE_B_STG1_8X1_OUT2_2)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_2

21B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.469 (WFE_B_STG1_8X1_OUT2_3)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_3

21C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4106 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.470 (WFE_B_STG1_8X1_OUT2_4)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_4

21D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.471 (WFE_B_STG1_8X1_OUT2_5)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_5

21E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.472 (WFE_B_STG1_8X1_OUT2_6)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_6

21F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.473 (WFE_B_STG1_8X1_OUT2_7)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T2_7

2200h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4118 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.474 (WFE_B_STG1_8X1_OUT3_0)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_0

2210h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.475 (WFE_B_STG1_8X1_OUT3_1)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_1

2220h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.476 (WFE_B_STG1_8X1_OUT3_2)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_2

2230h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.477 (WFE_B_STG1_8X1_OUT3_3)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_3

2240h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4132 / 5781



Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.478 (WFE_B_STG1_8X1_OUT3_4)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_4

2250h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.479 (WFE_B_STG1_8X1_OUT3_5)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_5

2260h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4136 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.480 (WFE_B_STG1_8X1_OUT3_6)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_6

2270h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.481 (WFE_B_STG1_8X1_OUT3_7)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T3_7

2280h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.482 (WFE_B_STG1_8X1_OUT4_0)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_0

2290h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.483 (WFE_B_STG1_8X1_OUT4_1)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_1

22A0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.484 (WFE_B_STG1_8X1_OUT4_2)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_2

22B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.485 (WFE_B_STG1_8X1_OUT4_3)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_3

22C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.486 (WFE_B_STG1_8X1_OUT4_4)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_4

22D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.487 (WFE_B_STG1_8X1_OUT4_5)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_5

22E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.488 (WFE_B_STG1_8X1_OUT4_6)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_6

22F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.489 (WFE_B_STG1_8X1_OUT4_7)

Offset

Register Offset

WFE_B_STG1_8X1_OU
T4_7

2300h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 1.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.490 (WFE_B_STG2_5X6_OUT0_0)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_0

2310h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0
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60.6.1.491 (WFE_B_STG2_5X6_OUT0_1)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_1

2320h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT5

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT5 LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.492 (WFE_B_STG2_5X6_OUT0_2)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_2

2330h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT11

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT11 LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.493 (WFE_B_STG2_5X6_OUT0_3)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_3

2340h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12
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60.6.1.494 (WFE_B_STG2_5X6_OUT0_4)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_4

2350h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT17

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT17 LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.495 (WFE_B_STG2_5X6_OUT0_5)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_5

2360h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT23

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT23 LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.496 (WFE_B_STG2_5X6_OUT0_6)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_6

2370h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24
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60.6.1.497 (WFE_B_STG2_5X6_OUT0_7)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T0_7

2380h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT29
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Table continued from the previous page...

Field Function

LUTOUT29 LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.498 (WFE_B_STG2_5X6_OUT1_0)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_0

2390h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT3
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Table continued from the previous page...

Field Function

LUTOUT3 LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.499 (WFE_B_STG2_5X6_OUT1_1)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_1

23A0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT5

LUTOUT5

LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4
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60.6.1.500 (WFE_B_STG2_5X6_OUT1_2)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_2

23B0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT11

LUTOUT11

LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT9

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT9 LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.501 (WFE_B_STG2_5X6_OUT1_3)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_3

23C0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT15

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT15 LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12

60.6.1.502 (WFE_B_STG2_5X6_OUT1_4)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_4

23D0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT17

LUTOUT17

LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16
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60.6.1.503 (WFE_B_STG2_5X6_OUT1_5)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_5

23E0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT23

LUTOUT23

LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT21

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT21 LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.504 (WFE_B_STG2_5X6_OUT1_6)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_6

23F0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT27
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Table continued from the previous page...

Field Function

LUTOUT27 LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24

60.6.1.505 (WFE_B_STG2_5X6_OUT1_7)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T1_7

2400h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT29

LUTOUT29

LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28
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60.6.1.506 (WFE_B_STG2_5X6_OUT2_0)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_0

2410h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT1

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT1 LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0

60.6.1.507 (WFE_B_STG2_5X6_OUT2_1)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_1

2420h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7 LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT5

LUTOUT5

LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.508 (WFE_B_STG2_5X6_OUT2_2)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_2

2430h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT11

LUTOUT11

LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8
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60.6.1.509 (WFE_B_STG2_5X6_OUT2_3)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_3

2440h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT13
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Field Function

LUTOUT13 LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12

60.6.1.510 (WFE_B_STG2_5X6_OUT2_4)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_4

2450h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT19
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Table continued from the previous page...

Field Function

LUTOUT19 LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT17

LUTOUT17

LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.511 (WFE_B_STG2_5X6_OUT2_5)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_5

2460h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT23

LUTOUT23

LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20
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60.6.1.512 (WFE_B_STG2_5X6_OUT2_6)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_6

2470h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT25

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4199 / 5781
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Field Function

LUTOUT25 LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24

60.6.1.513 (WFE_B_STG2_5X6_OUT2_7)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T2_7

2480h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT31

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4200 / 5781
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Field Function

LUTOUT31 LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT29

LUTOUT29

LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.514 (WFE_B_STG2_5X6_OUT3_0)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_0

2490h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT3 

RSVD1 
LUTOUT2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT1 

RSVD3 
LUTOUT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT3

LUTOUT3

LUTOUT 3

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT2

LUTOUT2

LUTOUT 2

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT1

LUTOUT1

LUTOUT 1

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT0

LUTOUT0

LUTOUT 0
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60.6.1.515 (WFE_B_STG2_5X6_OUT3_1)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_1

24A0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT7 

RSVD1 
LUTOUT6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT5 

RSVD3 
LUTOUT4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT7

LUTOUT7

LUTOUT 7

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT6

LUTOUT6

LUTOUT 6

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT5

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT5 LUTOUT 5

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT4

LUTOUT4

LUTOUT 4

60.6.1.516 (WFE_B_STG2_5X6_OUT3_2)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_2

24B0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT11 

RSVD1 
LUTOUT10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT9 

RSVD3 
LUTOUT8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT11

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT11 LUTOUT 11

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT10

LUTOUT10

LUTOUT 10

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT9

LUTOUT9

LUTOUT 9

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT8

LUTOUT8

LUTOUT 8

60.6.1.517 (WFE_B_STG2_5X6_OUT3_3)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_3

24C0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT15 

RSVD1 
LUTOUT14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT13 

RSVD3 
LUTOUT12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT15

LUTOUT15

LUTOUT 15

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT14

LUTOUT14

LUTOUT 14

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT13

LUTOUT13

LUTOUT 13

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT12

LUTOUT12

LUTOUT 12
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60.6.1.518 (WFE_B_STG2_5X6_OUT3_4)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_4

24E0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT19 

RSVD1 
LUTOUT18 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT17 

RSVD3 
LUTOUT16 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT19

LUTOUT19

LUTOUT 19

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT18

LUTOUT18

LUTOUT 18

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT17

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT17 LUTOUT 17

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT16

LUTOUT16

LUTOUT 16

60.6.1.519 (WFE_B_STG2_5X6_OUT3_5)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_5

24F0h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT23 

RSVD1 
LUTOUT22 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT21 

RSVD3 
LUTOUT20 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24 LUTOUT23

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT23 LUTOUT 23

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT22

LUTOUT22

LUTOUT 22

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT21

LUTOUT21

LUTOUT 21

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT20

LUTOUT20

LUTOUT 20

60.6.1.520 (WFE_B_STG2_5X6_OUT3_6)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_6

2500h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT27 

RSVD1 
LUTOUT26 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT25 

RSVD3 
LUTOUT24 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT27

LUTOUT27

LUTOUT 27

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT26

LUTOUT26

LUTOUT 26

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8

LUTOUT25

LUTOUT25

LUTOUT 25

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT24

LUTOUT24

LUTOUT 24
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60.6.1.521 (WFE_B_STG2_5X6_OUT3_7)

Offset

Register Offset

WFE_B_STG2_5X6_OU
T3_7

2510h

Function

This register defines the control bits for the pxp wfe sub-block

The 5x6 LUT output value for input value n. This output value determines which input to select (flag, data).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
LUTOUT31 

RSVD1 
LUTOUT30 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 
LUTOUT29 

RSVD3 
LUTOUT28 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD0

RSVD0

Reserved. This field always reads 0.

29-24

LUTOUT31

LUTOUT31

LUTOUT 31

23-22

RSVD1

RSVD1

Reserved. This field always reads 0.

21-16

LUTOUT30

LUTOUT30

LUTOUT 30

15-14

RSVD2

RSVD2

Reserved. This field always reads 0.

13-8 LUTOUT29

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT29 LUTOUT 29

7-6

RSVD3

RSVD3

Reserved. This field always reads 0.

5-0

LUTOUT28

LUTOUT28

LUTOUT 28

60.6.1.522 (WFE_B_STAGE2_5X6_MASKS_0)

Offset

Register Offset

WFE_B_STAGE2_5X6_
MASKS_0

2520h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x6 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
MASK3 

RSVD2 
MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
MASK1 

RSVD0 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD3

RSVD3

Reserved. This field always reads 0.

28-24

MASK3

MASK3

This field selects the input flags that are valid for 5x6 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-21

RSVD2

RSVD2

Reserved. This field always reads 0.

20-16

MASK2

MASK2

This field selects the input flags that are valid for 5x6 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-8

MASK1

MASK1

This field selects the input flags that are valid for 5x6 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-5

RSVD0

RSVD0

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x6 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

60.6.1.523 (WFE_B_STAGE2_5X6_ADDR_0)

Offset

Register Offset

WFE_B_STAGE2_5X6_
ADDR_0

2530h

Function

Each Address specifies the MUX position in the MUX array. There is one MUXADDR per 5x6 LUT.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
MUXADDR3 

RSVD2 
MUXADDR2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
MUXADDR1 

RSVD0 
MUXADDR0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD3

RSVD3

Reserved. This field always reads 0.

29-24

MUXADDR3

MUXADDR3

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

23-22

RSVD2

RSVD2

Reserved. This field always reads 0.

21-16

MUXADDR2

MUXADDR2

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

15-14

RSVD1

RSVD1

Reserved. This field always reads 0.

13-8

MUXADDR1

MUXADDR1

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

7-6

RSVD0

RSVD0

Reserved. This field always reads 0.

5-0

MUXADDR0

MUXADDR0

This field reflects the address of the next stage element. The corresponding 5x6 lut output will become the 
select to this element.

60.6.1.524 (WFE_B_STG2_5X1_OUT0)

Offset

Register Offset

WFE_B_STG2_5X1_OU
T0

2540h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 2.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.525 (WFE_B_STG2_5X1_OUT1)

Offset

Register Offset

WFE_B_STG2_5X1_OU
T1

2550h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 2.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

Table continues on the next page...
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Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7

Table continues on the next page...
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Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.526 (WFE_B_STG2_5X1_OUT2)

Offset

Register Offset

WFE_B_STG2_5X1_OU
T2

2560h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 2.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.527 (WFE_B_STG2_5X1_OUT3)

Offset

Register Offset

WFE_B_STG2_5X1_OU
T3

2570h

Function

This register defines the output values (new flag) for the 5x1 LUTs in stage 2.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.528 (WFE_B_STG2_5X1_MASKS)

Offset

Register Offset

WFE_B_STG2_5X1_MA
SKS

2580h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 5x1 LUT.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
MASK3 

RSVD2 
MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
MASK1 

RSVD0 
MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD3

RSVD3

Reserved. This field always reads 0.

28-24

MASK3

MASK3

This field selects the input flags that are valid for 5x1 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

23-21

RSVD2

RSVD2

Reserved. This field always reads 0.

20-16

MASK2

MASK2

This field selects the input flags that are valid for 5x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-8

MASK1

MASK1

This field selects the input flags that are valid for 5x1 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-5

RSVD0

RSVD0

Reserved. This field always reads 0.

4-0

MASK0

MASK0

This field selects the input flags that are valid for 5x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.
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60.6.1.529 (WFE_B_STG3_F8X1_OUT0_0)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_0

2590h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26 LUTOUT26
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Table continued from the previous page...

Field Function

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12
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Table continued from the previous page...

Field Function

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7

LUTOUT7

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.530 (WFE_B_STG3_F8X1_OUT0_1)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_1

25A0h
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Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23 LUTOUT55
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Table continued from the previous page...

Field Function

LUTOUT55

22

LUTOUT54

LUTOUT54

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41
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Table continued from the previous page...

Field Function

8

LUTOUT40

LUTOUT40

7

LUTOUT39

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.531 (WFE_B_STG3_F8X1_OUT0_2)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_2

25B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.532 (WFE_B_STG3_F8X1_OUT0_3)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_3

25C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.533 (WFE_B_STG3_F8X1_OUT0_4)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_4

25D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.534 (WFE_B_STG3_F8X1_OUT0_5)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_5

25E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.535 (WFE_B_STG3_F8X1_OUT0_6)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_6

25F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.536 (WFE_B_STG3_F8X1_OUT0_7)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT0_7

2600h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4248 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.537 (WFE_B_STG3_F8X1_OUT1_0)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_0

2610h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.538 (WFE_B_STG3_F8X1_OUT1_1)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_1

2620h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4255 / 5781



Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.539 (WFE_B_STG3_F8X1_OUT1_2)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_2

2630h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.540 (WFE_B_STG3_F8X1_OUT1_3)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_3

2640h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.541 (WFE_B_STG3_F8X1_OUT1_4)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_4

2650h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.542 (WFE_B_STG3_F8X1_OUT1_5)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_5

2660h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.543 (WFE_B_STG3_F8X1_OUT1_6)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_6

2670h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.544 (WFE_B_STG3_F8X1_OUT1_7)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT1_7

2680h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4272 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.545 (WFE_B_STG3_F8X1_OUT2_0)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_0

2690h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.546 (WFE_B_STG3_F8X1_OUT2_1)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_1

26A0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.547 (WFE_B_STG3_F8X1_OUT2_2)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_2

26B0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86
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Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.548 (WFE_B_STG3_F8X1_OUT2_3)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_3

26C0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.549 (WFE_B_STG3_F8X1_OUT2_4)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_4

26D0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.550 (WFE_B_STG3_F8X1_OUT2_5)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_5

26E0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.551 (WFE_B_STG3_F8X1_OUT2_6)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_6

26F0h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.552 (WFE_B_STG3_F8X1_OUT2_7)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT2_7

2700h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4296 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246
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Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.553 (WFE_B_STG3_F8X1_OUT3_0)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_0

2710h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT31 

LUTO
UT30 

LUTO
UT29 

LUTO
UT28 

LUTO
UT27 

LUTO
UT26 

LUTO
UT25 

LUTO
UT24 

LUTO
UT23 

LUTO
UT22 

LUTO
UT21 

LUTO
UT20 

LUTO
UT19 

LUTO
UT18 

LUTO
UT17 

LUTO
UT16 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT15 

LUTO
UT14 

LUTO
UT13 

LUTO
UT12 

LUTO
UT11 

LUTO
UT10 

LUTO
UT9 

LUTO
UT8 

LUTO
UT7 

LUTO
UT6 

LUTO
UT5 

LUTO
UT4 

LUTO
UT3 

LUTO
UT2 

LUTO
UT1 

LUTO
UT0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT31

LUTOUT31

30

LUTOUT30

LUTOUT30

29

LUTOUT29

LUTOUT29

28

LUTOUT28

LUTOUT28

27

LUTOUT27

LUTOUT27

26

LUTOUT26

LUTOUT26

25

LUTOUT25

LUTOUT25

24

LUTOUT24

LUTOUT24

23

LUTOUT23

LUTOUT23

22

LUTOUT22

LUTOUT22
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Table continued from the previous page...

Field Function

21

LUTOUT21

LUTOUT21

20

LUTOUT20

LUTOUT20

19

LUTOUT19

LUTOUT19

18

LUTOUT18

LUTOUT18

17

LUTOUT17

LUTOUT17

16

LUTOUT16

LUTOUT16

15

LUTOUT15

LUTOUT15

14

LUTOUT14

LUTOUT14

13

LUTOUT13

LUTOUT13

12

LUTOUT12

LUTOUT12

11

LUTOUT11

LUTOUT11

10

LUTOUT10

LUTOUT10

9

LUTOUT9

LUTOUT9

8

LUTOUT8

LUTOUT8

7 LUTOUT7
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Table continued from the previous page...

Field Function

LUTOUT7

6

LUTOUT6

LUTOUT6

5

LUTOUT5

LUTOUT5

4

LUTOUT4

LUTOUT4

3

LUTOUT3

LUTOUT3

2

LUTOUT2

LUTOUT2

1

LUTOUT1

LUTOUT1

0

LUTOUT0

LUTOUT0

60.6.1.554 (WFE_B_STG3_F8X1_OUT3_1)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_1

2720h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT63 

LUTO
UT62 

LUTO
UT61 

LUTO
UT60 

LUTO
UT59 

LUTO
UT58 

LUTO
UT57 

LUTO
UT56 

LUTO
UT55 

LUTO
UT54 

LUTO
UT53 

LUTO
UT52 

LUTO
UT51 

LUTO
UT50 

LUTO
UT49 

LUTO
UT48 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT47 

LUTO
UT46 

LUTO
UT45 

LUTO
UT44 

LUTO
UT43 

LUTO
UT42 

LUTO
UT41 

LUTO
UT40 

LUTO
UT39 

LUTO
UT38 

LUTO
UT37 

LUTO
UT36 

LUTO
UT35 

LUTO
UT34 

LUTO
UT33 

LUTO
UT32 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT63

LUTOUT63

30

LUTOUT62

LUTOUT62

29

LUTOUT61

LUTOUT61

28

LUTOUT60

LUTOUT60

27

LUTOUT59

LUTOUT59

26

LUTOUT58

LUTOUT58

25

LUTOUT57

LUTOUT57

24

LUTOUT56

LUTOUT56

23

LUTOUT55

LUTOUT55

22

LUTOUT54

LUTOUT54
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Table continued from the previous page...

Field Function

21

LUTOUT53

LUTOUT53

20

LUTOUT52

LUTOUT52

19

LUTOUT51

LUTOUT51

18

LUTOUT50

LUTOUT50

17

LUTOUT49

LUTOUT49

16

LUTOUT48

LUTOUT48

15

LUTOUT47

LUTOUT47

14

LUTOUT46

LUTOUT46

13

LUTOUT45

LUTOUT45

12

LUTOUT44

LUTOUT44

11

LUTOUT43

LUTOUT43

10

LUTOUT42

LUTOUT42

9

LUTOUT41

LUTOUT41

8

LUTOUT40

LUTOUT40

7 LUTOUT39
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Table continued from the previous page...

Field Function

LUTOUT39

6

LUTOUT38

LUTOUT38

5

LUTOUT37

LUTOUT37

4

LUTOUT36

LUTOUT36

3

LUTOUT35

LUTOUT35

2

LUTOUT34

LUTOUT34

1

LUTOUT33

LUTOUT33

0

LUTOUT32

LUTOUT32

60.6.1.555 (WFE_B_STG3_F8X1_OUT3_2)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_2

2730h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT95 

LUTO
UT94 

LUTO
UT93 

LUTO
UT92 

LUTO
UT91 

LUTO
UT90 

LUTO
UT89 

LUTO
UT88 

LUTO
UT87 

LUTO
UT86 

LUTO
UT85 

LUTO
UT84 

LUTO
UT83 

LUTO
UT82 

LUTO
UT81 

LUTO
UT80 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT79 

LUTO
UT78 

LUTO
UT77 

LUTO
UT76 

LUTO
UT75 

LUTO
UT74 

LUTO
UT73 

LUTO
UT72 

LUTO
UT71 

LUTO
UT70 

LUTO
UT69 

LUTO
UT68 

LUTO
UT67 

LUTO
UT66 

LUTO
UT65 

LUTO
UT64 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT95

LUTOUT95

30

LUTOUT94

LUTOUT94

29

LUTOUT93

LUTOUT93

28

LUTOUT92

LUTOUT92

27

LUTOUT91

LUTOUT91

26

LUTOUT90

LUTOUT90

25

LUTOUT89

LUTOUT89

24

LUTOUT88

LUTOUT88

23

LUTOUT87

LUTOUT87

22

LUTOUT86

LUTOUT86

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT85

LUTOUT85

20

LUTOUT84

LUTOUT84

19

LUTOUT83

LUTOUT83

18

LUTOUT82

LUTOUT82

17

LUTOUT81

LUTOUT81

16

LUTOUT80

LUTOUT80

15

LUTOUT79

LUTOUT79

14

LUTOUT78

LUTOUT78

13

LUTOUT77

LUTOUT77

12

LUTOUT76

LUTOUT76

11

LUTOUT75

LUTOUT75

10

LUTOUT74

LUTOUT74

9

LUTOUT73

LUTOUT73

8

LUTOUT72

LUTOUT72

7 LUTOUT71

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT71

6

LUTOUT70

LUTOUT70

5

LUTOUT69

LUTOUT69

4

LUTOUT68

LUTOUT68

3

LUTOUT67

LUTOUT67

2

LUTOUT66

LUTOUT66

1

LUTOUT65

LUTOUT65

0

LUTOUT64

LUTOUT64

60.6.1.556 (WFE_B_STG3_F8X1_OUT3_3)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_3

2740h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT99 

LUTO
UT98 

LUTO
UT97 

LUTO
UT96 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT127

LUTOUT127

30

LUTOUT126

LUTOUT126

29

LUTOUT125

LUTOUT125

28

LUTOUT124

LUTOUT124

27

LUTOUT123

LUTOUT123

26

LUTOUT122

LUTOUT122

25

LUTOUT121

LUTOUT121

24

LUTOUT120

LUTOUT120

23

LUTOUT119

LUTOUT119

22

LUTOUT118

LUTOUT118

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT117

LUTOUT117

20

LUTOUT116

LUTOUT116

19

LUTOUT115

LUTOUT115

18

LUTOUT114

LUTOUT114

17

LUTOUT113

LUTOUT113

16

LUTOUT112

LUTOUT112

15

LUTOUT111

LUTOUT111

14

LUTOUT110

LUTOUT110

13

LUTOUT109

LUTOUT109

12

LUTOUT108

LUTOUT108

11

LUTOUT107

LUTOUT107

10

LUTOUT106

LUTOUT106

9

LUTOUT105

LUTOUT105

8

LUTOUT104

LUTOUT104

7 LUTOUT103

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT103

6

LUTOUT102

LUTOUT102

5

LUTOUT101

LUTOUT101

4

LUTOUT100

LUTOUT100

3

LUTOUT99

LUTOUT99

2

LUTOUT98

LUTOUT98

1

LUTOUT97

LUTOUT97

0

LUTOUT96

LUTOUT96

60.6.1.557 (WFE_B_STG3_F8X1_OUT3_4)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_4

2750h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT159

LUTOUT159

30

LUTOUT158

LUTOUT158

29

LUTOUT157

LUTOUT157

28

LUTOUT156

LUTOUT156

27

LUTOUT155

LUTOUT155

26

LUTOUT154

LUTOUT154

25

LUTOUT153

LUTOUT153

24

LUTOUT152

LUTOUT152

23

LUTOUT151

LUTOUT151

22

LUTOUT150

LUTOUT150

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT149

LUTOUT149

20

LUTOUT148

LUTOUT148

19

LUTOUT147

LUTOUT147

18

LUTOUT146

LUTOUT146

17

LUTOUT145

LUTOUT145

16

LUTOUT144

LUTOUT144

15

LUTOUT143

LUTOUT143

14

LUTOUT142

LUTOUT142

13

LUTOUT141

LUTOUT141

12

LUTOUT140

LUTOUT140

11

LUTOUT139

LUTOUT139

10

LUTOUT138

LUTOUT138

9

LUTOUT137

LUTOUT137

8

LUTOUT136

LUTOUT136

7 LUTOUT135

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT135

6

LUTOUT134

LUTOUT134

5

LUTOUT133

LUTOUT133

4

LUTOUT132

LUTOUT132

3

LUTOUT131

LUTOUT131

2

LUTOUT130

LUTOUT130

1

LUTOUT129

LUTOUT129

0

LUTOUT128

LUTOUT128

60.6.1.558 (WFE_B_STG3_F8X1_OUT3_5)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_5

2760h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT191

LUTOUT191

30

LUTOUT190

LUTOUT190

29

LUTOUT189

LUTOUT189

28

LUTOUT188

LUTOUT188

27

LUTOUT187

LUTOUT187

26

LUTOUT186

LUTOUT186

25

LUTOUT185

LUTOUT185

24

LUTOUT184

LUTOUT184

23

LUTOUT183

LUTOUT183

22

LUTOUT182

LUTOUT182

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT181

LUTOUT181

20

LUTOUT180

LUTOUT180

19

LUTOUT179

LUTOUT179

18

LUTOUT178

LUTOUT178

17

LUTOUT177

LUTOUT177

16

LUTOUT176

LUTOUT176

15

LUTOUT175

LUTOUT175

14

LUTOUT174

LUTOUT174

13

LUTOUT173

LUTOUT173

12

LUTOUT172

LUTOUT172

11

LUTOUT171

LUTOUT171

10

LUTOUT170

LUTOUT170

9

LUTOUT169

LUTOUT169

8

LUTOUT168

LUTOUT168

7 LUTOUT167
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Table continued from the previous page...

Field Function

LUTOUT167

6

LUTOUT166

LUTOUT166

5

LUTOUT165

LUTOUT165

4

LUTOUT164

LUTOUT164

3

LUTOUT163

LUTOUT163

2

LUTOUT162

LUTOUT162

1

LUTOUT161

LUTOUT161

0

LUTOUT160

LUTOUT160

60.6.1.559 (WFE_B_STG3_F8X1_OUT3_6)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_6

2770h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...

LUTO
UT1...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT223

LUTOUT223

30

LUTOUT222

LUTOUT222

29

LUTOUT221

LUTOUT221

28

LUTOUT220

LUTOUT220

27

LUTOUT219

LUTOUT219

26

LUTOUT218

LUTOUT218

25

LUTOUT217

LUTOUT217

24

LUTOUT216

LUTOUT216

23

LUTOUT215

LUTOUT215

22

LUTOUT214

LUTOUT214

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

LUTOUT213

LUTOUT213

20

LUTOUT212

LUTOUT212

19

LUTOUT211

LUTOUT211

18

LUTOUT210

LUTOUT210

17

LUTOUT209

LUTOUT209

16

LUTOUT208

LUTOUT208

15

LUTOUT207

LUTOUT207

14

LUTOUT206

LUTOUT206

13

LUTOUT205

LUTOUT205

12

LUTOUT204

LUTOUT204

11

LUTOUT203

LUTOUT203

10

LUTOUT202

LUTOUT202

9

LUTOUT201

LUTOUT201

8

LUTOUT200

LUTOUT200

7 LUTOUT199
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Table continued from the previous page...

Field Function

LUTOUT199

6

LUTOUT198

LUTOUT198

5

LUTOUT197

LUTOUT197

4

LUTOUT196

LUTOUT196

3

LUTOUT195

LUTOUT195

2

LUTOUT194

LUTOUT194

1

LUTOUT193

LUTOUT193

0

LUTOUT192

LUTOUT192

60.6.1.560 (WFE_B_STG3_F8X1_OUT3_7)

Offset

Register Offset

WFE_B_STG3_F8X1_O
UT3_7

2780h

Function

This register defines the output values (new flag) for the 8x1 LUTs in stage 3.

The 5x1 LUT output value for input value n. This output value results in a flag that is added to the flag array.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...

LUTO
UT2...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

LUTOUT255

LUTOUT255

30

LUTOUT254

LUTOUT254

29

LUTOUT253

LUTOUT253

28

LUTOUT252

LUTOUT252

27

LUTOUT251

LUTOUT251

26

LUTOUT250

LUTOUT250

25

LUTOUT249

LUTOUT249

24

LUTOUT248

LUTOUT248

23

LUTOUT247

LUTOUT247

22

LUTOUT246

LUTOUT246

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4321 / 5781



Table continued from the previous page...

Field Function

21

LUTOUT245

LUTOUT245

20

LUTOUT244

LUTOUT244

19

LUTOUT243

LUTOUT243

18

LUTOUT242

LUTOUT242

17

LUTOUT241

LUTOUT241

16

LUTOUT240

LUTOUT240

15

LUTOUT239

LUTOUT239

14

LUTOUT238

LUTOUT238

13

LUTOUT237

LUTOUT237

12

LUTOUT236

LUTOUT236

11

LUTOUT235

LUTOUT235

10

LUTOUT234

LUTOUT234

9

LUTOUT233

LUTOUT233

8

LUTOUT232

LUTOUT232

7 LUTOUT231

Table continues on the next page...
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Table continued from the previous page...

Field Function

LUTOUT231

6

LUTOUT230

LUTOUT230

5

LUTOUT229

LUTOUT229

4

LUTOUT228

LUTOUT228

3

LUTOUT227

LUTOUT227

2

LUTOUT226

LUTOUT226

1

LUTOUT225

LUTOUT225

0

LUTOUT224

LUTOUT224

60.6.1.561 (WFE_B_STG3_F8X1_MASKS)

Offset

Register Offset

WFE_B_STG3_F8X1_M
ASKS

2790h

Function

Each set mask bit enables one of the corresponding flag input bits. There is one mask per 8x1 LUT.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK3 MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK1 MASK0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MASK3

MASK3

This field selects the input flags that are valid for 8x1 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

23-16

MASK2

MASK2

This field selects the input flags that are valid for 8x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

15-8

MASK1

MASK1

This field selects the input flags that are valid for 8x1 LUT 1. Bit 0 = input 1, Bit 1 = input 2 and so on.

7-0

MASK0

MASK0

This field selects the input flags that are valid for 8x1 LUT 0. Bit 0 = input 1, Bit 1 = input 2 and so on.

60.6.1.562 (ALU_A_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

ALU_A_CTRL 2810h -

ALU_A_CTRL_SET 2814h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_A_CTRL is 1

ALU_A_CTRL_CLR 2818h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_A_CTRL is 0

ALU_A_CTRL_TOG 281Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in ALU_A_CTRL

Function

This register defines the control bits for the pxp alu sub-block.
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ALU_A_CTRL: 0x2810

ALU_A_CTRL_SET: 0x2814

ALU_A_CTRL_CLR: 0x2818

ALU_A_CTRL_TOG: 0x281C

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 DONE RSVD1 DONE
_IR...

RSVD2 
DONE
_IR...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD3 BYPA
SS 

RSVD4 SW_R
ESET 

RSVD5 STAR
T 

RSVD6 ENAB
LE W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28

DONE

DONE

This bit will be set when the processing for a frame is done.

27-21

RSVD1

RSVD1

Reserved. This field always reads 0.

20

DONE_IRQ_EN

DONE_IRQ_EN

Enable the done irq

19-17

RSVD2

RSVD2

Reserved. This field always reads 0.

16

DONE_IRQ_FL
AG

DONE_IRQ_FLAG

Done IRQ flag, it will be set when done is set, it will be cleared by write 1 to it.

15-13

RSVD3

RSVD3

Reserved. This field always reads 0.

12 BYPASS

Table continues on the next page...
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Table continued from the previous page...

Field Function

BYPASS 0b - Normal Operation

1b - Bypass the ALU

11-9

RSVD4

RSVD4

Reserved. This field always reads 0.

8

SW_RESET

SW_RESET

Write to 1 to do a software reset to the alu, self-clear.

7-5

RSVD5

RSVD5

Reserved. This field always reads 0.

4

START

START

Write 1 to start operation, self-clear

3-1

RSVD6

RSVD6

Reserved. This field always reads 0.

0

ENABLE

ENABLE

0b - Disable ALU

1b - Enable ALU

60.6.1.563 (ALU_A_BUF_SIZE)

Offset

Register Offset

ALU_A_BUF_SIZE 2820h

Function

This register defines the size of the buffer to be processed by the alu engine.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
BUF_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

BUF_HEIGHT

BUF_HEIGHT

This indicate the buffer height in pixels

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

BUF_WIDTH

BUF_WIDTH

This indicate the buffer width in pixels

60.6.1.564 (ALU_A_INST_ENTRY)

Offset

Register Offset

ALU_A_INST_ENTRY 2830h

Function

This register defines the Entry Address for the Instruction Memory of the ALU.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ENTRY_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD0

RSVD0

Reserved. This field always reads 0.

15-0

ENTRY_ADDR

ENTRY_ADDR

Entry address for the instruction memory of ALU

60.6.1.565 (ALU_A_PARAM)

Offset

Register Offset

ALU_A_PARAM 2840h

Function

This register defines the parameter used by SW running on ALU.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PARAM1 PARAM0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

RSVD0

RSVD0

Reserved. This field always reads 0.

15-8

PARAM1

PARAM1

Parameter1 used for the SW running on ALU

7-0

PARAM0

PARAM0

Parameter0 used for the SW running on ALU

60.6.1.566 (ALU_A_CONFIG)

Offset

Register Offset

ALU_A_CONFIG 2850h

Function

This register defines the hardware configuration options for the alu core.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF_ADDR

BUF_ADDR

Configuration for the ALU core
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60.6.1.567 (ALU_A_LUT_CONFIG)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

ALU_A_LUT_CONFIG 2860h -

ALU_A_LUT_CONFIG_S
ET

2864h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_A_LUT_CONFIG is 1

ALU_A_LUT_CONFIG_C
LR

2868h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_A_LUT_CONFIG is 0

ALU_A_LUT_CONFIG_T
OG

286Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in ALU_A_LUT_CONFIG

Function

This register defines the hardware configuration options for the LUT

ALU_A_LUT_CONFIG: 0x2860

ALU_A_LUT_CONFIG_SET: 0x2864

ALU_A_LUT_CONFIG_CLR: 0x2868

ALU_A_LUT_CONFIG_TOG: 0x286C

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MODE 

RSVD1 
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved. This field always reads 0.

5-4 MODE

LUT operation mode setting

Table continues on the next page...
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Table continued from the previous page...

Field Function

MODE 00b - Reserved

01b - 6-bit mode

10b - 5-bit mode

11b - 4-bit mode

3-1

RSVD1

RSVD1

Reserved. This field always reads 0.

0

EN

EN

Enable LUT function

60.6.1.568 (ALU_A_LUT_DATA0)

Offset

Register Offset

ALU_A_LUT_DATA0 2870h

Function

This register defines the lower 32-bit data for the LUT

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUT_DATA_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUT_DATA_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUT_DATA_L

LUT_DATA_L

Lower 32-bit Data for the LUT
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60.6.1.569 (ALU_A_LUT_DATA1)

Offset

Register Offset

ALU_A_LUT_DATA1 2880h

Function

This register defines the higher 32-bit data for the LUT

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUT_DATA_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUT_DATA_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUT_DATA_H

LUT_DATA_H

Higher 32-bit Data for the LUT

60.6.1.570 (ALU_A_DBG)

Offset

Register Offset

ALU_A_DBG 2890h

Function

This register is used for debugging alu block
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DEBUG_SEL 

DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

DEBUG_SEL

DEBUG_SEL

Select the signal to be monitored

23-0

DEBUG_VALU
E

DEBUG_VALUE

Value of the signals to be monitored

60.6.1.571 (ALU_B_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

ALU_B_CTRL 28A0h -

ALU_B_CTRL_SET 28A4h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_B_CTRL is 1

ALU_B_CTRL_CLR 28A8h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_B_CTRL is 0

ALU_B_CTRL_TOG 28ACh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in ALU_B_CTRL

Function

This register defines the control bits for the pxp alu sub-block.

ALU_B_CTRL: 0x28A0

ALU_B_CTRL_SET: 0x28A4

ALU_B_CTRL_CLR: 0x28A8

ALU_B_CTRL_TOG: 0x28AC
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 DONE RSVD1 DONE
_IR...

RSVD2 
DONE
_IR...

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD3 BYPA
SS 

RSVD4 SW_R
ESET 

RSVD5 STAR
T 

RSVD6 ENAB
LE W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28

DONE

DONE

This bit will be set when the processing for a frame is done.

27-21

RSVD1

RSVD1

Reserved. This field always reads 0.

20

DONE_IRQ_EN

DONE_IRQ_EN

Enable the done irq

19-17

RSVD2

RSVD2

Reserved. This field always reads 0.

16

DONE_IRQ_FL
AG

DONE_IRQ_FLAG

Done IRQ flag, it will be set when done is set, it will be cleared by write 1 to it.

15-13

RSVD3

RSVD3

Reserved. This field always reads 0.

12

BYPASS

BYPASS

0b - Normal Operation

1b - Bypass the ALU

11-9

RSVD4

RSVD4

Reserved. This field always reads 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

8

SW_RESET

SW_RESET

Write to 1 to do a software reset to the alu, self-clear.

7-5

RSVD5

RSVD5

Reserved. This field always reads 0.

4

START

START

Write 1 to start operation, self-clear

3-1

RSVD6

RSVD6

Reserved. This field always reads 0.

0

ENABLE

ENABLE

0b - Disable ALU

1b - Enable ALU

60.6.1.572 (ALU_B_BUF_SIZE)

Offset

Register Offset

ALU_B_BUF_SIZE 28B0h

Function

This register defines the size of the buffer to be processed by the alu engine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
BUF_HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
BUF_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

BUF_HEIGHT

BUF_HEIGHT

This indicate the buffer height in pixels

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

BUF_WIDTH

BUF_WIDTH

This indicate the buffer width in pixels

60.6.1.573 (ALU_B_INST_ENTRY)

Offset

Register Offset

ALU_B_INST_ENTRY 28C0h

Function

This register defines the Entry Address for the Instruction Memory of the ALU.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ENTRY_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 RSVD0

Table continues on the next page...
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Table continued from the previous page...

Field Function

RSVD0 Reserved. This field always reads 0.

15-0

ENTRY_ADDR

ENTRY_ADDR

Entry address for the instruction memory of ALU

60.6.1.574 (ALU_B_PARAM)

Offset

Register Offset

ALU_B_PARAM 28D0h

Function

This register defines the parameter used by SW running on ALU.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PARAM1 PARAM0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD0

RSVD0

Reserved. This field always reads 0.

15-8

PARAM1

PARAM1

Parameter1 used for the SW running on ALU

7-0

PARAM0

PARAM0

Parameter0 used for the SW running on ALU
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60.6.1.575 (ALU_B_CONFIG)

Offset

Register Offset

ALU_B_CONFIG 28E0h

Function

This register defines the hardware configuration options for the alu core.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
BUF_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

BUF_ADDR

BUF_ADDR

Configuration for the ALU core

60.6.1.576 (ALU_B_LUT_CONFIG)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

ALU_B_LUT_CONFIG 28F0h -

ALU_B_LUT_CONFIG_S
ET

28F4h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_B_LUT_CONFIG is 1

ALU_B_LUT_CONFIG_C
LR

28F8h Writing 1 to a bit in this register ensures that the 
corresponding bit in ALU_B_LUT_CONFIG is 0

ALU_B_LUT_CONFIG_T
OG

28FCh Writing 1 to a bit in this register inverts the value of 
the corresponding bit in ALU_B_LUT_CONFIG
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Function

This register defines the hardware configuration options for the LUT

ALU_B_LUT_CONFIG: 0x28F0

ALU_B_LUT_CONFIG_SET: 0x28F4

ALU_B_LUT_CONFIG_CLR: 0x28F8

ALU_B_LUT_CONFIG_TOG: 0x28FC

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
MODE 

RSVD1 
EN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

RSVD0

RSVD0

Reserved. This field always reads 0.

5-4

MODE

MODE

LUT operation mode setting

00b - Reserved

01b - 6-bit mode

10b - 5-bit mode

11b - 4-bit mode

3-1

RSVD1

RSVD1

Reserved. This field always reads 0.

0

EN

EN

Enable LUT function
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60.6.1.577 (ALU_B_LUT_DATA0)

Offset

Register Offset

ALU_B_LUT_DATA0 2900h

Function

This register defines the lower 32-bit data for the LUT

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUT_DATA_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUT_DATA_L 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUT_DATA_L

LUT_DATA_L

Lower 32-bit Data for the LUT

60.6.1.578 (ALU_B_LUT_DATA1)

Offset

Register Offset

ALU_B_LUT_DATA1 2910h

Function

This register defines the higher 32-bit data for the LUT
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LUT_DATA_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
LUT_DATA_H 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

LUT_DATA_H

LUT_DATA_H

Higher 32-bit Data for the LUT

60.6.1.579 (ALU_B_DBG)

Offset

Register Offset

ALU_B_DBG 2920h

Function

This register is used for debugging alu block

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DEBUG_SEL 

DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

DEBUG_SEL

DEBUG_SEL

Select the signal to be monitored

23-0

DEBUG_VALU
E

DEBUG_VALUE

Value of the signals to be monitored

60.6.1.580 Histogram Control Register. (HIST_A_CTRL)

Offset

Register Offset

HIST_A_CTRL 2A00h

Function

Provides control and status registers for the PXP's histogram classification algorithm.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD4 
PIXEL_WIDTH 

RSVD
3 PIXEL_OFFSET 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 STATUS RSVD1 CLEA
R 

RSVD0 ENABL
E W

Reset 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD4

RSVD4

Reserved, always set to zero.

26-24

PIXEL_WIDTH

PIXEL_WIDTH

The width of the pixel to be used for histogram calculation

Table continues on the next page...
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Table continued from the previous page...

Field Function

23

RSVD3

RSVD3

Reserved, always set to zero.

22-16

PIXEL_OFFSE
T

PIXEL_OFFSET

The offset of the pixel to be used for histogram calculation

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

STATUS

STATUS

Indicates which histogram matched the processed bitmap.

Bit[0] indicates that the bitmap pixels were fully contained within the HIST2 (black / white) histogram.

Bit[1] indicates that the bitmap pixels were fully contained within the HIST4 (2-bit grayscale) histogram.

Bit[2] indicates that the bitmap pixels were fully contained within the HIST8 (3-bit grayscale) histogram.

Bit[3] indicates that the bitmap pixels were fully contained within the HIST16 (4-bit grayscale) histogram.

Bit[4] indicates that the bitmap pixels were fully contained within the HIST32 (5-bit grayscale) histogram.

7-5

RSVD1

RSVD1

Reserved, always set to zero.

4

CLEAR

CLEAR

Write 1 to clear the histogram result and will be self-clear after clear function finished

3-1

RSVD0

RSVD0

Reserved, always set to zero.

0

ENABLE

ENABLE

Enable the Histogram Engine

60.6.1.581 Histogram Pixel Mask Register. (HIST_A_MASK)

Offset

Register Offset

HIST_A_MASK 2A10h

Function

Provides control registers for the pixel masking in PXP's histogram.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK_VALUE1 MASK_VALUE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK_WIDTH MASK_OFFSET MASK_MODE 

RSVD0 MASK
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MASK_VALUE1

MASK_VALUE1

The value1 for mask condition checking

23-16

MASK_VALUE0

MASK_VALUE0

The value0 for mask condition checking

15-13

MASK_WIDTH

MASK_WIDTH

The width of the field to be checked against mask condition

12-6

MASK_OFFSE
T

MASK_OFFSET

The offset of the field to be checked against mask condition

5-4

MASK_MODE

MASK_MODE

Operation mode of pixel mask function

00b - EQUAL : Run histogram for pixels equal to value0

01b - NOT_EQUAL : Run histogram for pixels not equal to value0

10b - INSIDE : Run histogram for pixels within the range of value0 to value1

11b - OUTSIDE : Run histogram for pixels outside of the rang of value0 to value1

3-1

RSVD0

RSVD0

Reserved, always set to zero.

0

MASK_EN

MASK_EN

Enable the Pixel Mask Function in Histogram
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60.6.1.582 Histogram Pixel Buffer Size Register. (HIST_A_BUF_SIZE)

Offset

Register Offset

HIST_A_BUF_SIZE 2A20h

Function

This register defines the size of the buffer to be processed by the histogram engine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

HEIGHT

HEIGHT

This indicate the buffer height in pixels

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

WIDTH

WIDTH

This indicate the buffer width in pixels

60.6.1.583 Total Number of Pixels Used by Histogram Engine. (HIST_A_TOTAL_PIXEL)

Offset

Register Offset

HIST_A_TOTAL_PIXEL 2A30h
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Function

This register shows the total number of pixels used by histogram engine

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 TOTAL_PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TOTAL_PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

RSVD0

RSVD0

Reserved. This field always reads 0.

25-0

TOTAL_PIXEL

TOTAL_PIXEL

Total number of pixels used by histogram engine, the pixels got masked will be skipped

60.6.1.584 The X Coordinate Offset for Active Area. (HIST_A_ACTIVE_AREA_X)

Offset

Register Offset

HIST_A_ACTIVE_AREA
_X

2A40h

Function

This register shows the minimal and maximum X coordinate offset for the active area in histogram processing
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 MAX_X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 MIN_X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD1

RSVD1

Reserved. This field always reads 0.

28-16

MAX_X_OFFSE
T

MAX_X_OFFSET

Maximum X coordinate offset for the active area in histogram processing

15-13

RSVD0

RSVD0

Reserved. This field always reads 0.

12-0

MIN_X_OFFSE
T

MIN_X_OFFSET

Minimal X coordinate offset for the active area in histogram processing

60.6.1.585 The Y Coordinate Offset for Active Area. (HIST_A_ACTIVE_AREA_Y)

Offset

Register Offset

HIST_A_ACTIVE_AREA
_Y

2A50h

Function

This register shows the minimal and maximum Y coordinate offset for the active area in histogram processing
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 MAX_Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 MIN_Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD1

RSVD1

Reserved. This field always reads 0.

28-16

MAX_Y_OFFSE
T

MAX_Y_OFFSET

Maximum Y coordinate offset for the active area in histogram processing

15-13

RSVD0

RSVD0

Reserved. This field always reads 0.

12-0

MIN_Y_OFFSE
T

MIN_Y_OFFSET

Minimal Y coordinate offset for the active area in histogram processing

60.6.1.586 Histogram Result Based on RAW Pixel Value. (HIST_A_RAW_STAT0)

Offset

Register Offset

HIST_A_RAW_STAT0 2A60h

Function

This register shows the lower 32-bit of the histogram result based on raw pixel value

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4348 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STAT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STAT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

STAT0

STAT0

Lower 32-bit result of the histogram calculation

60.6.1.587 Histogram Result Based on RAW Pixel Value. (HIST_A_RAW_STAT1)

Offset

Register Offset

HIST_A_RAW_STAT1 2A70h

Function

This register shows the higher 32-bit of the histogram result based on raw pixel value

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STAT1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STAT1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

STAT1

STAT1

Higher 32-bit result of the histogram calculation

60.6.1.588 Histogram Control Register. (HIST_B_CTRL)

Offset

Register Offset

HIST_B_CTRL 2A80h

Function

Provides control and status registers for the PXP's histogram classification algorithm.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD4 
PIXEL_WIDTH 

RSVD
3 PIXEL_OFFSET 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD2 STATUS RSVD1 CLEA
R 

RSVD0 ENABL
E W

Reset 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

RSVD4

RSVD4

Reserved, always set to zero.

26-24

PIXEL_WIDTH

PIXEL_WIDTH

The width of the pixel to be used for histogram calculation

23

RSVD3

RSVD3

Reserved, always set to zero.

22-16 PIXEL_OFFSET

Table continues on the next page...
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Table continued from the previous page...

Field Function

PIXEL_OFFSE
T

The offset of the pixel to be used for histogram calculation

15-13

RSVD2

RSVD2

Reserved, always set to zero.

12-8

STATUS

STATUS

Indicates which histogram matched the processed bitmap.

Bit[0] indicates that the bitmap pixels were fully contained within the HIST2 (black / white) histogram.

Bit[1] indicates that the bitmap pixels were fully contained within the HIST4 (2-bit grayscale) histogram.

Bit[2] indicates that the bitmap pixels were fully contained within the HIST8 (3-bit grayscale) histogram.

Bit[3] indicates that the bitmap pixels were fully contained within the HIST16 (4-bit grayscale) histogram.

Bit[4] indicates that the bitmap pixels were fully contained within the HIST32 (5-bit grayscale) histogram.

7-5

RSVD1

RSVD1

Reserved, always set to zero.

4

CLEAR

CLEAR

Write 1 to clear the histogram result and will be self-clear after clear function finished

3-1

RSVD0

RSVD0

Reserved, always set to zero.

0

ENABLE

ENABLE

Enable the Histogram Engine

60.6.1.589 Histogram Pixel Mask Register. (HIST_B_MASK)

Offset

Register Offset

HIST_B_MASK 2A90h

Function

Provides control registers for the pixel masking in PXP's histogram.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK_VALUE1 MASK_VALUE0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK_WIDTH MASK_OFFSET MASK_MODE 

RSVD0 MASK
_EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MASK_VALUE1

MASK_VALUE1

The value1 for mask condition checking

23-16

MASK_VALUE0

MASK_VALUE0

The value0 for mask condition checking

15-13

MASK_WIDTH

MASK_WIDTH

The width of the field to be checked against mask condition

12-6

MASK_OFFSE
T

MASK_OFFSET

The offset of the field to be checked against mask condition

5-4

MASK_MODE

MASK_MODE

Operation mode of pixel mask function

00b - EQUAL : Run histogram for pixels equal to value0

01b - NOT_EQUAL : Run histogram for pixels not equal to value0

10b - INSIDE : Run histogram for pixels within the range of value0 to value1

11b - OUTSIDE : Run histogram for pixels outside of the rang of value0 to value1

3-1

RSVD0

RSVD0

Reserved, always set to zero.

0

MASK_EN

MASK_EN

Enable the Pixel Mask Function in Histogram
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60.6.1.590 Histogram Pixel Buffer Size Register. (HIST_B_BUF_SIZE)

Offset

Register Offset

HIST_B_BUF_SIZE 2AA0h

Function

This register defines the size of the buffer to be processed by the histogram engine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
HEIGHT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

HEIGHT

HEIGHT

This indicate the buffer height in pixels

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

WIDTH

WIDTH

This indicate the buffer width in pixels

60.6.1.591 Total Number of Pixels Used by Histogram Engine. (HIST_B_TOTAL_PIXEL)

Offset

Register Offset

HIST_B_TOTAL_PIXEL 2AB0h
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Function

This register shows the total number of pixels used by histogram engine

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 TOTAL_PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TOTAL_PIXEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

RSVD0

RSVD0

Reserved. This field always reads 0.

25-0

TOTAL_PIXEL

TOTAL_PIXEL

Total number of pixels used by histogram engine, the pixels got masked will be skipped

60.6.1.592 The X Coordinate Offset for Active Area. (HIST_B_ACTIVE_AREA_X)

Offset

Register Offset

HIST_B_ACTIVE_AREA
_X

2AC0h

Function

This register shows the minimal and maximum X coordinate offset for the active area in histogram processing
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 MAX_X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 MIN_X_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD1

RSVD1

Reserved. This field always reads 0.

28-16

MAX_X_OFFSE
T

MAX_X_OFFSET

Maximum X coordinate offset for the active area in histogram processing

15-13

RSVD0

RSVD0

Reserved. This field always reads 0.

12-0

MIN_X_OFFSE
T

MIN_X_OFFSET

Minimal X coordinate offset for the active area in histogram processing

60.6.1.593 The Y Coordinate Offset for Active Area. (HIST_B_ACTIVE_AREA_Y)

Offset

Register Offset

HIST_B_ACTIVE_AREA
_Y

2AD0h

Function

This register shows the minimal and maximum Y coordinate offset for the active area in histogram processing
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 MAX_Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 MIN_Y_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

RSVD1

RSVD1

Reserved. This field always reads 0.

28-16

MAX_Y_OFFSE
T

MAX_Y_OFFSET

Maximum Y coordinate offset for the active area in histogram processing

15-13

RSVD0

RSVD0

Reserved. This field always reads 0.

12-0

MIN_Y_OFFSE
T

MIN_Y_OFFSET

Minimal Y coordinate offset for the active area in histogram processing

60.6.1.594 Histogram Result Based on RAW Pixel Value. (HIST_B_RAW_STAT0)

Offset

Register Offset

HIST_B_RAW_STAT0 2AE0h

Function

This register shows the lower 32-bit of the histogram result based on raw pixel value
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STAT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STAT0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

STAT0

STAT0

Lower 32-bit result of the histogram calculation

60.6.1.595 Histogram Result Based on RAW Pixel Value. (HIST_B_RAW_STAT1)

Offset

Register Offset

HIST_B_RAW_STAT1 2AF0h

Function

This register shows the higher 32-bit of the histogram result based on raw pixel value

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STAT1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STAT1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

STAT1

STAT1

Higher 32-bit result of the histogram calculation

60.6.1.596 2-level Histogram Parameter Register. (HIST2_PARAM)

Offset

Register Offset

HIST2_PARAM 2B00h

Function

This register specifies the valid values for a 2-level histogram. If all pixels in a bitmap match the 2-level histogram values, 
STATUS[0] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE1 

RSVD0 
VALUE0 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD

RSVD

Reserved, always set to zero.

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8

VALUE1

VALUE1

White value for 2-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE0

VALUE0

Black value for 2-level histogram

60.6.1.597 4-level Histogram Parameter Register. (HIST4_PARAM)

Offset

Register Offset

HIST4_PARAM 2B10h

Function

This register specifies the valid values for a 4-level histogram. If all pixels in a bitmap match the 4-level histogram values, 
STATUS[1] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
VALUE3 

RSVD2 
VALUE2 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE1 

RSVD0 
VALUE0 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD3

RSVD3

Reserved, always set to zero.

29-24

VALUE3

VALUE3

GRAY3 (White) value for 4-level histogram

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-16

VALUE2

VALUE2

GRAY2 value for 4-level histogram

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8

VALUE1

VALUE1

GRAY1 value for 4-level histogram

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE0

VALUE0

GRAY0 (Black) value for 4-level histogram

60.6.1.598 8-level Histogram Parameter 0 Register. (HIST8_PARAM0)

Offset

Register Offset

HIST8_PARAM0 2B20h

Function

This register specifies four of the valid values for an 8-level histogram. If all pixels in a bitmap match the 8-level histogram values, 
STATUS[2] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
VALUE3 

RSVD2 
VALUE2 

W

Reset 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE1 

RSVD0 
VALUE0 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

RSVD3

RSVD3

Reserved, always set to zero.

29-24

VALUE3

VALUE3

GRAY3 value for 8-level histogram

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-16

VALUE2

VALUE2

GRAY2 value for 8-level histogram

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8

VALUE1

VALUE1

GRAY1 value for 8-level histogram

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE0

VALUE0

GRAY0 (Black) value for 8-level histogram

60.6.1.599 8-level Histogram Parameter 1 Register. (HIST8_PARAM1)

Offset

Register Offset

HIST8_PARAM1 2B30h

Function

This register specifies four of the valid values for an 8-level histogram. If all pixels in a bitmap match the 8-level histogram values, 
STATUS[2] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD7 
VALUE7 

RSVD6 
VALUE6 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD5 
VALUE5 

RSVD4 
VALUE4 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 1

Fields

Field Function

31-30

RSVD7

RSVD7

Reserved, always set to zero.

29-24

VALUE7

VALUE7

GRAY7 (White) value for 8-level histogram

23-22

RSVD6

RSVD6

Reserved, always set to zero.

21-16

VALUE6

VALUE6

GRAY6 value for 8-level histogram

15-14

RSVD5

RSVD5

Reserved, always set to zero.

13-8

VALUE5

VALUE5

GRAY5 value for 8-level histogram

7-6

RSVD4

RSVD4

Reserved, always set to zero.

5-0

VALUE4

VALUE4

GRAY4 value for 8-level histogram
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60.6.1.600 16-level Histogram Parameter 0 Register. (HIST16_PARAM0)

Offset

Register Offset

HIST16_PARAM0 2B40h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match the 16-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
VALUE3 

RSVD2 
VALUE2 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE1 

RSVD0 
VALUE0 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD3

RSVD3

Reserved, always set to zero.

29-24

VALUE3

VALUE3

GRAY3 value for 16-level histogram

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-16

VALUE2

VALUE2

GRAY2 value for 16-level histogram

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8 VALUE1

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE1 GRAY1 value for 16-level histogram

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE0

VALUE0

GRAY0 (Black) value for 16-level histogram

60.6.1.601 16-level Histogram Parameter 1 Register. (HIST16_PARAM1)

Offset

Register Offset

HIST16_PARAM1 2B50h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match the 16-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD7 
VALUE7 

RSVD6 
VALUE6 

W

Reset 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD5 
VALUE5 

RSVD4 
VALUE4 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0

Fields

Field Function

31-30

RSVD7

RSVD7

Reserved, always set to zero.

29-24 VALUE7

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE7 GRAY7 value for 16-level histogram

23-22

RSVD6

RSVD6

Reserved, always set to zero.

21-16

VALUE6

VALUE6

GRAY6 value for 16-level histogram

15-14

RSVD5

RSVD5

Reserved, always set to zero.

13-8

VALUE5

VALUE5

GRAY5 value for 16-level histogram

7-6

RSVD4

RSVD4

Reserved, always set to zero.

5-0

VALUE4

VALUE4

GRAY4 value for 16-level histogram

60.6.1.602 16-level Histogram Parameter 2 Register. (HIST16_PARAM2)

Offset

Register Offset

HIST16_PARAM2 2B60h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match the 16-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD11 
VALUE11 

RSVD10 
VALUE10 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD9 
VALUE9 

RSVD8 
VALUE8 

W

Reset 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

Fields

Field Function

31-30

RSVD11

RSVD11

Reserved, always set to zero.

29-24

VALUE11

VALUE11

GRAY11 value for 16-level histogram

23-22

RSVD10

RSVD10

Reserved, always set to zero.

21-16

VALUE10

VALUE10

GRAY10 value for 16-level histogram

15-14

RSVD9

RSVD9

Reserved, always set to zero.

13-8

VALUE9

VALUE9

GRAY9 value for 16-level histogram

7-6

RSVD8

RSVD8

Reserved, always set to zero.

5-0

VALUE8

VALUE8

GRAY8 value for 16-level histogram
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60.6.1.603 16-level Histogram Parameter 3 Register. (HIST16_PARAM3)

Offset

Register Offset

HIST16_PARAM3 2B70h

Function

This register specifies four of the valid values for a 16-level histogram. If all pixels in a bitmap match the 16-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD15 
VALUE15 

RSVD14 
VALUE14 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD13 
VALUE13 

RSVD12 
VALUE12 

W

Reset 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD15

RSVD15

Reserved, always set to zero.

29-24

VALUE15

VALUE15

GRAY15 (White) value for 16-level histogram

23-22

RSVD14

RSVD14

Reserved, always set to zero.

21-16

VALUE14

VALUE14

GRAY14 value for 16-level histogram

15-14

RSVD13

RSVD13

Reserved, always set to zero.

13-8 VALUE13

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE13 GRAY13 value for 16-level histogram

7-6

RSVD12

RSVD12

Reserved, always set to zero.

5-0

VALUE12

VALUE12

GRAY12 value for 16-level histogram

60.6.1.604 32-level Histogram Parameter 0 Register. (HIST32_PARAM0)

Offset

Register Offset

HIST32_PARAM0 2B80h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
VALUE3 

RSVD2 
VALUE2 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE1 

RSVD0 
VALUE0 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD3

RSVD3

Reserved, always set to zero.

29-24 VALUE3

Table continues on the next page...

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4368 / 5781



Table continued from the previous page...

Field Function

VALUE3 GRAY3 value for 32-level histogram

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-16

VALUE2

VALUE2

GRAY2 value for 32-level histogram

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8

VALUE1

VALUE1

GRAY1 value for 32-level histogram

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE0

VALUE0

GRAY0 (Black) value for 32-level histogram

60.6.1.605 32-level Histogram Parameter 1 Register. (HIST32_PARAM1)

Offset

Register Offset

HIST32_PARAM1 2B90h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD7 
VALUE7 

RSVD6 
VALUE6 

W

Reset 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD5 
VALUE5 

RSVD4 
VALUE4 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0

Fields

Field Function

31-30

RSVD7

RSVD7

Reserved, always set to zero.

29-24

VALUE7

VALUE7

GRAY7 value for 32-level histogram

23-22

RSVD6

RSVD6

Reserved, always set to zero.

21-16

VALUE6

VALUE6

GRAY6 value for 32-level histogram

15-14

RSVD5

RSVD5

Reserved, always set to zero.

13-8

VALUE5

VALUE5

GRAY5 value for 32-level histogram

7-6

RSVD4

RSVD4

Reserved, always set to zero.

5-0

VALUE4

VALUE4

GRAY4 value for 32-level histogram
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60.6.1.606 32-level Histogram Parameter 2 Register. (HIST32_PARAM2)

Offset

Register Offset

HIST32_PARAM2 2BA0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD11 
VALUE11 

RSVD10 
VALUE10 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD9 
VALUE9 

RSVD8 
VALUE8 

W

Reset 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

Fields

Field Function

31-30

RSVD11

RSVD11

Reserved, always set to zero.

29-24

VALUE11

VALUE11

GRAY11 value for 32-level histogram

23-22

RSVD10

RSVD10

Reserved, always set to zero.

21-16

VALUE10

VALUE10

GRAY10 value for 32-level histogram

15-14

RSVD9

RSVD9

Reserved, always set to zero.

13-8 VALUE9

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE9 GRAY9 value for 32-level histogram

7-6

RSVD8

RSVD8

Reserved, always set to zero.

5-0

VALUE8

VALUE8

GRAY8 value for 32-level histogram

60.6.1.607 32-level Histogram Parameter 3 Register. (HIST32_PARAM3)

Offset

Register Offset

HIST32_PARAM3 2BB0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD15 
VALUE15 

RSVD14 
VALUE14 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD13 
VALUE13 

RSVD12 
VALUE12 

W

Reset 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD15

RSVD15

Reserved, always set to zero.

29-24 VALUE15

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE15 GRAY15 (White) value for 32-level histogram

23-22

RSVD14

RSVD14

Reserved, always set to zero.

21-16

VALUE14

VALUE14

GRAY14 value for 32-level histogram

15-14

RSVD13

RSVD13

Reserved, always set to zero.

13-8

VALUE13

VALUE13

GRAY13 value for 32-level histogram

7-6

RSVD12

RSVD12

Reserved, always set to zero.

5-0

VALUE12

VALUE12

GRAY12 value for 32-level histogram

60.6.1.608 32-level Histogram Parameter 0 Register. (HIST32_PARAM4)

Offset

Register Offset

HIST32_PARAM4 2BC0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD3 
VALUE19 

RSVD2 
VALUE18 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
VALUE17 

RSVD0 
VALUE16 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

RSVD3

RSVD3

Reserved, always set to zero.

29-24

VALUE19

VALUE19

GRAY19 value for 32-level histogram

23-22

RSVD2

RSVD2

Reserved, always set to zero.

21-16

VALUE18

VALUE18

GRAY18 value for 32-level histogram

15-14

RSVD1

RSVD1

Reserved, always set to zero.

13-8

VALUE17

VALUE17

GRAY17 value for 32-level histogram

7-6

RSVD0

RSVD0

Reserved, always set to zero.

5-0

VALUE16

VALUE16

GRAY16 (Black) value for 32-level histogram
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60.6.1.609 32-level Histogram Parameter 1 Register. (HIST32_PARAM5)

Offset

Register Offset

HIST32_PARAM5 2BD0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD7 
VALUE23 

RSVD6 
VALUE22 

W

Reset 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD5 
VALUE21 

RSVD4 
VALUE20 

W

Reset 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0

Fields

Field Function

31-30

RSVD7

RSVD7

Reserved, always set to zero.

29-24

VALUE23

VALUE23

GRAY23 value for 32-level histogram

23-22

RSVD6

RSVD6

Reserved, always set to zero.

21-16

VALUE22

VALUE22

GRAY22 value for 32-level histogram

15-14

RSVD5

RSVD5

Reserved, always set to zero.

13-8 VALUE21

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE21 GRAY21 value for 32-level histogram

7-6

RSVD4

RSVD4

Reserved, always set to zero.

5-0

VALUE20

VALUE20

GRAY20 value for 32-level histogram

60.6.1.610 32-level Histogram Parameter 2 Register. (HIST32_PARAM6)

Offset

Register Offset

HIST32_PARAM6 2BE0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD11 
VALUE27 

RSVD10 
VALUE26 

W

Reset 0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD9 
VALUE25 

RSVD8 
VALUE24 

W

Reset 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

Fields

Field Function

31-30

RSVD11

RSVD11

Reserved, always set to zero.

29-24 VALUE27

Table continues on the next page...
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Table continued from the previous page...

Field Function

VALUE27 GRAY27 value for 32-level histogram

23-22

RSVD10

RSVD10

Reserved, always set to zero.

21-16

VALUE26

VALUE26

GRAY26 value for 32-level histogram

15-14

RSVD9

RSVD9

Reserved, always set to zero.

13-8

VALUE25

VALUE25

GRAY25 value for 32-level histogram

7-6

RSVD8

RSVD8

Reserved, always set to zero.

5-0

VALUE24

VALUE24

GRAY24 value for 32-level histogram

60.6.1.611 32-level Histogram Parameter 3 Register. (HIST32_PARAM7)

Offset

Register Offset

HIST32_PARAM7 2BF0h

Function

This register specifies four of the valid values for a 32-level histogram. If all pixels in a bitmap match the 32-level histogram values, 
STATUS[3] will be set at the end of frame processing. All comparator values should be programmed such that they are consistent 
with the PANEL_MODE control field.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD15 
VALUE31 

RSVD14 
VALUE30 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD13 
VALUE29 

RSVD2 
VALUE28 

W

Reset 0 0 0 0 1 1 0 1 0 0 0 0 1 1 0 0

Fields

Field Function

31-30

RSVD15

RSVD15

Reserved, always set to zero.

29-24

VALUE31

VALUE31

GRAY31 (White) value for 32-level histogram

23-22

RSVD14

RSVD14

Reserved, always set to zero.

21-16

VALUE30

VALUE30

GRAY30 value for 32-level histogram

15-14

RSVD13

RSVD13

Reserved, always set to zero.

13-8

VALUE29

VALUE29

GRAY29 value for 32-level histogram

7-6

RSVD2

RSVD2

Reserved, always set to zero.

5-0

VALUE28

VALUE28

GRAY28 value for 32-level histogram

60.6.1.612 (COMP_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.
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Register Offset Description

COMP_CTRL 2C00h -

COMP_CTRL_SET 2C04h Writing 1 to a bit in this register ensures that the 
corresponding bit in COMP_CTRL is 1

COMP_CTRL_CLR 2C08h Writing 1 to a bit in this register ensures that the 
corresponding bit in COMP_CTRL is 0

COMP_CTRL_TOG 2C0Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in COMP_CTRL

Function

This register defines the control bits for the pxp compression sub-block.

COMP_CTRL: 0x2C00

COMP_CTRL_SET: 0x2C04

COMP_CTRL_CLR: 0x2C08

COMP_CTRL_TOG: 0x2C0C

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 SW_R
ESET 

RSVD1 
START 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

RSVD0

RSVD0

Reserved. This field always reads 0.

8

SW_RESET

SW_RESET

Write to 1 to do a software reset to the engine, self-clear.

7-1

RSVD1

RSVD1

Reserved. This field always reads 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

START

START

Write to 1 to start operation, self-clear

60.6.1.613 (COMP_FORMAT0)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

COMP_FORMAT0 2C10h -

COMP_FORMAT0_SET 2C14h Writing 1 to a bit in this register ensures that the 
corresponding bit in COMP_FORMAT0 is 1

COMP_FORMAT0_CLR 2C18h Writing 1 to a bit in this register ensures that the 
corresponding bit in COMP_FORMAT0 is 0

COMP_FORMAT0_TOG 2C1Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in COMP_FORMAT0

Function

This register defines the format bits for the pxp compression sub-block.

COMP_FORMAT0: 0x2C10

COMP_FORMAT0_SET: 0x2C14

COMP_FORMAT0_CLR: 0x2C18

COMP_FORMAT0_TOG: 0x2C1C

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
FIFOF
ULL 

ERR_P
RO... PIXEL_PITCH_64B 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
MASK_INDEX 

RSVD2 
FIELD_NUM 

RSVD3 DISAB
LE...

FLAG_
32B W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

RSVD0

RSVD0

Reserved. This field always reads 0.

27

FIFOFULL

FIFOFULL

step1 write fifo full

26

ERR_PRONE

ERR_PRONE

step1 write fifo full. If detected, this bit is 1, there is data error in current frame.

25-16

PIXEL_PITCH_
64B

PIXEL_PITCH_64B

extend each line to be 64-bit aligned

15-10

RSVD1

RSVD1

Reserved. This field always reads 0.

9-8

MASK_INDEX

MASK_INDEX

which field is the mask,0 for A, 3 for D

7-6

RSVD2

RSVD2

Reserved. This field always reads 0.

5-4

FIELD_NUM

FIELD_NUM

indicate how many fields in one pixel,0 for only A;3 for ABCD

3-2

RSVD3

RSVD3

Reserved. This field always reads 0.

1

DISABLE_VALI
D_FIX

DISABLE_VALID_FIX

1 indicate valid fix of compress will be disabled, 0 fix will be enabled

0

FLAG_32B

FLAG_32B

1 indicate 32-bit for one pixel, 0 for 16-bit

60.6.1.614 (COMP_FORMAT1)

Offset

Register Offset

COMP_FORMAT1 2C20h
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Function

This register defines the format bits for the pxp compression sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_LEN D_OFFSET C_LEN C_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
B_LEN B_OFFSET A_LEN A_OFFSET 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

D_LEN

D_LEN

Defines the length of field D; 0 for 1 bit, 7 for 8 bits. The length of the field plus the length of RLE(*_runlen) 
should not be more than 16 bits.

28-24

D_OFFSET

D_OFFSET

offset for field D, 0 means D start from bit0

23-21

C_LEN

C_LEN

Defines the length of field C; 0 for 1 bit, 7 for 8 bits. The length of the field plus the length of RLE(*_runlen) 
should not be more than 16 bits.

20-16

C_OFFSET

C_OFFSET

Offset for field C; 0 means C start from bit0

15-13

B_LEN

B_LEN

Defines the length of field B; 0 for 1 bit, 7 for 8 bits. The length of the field plus the length of RLE(*_runlen) 
should not be more than 16 bits.

12-8

B_OFFSET

B_OFFSET

Offset for field B; 0 means B start from bit0.

7-5

A_LEN

A_LEN

Defines the length of field A; 0 for 1 bit, 7 for 8 bits. The length of the field plus the length of RLE(*_runlen) 
should not be more than 16 bits.

4-0

A_OFFSET

A_OFFSET

Offset for field A; 0 means A start from bit0.

NXP Semiconductors
Pixel Processing Pipeline (PXP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4382 / 5781



60.6.1.615 (COMP_FORMAT2)

Offset

Register Offset

COMP_FORMAT2 2C30h

Function

This register defines the format bits for the pxp compression sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_RUNLEN C_RUNLEN B_RUNLEN A_RUNLEN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RSVD

RSVD

Reserved. This field always reads 0.

15-12

D_RUNLEN

D_RUNLEN

length of the RLE for field D, 12-bit(4095) max

11-8

C_RUNLEN

C_RUNLEN

length of the RLE for field C, 12-bit(4095) max

7-4

B_RUNLEN

B_RUNLEN

length of the RLE for field B, 12-bit(4095) max

3-0

A_RUNLEN

A_RUNLEN

length of the RLE for field A, 12-bit(4095) max
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60.6.1.616 (COMP_MASK0)

Offset

Register Offset

COMP_MASK0 2C40h

Function

This register defines the format bits for the pxp compress mask configure.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD_MASK_LOW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VLD_MASK_LOW 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

VLD_MASK_LO
W

VLD_MASK_LOW

low 32bit of the valid mask, one of ABCD will be vld_flag,1 left shifted by vld_flag anded with vld_mask will 
be used to check whether this pixel is valid

60.6.1.617 (COMP_MASK1)

Offset

Register Offset

COMP_MASK1 2C50h

Function

This register defines the format bits for the pxp compress mask configure.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VLD_MASK_HIGH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VLD_MASK_HIGH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

VLD_MASK_HI
GH

VLD_MASK_HIGH

high 32bit of the valid mask

60.6.1.618 (COMP_BUFFER_SIZE)

Offset

Register Offset

COMP_BUFFER_SIZE 2C60h

Function

This register defines the format bits for the pxp compress mask configure.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD0 
PIXEL_WIDTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
PIXEL_LENGTH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

RSVD0

RSVD0

Reserved. This field always reads 0.

28-16

PIXEL_WIDTH

PIXEL_WIDTH

pixel width of the input frame, 4096 max

15-13

RSVD1

RSVD1

Reserved. This field always reads 0.

12-0

PIXEL_LENGT
H

PIXEL_LENGTH

pixel length of the input frame, 4096 max

60.6.1.619 (COMP_SOURCE)

Offset

Register Offset

COMP_SOURCE 2C70h

Function

This register defines the pxp compress source buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SOURCE_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SOURCE_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0 SOURCE_ADDR

Table continues on the next page...
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Field Function

SOURCE_ADD
R

source address of the input frame that located in the memory, should be 32-byte aligned

60.6.1.620 (COMP_TARGET)

Offset

Register Offset

COMP_TARGET 2C80h

Function

This register defines the pxp compress target buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TARGET_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TARGET_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TARGET_ADD
R

TARGET_ADDR

target address of the output frame that the pxp compress engine should write to the memory, should be 
32-byte aligned

60.6.1.621 (COMP_BUFFER_A)

Offset

Register Offset

COMP_BUFFER_A 2C90h
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Function

This register defines the pxp compress field A buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
A_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
A_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

A_SRAM_ADD
R

A_SRAM_ADDR

sram address used for inter-data saving of A filed,should be 32-bit aligned, SW should make sure the SRAM 
addr for 4 field will not overlap

60.6.1.622 (COMP_BUFFER_B)

Offset

Register Offset

COMP_BUFFER_B 2CA0h

Function

This register defines the pxp compress field B buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
B_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
B_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

B_SRAM_ADD
R

B_SRAM_ADDR

sram address used for inter-data saving of B filed,should be 32-bit aligned, SW should make sure the SRAM 
addr for 4 field will not overlap

60.6.1.623 (COMP_BUFFER_C)

Offset

Register Offset

COMP_BUFFER_C 2CB0h

Function

This register defines the pxp compress field C buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
C_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
C_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

C_SRAM_ADD
R

C_SRAM_ADDR

sram address used for inter-data saving of C filed,should be 32-bit aligned, SW should make sure the SRAM 
addr for 4 field will not overlap

60.6.1.624 (COMP_BUFFER_D)

Offset

Register Offset

COMP_BUFFER_D 2CC0h
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Function

This register defines the pxp compress field D buffer address register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
D_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
D_SRAM_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

D_SRAM_ADD
R

D_SRAM_ADDR

sram address used for inter-data saving of D filed,should be 32-bit aligned, SW should make sure the SRAM 
addr for 4 field will not overlap

60.6.1.625 (COMP_DEBUG)

Offset

Register Offset

COMP_DEBUG 2CD0h

Function

This register defines the pxp compress debug register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DEBUG_VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DEBUG_VALUE 
DEBUG_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

DEBUG_VALU
E

DEBUG_VALUE

value of selected debug signal

7-0

DEBUG_SEL

DEBUG_SEL

debug selection

60.6.1.626 (BUS_MUX)

Offset

Register Offset

BUS_MUX 2CE0h

Function

This register defines the pxp subblock bus mux on top level.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RSVD1 
WR_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD0 
RD_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

RSVD1

RSVD1

Reserved, always set to zero.

23-16

WR_SEL

WR_SEL

Subblock BUS to AXI MUX, setting 0 to axi0 and setting 1 to axi1

15-8

RSVD0

RSVD0

Reserved, always set to zero.

7-0

RD_SEL

RD_SEL

Subblock BUS to AXI MUX, setting 0 to axi0 and setting 1 to axi1

60.6.1.627 (HANDSHAKE_READY_MUX0)

Offset

Register Offset

HANDSHAKE_READY_
MUX0

2CF0h

Function

This register defines the pxp subblock handshake signals ready mux on top level.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
HSK7 HSK6 HSK5 HSK4 

W

Reset 0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
HSK3 HSK2 HSK1 HSK0 

W

Reset 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-28 HSK7
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Table continued from the previous page...

Field Function

HSK7 Subblock double buffer handshake signals MUX

27-24

HSK6

HSK6

Subblock double buffer handshake signals MUX

23-20

HSK5

HSK5

Subblock double buffer handshake signals MUX

19-16

HSK4

HSK4

Subblock double buffer handshake signals MUX

15-12

HSK3

HSK3

Subblock double buffer handshake signals MUX

11-8

HSK2

HSK2

Subblock double buffer handshake signals MUX

7-4

HSK1

HSK1

Subblock double buffer handshake signals MUX

3-0

HSK0

HSK0

Subblock double buffer handshake signals MUX

0: Ready signal source is from pxp_control;

1: Ready signal source is from pxp_store_wfe_B CH0;

2: Ready signal source is from pxp_store_wfe_B CH1;

3: Ready signal source is from pxp_store_pre_ditering CH0;

4: Ready signal source is from pxp_store_pre_ditering CH1;

5: Ready signal source is from pxp_store_dithering CH0;

6: Ready signal source is from pxp_store_dithering CH1;

7: Ready signal source is from pxp_store_wfe_a CH0;

8: Ready signal source is from pxp_store_wfe_a CH1;

9: Ready signal source is from cpu_fetch_sw0_ready;

A: Ready signal source is from cpu_fetch_sw1_ready;

B: Ready signal source is from cpu_store_sw0_ready;

C: Ready signal source is from cpu_store_sw1_ready;
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60.6.1.628 (HANDSHAKE_READY_MUX1)

Offset

Register Offset

HANDSHAKE_READY_
MUX1

2D00h

Function

This register defines the pxp subblock handshake signals ready mux on top level.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
HSK15 HSK14 HSK13 HSK12 

W

Reset 1 1 1 1 1 1 1 0 1 1 0 1 1 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
HSK11 HSK10 HSK9 HSK8 

W

Reset 1 0 1 1 1 0 1 0 1 0 0 1 1 0 0 0

Fields

Field Function

31-28

HSK15

HSK15

Subblock double buffer handshake signals MUX

27-24

HSK14

HSK14

Subblock double buffer handshake signals MUX

23-20

HSK13

HSK13

Subblock double buffer handshake signals MUX

19-16

HSK12

HSK12

Subblock double buffer handshake signals MUX

15-12

HSK11

HSK11

Subblock double buffer handshake signals MUX

11-8

HSK10

HSK10

Subblock double buffer handshake signals MUX

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-4

HSK9

HSK9

Subblock double buffer handshake signals MUX

3-0

HSK8

HSK8

Subblock double buffer handshake signals MUX

60.6.1.629 (HANDSHAKE_DONE_MUX0)

Offset

Register Offset

HANDSHAKE_DONE_M
UX0

2D10h

Function

This register defines the pxp subblock handshake signals done mux on top level.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
HSK7 HSK6 HSK5 HSK4 

W

Reset 0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
HSK3 HSK2 HSK1 HSK0 

W

Reset 0 0 1 1 0 0 1 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-28

HSK7

HSK7

Subblock double buffer handshake signals MUX

27-24

HSK6

HSK6

Subblock double buffer handshake signals MUX

23-20 HSK5
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Table continued from the previous page...

Field Function

HSK5 Subblock double buffer handshake signals MUX

19-16

HSK4

HSK4

Subblock double buffer handshake signals MUX

15-12

HSK3

HSK3

Subblock double buffer handshake signals MUX

11-8

HSK2

HSK2

Subblock double buffer handshake signals MUX

7-4

HSK1

HSK1

Subblock double buffer handshake signals MUX

3-0

HSK0

HSK0

Subblock double buffer handshake signals MUX

0: Done signal source is from LCDIF;

1: Done signal source is from pxp_fetch_input CH0;

2: Done signal source is from pxp_fetch_input CH1;

3: Done signal source is from pxp_fetch_dithering CH0;

4: Done signal source is from pxp_fetch_dithering CH1;

5: Done signal source is from pxp_fetch_wfe_a CH0;

6: Done signal source is from pxp_fetch_wfe_a CH1;

7: Done signal source is from pxp_fetch_wfe_b CH0;

8: Done signal source is from pxp_fetch_wfe_b CH1;

9: Done signal source is from cpu_fetch_sw0_done;

A: Done signal source is from cpu_fetch_sw1_done;

B: Done signal source is from cpu_store_sw0_done;

C: Done signal source is from cpu_store_sw1_done;

60.6.1.630 (HANDSHAKE_DONE_MUX1)

Offset

Register Offset

HANDSHAKE_DONE_M
UX1

2D20h
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Function

This register defines the pxp subblock handshake signals done mux on top level.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
HSK15 HSK14 HSK13 HSK12 

W

Reset 1 1 1 1 1 1 1 0 1 1 0 1 1 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
HSK11 HSK10 HSK9 HSK8 

W

Reset 1 0 1 1 1 0 1 0 1 0 0 1 1 0 0 0

Fields

Field Function

31-28

HSK15

HSK15

Subblock double buffer handshake signals MUX

27-24

HSK14

HSK14

Subblock double buffer handshake signals MUX

23-20

HSK13

HSK13

Subblock double buffer handshake signals MUX

19-16

HSK12

HSK12

Subblock double buffer handshake signals MUX

15-12

HSK11

HSK11

Subblock double buffer handshake signals MUX

11-8

HSK10

HSK10

Subblock double buffer handshake signals MUX

7-4

HSK9

HSK9

Subblock double buffer handshake signals MUX

3-0

HSK8

HSK8

Subblock double buffer handshake signals MUX
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60.6.1.631 (HANDSHAKE_CPU_FETCH)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

HANDSHAKE_CPU_FET
CH

2D30h -

HANDSHAKE_CPU_FET
CH_SET

2D34h Writing 1 to a bit in this register ensures that the 
corresponding bit in HANDSHAKE_CPU_FETCH is 
1

HANDSHAKE_CPU_FET
CH_CLR

2D38h Writing 1 to a bit in this register ensures that the 
corresponding bit in HANDSHAKE_CPU_FETCH is 
0

HANDSHAKE_CPU_FET
CH_TOG

2D3Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
HANDSHAKE_CPU_FETCH

Function

This register defines the pxp software handshake signals with CPU.

HANDSHAKE_CPU_FETCH: 0x2D30

HANDSHAKE_CPU_FETCH_SET: 0x2D34

HANDSHAKE_CPU_FETCH_CLR: 0x2D38

HANDSHAKE_CPU_FETCH_TOG: 0x2D3C

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SW1_
HSK...

RSVD1 
SW1_BUF_LIN

ES SW1_
B1_...

SW1_
B0_...

SW1_
B1_...

SW1_
B0_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SW0_
HSK...

RSVD0 
SW0_BUF_LIN

ES SW0_
B1_...

SW0_
B0_...

SW0_
B1_...

SW0_
B0_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
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Fields

Field Function

31

SW1_HSK_EN

SW1_HSK_EN

Enable software handshake 1 with CPU

30-22

RSVD1

RSVD1

Reserved, always set to zero.

21-20

SW1_BUF_LIN
ES

SW1_BUF_LINES

Buffer lines for software handshake

00b - LINE_4 : Buffer lines is 4 lines.

01b - LINE_8 : Buffer lines is 8 lines.

10b - LINE_16 : Buffer lines is 16 lines.

19

SW1_B1_DON
E

SW1_B1_DONE

CPU b1 buffer done to PXP

18

SW1_B0_DON
E

SW1_B0_DONE

CPU b0 buffer done to PXP

17

SW1_B1_READ
Y

SW1_B1_READY

PXP b1 buffer ready to CPU

16

SW1_B0_READ
Y

SW1_B0_READY

PXP b0 buffer ready to CPU

15

SW0_HSK_EN

SW0_HSK_EN

Enable software handshake 0 with CPU

14-6

RSVD0

RSVD0

Reserved, always set to zero.

5-4

SW0_BUF_LIN
ES

SW0_BUF_LINES

Buffer lines for software handshake

00b - LINE_4 : Buffer lines is 4 lines.

01b - LINE_8 : Buffer lines is 8 lines.

10b - LINE_16 : Buffer lines is 16 lines.

3 SW0_B1_DONE

Table continues on the next page...
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Table continued from the previous page...

Field Function

SW0_B1_DON
E

CPU b1 buffer done to PXP

2

SW0_B0_DON
E

SW0_B0_DONE

CPU b0 buffer done to PXP

1

SW0_B1_READ
Y

SW0_B1_READY

PXP b1 buffer ready to CPU

0

SW0_B0_READ
Y

SW0_B0_READY

PXP b0 buffer ready to CPU

60.6.1.632 (HANDSHAKE_CPU_STORE)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

HANDSHAKE_CPU_ST
ORE

2D40h -

HANDSHAKE_CPU_ST
ORE_SET

2D44h Writing 1 to a bit in this register ensures that the 
corresponding bit in HANDSHAKE_CPU_STORE is 
1

HANDSHAKE_CPU_ST
ORE_CLR

2D48h Writing 1 to a bit in this register ensures that the 
corresponding bit in HANDSHAKE_CPU_STORE is 
0

HANDSHAKE_CPU_ST
ORE_TOG

2D4Ch Writing 1 to a bit in this register inverts 
the value of the corresponding bit in 
HANDSHAKE_CPU_STORE

Function

This register defines the pxp software handshake signals with CPU.

HANDSHAKE_CPU_STORE: 0x2D40

HANDSHAKE_CPU_STORE_SET: 0x2D44

HANDSHAKE_CPU_STORE_CLR: 0x2D48

HANDSHAKE_CPU_STORE_TOG: 0x2D4C
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SW1_
HSK...

RSVD1 
SW1_BUF_LIN

ES 
SW1_
B1_...

SW1_
B0_... SW1_

B1_...
SW1_
B0_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SW0_
HSK...

RSVD0 
SW0_BUF_LIN

ES 
SW0_
B1_...

SW0_
B0_... SW0_

B1_...
SW0_
B0_...

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31

SW1_HSK_EN

SW1_HSK_EN

Enable software handshake 1 with CPU

30-22

RSVD1

RSVD1

Reserved, always set to zero.

21-20

SW1_BUF_LIN
ES

SW1_BUF_LINES

Buffer lines for software handshake

00b - LINE_4 : Buffer lines is 4 lines.

01b - LINE_8 : Buffer lines is 8 lines.

10b - LINE_16 : Buffer lines is 16 lines.

19

SW1_B1_DON
E

SW1_B1_DONE

CPU b1 buffer done to PXP

18

SW1_B0_DON
E

SW1_B0_DONE

CPU b0 buffer done to PXP

17

SW1_B1_READ
Y

SW1_B1_READY

PXP b1 buffer ready to CPU

16

SW1_B0_READ
Y

SW1_B0_READY

PXP b0 buffer ready to CPU

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

SW0_HSK_EN

SW0_HSK_EN

Enable software handshake 0 with CPU

14-6

RSVD0

RSVD0

Reserved, always set to zero.

5-4

SW0_BUF_LIN
ES

SW0_BUF_LINES

Buffer lines for software handshake

00b - LINE_4 : Buffer lines is 4 lines.

01b - LINE_8 : Buffer lines is 8 lines.

10b - LINE_16 : Buffer lines is 16 lines.

3

SW0_B1_DON
E

SW0_B1_DONE

CPU b1 buffer done to PXP

2

SW0_B0_DON
E

SW0_B0_DONE

CPU b0 buffer done to PXP

1

SW0_B1_READ
Y

SW0_B1_READY

PXP b1 buffer ready to CPU

0

SW0_B0_READ
Y

SW0_B0_READY

PXP b0 buffer ready to CPU

60.6.1.633 CFA RGB format control (CFA_CTRL)

Offset

This type of register has supplemental _SET, _CLR, and _TOG registers at adjacent offsets.

Register Offset Description

CFA_CTRL 2D50h CFA RGB format control

CFA_CTRL_SET 2D54h Writing 1 to a bit in this register ensures that the 
corresponding bit in CFA_CTRL is 1

CFA_CTRL_CLR 2D58h Writing 1 to a bit in this register ensures that the 
corresponding bit in CFA_CTRL is 0

CFA_CTRL_TOG 2D5Ch Writing 1 to a bit in this register inverts the value of 
the corresponding bit in CFA_CTRL
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Function

This register defines the control bits for CFA format control

CFA_CTRL: 0x2D50

CFA_CTRL_SET: 0x2D54

CFA_CTRL_CLR: 0x2D58

CFA_CTRL_TOG: 0x2D5C

The Control register contains the control bits for the pxp cfa sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CFA_B
YP...

CFA_I
N_...

RSVD1 

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RSVD1 
CFA_ARRAY_VSIZE CFA_ARRAY_HSIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CFA_BYPASS

CFA_BYPASS

When this bit enable, CFA will bypass input directly to output.

30

CFA_IN_RGB4
44

CFA_IN_RGB444

CFA_IN_RGB444

0b - CFA input is RGB888 format

1b - CFA input is RGB444 format

29-8

RSVD1

RSVD1

Reserved, always set to zero.

7-4

CFA_ARRAY_V
SIZE

CFA array vertical size in pixels

CFA array vertical size in pixels.

3-0

CFA_ARRAY_H
SIZE

CFA array horizontal size in pixels

CFA array horizontal size in pixels.
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60.6.1.634 CFA_SIZE (CFA_SIZE)

Offset

Register Offset

CFA_SIZE 2D60h

Function

This register defines the size for the pxp cfa sub-block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_HSIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_VSIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

CFA_HSIZE

CFA horizontal size in pixels

CFA horizontal size in pixels. This value should align with dither prefetch and dither sub-blocks.

15-0

CFA_VSIZE

CFA vertical size in pixels

CFA vertical size in pixels. This value should align with dither prefetch and dither sub-blocks.

60.6.1.635 CFA_ARRAY0 (CFA_ARRAY0)

Offset

Register Offset

CFA_ARRAY0 2D70h

Function

This register defines the array for the pxp cfa sub-block. This is the array0
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY0 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

Fields

Field Function

31-0

CFA_ARRAY0

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*0+n+2:32*0+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.636 CFA_ARRAY1 (CFA_ARRAY1)

Offset

Register Offset

CFA_ARRAY1 2D80h

Function

This register defines the array for the pxp cfa sub-block. This is the array1
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0

Fields

Field Function

31-0

CFA_ARRAY1

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*1+n+2:32*1+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.637 CFA_ARRAY2 (CFA_ARRAY2)

Offset

Register Offset

CFA_ARRAY2 2D90h

Function

This register defines the array for the pxp cfa sub-block. This is the array2
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

Fields

Field Function

31-0

CFA_ARRAY2

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*2+n+2:32*2+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.638 CFA_ARRAY3 (CFA_ARRAY3)

Offset

Register Offset

CFA_ARRAY3 2DA0h

Function

This register defines the array for the pxp cfa sub-block. This is the array3
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY3

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*3+n+2:32*3+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.639 CFA_ARRAY4 (CFA_ARRAY4)

Offset

Register Offset

CFA_ARRAY4 2DB0h

Function

This register defines the array for the pxp cfa sub-block. This is the array4
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY4 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY4

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*4+n+2:32*4+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.640 CFA_ARRAY5 (CFA_ARRAY5)

Offset

Register Offset

CFA_ARRAY5 2DC0h

Function

This register defines the array for the pxp cfa sub-block. This is the array5
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY5 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY5

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*5+n+2:32*5+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.641 CFA_ARRAY6 (CFA_ARRAY6)

Offset

Register Offset

CFA_ARRAY6 2DD0h

Function

This register defines the array for the pxp cfa sub-block. This is the array6
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY6 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY6

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*6+n+2:32*6+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.642 CFA_ARRAY7 (CFA_ARRAY7)

Offset

Register Offset

CFA_ARRAY7 2DE0h

Function

This register defines the array for the pxp cfa sub-block. This is the array7
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY7 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY7

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*7+n+2:32*7+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.643 CFA_ARRAY8 (CFA_ARRAY8)

Offset

Register Offset

CFA_ARRAY8 2DF0h

Function

This register defines the array for the pxp cfa sub-block. This is the array8
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY8 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY8

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*8+n+2:32*8+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.644 CFA_ARRAY9 (CFA_ARRAY9)

Offset

Register Offset

CFA_ARRAY9 2E00h

Function

This register defines the array for the pxp cfa sub-block. This is the array9
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY9 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY9 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY9

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*9+n+2:32*9+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.645 CFA_ARRAY10 (CFA_ARRAY10)

Offset

Register Offset

CFA_ARRAY10 2E10h

Function

This register defines the array for the pxp cfa sub-block. This is the array10
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY10 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY10

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*10+n+2:32*10+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.646 CFA_ARRAY11 (CFA_ARRAY11)

Offset

Register Offset

CFA_ARRAY11 2E20h

Function

This register defines the array for the pxp cfa sub-block. This is the array11
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY11 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY11 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY11

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*11+n+2:32*11+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.647 CFA_ARRAY12 (CFA_ARRAY12)

Offset

Register Offset

CFA_ARRAY12 2E30h

Function

This register defines the array for the pxp cfa sub-block. This is the array12
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY12 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY12

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*12+n+2:32*12+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.648 CFA_ARRAY13 (CFA_ARRAY13)

Offset

Register Offset

CFA_ARRAY13 2E40h

Function

This register defines the array for the pxp cfa sub-block. This is the array13
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY13 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY13 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY13

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*13+n+2:32*13+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.649 CFA_ARRAY14 (CFA_ARRAY14)

Offset

Register Offset

CFA_ARRAY14 2E50h

Function

This register defines the array for the pxp cfa sub-block. This is the array14
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY14 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY14

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*14+n+2:32*14+n](n=0~15]:

0 select R component

1 select G component

2 select B component

60.6.1.650 CFA_ARRAY15 (CFA_ARRAY15)

Offset

Register Offset

CFA_ARRAY15 2E60h

Function

This register defines the array for the pxp cfa sub-block. This is the array15
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CFA_ARRAY15 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CFA_ARRAY15 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CFA_ARRAY15

CFA array value

this register divided to 16 2 bits R/G/B selection.

CFA_ARRAY[32*15+n+2:32*15+n](n=0~15]:

0 select R component

1 select G component

2 select B component
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Chapter 61
MIPI-DSI Host Controller (MIPI-DSI)
61.1 Chip-specific MIPI DSI Host Controller information
Table 529. Reference links to related information

Topic Related module Reference

Full description MIPI DSI 
Host Controller

MIPI DSI Host Controller

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

61.1.1 Module instances
This device has one instance of the MIPI DSI Host Controller module.

61.1.2 Pixel clock generation
This module does not support the 74.25 MHz pixel clock rate generation for 720p60 and 1080p30 resolutions.

61.1.3 DBI configuration
On this device, the MIPI DSI DBI interface supports only DBI type-b, 16 bit format.

61.1.4 ULPS entry and exit sequence
Use the following steps for ULPS entry sequence.

1. Configure MIPI-DSI module to enter the LP11 mode

2. Send ULPS enable command to DSI controller. This is done using uPower API. The DSI Controller initiates a ULPS 
request on the DPHY PPI interface. DPHY sends ULPS entry command followed by LP00 ULPS state

3. Wait for all the SIM_LPVA.ULPS_ACTIVE[4:0] bits to be asserted which signifies that the DPHY and controller are in 
ULPS state

4. Assert all MIPI-DSI resets through SIM_LPAV.SYSCTL0 register bits: DSI_RESET_BYTE_N, DSI_RESET_DPI_N and 
DSI_RESET_ESC_N

5. Completely reset MIPI DSI through PCC.MIPI-DSI. DPHY_PD_PHY.dphy_pd_dphy and the DPHY_PD_PLL.dphy_pd_pll 
bits will be reset to power down both DPHY and PLL

6. Open MIPI DSI power switch

Use the following steps for ULPS exit sequence.

1. Close the MIPI DSI power switch and de-assert PCC.MIPI-DSI reset

2. De-assert the DPHY_PD_PLL.dphy_pd_pll bit, wait for the PLL_LOCK to get asserted

3. Set SIM_LPAV.SYSCTL0.ULPS_PWRUP bit

4. De-assert the DPHY_PD_PHY.dphy_pd_dphy bit to power-up DPHY
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5. De-assert all MIPI-DSI resets through SIM_LPAV.SYSCTL0 register bits: DSI_RESET_BYTE_N, DSI_RESET_DPI_N 
and DSI_RESET_ESC_N

6. DPHY drives LP10 (ULPS exit command) until further notice from the controller

7. Send ULPS disable command to DSI controller. This is done using uPower API

8. The DSI controller initiates a Wake-Up timer and informs the DPHY when the timer is expired

9. Upon detecting the TxWakeup, DPHY exits from LP10 state to LP11 stop state

61.2 Overview
The Mobile Industry Processor Interface (MIPI) Display Serial Interface (DSI) controller implements all protocol functions 
defined in the MIPI DSI Specification. The MIPI DSI controller provides an interface that allows communication with MIPI 
DSI-compliant peripherals.

61.2.1 Block diagram
The following figure illustrates the DSI Host Controller Core structure. The DSI Host Controller Core operates on the host (transmit) 
side of a DSI link.
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Figure 414. DSI Host Controller Core block diagram

The DSI Host Controller Core implements all three layers defined by the DSI Specification: Pixel to Byte Packing in the Application 
layer, Low Level Protocol, and Lane Management. The DSI Host Controller Core sends and receives DSI commands via the 
Packet Interface. The Packet Interface can be connected to a DBI translator, DPI translator, or directly to the User’s logic.

The D-PHY interface of the DSI Host Controller Core supports up to four PHY Protocol Interface (PPI) compatible MIPI D-PHYs.

The Packet Interface is an easy-to-use data interface that accepts commands and data, and sends it over the DSI link. It supports 
1 to 4 virtual channels, and the use of 1-4 D-PHY lanes.The DSI Host Controller Core takes care of all packet formatting details 
and transmission over the MIPI bus.
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The DBI Translator or DPI Translator connects to the DSI Host Controller Core via the Packet Interface.

61.2.2 Features
Following are the key features of the MIPI DSI module.

• Implements all three DSI Layers (Pixel to Byte packing, Low Level Protocol, Lane Management)

• Support for Command and Video Modes

• Host and Peripheral versions

• Scalable data lane support; 4 Data Lanes

— Support for 4 data lanes

• Supports High Speed (1.5 Gbit/s) and Low Power operation

• Support for all DSI data types and formats

• Virtual Channel support

• Supports ULPS mode

• Full Low-Level Protocol Error and Contention detection and reporting

• Supports continuous and non-continuous Clock Lane operation

• Supports multiple packets per transmission

• Support for all three Video Mode packet sequences

— Non-Burst Mode with Sync Pulses

— Non-Burst Mode with Sync Events

— Burst mode

• Support for bus turnaround signaling

• Flexible packet based user interface

— APB interface option (status and control)

— Display Pixel Interface Core (DPI-2) option

— Display Bus Interface Core (DBI-2) option

• MIPI Alliance Specification for Display Serial Interface Version 1.1 compliant

61.3 Functional description

61.3.1 DSI host controller core D-PHY interface
The DSI Host Controller Core D-PHY Interface connects directly to MIPI PPI compliant D-PHYs. The DSI Host Controller Core 
uses this interface to transmit data, send Escape sequences, receive and transmit triggers, and detect and report D-PHY 
error conditions.

61.3.1.1 DPHY Overview

The figure below shows the block diagram of the MIPI DSI D-PHY. It consists of a clock lane module and four data lane modules. 
Each of these PHY Lane Modules communicates through a differential line to a complementary PHY at the other side of the 
lane interconnect.
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Data I/F pins

Clock I/F pins

Figure 415. MIPI D-PHY Block Diagram

The figure below shows the D-PHY Lane components:

Dn
Dp

Figure 416. D-PHY Lane Diagram
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The DATAy are bidirectional lanes and consist of High-Speed Transmitter (HS-TX), Low-Power Transmitter (LP-TX), Serializer 
(SER), and Low- Power Contention Detector (LP-CD).

The Clock lane is a bidirectional lane and consists of High-Speed Transmitter (HS-TX), and Low-Power Transmitter (LP-TX).

The Control and Interface Logic (CIL) module interfaces with the Protocol and determines the global operation of the Lane Module. 
The interface between the D-PHY and the protocol is called the PHY-Protocol Interface (PPI).

During normal operation, a Lane switches between Low-Power and High-Speed mode. Bidirectional Lanes can also switch 
communication direction. The change of operating mode or direction requires enabling and disabling of certain electrical functions. 
These enable and disable events do not cause glitches on the Lines that would result in a detection of an incorrect signal level. 
Therefore, all mode and direction changes are smooth to always ensure a proper detection of the Line signals.

61.3.1.1.1 High-Speed Transmitter (HS-TX)

The High-Speed Transmit interface is used to transmit High-Speed data across the MIPI interface. All signals are synchronous 
to the PPI TX byte clock, TxByteClkHS, and are PPI compliant.

The differential output voltage VOD is defined as the difference of the voltages VDP and VDN at the DP and DN pins, respectively.

VOD =VDP −VDN

The output voltages VDP and VDN at the DP and DN pins will not exceed the high-speed output high voltage VOHHS. The 
common-mode voltage VCMTX is defined as the arithmetic mean value of the voltages at the DP and DN pins:

VCMTX = (VDP + V DN)/2

VOD and VCMTX are graphically shown in Figure 4 for ideal HS signals. Figure 5 shows single ended HS signals with the possible 
kinds of distortion of the differential output and common mode voltages. VOD and VCMTX may be slightly different for driving a 
Differential-1 or a Differential-0 on the pins.

             0           V(Differential)

VOD(1)

VOD(1)

Ideal Single-Ended High Speed Signal

Ideal differential High Speed Signal

           VOD(0)         

VDN

VDP

VCMTX=(VDP + VDN)/2

VCMTX= VDP - VDN

VOD(0)

Figure 417. Ideal Single-ended and Resulting Differential HS Signals
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             V           OD/2

VOD/2

VOD(1)

VOD(0)

VDN

VDP

VCMTX

VOD (SE HS Signals)

VOD(0)

VDN

VDP

VCMTX

Static VCMTX (SE HS Signals)

VDN

VDP

VCMTX

Dynamic VCMTX (SE HS Signals)

Figure 418. Possible ΔVcmtx and ΔVod Distortions of the Single-Ended HS Signals

The output differential voltage mismatch ΔVOD is defined as the difference of the absolute values of the differential output voltage 
in the Differential-1 state VOD(1) and the differential output voltage in the Differential-0 state VOD(0). This is expressed by:

ΔV =|VOD(1)|− |VOD(0)|

If VCMTX(1) and VCMTX(0) are the common-mode voltages for static Differential-1 and Differential- 0 states respectively, then 
the common-mode reference voltage is defined by:

VCMTX, REF = (V CMTX(1) + V CMTX(0))/2

The transient common-mode voltage variation is defined by:

ΔVCMTX (t) = VCMTX (t) - V CMTX ,REF(t)

The static common-mode voltage mismatch between the Differential-1 and Differential-0 state is given by:

ΔVCMTX (1,0 ) = (VCMTX (1) - V CMTX (0))/2

A test circuit for the measurement of VOD and VCMTX is shown:
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Figure 419. Test Circuit for Vcmtx and Vod measurement

The single-ended output impedance of the transmitter at both the DP and DN pins is denoted by ZOS. ΔZOS is the mismatch of the 
single ended output impedances at the DP and DN pins, denoted by ZOSDP and ZOSDN respectively. This mismatch is defined 
as the ratio of the absolute value of the difference of ZOSDP and ZOSDN and the average of those impedances:

ΔZOS = (2*|ZOSDP -ZOSDN|)/( ZOSDP +ZOSDN)

The rise and fall times tR and tF are defined as the transition time between 20% and 80% of the full HS signal swing while the 
driver is loaded with a nominal differential load ZID across the output pins. When the high-speed driver is directly terminated at 
its pins does not generate any overshoot in order to minimize EMI.

61.3.1.1.2 Low-Power Transmitter (LP-TX)

The Low-Power transmitter is a slew-rate controlled push-pull driver. It is used for driving the Lines in all Low-Power operating 
modes. The LP transmitter has been optimized to minimize static power consumption. The slew-rate of signal transitions is 
bounded in order to keep EMI low. The LP transmitter will not drive the pad pin potential statically beyond the maximum value 
of VOH. VOH is the thevenin output, high-level voltage in the high-level state, when the pad pin is not loaded. VOL is the thevenin 
output, low-level voltage in the LP transmit mode. This is the voltage at an unloaded pad pin in the low-level state.

61.3.1.1.3 Input Characteristics

No structure within the PHY may be damaged when a DC signal that is within the signal voltage range VPIN is applied to a pad 
pin for an indefinite period of time. VPIN(absmax) is the maximum transient output voltage at the transmitter pin. The voltage on the 
transmitter’s output pin will not excel VPIN,MAX for a period greater than TVPIN(absmax).

61.3.1.1.4 High-Speed Serializer

The HS-Serializer converts 8-bits parallel data into 1 bit data stream to be transmitted by HSTX module. The CSR should clock out 
8-bits parallel data, HSTX_DATA[7:0], on D0_HS_BYTE_CLKS rising edges. Then the Serializer will capture HSTX_DATA[7:0] on 
D0_HS_BYTE_CLKS rising edges and the signal connected to HSTX_DATA[0] is transmitted first. There is setup timing constraint 
and hold timing constraint designated to the rising edge of D0_HS_BYTE_CLKS.

The figure shows the relationship between HS_TXCLKP, HS_TXCLKN, HS_SER_LD, HS_BYTE_CLKS and HSTX_DATA[7:0]. 
It also shows how the 8-bits of parallel bits are mapped into the serial link:
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Figure 420. Serializer Timing Diagram

61.3.1.1.5 Operating Modes

61.3.1.1.5.1 High-Speed Transmit from the Master Side

The figure shows an example of a High-Speed transmission on the Master side. While TxRequestHS is low, the Lane Module 
ignores the value of TxDataHS. To begin transmission, the protocol drives TxDataHS with the first byte of data and asserts 
TxRequestHS. This data byte is accepted by the PHY on the first rising edge of TxByteClkHS with TxReadyHS also asserted. At 
this point, the protocol logic drives the next data byte onto TxDataHS. After every rising clock cycle with TxReadyHS active, the 
protocol supplies a new valid data byte or ends the transmission. After the last data byte has been transferred to the Lane Module, 
TxRequestHS is driven low to cause the Lane Module to stop the transmission and enter Stop state. The minimum number of bytes 
transmitted could be as small as one.

             B           2B1 B3 B4 B5 Bn

TxReadyHS

TxRequestHS

TxDataHS

TxByteClkHS

Start-up
Time

Shut-down
Time

Figure 421. High-Speed Transmission from the Master Side

61.3.1.1.5.2 Low-Power Data Transmission

For Low-Power data transmission the TxClkEsc is used. The Protocol directs the Data Lane to enter Low-Power data transmission 
Escape mode by asserting TxRequestEsc with TxLpdtEsc high. The Low-Power transmit data is transferred on the TxDataEsc 
lines when TxValidEsc and TxReadyEsc are both active at a rising edge of TxClkEsc. The byte is transmitted in the time after 
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the TxDataEsc is accepted by the Lane Module (TxValidEsc = TxReadyEsc = high). The Protocol knows the byte transmission 
is finished when TxReadyEsc is asserted. After the last byte has been transmitted, the protocol de-asserts TxRequestEsc to end 
the Low-Power data transmission. This causes TxReadyEsc to return low. Whenever TxRequestEsc transitions from high-to-low, 
it always remains in the low state for a minimum of two TxClkEsc clock cycles. The figure shows an example Low-Power data 
transmission operation.

Dn

TxValidEsc

TxLpdtEsc

TxClkEsc

TxDataEsc

TxReadyEsc

TxRequestEsc

D3D2D1

Start-up Time Transmit Last Byte

Figure 422. Low-Power Data Transmission

61.3.1.1.5.3 Low-Power Data Reception

The figure shows an example Low-Power data reception. In this example, a Low-Power escape “clock” is generated from the 
Lane Interconnect by the logical exclusive-OR of the Dp and Dn lines. This “clock” is used within the Lane Module to capture 
the transmitted data. In this example, the “clock” is also used to generate RxClkEsc. The signal RxLpdtEsc is asserted when the 
escape entry command is detected and stays high until the Lane returns to Stop state, indicating that the transmission has finished. 
It is important to note that because of the asynchronous nature of Escape mode transmission, the RxClkEsc signal can stop at 
anytime in either the high or low state. This is most likely to happen just after a byte has been received, but it could happen at other 
times as well.

             D           1 D2 Dn

RxValidEsc

RxLpdtEsc

RxClkEsc

RxDataEsc

Figure 423. Low-Power Data Reception

61.3.1.1.5.4 Turn-around

If the Master side and Slave side Lane Modules are both bi-directional, it is possible to turn around the Link for Escape mode 
signaling. Which side is allowed to transmit is determined by passing a “token” back and forth. That is, the side currently 
transmitting passes the token to the receiving side. If the receiving side acknowledges the turn-around request, as indicated 
by driving the appropriate line state, the direction is switched. The figure shows an example of two turn-around events. At 
the beginning, the local side is the transmitter, as shown by Direction=0. When the protocol on this side wishes to turn the 
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Lane around (i.e. give the token to the other side), it asserts TurnRequest for at least one cycle of TxClkEsc. This initiates the 
turn around procedure. The remote side acknowledges the turn-around request by driving the appropriate states on the Lines. 
When this happens, the local Direction signal changes from transmit (0) to receive (1). The remote side initiates a turn-around 
request, passing the token back to the local side. When this happens, the local Direction signal changes back to transmit (0). The 
transmitter is in control of the Link direction and decides when to turn the Link around, passing control to the receiver. If the remote 
side does not acknowledge the turnaround request, the Direction signal does not change.

                       (transmit)                     

                       (transmit)                     

                       (receive)                     

                       (receive)                     

                       (transmit)                     

                       (receive)                     

                       TurnRequest                     

                       TxClkEsc                     

                       Direction                     
                       (local)                     

                       Direction                     
                       (remote)                     

Figure 424. Turn-around Actions Transmit-to-Receive and Back to Transmit

61.3.1.2 DPHY PLL

The MIPI DSI DPHY PLL is a high performance PLL based frequency synthesizer that incorporates a lock detector, independent 
output divider, and supports power down modes. The PLL block diagram is shown below.

Input
Divider

Phase 
Frequency 
Detector

Charge 
Pump

Low-Pass 
Filter

Output
Divider

Feedback
Divider

CM[CM]

CO[CO]CN[CN]

Lock
Detector

LOCK[LOCK]

VCOref_clk

PLL Control

PD_PLL[PD_PLL] Lock Detect
(LOCK)

DP
DN

Power Down 
Signal

Figure 425. MIPI DSI DPHY PLL Block Diagram

The DPHY PLL input clock is ref_clk. The PLL output multiplies the input frequency by (CM / (CN * CO)).

 
The input frequency ranges from 24 MHz till 200 MHz. The input divider has to be programmed such that the 
frequency after the input divider ranges from 24 MHz till 30 MHz.

  NOTE  

 
The VCO maximum output frequency is 800 MHz.

  NOTE  

The power down signal (PD) is active-high and used to power down the PLL. Asserting PD will reset the PLL to it's initial state. To 
ensure proper PLL functionality, ref_clk needs to be stable before PLL power up. The expected power-on sequence for the DSI 
DPHY PLL is illustrated below.
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VDDA 
(for DSI DPHY PLL)

ref_clk

PD_PLL[PD_PLL]

Figure 426. MIPI DSI DPHY PLL Power-on Sequence

61.3.1.3 DPHY Programming

The following sections detail the programming of the MIPI DSI DPHY high-speed timers.

High-Speed Prepare Timer

To calculate the value for clock lane high speed prepare timer mc_PRG_HS_PREPARE use the following table.

Table 530. Clock Lane High-Speed prepare timer range

Min (ns) Max (ns) PRG_HS_PREPARE TCLK-PREPARE (ns)

TCLK-PREPARE 38 95 1 75

• Assuming TxClkEsc = 20 MHz (Tper = 50ns)

• The relation betweenT CLK-PREPARE and mc_PRG_HS_PREPARE can be described as:

PRG_HS_PREPARE = 0 ➔ T CLK-PREPARE = 1 * TxClkEsc Period

PRG_HS_PREPARE = 1 ➔ T CLK-PREPARE = 1.5 * TxClkEsc Period

To calculate the value for data lane high speed prepare timer m_PRG_HS_PREPARE[1:0] use the following tables.

Table 531. Data Lane High-Speed prepare timer range

MIN TYP MAX

THS-PREPARE 40ns + 4*UI 85ns +6*UI

Table 532. Data Lane High-Speed prepare timer for different data rates

Data Rate Min (ns) Max (ns) PRG_HS_PREPARE[1:
0]

THS-PREPARE(ns)

1.5 Gbps 42.67 89 01 75

1.0 Gbps 44 91 01 75

500 Mbps 48 97 01 75

250 Mbps 56 109 10 100

80 Mbps 90 160 10 100

• Assuming TxClkEsc = 20 MHz (Tper = 50ns)

• The relation between T HS-PREPARE and m_PRG_HS_PREPARE can be described as:

PRG_HS_PREPARE = 00 ➔THS-PREPARE= 1 * TxClkEsc Period
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PRG_HS_PREPARE = 01 ➔THS-PREPARE= 1.5 * TxClkEsc Period

PRG_HS_PREPARE = 10 ➔THS-PREPARE= 2 * TxClkEsc Period

PRG_HS_PREPARE = 11 ➔THS-PREPARE= 2.5 * TxClkEsc Period

High-Speed Zero Timer

To calculate the value for the clock lane high-speed zero timer mc_PRG_HS_ZERO [6:0], you can use the following tables.

Table 533. Clock lane high-speed zero timer range

MIN TYP MAX

TCLK-ZERO 262 ns

Table 534. Clock lane high-speed zero timer for different data rates

Data Rate Spec PRG_HS_ZERO[6:
0]

TCLK-ZERO(ns)

Min (ns) Typ (ns) Max (ns)

1.5Gbps 262 0110000 288

1Gbps 262 0011110 288

500Mbps 262 0001100 288

250Mbps 262 0000011 288

80Mbps 262 0000001 700

• T-CLK-ZERO =(mc_PRG_HS_ZERO+ 6) * (TxByteClkHS Period)

• There is a calculation inaccuracy of (Tperiod of TxByteClkHS/2)

To calculate the value for the data lane high-speed zero timer m_PRG_HS_ZERO [5:0], you can use the follwing tables.

Table 535. Data lane high-speed zero timer range

Min Typ Max

THS-ZERO 105ns+6*UI

Table 536. Data lane high-speed zero timer for different data rates

Data Rate Spec PRG_HS_ZERO[5:
0]

THS-ZERO(ns)

Min (ns) Typ (ns) Max (ns)

1.5Gbps 109 010000 117.3

1Gbps 111 001001 120

500Mbps 117 000010 128

250Mbps 129 000001 224

80Mbps 180 000001 700

• T-HS-ZERO =(m_PRG_HS_ZERO+ 6) * (TxByteClkHS Period)
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• There is a calculation inaccuracy of (Tperiod of TxByteClkHS/2)

High-Speed Trail Timer

To calculate the value for the High-speed trail timer PRG_HS_TRAIL [4:0], you can use the following tables.

Table 537. High-Speed Trail timer range

MIN TYP MAX “T-eot”

THS-TRAIL 60ns + 4*UI 105ns +12*UI

Table 538. High-Speed Trail timer for different data rates

Data Rate Min (ns) Max (ns) PRG_HS_TRAIL[4:0] THS-TRAIL (ns)

1.5 Gbps 62.67 113 01111 80

1.0 Gbps 64 117 01100 96

500 Mbps 68 129 00110 96

250 Mbps 76 153 00100 128

80 Mbps 110 255 00010 200

• THS-TRAIL =(PRG_HS_TRAIL) * (TxByteClkHS Period)

• There is a calculation inaccuracy of (Tperiod of TxByteClkHS/2)

High-Speed Settle Timer

To calculate the value for clock lane PRG_RXHS_SETTLE [5:0], use the following table.

Table 539. Clock Lane High-Speed settle timer range

Min (ns) Max (ns) PRG_RXHS_SETTLE 
[5:0]

TCLK-SETTLE (ns)

T-CLK-SETTLE 95 300 010000 180

• The calculations assume that the frequency of RxClkInEsc is 100MHz (Tperiod=10ns)

• T-CLK-SETTLE = (PRG_RXHS_SETTLE + 2) * (Tperiod of RxClkInEsc)

• There is a calculation inaccuracy of (Tperiod of RxClkInEsc/2)

To calculate the value for data lane PRG_RXHS_SETTLE [5:0], use the following tables.

Table 540. Data Lane high-speed settle timer range

Min Typ Max

THS-SETTLE 85ns + 6*UI 145ns +10*UI

Table 541. Data Lane high-speed settle timer for different data rates

Data Rate Min (ns) Max (ns) PRG_RXHS_SETTLE[
5:0]

THS-SETTLE (ns)

1.5 Gbps 89 151.6 001010 130.67

Table continues on the next page...
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Table 541. Data Lane high-speed settle timer for different data rates (continued)

Data Rate Min (ns) Max (ns) PRG_RXHS_SETTLE[
5:0]

THS-SETTLE (ns)

1.0 Gbps 91 155 001010 136

500 Mbps 97 165 001000 132

250 Mbps 109 185 000110 144

80 Mbps 160 270 000001 230

• The calculations assume that the frequency of RxClkInEsc is 100MHz (Tperiod=10ns)

• T-HS-SETTLE = (PRG_RXHS_SETTLE + 2) * (Tperiod of RxClkInEsc) + 16 UI

• There is a calculation inaccuracy of (Tperiod of RxClkInEsc/2) +/- 4UI, so it is always recommended to choose a programming 
value away from the boundaries.

61.3.1.4 Packet Data and Pixel Formats

The DSI Host Controller Core and the external DSI Peripheral explicitly handle and exchanges 32-bit words encapsulated as 
packet data. The mapping between pixel formats and pixel data must be done on both sides by user application on both sides of the 
DSI link. The DSI spec gives many examples of common pixel formats. The DSI Host Controller Core and external DSI Peripheral 
have no preference or limitation on which pixel formats it will handle. The IP which provides video source packet data through 
DPI-2 interface (e.g. eLCDIF) onto DSI should also be configured by the user application to match the pixel formats expected by 
the DSI Host Controller.

The DPI-2/DBI-2 interface core handles pixel to byte packing and byte to pixel unpacking according to the MIPI DSI specification.

61.3.2 DSI host controller core packet interface
The DSI host controller core packet interface consists of Transmit, Receive, and Control & Status sections. Through these 
interfaces, the user application can take complete control of the DSI interface, sending all video timing, sending DSI commands, 
receiving DSI reads, monitoring the status of the interface and responding to error reporting.

61.3.2.1 DSI host controller core packet interface transmit port descriptions

The Transmit Packet Interface is the mechanism with which the user creates packets to send over the MIPI Interface. 

For Long Packets, the user provides the Virtual Channel (VC) number, Data Type (DT), and Word Count (WC) via the tx_cmd ports 
to the controller. The Controller then creates a packet header and pulls the packet data from the Packet Interface and out to the 
D-PHY to transmit.

For Short Packets, the user provides the Virtual Channel (VC) number, Data Type (DT), and required parameters (if any) via the 
tx_cmd ports to the controller. The Controller then creates the short packet and sends it to the D-PHY to transmit. This interface 
enables the user application to transmit and receive any type of DSI packet.

61.3.2.2 DSI host controller core packet interface receive port descriptions

The receive packet interface returns data from the Peripheral to the user. The user is provided the Virtual Channel (VC) 
number, Data Type (DT), and Word Count (WC) via the l_rx_pkt_* signals. The user is presented with any returned data on the 
rx_payload* signals.

This interface enables the user application to receive any type of DSI packet. These signals are synchronous to the clk_byte clock.

61.3.3 Status interface port description
The status interface core provides for reading the Status of the DSI host controller core via a simple interface. All signals in the 
Status Interface are synchronous to the clk_byte clock.
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Table 542. Status Interface Address Register Map

Register 
Address Bit Position Description

0x0

DSI Error Report and Trigger Status Register

0 SoT Error – Start of Transmission Error from peripheral error report, cleared upon read

1 SoT Sync Error – Start of Transmission Sync Error from peripheral error report, cleared 
upon read

2 EoT Sync Error – End of Transmission Sync Error from peripheral error report, cleared 
upon read

3 Escape Mode Entry Command Error – Escape Mode Entry Command Error from peripheral 
error report, cleared upon read

4 Low-Power Transmit Sync Error – Low Power Transmit Sync error from peripheral error report, 
cleared upon read

5 Peripheral Timeout Error – Peripheral Timeout error from peripheral error report, cleared 
upon read

6 False Control Error – False Control Error from peripheral error report, cleared upon read

7 Contention Detected – Contention Detection from peripheral error report, cleared upon read

8 ECC Error, single-bit (detected and corrected) – ECC single bit error from peripheral error 
report, cleared upon read

9 ECC Error, multi-bit (detected, not corrected) – ECC multi-bit error from peripheral error report, 
cleared upon read

10 Checksum Error (long packet only) – Checksum error from peripheral error report, cleared 
upon read

11 DSI Data Type Not Recognized – invalid data type from peripheral error report, cleared 
upon read

12 DSI VC ID Invalid – invalid VC from peripheral error report, cleared upon read

13 Invalid Transmission Length – transmission length error from peripheral error report, cleared 
upon read

14 (reserved)

15 DSI Protocol Violation – protocol violation error from peripheral error report, cleared upon read

19:16 Last received Trigger. Current status of the RxTriggerEsc[3:0] from the TX DPHY. Each bit 
represents one of the possible 4 trigger values was received but unfortunately the MIPI DPHY 
spec does not define with RxTriggerEsc bit represents which trigger value so the value will be 
DPHY provider dependent. For Mixel DPHYs the values are as follows:

4’b0001 – reset trigger ( 01100010 )

Table continues on the next page...
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Table 542. Status Interface Address Register Map (continued)

Register 
Address Bit Position Description

4’b0010 – unknown trigger 3 ( 01011101 )

4’b0100 – unknown trigger 4 ( 00100001 )

4’b1000 – unknown trigger 5 ( 10100000 )

31:20 Reserved. Read back as “000000000000”

0x1 – 0xF Reserved

0x2 Reserved

0x3 Reserved

61.3.4 DSI host controller core example transactions
High Speed transmit packets are generated by first requesting a packet be transmitted. The packet request takes the form of a DSI 
command (often a DSC command) presented on the DSI Host Transmit Interface. Once the controller has accepted the command 
it will begin pulling packet data from the DSI Host Transmit Interface.

61.3.4.1 Generic long write packet request and one DPHY lane

Figure 427 shows an example of a generic long write being generated via the DSI host transmit packet interface. The 
sequence starts by asserting tx_cmd_req along with packet command on tx_cmd_data_type, the packet payload length on 
tx_cmd_byte_count, and the virtual channel on tx_cmd_vc. The request shown in the figure below requests that a packet 
containing 20 bytes be transmitted with a data type of Generic Long Write and Virtual Channel set to 0. The controller then 
accepts the request by asserting tx_cmd_ack high. The controller starts pulling data from the user interface by asserting 
tx_payload_en. Note that the data lags the tx_payload_en signal by one clock. During the last data read, the controller asserts the 
tx_payload_en_last signal high, denoting the end of the transfer. On the Host Controller DPHY Interface, the controller asserts 
the TxRequestHW_ln0 signal to the DPHY informing the DPHY that data is ready to be transmitted. Once the DPHY link is 
established the DPHY asserts the TxReadyHS_ln0 signal and data transmission begins. At the end of the packet the Transmit 
Controller deasserts the TxRequestHS_ln0 signal to the DPHY and the DPHY immediately deasserts TxReadyHS_ln0, ending 
the transmission.
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Figure 427. Generic long write with a payload of 20 bytes, single DPHY lane, and a VC=0

 
The relationship of tx_cmd_req and tx_cmd_ack on the Packet Interface to TxRequestHS , TxReadyHS and 
TxDataHS on the D-PHY Interface is not defined. Furthermore, the relationship shown in the above figure is 
compressed for formatting considerations.

  NOTE  

61.3.4.2 Back to back generic long write packet requests

Figure 428 shows an example of two generic Long Write packets being requested via the DSI Host Transmit Packet Interface. 
The first packet is a generic long write with a payload size of 20 bytes. Immediately following the acknowledgement for the first 
packet the tx_cmd_req inputs stays asserted while the packet parameters change to a generic long write with a payload size of 
10 bytes. After the second packet is acknowledged the tx_cmd_req input is deasserted. This sequence results in the two packets 
being transmitted in the same High Speed burst on the physical MIPI interface.
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tx_payload[31:0]

Figure 428. Generic long write with a payloads of 20 bytes and 10 bytes, VC=0
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61.3.4.3 Short packet request and one D-PHY lane

Figure 429 shows the generation of a single short packet with no parameters. In this example, the short packet is a sync event, 
V sync start packet. Tx_cmd_req is asserted along with the packet command on tx_cmd_data_type and the virtual channel on 
tx_cmd_vc. The packet command fields indicate that it is a short packet with data type of sync event, V sync start, virtual channel 
0. The transmit controller then asserts TxRequestHS_ln0 to the DPHY to indicate that it wishes to transmit a packet. Once the 
high speed lane is ready, the DPHY asserts TxReadyHS_ln0 to the transmit controller and 4 bytes are transmitted after which the 
controller deasserts TxRequestHS_ln0, ending the transmission.
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Figure 429. Sync start, V sync start packet

61.3.4.4 Generic read with no parameters request and one D-PHY lane

Figure 430 shows an example of a Generic Read with no parameters. The generic read is requested by asserting tx_cmd_req 
along with the other packet header parameters, tx_cmd_vc, tx_cmd_data_type (set to Generic Read with no parameters), and 
tx_cmd_byte_count equal to zero. One clock later the Host Controller acknowledges the tx request by asserting tx_cmd_ack. On 
the TX PPI DPHY Interface the Host controller asserts TxRequestHS_ln0 to the DPHY to indicate that it wishes to transmit a 
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packet. Once the High Speed Lane is ready the DPHY asserts TxReadyHS_ln0 to the Host Controller and 4 bytes are transmitted 
after which the controller deasserts TxRequestHs_ln0.

Once the transmit request has been acknowledged the user side transmit logic can request that the Host Controller to turn the 
MIPI bus around by executing a Bus Turn Around (BTA) sequence with the TX DPHY. This process is initiated by asserting 
dphy_turnaround to the Host Controller. The Host Controller then signals to the TX DPHY to perform a BTA and sometime after 
this the dphy_direction output on the Host Controller transitions from low to high indicating that the BTA has completed and the 
TX DPHY is now in receive mode on Lane 0.

Sometime after the BTA has completed the Peripheral Controller and RX DPHY will transmit the read response packet to the Host 
Controller and TX DPHY via Reverse Low Power Data Transmission on Lane 0. As the packet is received the Host Controller will 
forward the packet on to the user application via the receive packet interface. This process starts with the assertion of rx_cmd_valid 
at which point the packet header information becomes available on rx_cmd_vc, rx_cmd_data_type, rx_cmd_byte_count, along with 
ecc receive status signals. Next rx_payload_valid asserts and the receive payload data is presented on the rx_payload output. 
During the last cycle of payload data, rx_payload_valid_last asserts along with the crc error status, crc_err.
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04 00 00 ECC

TX PPI DPHY Interface

0

04

Receive Packet Interface

1A

0

000C

Min seperation is zero 
TxByteClkHS clocks

clk_byte

tx_cmd_req

tx_cmd_ack

tx_cmd_vc[1:0]

tx_cmd_data_type[5:0]

tx_cmd_byte_count[15:0]

tx_payload_en

tx_payload_en_last

tx_payload[31:0]

dphy_turnaround

dphy_direction
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TxReadyHS_ln0
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rx_cmd_vc[1:0]

rx_cmd_data_type[5:0]

rx_cmd_byte_count[15:0]
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rx_payload_valid_last

rx_payload[31:0]

crc_err

Figure 430. Generic read with no parameters, one DPHY data lane
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ecc_status is the combination of ecc_one_bit_error, ecc_two_bit_error, ecc_one_bit_error_pos, ecc_err 
and ecc_err_pos.

  NOTE  

61.3.4.5 Host controller status port read

Figure 431 shows multiple reads of the Host Controller Status Port. The first read begins with the assertion of status_rd along 
with status_addr[3:0] set to 0x0. One clock later status_rd is deasserted and a clock after that status_out_valid asserts indicating 
that there is valid read data on status_out[31:0]. At the same time that the first read value becomes valid, status_rd is asserted 
again and this time it stays asserted for 3 clock periods. Two clocks later 3 cycles of read data become valid with the assertion 
of status_out_valid.

0 0

clk_byte

status_rd

status_addr[3:0]

status_out_valid

status_out[31:0]

Figure 431. Host controller status port read waveform

61.3.5 DSI Host Controller Interface Cores
There are several interface cores for the DSI Host Controller Core. These interface cores provide industry standard interfaces 
to the DSI Host Controller Core to simplify interfacing and integration the DSI Host Controller Core to your application. When 
selected, these interface cores provide additional ports to the DSI Host Controller core.

61.3.5.1 DPI-2 Interface Host Bridge Core

The DPI-2 Interface Host Bridge Core provides a DPI-2 compliant interface to the DSI Host controller. The DPI-2 Interface Host 
Bridge Core handles converting the DPI-2 interface into a packet format that is compatible with the DSI Host Controller Core’s 
Packet Interface, and that adheres to the DSI specification. The DPI-2 Interface Core handles all pixel-to-byte packing for all DPI 
data types.

61.3.5.1.1 Features

The DSI Host Controller DPI-2 Interface Core has the following features.

• Support for Type 2,3, and 4 displays

• Support for 16-, 18- and 24- bit Pixel data and all alignment configurations

• Support for 16, 18, 24, and 18 bit loosely packed DSI data types

• Supports DSI video modes

— Non-Burst Mode with Sync Pulses

— Non-Burst Mode with Sync Events

— Burst Mode

• Supports normal or inverted HSYNC and VSYNC signals

• Handles clock domain crossing from DPI Pixel clock to the Host controller TX Byte clock

• Interfaces directly to the Host Controller’s DSI Packet Interface
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61.3.5.1.2 Block diagram

A block diagram of the DPI-2 Interface Host Bridge Core is shown in Figure 432. The DPI-2 Host Bridge Core accepts a MIPI 
compliant DPI-2 set of signals (vsync, hsync, pixel data), creates DSI packets for the video timing events and video data and 
transmits those packets via the DSI Host Controller’s Packet Interface.

Timing
Packet

Generator

DPI Host Bridge

Packet
Interface

Pixel to
Packet

Generator

DSI Host
Packet

Interface
DPI

Timing
Packet
Buffer

Video
Packet
Buffer

DPI Clock
Domain

Host TX
Byte Clock

Domain

Figure 432. DPI-2 Host Bridge Core Block Diagram

61.3.5.1.3 DPI-2 interface port description

The DPI-2 Interface module provides a MIPI compliant DPI-2 interface to the DSI Host Controller Core. In addition to the standard 
DPI-2 interface signals (prefixed with a dpi_) there are several configuration and status ports that allow the user to tune adjust the 
behavior of the DPI-2 Interface module to better suit a particular application.

61.3.5.1.4 DPI-2 Video Timing Recreation over DSI

The DSI Host DPI-2 module is designed to preserve the receive video timing by properly spacing the DSI packets that carry the DPI 
video information and by inserting blanking packets into the packet stream. In order to achieve this goal, the DSI Host controller 
needs to have the cfg_host_dpi_hfp, cfg_host_dpi_hbp, and cfg_host_dpi_hsa ports properly set. The values of these ports reflect 
the size of the hfp, hbp, and has in terms of DSI packet bytes, values such that the number of DSI bytes when transmitted takes 
approximately the same amount of absolute time as the video event took on the DPI interface.

To relate pixel sizes on the DPI interface to DSI packet bytes, use the following relationship:

Time of DPI even = time to transmit x number of bytes on the DSI interface

dpi_pixel_size * dpi_event_size * dpi_pclk_period = number_of_dsi_bytes * 8 * hs_bit_period / cfg_num_lanes

Solving for number_of_dsi_bytes

number_of_dsi_bytes = dpi_pixel_size * dpi_event_size * dpi_pclk_period * cfg_num_lanes / (8 * hs_bit_period)

number_of_dsi_bytes = value to set the cfg_host_dpi_hfp (hbp, or hsa) port to

dpi_pixel_size = size of a dpi pixel in bits

dpi_even_size = size of the video event in pixels (hfp, hbp, hsa)

dpi_pclk_period = period of dpi_pclk
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dsi_hs_bit_period = bit period of the mipi data lanes in High Speed mode

cfg_num_lanes = host controller setting for number of active lanes, 0 = 1 lane, 1 = 2 lanes, 2 = 3 lanes, 3 = 4 lanes)

61.3.5.2 DBI-2 interface core

The DBI-2 interface core provides a DBI-2 compliant interface that attaches to a Packet Interface Port on the DSI Host controller. 
The DBI-2 Interface Core handles converting the DBI-2 interface into a packet format that is compatible with the DSI Host 
Controller Core’s Packet Interface and adheres to the DSI specification. The DBI-2 interface core handles all pixel-to-byte packing 
for all DBI data types.

61.3.5.2.1 Features

The DSI Host Controller DBI-2 Interface Core has the following features.

• Support for Type 1, 2, and 3 displays

• Support for DBI-2 Type B and C Interfaces

• Support for 8-, 9- and 16- bit data (Type B)

• Interfaces directly to the Host Controller’s Packet Interface

61.3.5.2.2 DBI-2 host bridge module interface ports

The DBI-2 Interface module provides a MIPI compliant DBI-2 interface to the DSI Host Controller Core. In addition to the standard 
DBI-2 interface signals (prefixed with a dbi_) there are several configuration and status ports that allow the user to tune adjust the 
behavior of the DBI-2 Interface module to better suit a particular application.

61.3.5.2.3 DBI-2 host bridge module write and read waveforms

Figure 433 shows a DBI-2 write transaction. The command portion of the write is registered with the rising edge of dbi_wrx when 
dbi_dcx and dbi_csx are low. The write data is registered with the rising edge of dbi_wrx when dbi_dcx is high and dbi_csx is low.

Command Data

dbi_csx

dbi_resx

dbi_dcx

dbi_wrx

dbi_rdx

dbi_d_write[15:0]

dbi_d_read[15:0]

Figure 433. DBI-2 write waveform

The following figure shows a DBI-2 read transaction. The command portion of the read is registered with the rising edge of dbi_wrx 
when dbi_dcx and dbi_csx are low. The first cycle of read data is invalid with the first rising edge of dbi_rdx while the second cycle 
of read data is valid with the rising edge of dbi_rdx.
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Figure 434. DBI-2 read waveform

61.3.6 Packet data and pixel formats
The DSI Host Controller Core and DSI Peripheral Controller Core explicitly handle and exchanges 32-bit words encapsulated as 
packet data. The mapping between pixel formats and pixel data must be done on both sides by user logic on both sides of the DSI 
link. The DSI spec gives many examples of common pixel formats. The DSI Host Controller Core and DSI Peripheral Controller 
Core have no preference or limitation on which pixel formats it will handle.

The DPI-2 and DBI-2 interface cores handle pixel to byte packing and byte to pixel unpacking according to the MIPI 
DSI specification.

61.3.7 Clocks
The DSI Host Controller requires three to five clocks from the user, depending on the options used.

• a reference clock (ref_clk) used by the DPHY

• a byte clock, clk_byte, 1/8 the MIPI bit clock frequency and typically generated by the DPHY, used for packet generation and 
transfer to the DPHY

• a TX escape mode clock, clk_tx_esc, for internal LPDT state machines and low-power transmissions;

• a RX escape mode clock, clk_rx_esc, used by DPHY for reverse low-power reception.

• for DPI interfaces, a pixel clock, dpi_pclk
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Figure 435. DSI host controller clocking block diagram

61.3.7.1 ref_clk

The reference clock is used by the DPHY (DPHY PLL) to generate the High Speed MIPI clock and High Speed Data Lane 
signaling. The frequency of the resulting clock generated from DPHY PLL is typically equal to the high speed bit rate of the data 
lanes. The DPHY will also use this clock to generate the clk_byte clock output used by the Host DSI Controller and user application 
logic. The MIPI DPHY PLL must be setup through the DSI_HOST_NXP_IP2B_DPHY_INTFC registers, prior to starting DSI Host 
Controller and DPHY operation. For register details, see the DSI_HOST_NXP_IP2B_DPHY_INTFC memory section.

61.3.7.2 clk_byte

The clk_byte clock is typically generated by the DPHY and the frequency is 1/8th the data rate of the DPHY Data Lane High Speed 
data rate. A DPHY configured to generate High Speed data at 1 Gbps/lane would generate a 125 MHz clk_byte clock.

The clk_byte clock is used by the DSI Host Controller to interface to the MIPI Tx DPHY High Speed PPI interface. The DSI Host 
Controller’s Packet Interface is synchronous to the clk_byte clock.

61.3.7.3 dpi_pclk

The dpi_pclk clock is used on the optional Host DPI-2 interface. All of the Host DPI-2 signals are synchronous to this clock. The 
DSI Host Controller’s DPI Bridge module handles transferring video data received in the dpi_pclk clock domain over to the clk_byte 
clock domain.

The dpi_pclk and clk_byte frequencies are related by the following formula:

clk_byte_freq >= dpi_pclk_freq * DPI_pixel_size / ( 8 * (cfg_num_lanes + 1))

cfg_num_lanes = the configuration port setting that selects the number of active MIPI DPHY data lanes

clk_byte_freq = frequency of clk_byte which is 1/8th the High Speed data lane rate.
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dpi_pclk_freq = frequency of the dpi_pclk clock on the DPI-2 interface.

DPI_pixel_size = size of pixels, in bits, on the DPI-2 interface

If the clk_byte frequency does not meet this requirement, the MIPI interface will not be able to keep up with the video stream on 
the DPI-2 interface resulting in dropped video lines.

61.3.7.4 clk_tx_esc

The clk_tx_esc clock is used by the MIPI Tx DPHY for state control and low power data transmission. The DSI Host Controller 
also uses clk_tx_esc for the portion of controller logic that interfaces to the MIPI Tx DPHY that are synchronous to clk_tx_esc. The 
frequency of clk_tx_esc is defined by the requirements of the MIPI interface and the MIPI Tx DPHY.

61.3.7.5 clk_rx_esc

The clk_rx_esc clock is used by the MIPI Tx DPHY for reverse low power data reception. Tx DPHY may or may not require 
this clock. When this clock is required, the frequency of clk_rx_esc will be defined by the Tx DPHY and MIPI DPHY interface 
timing requirements.

61.3.7.6 Crossing clock boundaries

For DSI Packet Interfaces, data is provided to the DSI Host Controller in the clk_byte clock domain. The DSI Host Controller 
constructs packets and delivers them to the DPHY with the same clock, crossing no clock boundaries. See the packet interface 
path in Figure 435.

For the DPI-2 interface, data is provided to the DSI Host Controller in the dpi_pclk domain. The Host Controller constructs packets 
and delivers them to the DPHY in the clk_byte domain. A FIFO separates clock domains within the dpi_host_bridge module. The 
FIFO depth is set with a verilog parameter.

For the DBI-2 interface, data is provided to the DSI Host Controller in the dbi_c_scl clock domain. The Host Controller 
constructs packets and delivers them to the DPHY in the clk_byte domain. A FIFO separates clock domains withing the 
dbi_host_bridge module.

61.3.8 Reset
The following table shows the reset signals for this module.

Table 543. Reset signals

Signal Type Description

reset_dpi_n Input Asynchronous reset, active low. This 
reset applies to all logic in the dpi_pclk 
clock domain.

reset_byte_n Input Asynchronous reset, active low. This 
reset applies to all logic in the clk_byte 
clock domain.

reset_esc_n Input Asynchronous reset, active low. This 
reset applies to all logic in the clk_esc 
clock domain.

61.4 External signals
The following table shows the external signals for this module.
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Table 544. External signals

Signal Direction Description

CLK_N Output Differential Clock Signal (Negative)

CLK_P Output Differential Clock Signal (Positive).

DATA0_N-DATA3_N Output Differential Data Signal (Negative)

DATA0_P-DATA3_P Output Differential Data Signal (Positive)

61.5 Initialization
The Initialization procedure for the DSI Host Controller is as follows:

1. Assert all resets through the chip-specific registers provided for this purpose:

• reset_dpi_n

• reset_byte_n

• reset_esc_n

2. Setup DSI related clocks through chip-specific registers provided for this purpose (refer to the chip's Clocking chapter 
for details).

3. Setup MIPI DSI application by programming all DSI Host Controller and DSI DPHY required parameters (refer to 
"memory_map_register_definition" for details).

4. De-assert all remaining resets through the Chip-specific registers provided for this purpose:

• reset_dpi_n

• reset_byte_n

• reset_esc_n

The DSI Host Controller should be ready for use now.

61.6 Application information

61.6.1 Steps to transmit a packet
1. If the transmit packet is a long data type, write payload data to TX_PAYLOAD[PAYLOAD]

2. Write transmit packet information to PKT_CONTROL[CTRL]

3. Write any value to SEND_PACKET[TX_SEND] to start a packet transmission

4. Wait for packet transmit to complete. Either wait for an interrupt from the apb interface or monitor PKT_STATUS 
register.

61.6.2 Steps to perform a packet read request
1. Follow the steps for transmitting a packet as shown above, but with a data type that is a read command. You won’t have 

payload data for a read request so the first step can be skipped

2. Write 1 to PKT_CONTROL[25] to turn the bus around (BTA) after the transmission is complete so that the peripheral 
can send the read data back

3. Monitor PKT_STATUS[2] for the direction to check if the peripheral bus has control

4. Set PKT_CONTROL[25] bit to 0

NXP Semiconductors
MIPI-DSI Host Controller (MIPI-DSI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4446 / 5781



5. Wait for receive packet by either waiting for the interrupt or monitoring PKT_STATUS[7] to indicate an Rx packet has 
been received

6. Read the receive packet header information and Rx payload data if read is a long data type

61.7 Memory map and register definition
This section describes the registers and data structures in the DSI module.

 
This module doesn't generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

61.7.1 DSI_HOST register descriptions

61.7.1.1 DSI_HOST memory map

DSI_REG.DSI_HOST base address: 2DB0_0000h

Offset Register Width

(In bits)

Access Reset value

0h (CFG_NUM_LANES) 32 RW 0000_0000h

4h (CFG_NONCONTINUOUS_CLK) 32 RW 0000_0000h

8h (CFG_T_PRE) 32 RW 0000_0000h

Ch (CFG_T_POST) 32 RW 0000_0000h

10h (CFG_TX_GAP) 32 RW 0000_0000h

14h (CFG_AUTOINSERT_EOTP) 32 RW 0000_0000h

18h (CFG_EXTRA_CMDS_AFTER_EOTP) 32 RW 0000_0000h

1Ch (CFG_HTX_TO_COUNT) 32 RW 0000_0000h

20h (CFG_LRX_H_TO_COUNT) 32 RW 0000_0000h

24h (CFG_BTA_H_TO_COUNT) 32 RW 0000_0000h

28h (CFG_TWAKEUP) 32 RW 0000_0000h

2Ch (CFG_STATUS_OUT) 32 R 0000_0000h

30h (RX_ERROR_STATUS) 32 R 0000_0000h

61.7.1.2 (CFG_NUM_LANES)

Offset

Register Offset

CFG_NUM_LANES 0h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_LANES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

NUM_LANES

Sets the number of active lanes that are to be used for transmitting data.

2'b00 - 1 Lane

2'b01 - 2 Lanes

2'b10 - 3 Lanes

2'b11 - 4 Lanes

61.7.1.3 (CFG_NONCONTINUOUS_CLK)

Offset

Register Offset

CFG_NONCONTINUOU
S_CLK

4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved CLK_
MODE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

CLK_MODE

Sets the Host Controller into non-continuous MIPI clock mode.

When in non-continuous clock mode, the high speed clock will transistion into low power mode 
between transmissions.

1'b0 - Continuous high speed clock

1'b1 - Non-Continuous high speed clock

61.7.1.4 (CFG_T_PRE)

Offset

Register Offset

CFG_T_PRE 8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_PERIODS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

NUM_PERIOD
S

Sets the number of byte clock periods ('clk_byte' input) that the controller will wait after enabling the clock 
lane for HS operation before enabling the data lanes for HS operation.

This setting represents the TCLK-PRE DPHY timing parameter. The minimum value for this port is 1.
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61.7.1.5 (CFG_T_POST)

Offset

Register Offset

CFG_T_POST Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_PERIODS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

NUM_PERIOD
S

Sets the number of byte clock periods ('clk_byte' input) to wait before putting the clock lane into LP mode 
after the data lanes have been detected to be in Stop State.

This setting represents the DPHY timing parameters TLPX + TCLK-PREPARE + TCLK-ZERO + TCLK-PRE 
requirement for the clock lane before the data lane is allowed to change from LP11 to start a high speed 
transmission. The minimum value for this port is 1.

61.7.1.6 (CFG_TX_GAP)

Offset

Register Offset

CFG_TX_GAP 10h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_PERIODS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

NUM_PERIOD
S

Sets the number of byte clock periods ('clk_byte' input) that the controller will wait after the clock lane has 
been put into LP mode before enabling the clock lane for HS mode again.

This setting represents the THS-EXIT DPHY timing parameter. The minimum value for this port is 1.

61.7.1.7 (CFG_AUTOINSERT_EOTP)

Offset

Register Offset

CFG_AUTOINSERT_EO
TP

14h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AUTOI
NS...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

AUTOINSERT

Enables the Host Controller to automatically insert an EoTp short packet when switching from HS to 
LP mode.

1'b0 - EoTp is not automatically inserted

1'b1 - EoTp is automatically inserted

61.7.1.8 (CFG_EXTRA_CMDS_AFTER_EOTP)

Offset

Register Offset

CFG_EXTRA_CMDS_AF
TER_EOTP

18h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
EXTRA_EOTP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

EXTRA_EOTP

Configures the DSI Host Controller to send extra End Of Transmission Packets after the end of a packet.

The value is the number of extra EOTP packets sent.
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61.7.1.9 (CFG_HTX_TO_COUNT)

Offset

Register Offset

CFG_HTX_TO_COUNT 1Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

COUNT

Sets the value of the DSI Host High Speed TX timeout count in clk_byte clock periods that once reached 
will initiate a timeout error and follow the recovery procedure documented in the DSI specification.

61.7.1.10 (CFG_LRX_H_TO_COUNT)

Offset

Register Offset

CFG_LRX_H_TO_COUN
T

20h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

COUNT

Sets the value of the DSI Host low power RX timeout count in clk_byte clock periods that once reached 
will initiate a timeout error and follow the recovery procedure documented in the DSI specification.

61.7.1.11 (CFG_BTA_H_TO_COUNT)

Offset

Register Offset

CFG_BTA_H_TO_COUN
T

24h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23-0

COUNT

Sets the value of the DSI Host Bus Turn Around (BTA) timeout in clk_byte clock periods that once 
reached will initiate a timeout error.

61.7.1.12 (CFG_TWAKEUP)

Offset

Register Offset

CFG_TWAKEUP 28h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
NUM_PERIODS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NUM_PERIODS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18-0

NUM_PERIOD
S

DPHY Twakeup timing parameter.

Sets the number of clk_esc clock periods to keep a clock or data lane in Mark-1 state after exiting ULPS. 
The MIPI DPHY spec requires a minimum of 1ms in Mark-1 state after leaving ULPS.
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61.7.1.13 (CFG_STATUS_OUT)

Offset

Register Offset

CFG_STATUS_OUT 2Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

STATUS

Status Register

61.7.1.14 (RX_ERROR_STATUS)

Offset

Register Offset

RX_ERROR_STATUS 30h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-0

STATUS

Status Register for Host receive error detection, ECC errors, CRC errors and for timeout indicators

[0] ECC single bit error detected

[1] ECC multi bit error detected

[6:2] Errored bit position for single bit ECC error

[7] CRC error detected

[8] High Speed forward TX timeout detected

[9] Reverse Low power data receive timeout detected

[10] BTA timeout detected

61.7.2 DSI_HOST_DBI_INTFC register descriptions

61.7.2.1 DSI_HOST_DBI_INTFC memory map

DSI_REG.DSI_HOST_DBI_INTFC base address: 2DB0_0100h

Offset Register Width

(In bits)

Access Reset value

0h (PIXEL_PAYLOAD_SIZE) 32 RW 0000_0000h

4h (PIXEL_FIFO_SEND_LEVEL) 32 RW 0000_0000h
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61.7.2.2 (PIXEL_PAYLOAD_SIZE)

Offset

Register Offset

PIXEL_PAYLOAD_SIZE 0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PAYLOAD_SIZ
E

Maximum number of pixels that should be sent as one DSI packet.

Recommended to be evenly divisible by the line size (in pixels).

61.7.2.3 (PIXEL_FIFO_SEND_LEVEL)

Offset

Register Offset

PIXEL_FIFO_SEND_LE
VEL

4h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIFO_SEND_LEVEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

FIFO_SEND_L
EVEL

In order to optimize DSI utility, the DBI bridge buffers a certain number of DBI pixels before initiating a 
DSI packet.

This configuration port controls the level at which the DBI Host bridge begins sending pixels.

61.7.3 DSI_HOST_DPI_INTFC register descriptions

61.7.3.1 DSI_HOST_DPI_INTFC memory map

DSI_REG.DSI_HOST_DPI_INTFC base address: 2DB0_0200h

Offset Register Width

(In bits)

Access Reset value

0h (PIXEL_PAYLOAD_SIZE) 32 RW 0000_0000h

4h (PIXEL_FIFO_SEND_LEVEL) 32 RW 0000_0000h

8h (INTERFACE_COLOR_CODING) 32 RW 0000_0000h

Ch (PIXEL_FORMAT) 32 RW 0000_0000h

10h (VSYNC_POLARITY) 32 RW 0000_0000h

14h (HSYNC_POLARITY) 32 RW 0000_0000h

18h (VIDEO_MODE) 32 RW 0000_0000h

1Ch (HFP) 32 RW 0000_0000h

20h (HBP) 32 RW 0000_0000h

24h (HSA) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

28h (ENABLE_MULT_PKTS) 32 RW 0000_0000h

2Ch (VBP) 32 RW 0000_0000h

30h (VFP) 32 RW 0000_0000h

34h (BLLP_MODE) 32 RW 0000_0000h

38h (USE_NULL_PKT_BLLP) 32 RW 0000_0000h

3Ch (VACTIVE) 32 RW 0000_0000h

40h (DPI_VC) 32 RW 0000_0000h

61.7.3.2 (PIXEL_PAYLOAD_SIZE)

Offset

Register Offset

PIXEL_PAYLOAD_SIZE 0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PAYLOAD_SIZ
E

Maximum number of pixels that should be sent as one DSI packet.

Recommended to be evenly divisible by the line size (in pixels).
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61.7.3.3 (PIXEL_FIFO_SEND_LEVEL)

Offset

Register Offset

PIXEL_FIFO_SEND_LE
VEL

4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FIFO_SEND_LEVEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

FIFO_SEND_L
EVEL

In order to optimize DSI utility, the DPI bridge buffers a cerntain number of DPI pixels before initiating a 
DSI packet.

This configuration port controls the level at which the DPI Host bridge begins sending pixels.

61.7.3.4 (INTERFACE_COLOR_CODING)

Offset

Register Offset

INTERFACE_COLOR_C
ODING

8h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RGB_CONFIG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

RGB_CONFIG

Sets the distribution of RGB bits within the 24-bit d bus, as specified by the DPI specification.

000b - 16-bit Configuration 1

001b - 16-bit Configuration 2

010b - 16-bit Configuration 3

011b - 18-bit Configuration 1

100b - 18-bit Configuration 2

101b - 24-bit

61.7.3.5 (PIXEL_FORMAT)

Offset

Register Offset

PIXEL_FORMAT Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved PIXEL_FORMA
T W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

PIXEL_FORMA
T

Sets the DSI packet type of the pixels.

00b - 16 bit

01b - 18 bit

10b - 18 bit loosely packed

11b - 24 bit

61.7.3.6 (VSYNC_POLARITY)

Offset

Register Offset

VSYNC_POLARITY 10h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved VSYN
C_P...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
MIPI-DSI Host Controller (MIPI-DSI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4463 / 5781



Fields

Field Function

31-1

—

Reserved

0

VSYNC_POLA
RITY

Sets polarity of dpi_vsync_input

0b - active low

1b - active high

61.7.3.7 (HSYNC_POLARITY)

Offset

Register Offset

HSYNC_POLARITY 14h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved HSYN
C_P...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

HSYNC_POLA
RITY

Sets polarity of dpi_hsync_input

0b - active low

1b - active high
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61.7.3.8 (VIDEO_MODE)

Offset

Register Offset

VIDEO_MODE 18h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
VIDEO_MODE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

VIDEO_MODE

Select DSI video mode that the host DPI module should generate packets for.

00b - Non-Burst mode with Sync Pulses

01b - Non-Burst mode with Sync Events

10b - Burst mode

11b - Reserved, not valid

61.7.3.9 (HFP)

Offset

Register Offset

HFP 1Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PAYLOAD_SIZ
E

Sets the DSI packet payload size, in bytes, of the horizontal front porch blanking packet.

61.7.3.10 (HBP)

Offset

Register Offset

HBP 20h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

PAYLOAD_SIZ
E

Sets the DSI packet payload size, in bytes, of the horizontal back porch blanking packet.

61.7.3.11 (HSA)

Offset

Register Offset

HSA 24h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PAYLOAD_SIZ
E

Sets the DSI packet payload size, in bytes, of the horizontal sync width filler blanking packet.
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61.7.3.12 (ENABLE_MULT_PKTS)

Offset

Register Offset

ENABLE_MULT_PKTS 28h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved ENABL
E_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

ENABLE_MULT
_PKTS

Enable Multiple packets per video line.

When enabled, cfg_dpi_pixel_payload_size must be set to exactly half the size of the video line.

0b - Video Line is sent in a single packet

1b - Video Line is sent in two packets

61.7.3.13 (VBP)

Offset

Register Offset

VBP 2Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_LINES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

NUM_LINES

Sets the number of lines in the vertical back porch.

61.7.3.14 (VFP)

Offset

Register Offset

VFP 30h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_LINES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-0

NUM_LINES

Sets the number of lines in the vertical front porch.

61.7.3.15 (BLLP_MODE)

Offset

Register Offset

BLLP_MODE 34h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
LP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

LP

Optimize bllp periods to Low Power mode when possible

0b - Blanking packets are sent during BLLP periods

1b - LP mode is used for BLLP periods
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61.7.3.16 (USE_NULL_PKT_BLLP)

Offset

Register Offset

USE_NULL_PKT_BLLP 38h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NULL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

NULL

Selects type of blanking packet to be sent during bllp region

0b - Blanking packet used in bllp region

1b - Null packet used in bllp region

61.7.3.17 (VACTIVE)

Offset

Register Offset

VACTIVE 3Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
NUM_LINES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-14

—

Reserved

13-0

NUM_LINES

Sets the number of lines in the vertical active aread.

61.7.3.18 (DPI_VC)

Offset

Register Offset

DPI_VC 40h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
SET_VC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-2

—

Reserved

1-0

SET_VC

Sets the Virtual Channel (VC) of packets that will be sent to the receive packet interface.

Packets with VC not equal to SET_VC bit value are discarded and the "DSI VC ID Invalid" bit (bit 12) in the 
DSI error report is set.

61.7.4 DSI_HOST_APB_PKT_IF register descriptions

61.7.4.1 DSI_HOST_APB_PKT_IF memory map

DSI_REG.DSI_HOST_APB_PKT_IF base address: 2DB0_0280h

Offset Register Width

(In bits)

Access Reset value

0h (TX_PAYLOAD) 32 RW 0000_0000h

4h (PKT_CONTROL) 32 RW 0000_0000h

8h (SEND_PACKET) 32 RW 0000_0000h

Ch (PKT_STATUS) 32 R 0000_0000h

10h (PKT_FIFO_WR_LEVEL) 32 R 0000_0000h

14h (PKT_FIFO_RD_LEVEL) 32 R 0000_0000h

18h (PKT_RX_PAYLOAD) 32 R 0000_0000h

1Ch (PKT_RX_PKT_HEADER) 32 R 0000_0000h

20h (IRQ_STATUS) 32 R 0000_0000h

24h (IRQ_STATUS2) 32 R 0000_0000h

28h (IRQ_MASK) 32 RW 0000_0000h

2Ch (IRQ_MASK2) 32 RW 0000_0000h

61.7.4.2 (TX_PAYLOAD)

Offset

Register Offset

TX_PAYLOAD 0h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PAYLOAD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PAYLOAD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PAYLOAD

Tx Payload data write register.

Writes to this registers load the payload fifo with 32 bit values.

61.7.4.3 (PKT_CONTROL)

Offset

Register Offset

PKT_CONTROL 4h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 
CTRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CTRL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

26-0

CTRL

Tx packet control register.

[15:0] - Packet word count

[17:16] - Packet Virtual Channel

[23:18] - Packet Header DSI Data Type

[24] - Lp or HS select. 0 - LP mode, 1 - HS mode

[25] - perform BTA after packet is sent

[26] - perform BTA only, no packet tx

61.7.4.4 (SEND_PACKET)

Offset

Register Offset

SEND_PACKET 8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved TX_
SEND W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

TX_SEND

Tx send packet, writing to this register causes the packet described in dsi_host_pkt_control to be sent.
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61.7.4.5 (PKT_STATUS)

Offset

Register Offset

PKT_STATUS Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-0

STATUS

Status of APB to packet interface

[0] - state machine not idle

[1] - Tx packet done

[2] - dphy direction 0 - tx had control, 1 - rx has control

[3] - tx fifo overflow

[4] - tx fifo underflow

[5] - rx fifo overflow

[6] - rx fifo underflow

[7] - rx packet header has been received

[8] - all rx packet payload data has been received

NXP Semiconductors
MIPI-DSI Host Controller (MIPI-DSI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4476 / 5781



61.7.4.6 (PKT_FIFO_WR_LEVEL)

Offset

Register Offset

PKT_FIFO_WR_LEVEL 10h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R WR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

WR

Write level of APB to pkt interface fifo

61.7.4.7 (PKT_FIFO_RD_LEVEL)

Offset

Register Offset

PKT_FIFO_RD_LEVEL 14h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

RD

Read level of APB to pkt interface fifo

61.7.4.8 (PKT_RX_PAYLOAD)

Offset

Register Offset

PKT_RX_PAYLOAD 18h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PAYLOAD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PAYLOAD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PAYLOAD

APB to pkt interface rx payload read

61.7.4.9 (PKT_RX_PKT_HEADER)

Offset

Register Offset

PKT_RX_PKT_HEADER 1Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved HEADER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HEADER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

HEADER

APB to pkt interface rx packet header [15:0] word count [21:16] data type [23:22] Virtual Channel

61.7.4.10 (IRQ_STATUS)

Offset

Register Offset

IRQ_STATUS 20h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

STATUS

Status of APB to packet interface

[0] - state machine not idle

[1] - Tx packet done

[2] - dphy direction 0 - tx had control, 1 - rx has control

[3] - tx fifo overflow

[4] - tx fifo underflow

[5] - rx fifo overflow

[6] - rx fifo underflow

[7] - rx packet header has been received

[8] - all rx packet payload data has been received

[28:9] - map directory to dsi host controller status_out port bit descriptions

[29] - high speed tx timeout, host controller hs_tx_timeout port

[30] - low power rx timeout, host controller lp_rx_timeout port

[31] - host bta timeout, host controller host_bta_timeout port

61.7.4.11 (IRQ_STATUS2)

Offset

Register Offset

IRQ_STATUS2 24h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved STATUS2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-3

—

Reserved

2-0

STATUS2

Status of APB to packet interface part 2, read part 2 first then dsi_host_irq_status.

Reading dsi_host_irq_status will clear both status and status2

[0] - single bit ecc error

[1] - multi bit ecc error

[2] - crc error

61.7.4.12 (IRQ_MASK)

Offset

Register Offset

IRQ_MASK 28h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

MASK

IRQ Mask

[0] - state machine not idle

[1] - Tx packet done

[2] - dphy direction 0 - tx had control, 1 - rx has control

[3] - tx fifo overflow

[4] - tx fifo underflow

[5] - rx fifo overflow

[6] - rx fifo underflow

[7] - rx packet header has been received

[8] - all rx packet payload data has been received

[28:9] - map directory to dsi host controller status_out port bit descriptions

[29] - high speed tx timeout, host controller hs_tx_timeout port

[30] - low power rx timeout, host controller lp_rx_timeout port

[31] - host bta timeout, host controller host_bta_timeout port

61.7.4.13 (IRQ_MASK2)

Offset

Register Offset

IRQ_MASK2 2Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
MASK2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-3

—

Reserved

2-0

MASK2

IRQ Mask 2

[0] - single bit ecc error

[1] - multi bit ecc error

[2] - crc error

61.7.5 DSI_HOST_NXP_IP2B_DPHY_INTFC register descriptions

61.7.5.1 DSI_HOST_NXP_IP2B_DPHY_INTFC memory map

DSI_REG.DSI_HOST_NXP_IP2B_DPHY_INTFC base address: 2DB0_0300h

Offset Register Width

(In bits)

Access Reset value

0h (PD_DPHY) 32 RW 0000_0001h

4h (M_PRG_HS_PREPARE) 32 RW 0000_0000h

8h (MC_PRG_HS_PREPARE) 32 RW 0000_0000h

Ch (M_PRG_HS_ZERO) 32 RW 0000_0000h

10h (MC_PRG_HS_ZERO) 32 RW 0000_0000h

14h (M_PRG_HS_TRAIL) 32 RW 0000_0000h

18h (MC_PRG_HS_TRAIL) 32 RW 0000_0000h

1Ch (MC_PRG_RXHS_SETTLE) 32 RW 0000_0000h

20h (M_PRG_RXHS_SETTLE) 32 RW 0000_0000h

24h (PD_PLL) 32 RW 0000_0001h

28h (TST) 32 RW 0000_0025h

2Ch (CN) 32 RW 0000_0000h

30h (CM) 32 RW 0000_0000h

34h (CO) 32 RW 0000_0000h

38h (LOCK) 32 R 0000_0000h

3Ch (LOCK_BYP) 32 RW 0000_0000h

40h (AUTO_PD_EN) 32 RW 0000_0000h

44h (RXLPRP) 32 RW 0000_0000h

48h (RXCDRP) 32 RW 0000_0000h
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61.7.5.2 (PD_DPHY)

Offset

Register Offset

PD_DPHY 0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved PD_
DPHY W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-1

—

Reserved

0

PD_DPHY

Power Down input for PHY. When high, all PHY blocks are powered down.

61.7.5.3 (M_PRG_HS_PREPARE)

Offset

Register Offset

M_PRG_HS_PREPARE 4h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved M_PRG_HS_P
REPARE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

M_PRG_HS_P
REPARE

This field is used to program T_HS_PREPARE time in the beginning of high speed transmission mode. 
For more details on how to program this field, see DPHY Programming.

61.7.5.4 (MC_PRG_HS_PREPARE)

Offset

Register Offset

MC_PRG_HS_PREPAR
E

8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved MC_P
RG_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

MC_PRG_HS_
PREPARE

This bit is used to program T_CLK_PREPARE time in the beginning of high-speed transmission mode. 
For more details on how to program this field, see DPHY Programming.

61.7.5.5 (M_PRG_HS_ZERO)

Offset

Register Offset

M_PRG_HS_ZERO Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
M_PRG_HS_ZERO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-0

M_PRG_HS_ZE
RO

This field is used to program T_HS_ZERO time in the beginning of high-speed transmission mode. For more 
details on how to program this field, see DPHY Programming.
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61.7.5.6 (MC_PRG_HS_ZERO)

Offset

Register Offset

MC_PRG_HS_ZERO 10h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
MC_PRG_HS_ZERO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

MC_PRG_HS_Z
ERO

This field is used to program T_CLK_ZERO time in the beginning of high-speed transmission mode. For 
more details on how to program this field, see DPHY Programming.

61.7.5.7 (M_PRG_HS_TRAIL)

Offset

Register Offset

M_PRG_HS_TRAIL 14h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
M_PRG_HS_TRAIL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

M_PRG_HS_TR
AIL

This field is used to program T_HS_TRAIL time in the end of high-speed transmission mode. For more 
details on how to program this field, see DPHY Programming.

61.7.5.8 (MC_PRG_HS_TRAIL)

Offset

Register Offset

MC_PRG_HS_TRAIL 18h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
MC_PRG_HS_TRAIL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
MIPI-DSI Host Controller (MIPI-DSI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4488 / 5781



Fields

Field Function

31-5

—

Reserved

4-0

MC_PRG_HS_T
RAIL

This field is used to program T_CLK_ZERO time in the beginning of high-speed transmission mode. For 
more details on how to program this field, see DPHY Programming.

61.7.5.9 (MC_PRG_RXHS_SETTLE)

Offset

Register Offset

MC_PRG_RXHS_SETTL
E

1Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
MC_PRG_RXHS_SETTLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-0

MC_PRG_RXH
S_SETTLE

This field is used to program T_CLK_SETTLE. RX waits for Time-out T_CLK_SETTLE. For more details on 
how to program this field, see DPHY Programming.
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61.7.5.10 (M_PRG_RXHS_SETTLE)

Offset

Register Offset

M_PRG_RXHS_SETTLE 20h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
M_PRG_RXHS_SETTLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5-0

M_PRG_RXHS
_SETTLE

This field is used to program T_HS_SETTLE. RX waits for Time-out T_HS_SETTLE. For more details on 
how to program this field, see DPHY Programming.

61.7.5.11 (PD_PLL)

Offset

Register Offset

PD_PLL 24h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved PD_
PLL W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Fields

Field Function

31-1

—

Reserved

0

PD_PLL

Power-down signal. When high, the PLL is powered down.

61.7.5.12 (TST)

Offset

Register Offset

TST 28h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
TST 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1
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Fields

Field Function

31-6

—

Reserved

5-0

TST

Test Pins

Set TST[5:0]=[100101] at normal operation.

61.7.5.13 (CN)

Offset

Register Offset

CN 2Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-5

—

Reserved

4-0

CN

Control N divider

11111 - Divide value of 1

00000 - Divide value of 2

10000 - Divide value of 3

11000 - Divide value of 4

...

Table continues on the next page...
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Table continued from the previous page...

Field Function

...

...

...

...

00110 - Divide value of 30

00011 - Divide value of 31

00001 - Divide value of 32

61.7.5.14 (CM)

Offset

Register Offset

CM 30h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

CM

Control M divider

111X0000 - Divide value of 16

111X0001 - Divide value of 17

111X0010 - Divide value of 18

Table continues on the next page...
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Table continued from the previous page...

Field Function

...

...

...

...

01111101 - Divide value of 253

01111110 - Divide value of 254

01111111 - Divide value of 255

61.7.5.15 (CO)

Offset

Register Offset

CO 34h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
CO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

CO

Control O divider

00b - Divide by 1

01b - Divide by 2

10b - Divide by 4

11b - Divide by 8
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61.7.5.16 (LOCK)

Offset

Register Offset

LOCK 38h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved LOCK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

LOCK

Lock Detect output. Asserted when the PLL has achieved frequency lock.

61.7.5.17 (LOCK_BYP)

Offset

Register Offset

LOCK_BYP 3Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved LOCK_
BYP W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

LOCK_BYP

When clock lane exits from ULPS, this input determines if the PLL LOCK signal will be used to gate the 
TxByteClkHS

0b - PLL LOCK signal will gate TxByteClkHS clock [Default]

1b - PLL LOCK signal will not gate TxByteClkHS clock, CIL based counter will be used to gate the 
TxByteClkHS.

61.7.5.18 (AUTO_PD_EN)

Offset

Register Offset

AUTO_PD_EN 40h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AUTO_
PD...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-1

—

Reserved

0

AUTO_PD_EN

Powers down inactive lanes reported by CFG_NUM_LANES input bus

0b - Inactive lanes are powered up and driving LP11.

1b - Inactive lanes are powered down [Default].

61.7.5.19 (RXLPRP)

Offset

Register Offset

RXLPRP 44h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RXLPRP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

RXLPRP

This field adjusts the threshold voltage and hysteresis of LP-RX. Default value 2'b01.
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61.7.5.20 (RXCDRP)

Offset

Register Offset

RXCDRP 48h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved 
RXCDRP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

—

Reserved

1-0

RXCDRP

This field adjusts the threshold voltage of LP-CD. Default value 2'b01.
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Chapter 62
MIPI-CSI Host Controller-2 (MIPI-CSI-2)
62.1 Chip-specific MIPI_CSI-2 information
Table 545. Reference links to related information

Topic Related module Reference

Full description MIPI_CSI-2 MIPI_CSI

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

62.1.1 Module instances
This device has one instance of the MIPI_CSI-2 module.

62.1.2 Ys output swap
In the ISI output, the Ys outputs are swapped for Legacy YUV420 8-bit, so the SW needs to preprocess the ISI output and swap 
back from the Y2Y1Y4Y3... to the Y1Y2Y3Y4... format before being used in the MIPI-CSI-2, as input to ISI.

62.1.3 IRQ_STATUS register configuration
After MIPI-CSI is powered up and before the corresponding GIC vector is enabled, it is required to clear the pending 
IRQ_STATUS[3] bit by reading the IRQ_STATUS register.

62.2 Overview
The Mobile Industry Processor Interface (MIPI) Camera Serial Interface 2 (CSI2) Rx block with the PHY and host controller 
handles the sensor or image input and process for all the input imaging devices .

62.2.1 Block diagram
Figure 436 shows the block diagram for the MIPI CSI-2 Rx. The CSI-2 Rx Controller Core operates on the receive side of a 
CSI-2 link.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4499 / 5781



Formatting Protocol Lane Management

Status/
Control

Pixel IFL
o

ca
l I

n
te

rf
ac

e

User
Interface

Pixel
format

CRC ECC

D-PHY
CLK

D-PHY
LANE 1

D-PHY
LANE 0

CLK_N

CLK_P

DATA1_N
DATA1_P

DATA0_N
DATA0_P

CFG_NUM_LANES
[CFG_NUM_LANES]

CSI-2 Controller Core (Rx)

Figure 436. CSI-2 Rx controller core block diagram

The CSI-2 Rx Controller Core implements all three layers defined by the CSI-2 Specification: Pixel to Byte Packing, Low Level 
Protocol, and Lane Management.

The D-PHY interface of the CSI-2 Rx Controller Core supports PHY Protocol Interface (PPI) compatible MIPI D-PHYs.

The Local Interface is an easy to use pixel based interface that runs at the User Interface clock rate for all implementations. The 
CSI-2 Rx Controller Core takes care of all packet formatting details and transmission over the MIPI bus.

62.2.2 Features
The MIPI-CSI2 Controller has the following key features.

• Implements all three CSI-2 MIPI Layers (Pixel to Byte packing, Low Level Protocol, Lane Management)

• Supports CSI-2 Unidirectional Master operation

• Scalable data lane support: 1 or 2 data lanes can be configured.

• Support for all CSI-2 data types

• Support for DPHY Ultra Low Power State (ULPS)

• Error collection support (Rx Only)

• Flexible pixel-based user interface

— Supports user generated packets
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— Supports single pixel interface

• Supports PHY Protocol Interface (PPI) compatible MIPI D-PHYs

— Delivered fully integrate and verified with target MIPI D-PHY

• Optional APB Control and Status Register (CSR) interface with IRQ support

• Easy configuration and control via core ports

• MIPI Alliance Standard for Camera Serial Interface 2 (CSI-2) Version 1.1 compliant

62.3 Functional description

62.3.1 CSI-2 Rx Controller Core

62.3.1.1 CSI-2 Rx Controller Core Local Interface

The CSI-2 Rx Controller Core Local Interface consists of a Receive Interface.

Packets are received from the MIPI Interface via the Receive Local Interface. The Receive Interface is designed to easily interface 
to a FIFO on the user side that holds the pixels that are received until the user application can process them.

62.3.1.1.1 Receive local interface port descriptions

The Receive Local Interface is the mechanism with which the user receives packets from the MIPI Interface.

The Receive Local Interface first announces that a packet is being or has been received by asserting the pkt_hdr_valid signal with 
the other packet information output ports containing details about the packet. Next, the sop_out signal will assert indicating that 
data is about to arrive at the Receive Local Interface. Dav_out will assert with every cycle of pixel data on the data_out port. The 
last cycle of receive data is signaled by the assertion of eop_out.

The CSI-2 Rx Controller Core is configured for single pixel interface. With a single pixel interface, data_out contains a single pixel 
every clock that dav_out (data valid) is asserted. The single pixel interface must run at a frequency that is equal to or greater than 
the image sensor pixel clock.

All interface ports are rising edge synchronous to clk_ui.

Table 546. Receive Local Interface

Signal Type Description

data_out[n-1:0] Output

Pixel Data output. The Rx Controller can present pixel data in single pixel. See 
Single Pixel Configuration for the description of single-pixel configuration. The 
width of the data_out port is dependent on the largest pixel size possible. Pixel 
data types narrower than ‘n’ bits are justified down into the least significant bits (ie, 
bits [7:0] in a 12 bit field [11:0]). Valid when dav_out is asserted high.

dav_out Output Data Valid Out. When asserted high, data_out, sop_out, and eop_out outputs 
are valid.

sop_out Output Start of packet signal. This active high signal indicates the first cycle of data on 
dataout. Valid when dav_out asserts high

eop_out[3:0] Output Last pixel indicator. Asserts to indicate the last pixel in a transmission. When in 
single pixel mode, eop_out[0] is used.

Table continues on the next page...

NXP Semiconductors
MIPI-CSI Host Controller-2 (MIPI-CSI-2)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4501 / 5781



Table 546. Receive Local Interface (continued)

pkt_hdr_valid Output Packet header data is valid on the packet header ports below when this signal 
is asserted.

pkt_hdr_vc[1:0] Output Packet virtual channel number, valid when pkt_hdr_valid is asserted.

pkt_hdr_data_type[4:0] Output
Packet data type, valid when pkt_hdr_valid is asserted. See the CSI-2 
specification for a definition of possible values. See section CSI-2 Rx Controller 
Core Data Types Formatting for more information.

pkt_hdr_wc[15:0] Output

Packet Word Count. Number of bytes of pixel data in the received payload for long 
packet data types. See the MIPI CSI-2 specification for meaning for short packet. 
The value on pkt_hdr_wc is the Word count field from the received packet header. 
The RX controller does not modify the value in any way. Valid when pkt_hdr_valid 
is asserted.

pixel_cnt_out[15:0] Output
Number of pixels in receive packet. The pixel_cnt_out value is updated one clock 
after eop_out asserts and represents the packet of pixels there were in the just 
received packet. The pixel_cnt_out value is only valid for long packets.

ecc_one_bit_error Output Single bit error in the packet header was detected and corrected. Active high and 
is valid when pkt_hdr_valid is high.

ecc_two_bit_error Output Two packet header bit errors were detected and not corrected, active high and is 
valid when pkt_hdr_is high..

ecc_one_bit_error_pos[4:0] Output Position of the corrected single bit error in the packet header. Valid when 
pkt_hdr_valid is asserted high.

ecc_err Output Error detected in the ECC bits. This signal is no longer supported.

ecc_err_pos[2:0] Output Position of the bit in the ECC bits, valid when ecc_err is asserted. This signal is no 
longer supported.

crc_err Output
Asserts high when the CRC calculated on the received data does not match 
the CRC the transmitter sent at the end of the packet. Valid when the eop_out 
output asserts.

ulps_active[4:0] Output

Receive Ultra Low Power State active. Asserts when corresponding clock or data 
lane is in ULPS mode.

Bit [0] – Clock Lane

Bit [1] – Data Lane 0

Bit [2] – Data Lane 1

Bit [3] – Reserved

Bit [4] – Reserved

ulps_mark_active[4:0] Output

Receive Ultra Low Power State Mark status. Bits assert high when corresponding 
clock or data lane has exited ULPS and entered Mark-1 state. Lanes will remain 
in Mark-1 state for a minimum of 1ms as per the MIPI DPHY specification. While 
in Mark-1 state, no other active, like High Speed data transmission, is allowed.

Table continues on the next page...
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Table 546. Receive Local Interface (continued)

Bit [0] – Clock Lane

Bit [1] – Data Lane 0

Bit [2] – Data Lane 1

Bit [3] – Reserved

Bit [4] – Reserved

rx_enable Input

Receive Enable, active high. When deasserted, the RX controller will pause data 
reception at the next packet boundary. Since the CSI-2 protocol does not allow 
the Receiver to pause data, when rx_enable is deasserted the RX Controller still 
receives data from the RX DPHY but it does not forward the receive packets to the 
user interface but instead discards the received data. When rx_enable is asserted, 
the RX controller will wait for the start of the next packet before allowing data to be 
sent out over the user interface.

62.3.1.1.2 Receive Interface Example Transactions

High Speed receive packets appear immediately on the Receive local interface as they are received.

62.3.1.1.2.1 Long packet receive with RAW8 data and one DPHY lane

Figure 437 shows a waveform diagram of a received packet on the local interface. Initially, pkt_hdr_valid asserts along with the 
packet header information. The packet header ports, pkt_hdr_data_type, pkt_hdr_wc, and pkt_hdr_vc indicate that the packet 
contains RAW8 data, has 4 bytes total and a Virtual Channel of zero. Several clocks later sop_out asserts with dav_out indicating 
the first cycle of receive data. Dav_out asserts for 4 clocks, framing the 4 bytes (pixels) of RAW8 pixel data on data_out[7:0]. 
During the last cycle of dav_out eop_out[0] asserts indicating the last cycle of received RAW8 data. When the pixel data has 
a width less than the 24 bit width of the data_out port the data is justified down into the lower bits. In the example previously 
described, the RAW8 data will appear on data_out[7:0]. If the data had been RAW10 pixels, the RAW10 data would be contained 
on data_out[9:0].
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clk_ui

pkt_hdr_valid

pkt_hdr_data_type[4:0]

pkt_hdr_wc[15:0]

pkt_hdr_vc[1:0]

sop_out

eop_out

dav_out

data_out[23:0]

pixel_cnt_out[15:0]

Figure 437. Receive Packet with a payload of 8 RAW8 pixels, single DPHY lane, and Virtual Channel = 0 single pixel 
configuration

62.3.1.1.2.2 Short Packet Receive

Figure 438 shows the reception of a CSI-2 Short Packet type. As defined in the CSI-2 specification, short packets do not contain 
any data. All the information in a short packet is contained in the 32 bit header. Pkt_hdr_valid asserts indicating that the packet 
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header information contained on pkt_hdr_data_type, pkt_hdr_wc, and pkt_hdr_vc is valid. Short packets are defined as having a 
pkt_hdr_data_type value that is less than 0x10. With a short packet the CSI-2 Rx Controller Core does not assert sop_out, eop_out, 
nor dav_out.
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pkt_hdr_vc[1:0]

sop_out

eop_out

dav_out

data_out[23:0]

pixel_cnt_out[15:0]

Figure 438. Short Packet receive with a data type of Line Start, Line Number of 8 , and Virtual Channel = 0 single pixel 
configuration

Figure 439 shows a waveform diagram of a received packet on the local interface for an unsupported data type. In this example, 
the data type ix 0x30, a user defined byte data type. Initially, pkt_hdr_valid asserts along with the packet header information. The 
packet header ports, pkt_hdr_data_type, pkt_hdr_wc, and pkt_hdr_vc indicate that the packet is a user defined data type with a 
payload of 4 bytes. For unsupported types, the Rx Controller outputs the entire packet minus the two byte CRC value at the end 
of the packet. The first four bytes are the packet header followed immediately by the 4 bytes of payload data.
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pixel_cnt_out[15:0]

Figure 439. Received packet of an unsupported data type, 0x30, user defined data, single pixel configuration

62.3.1.2 Single Pixel Configuration

The CSI-2 Rx Controller Core User Interface supports a configuration where a single pixel of received data is processed every 
clock period. When a received pixel data type width is less than the max pixel width of 24 bits, the pixel will be justified down into 
the least significant bits. For example, if RAW8 data type is being received, the RAW8 data will be presented on data_out[7:0].

The CSI-2 Rx Controller Core contains minimal pixel buffering (16 pixels or less) so the frequency of that the user interface runs at 
must be at least high enough to receive the data from the controller at a rate that is equal to or greater than the highest transmission 
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data rate on the MIPI interface for all lanes combined. For example, if the total bandwidth of the physical MIPI interface will be 800 
Mbps with a data type of RAW8 then the user interface must be clocked at a minimum of 100 MHz.

62.3.1.3 CSI-2 Rx Controller Core Data Types Formatting

The CSI-2 Rx Controller Core supports the various CSI-2 Data Types via the data_out port. The following subsections describe 
how the controller presents the various received data types on the data_out output port.

The following subsections refer to the single configuration of the CSI-2 Rx Controller Core. See section Single Pixel Configuration 
for the description of single-pixel configuration and the definition of MAX_PIXEL_WIDTH.

62.3.1.3.1 RAW6 (Data Type = 0x28)

With RAW6 data type (0x28) and the Rx Controller configured for single pixel mode, RAW6 data is contained on data_out[5:0].

62.3.1.3.2 RAW8 (Data Type = 0x2A)

With RAW8 data type (0x2A) and the Rx Controller configured for single pixel mode, RAW8 data is contained on data_out[7:0].

62.3.1.3.3 RAW10 (Data Type = 0x2B)

With RAW10 data type (0x2B) and the Rx Controller configured for single pixel mode, the received RAW10 data is contained 
on data_out[9:0].

62.3.1.3.4 RAW12 (Data Type = 0x2C)

With RAW12 data type (0x2C) and the Rx Controller configured for single pixel mode, the received RAW12 data is contained 
on data_out[11:0].

62.3.1.3.5 RGB888 (Data Type = 0x24)

With RGB888 data type (0x24) and the Rx Controller configured for single pixel mode, the blue data is on data_out[7:0], green on 
data_out[15:8], and red on data_out[23:16].

62.3.1.3.6 RGB444 (Data Type = 0x20)

With RGB444 data type (0x20) and the Rx Controller configured for single pixel mode, the blue data is on data_out[3:0], green on 
data_out[7:4], and red on data_out[11:8].

62.3.1.3.7 RGB666 (Data Type = 0x23)

With RGB666 data type (0x23) and the Rx Controller configured for single pixel mode, the blue data is on data_out[5:0], green on 
data_out[11:6], and red on data_out[17:12].

62.3.1.3.8 RGB565 (Data Type = 0x22)

With RGB565 data type (0x22) and the Rx Controller configured for single pixel mode the blue data is on data_out[4:0], green on 
data_out[10:5], and red on data_out[15:11].

62.3.1.3.9 RGB555 (Data Type = 0x21)

With RGB555 data type (0x21) and the Rx Controller configured for single pixel mode the blue data is on data_out[4:0], green on 
data_out[9:5], and red on data_out[14:10].

62.3.1.3.10 Legacy YUV420 8 bit (Data Type = 0x1A)

With Legacy YUV420 8 bit and the Rx Controller configured for single pixel mode the video data is received in UYY…/VYY 
sequences in odd/even lines. The U component is received with YY in a UYY group on odd lines while the V component is received 
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with the same YY pairs in VYY groups on the even lines. See the MIPI CSI-2 Specification for a more complete description. 
When receiving an odd line data_out[7:0] contains the U component, data_out[15:8] Y1 and data_out[23:16] Y2. On even lines 
data_out[7:0] contains the V component, data_out[15:8] Y1 and data_out[23:16] Y2.

62.3.1.3.11 YUV422 8 bit (Data Type = 0x1E)

With YUV422 8 bit is received as UYVY sequence. With the Rx controller configured for single pixel mode, data_out[7:0] contains 
the U1 component, bits [15:8] Y1. On the next data valid cycle bits [7:0] V1, bits [15:8] Y2.

62.3.1.3.12 YUV422 10 bit (Data Type = 0x1F)

With YUV422 10 bit is received as a UYVY sequence with each component represented by 10 bits. With the Rx controller 
configured for single pixel mode, data_out[9:0] contains the U1 component, bits [19:10] Y1. On the next RX data valid cycle, bits 
[9:0] V1, bits [19:10] Y2.

62.3.1.3.13 User Defined Data Types, (Data Type = 0x30,0x31,0x32,0x33,0x34,0x35,0x36,0x37)

With User Defined Data Types and the Rx Controller configured for single pixel mode, User Defined data is contained 
on data_out[7:0].

62.3.1.3.14 Null Data Type, (Data Type = 0x10)

With User Null Data Type and the Rx Controller configured for single pixel mode, Null data is contained on data_out[7:0].

62.3.1.3.15 Blanking Data Type, (Data Type = 0x11)

With Blanking Data Type and the Rx Controller configured for single pixel mode, Blanking data is contained on data_out[7:0].

62.3.1.3.16 Embedded Data Type, (Data Type = 0x12)

With User Null Data Type and the Rx Controller configured for single pixel mode, Embedded data is contained on data_out[7:0].

62.3.1.3.17 Unsupported Data Types

With unsupported data types and the Rx Controller configured for single pixel mode, the raw packet data (including the header 
but minus the CRC) is contained on data_out[7:0].

62.3.1.4 CSI-2 Rx Control and Status Register (CSR) APB Interface

The CSI-2 RX Controller can be configured with an optional Control and Status Register (CSR) interface. The CSR provides an 
APB compatible interface that enables control of the controller’s configuration inputs via registers accessible via the APB interface.

62.3.2 Clocking
The CSI-2 Rx Controller Core requires two clocks for proper operation clk_ui and clk. The clk_ui clock is the clock that the user 
interface is synchronous to, with all inputs and outputs referenced to the rising edge of clk_ui. The clk input is the clock that the 
CSI-2 Rx Controller Core uses to process data received from the D-PHY. Clk_ui must be of a sufficient frequency to keep up with 
the incoming data from the CSI-2 MIPI interface.

The data from the D-PHY is clocked into shallow FIFOs (one per DPHY lane) using a receive clock that the D-PHY generates. 
There is no direct timing requirements between the D-PHY generated receive clock and the CSI-2 Rx Controller Core’s clk or clk_ui 
input. The frequency of the clock used for the Rx Controller’s clk input must be of a sufficient frequency that the Rx Controller 
can keep up with the receive data from the D-PHY. The Rx Controller processes the Rx D-PHY data in a 32 bit wide data path 
regardless of whether the CSI-2 MIPI receive data is coming across one or two lanes. The frequency of clk must be exactly equal 
to or greater than the RX byte clock coming from the RX DPHY.

Figure 440 shows one possible clocking methodology. In this example, the user Clk_Gen module generates the edge aligned 
clk_ui and clk clocks. It also generates the Rx Escape Clock.
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Figure 440. CSI-2 Rx Controller Core clocking example

62.3.2.1 Clock signals

The following table shows the clocking signals for this module.

Table 547. Clocks

Signal Type Description

clk Input RX Controller Core Clock input. This clock must be exactly equal to or faster than 
the receive byte clock, RxByteClkHS_ln0, from the RX DPHY.

clk_ui Input

User interface clock. The frequency of clk_ui must be such that the data received 
on the data_out output is greater than or equal to the total bandwidth of the 
physical MIPI interface. Clk_ui has no relationship requirement with regards to ‘clk’ 
other than the bandwidth requirement mentioned previously. See section 4.4 for 
additional description and example frequency calculations.

clk_esc Input Rx Escape Clock. This must be the same escape clock that the RX 
DPHY receives.

62.3.3 Reset

The following table shows the reset signals for this block.

Table 548. Resets

Signal Type Description

reset_n Input Aysnc reset, active low. This reset applies to all logic in the Controller Core that is 
in the ‘clk’ clock domain.

clk_ui_reset_n Input Async reset, active low. This reset applies to all logic in the Controller Core that is 
in the ‘clk_ui’ clock domain.

clk_esc_reset_n Input Async reset, active low. This reset applies to all logic in the Controller Core that is 
in the clk_esc domain.

Table continues on the next page...
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Table 548. Resets (continued)

byte_clk_reset_n Input
Asnyc reset, active low. This reset applies to all logic in the Controller Core that 
is in the byte clock (RxByteClkHS_lnx clock inputs) that is received from the 
RX DPHY.

62.4 External signals

The following table shows the external signals for this block.

Table 549. External signals

Signal Type Description

CLK_N Input Negative MIPI Rx Differential Clock

CLK_P Input Positive MIPI Rx Differential Clock

DATAn_N Input Negative MIPI Rx Differential Data

DATAn_P Input Positive MIPI Rx Differential Data

62.5 Initialization
Reset and Initialization procedure for the CSI-2 Rx Controller is as follows:

1. Assert all resets.

2. Wait until clocks to the Rx Controller are stable and ensure DPHY interface is idle (Stop State on all lanes).

3. Deassert reset to CSR, pclk_reset_n, if CSR is included with the controller. If no CSR go to step 4.

4. Program CSR registers if CSR is present. If CSR is not present, set values to all configuration ports (cfg_* inputs) to 
appropriate values.

5. Deassert all remaining resets.

6. CSI-2 Rx Controller is ready for use by the next rising edge of clk_ui.

62.6 Memory map and register definition
 

This module doesn't generate transfer errors when accessing unimplemented registers in its register space.
  NOTE  

62.6.1 CSI2_RX register descriptions

62.6.1.1 CSI2RX memory map

CSI2_RX base address: 2DAD_0000h

Offset Register Width

(In bits)

Access Reset value

100h Lane Configuration Register (CFG_NUM_LANES) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

104h Disable Data Lane Register (CFG_DISABLE_DATA_LANES) 32 RW 0000_000Fh

108h ECC and CRC Error Status Register (BIT_ERR) 32 R 0000_0000h

10Ch IRQ Status Register (IRQ_STATUS) 32 R 0000_0008h

110h IRQ Mask Setting Register (IRQ_MASK) 32 RW 0000_0000h

114h Ultra Low Power State (ULPS) Status Register (ULPS_STATUS) 32 R 0000_0000h

118h ERRSot HS Status Register (PPI_ERRSOT_HS) 32 R 0000_0000h

11Ch ErrSotSync HS Status Register (PPI_ERRSOTSYNC_HS) 32 R 0000_0000h

120h ErrEsc Status Register (PPI_ERRESC) 32 R 0000_0000h

124h ErrSyncEsc Status Register (PPI_ERRSYNCESC) 32 R 0000_0000h

128h ErrControl Status Register (PPI_ERRCONTROL) 32 R 0000_0000h

12Ch Disable Payload 0 Register (CFG_DISABLE_PAYLOAD_0) 32 RW 0000_0000h

130h Disable Payload 1 Register (CFG_DISABLE_PAYLOAD_1) 32 RW 0000_0000h

62.6.1.2 Lane Configuration Register (CFG_NUM_LANES)

Offset

Register Offset

CFG_NUM_LANES 100h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CFG_NUM_LA
NES W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-2

—

Reserved

1-0

CFG_NUM_LA
NES

Sets the number of active lanes that are to be used for receiving data.

Sets the number of active lanes that are to be used for receiving data.

00 - 1 Lane

01 - 2 Lanes

10 - Reserved

11 - Reserved

62.6.1.3 Disable Data Lane Register (CFG_DISABLE_DATA_LANES)

Offset

Register Offset

CFG_DISABLE_DATA_L
ANES

104h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved CFG_DISABLE_DATA_LANES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-4

—

Reserved

3-0 Forces DPHY Enable_n signals to 1'b0 when register is set to 1.

Used to force the enable lines to the DPHY data lanes low.

Table continues on the next page...
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Table continued from the previous page...

Field Function

CFG_DISABLE
_DATA_LANES

0000b - Data Lane 0

0001b - Data Lane 1.

62.6.1.4 ECC and CRC Error Status Register (BIT_ERR)

Offset

Register Offset

BIT_ERR 108h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

BIT_ERR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

BIT_ERR

Captures the first Error event when either a one or two bit error occurs, with only the one bit error providing 
position information.

0000000: No Error event captured

xxxxxx1: Two Bit Error event captured

xxxxx10: One Bit Error event captured with the bit position contained in the upper bits

Bit[7]: 1 value indicates a CRC error has occurred since the last read of this register.

After a read operation, the field's value clears to 0.
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62.6.1.5 IRQ Status Register (IRQ_STATUS)

Offset

Register Offset

IRQ_STATUS 10Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

IRQ_STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

Fields

Field Function

31-9

—

Reserved

8-0

IRQ_STATUS

Status of IRQ. Rx Controller irq_out output is the result of anding these bits with IRQ_MASK and then ORing 
the individual resultant bits together. The status bits get cleared when read.

Bit[0]: CRC error

Bit[1]: One-bit ECC error

Bit[2]: Two-bit ECC error

Bit[3]: ULPS status change

Bit[4]: DPHY ErrSotHS has occurred

Bit[5]: DPHY ErrSotSync_HS has occurred.

Bit[6]: DPHY ErrEsc has occurred

Bit[7]: DPHY ErrSyncEsc has occurred

Bit[8]: DPHY ErrControl has occurred
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62.6.1.6 IRQ Mask Setting Register (IRQ_MASK)

Offset

Register Offset

IRQ_MASK 110h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved IRQ_MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-0

IRQ_MASK

This field shows the IRQ Mask setting.

Each bit in IRQ_MASK corresponds to a bit in IRQ_STATUS. Setting a bit in IRQ_MASK to '1' will mask the 
corresponding bit in IRQ_STATUS from causing irq_out to assert.

62.6.1.7 Ultra Low Power State (ULPS) Status Register (ULPS_STATUS)

Offset

Register Offset

ULPS_STATUS 114h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ULPS_STATUS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

ULPS_STATUS

Bit[0]: Value '1' indicates Clock Lane in ULPS state

Bit[1]: Value '1' indicates Data Lane 0 in ULPS state

Bit[2]: Value '1' indicates Data Lane 1 in ULPS state

Bit[5]: Value '1' indicates Clock Lane in Mark state

Bit[6]: Value '1' indicates Data Lane 0 in Mark state

Bit[7]: Value '1' indicates Data Lane 1 in Mark state.

Values not mentioned are 'Reserved'.

62.6.1.8 ERRSot HS Status Register (PPI_ERRSOT_HS)

Offset

Register Offset

PPI_ERRSOT_HS 118h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PPI_ERRSOT_HS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

PPI_ERRSOT_
HS

This field indicates PPI ErrSotHS captured status from DPHY.

Bit[0]: Data Lane 0

Bit[1]: Data Lane 1

Values not mentioned are 'Reserved'.

After a read operation, the field's value clears to 0.

62.6.1.9 ErrSotSync HS Status Register (PPI_ERRSOTSYNC_HS)

Offset

Register Offset

PPI_ERRSOTSYNC_HS 11Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PPI_ERRSOTSYNC_HS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
MIPI-CSI Host Controller-2 (MIPI-CSI-2)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4515 / 5781



Fields

Field Function

31-4

—

Reserved

3-0

PPI_ERRSOTS
YNC_HS

This field indicates PPI ErrSotSync_HS captured status from DPHY.

Bit[0]: Data Lane 0

Bit[1]: Data Lane 1

Values not mentioned are 'Reserved'.

After a read operation, the field's value clears to 0.

62.6.1.10 ErrEsc Status Register (PPI_ERRESC)

Offset

Register Offset

PPI_ERRESC 120h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PPI_ERRESC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

PPI_ERRESC

This field indicates PPI ErrEsc captured status from DPHY.

Bit[0]: Data Lane 0

Bit[1]: Data Lane 1

Table continues on the next page...
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Table continued from the previous page...

Field Function

Values not mentioned are 'Reserved'.

After a read operation, the field's value clears to 0.

62.6.1.11 ErrSyncEsc Status Register (PPI_ERRSYNCESC)

Offset

Register Offset

PPI_ERRSYNCESC 124h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PPI_ERRSYNCESC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

PPI_ERRSYNC
ESC

CSI2 RX DPHY PPI ErrSyncEsc captured status from the DPHY.

Bit[0]: Data Lane 0

Bit[1]: Data Lane 1

Values not mentioned are 'Reserved'.

After a read operation, the field's value clears to 0.
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62.6.1.12 ErrControl Status Register (PPI_ERRCONTROL)

Offset

Register Offset

PPI_ERRCONTROL 128h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PPI_ERRCONTROL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3-0

PPI_ERRCONT
ROL

This field indicates PPI ErrControl captured status from DPHY.

Bit[0]: Data Lane 0

Bit[1]: Data Lane 1

Values not mentioned are 'Reserved'.

After a read operation, the field's value clears to 0.

62.6.1.13 Disable Payload 0 Register (CFG_DISABLE_PAYLOAD_0)

Offset

Register Offset

CFG_DISABLE_PAYLO
AD_0

12Ch

Function

Disables payload data for the selected data type.
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When a bit is set that represents a supported data type, only the packet header will be presented at the user interface, along with 
the sop and eop indication where the payload data would have appeared if enabled.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

Reserv
ed 

DIS_P
AY...

Reserved 
DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DIS_P
AY...

DIS_P
AY...

Reserved 
DIS_P
AY...

Reserved 
DIS_P
AY...

DIS_P
AY...

DIS_P
AY...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28

DIS_PAYLOAD
_RAW12

RAW12

27

DIS_PAYLOAD
_RAW10

RAW10

26

DIS_PAYLOAD
_RAW8

RAW8

25

—

Reserved

24

DIS_PAYLOAD
_RAW6

RAW6

23-21

—

Reserved

20 RGB888

Table continues on the next page...
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Table continued from the previous page...

Field Function

DIS_PAYLOAD
_RGB888

19

DIS_PAYLOAD
_RGB666

RGB666

18

DIS_PAYLOAD
_RGB565

RGB565

17

DIS_PAYLOAD
_RGB555

RGB555

16

DIS_PAYLOAD
_RGB444

RGB444

15

DIS_PAYLOAD
_YUV422_10BI

T

YUV422 10 bit

14

DIS_PAYLOAD
_YUV422_8BIT

YUV422 8 bit

13-11

—

Reserved

10

DIS_PAYLOAD
_YUV420

Legacy YUV 420 8 bit

9-3

—

Reserved

2

DIS_PAYLOAD
_EMBEDDED

Embedded

1 Blank

Table continues on the next page...
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Table continued from the previous page...

Field Function

DIS_PAYLOAD
_BLANK

0

DIS_PAYLOAD
_NULL

Null

62.6.1.14 Disable Payload 1 Register (CFG_DISABLE_PAYLOAD_1)

Offset

Register Offset

CFG_DISABLE_PAYLO
AD_1

130h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DIS_P
AY...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...

DIS_P
AY...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

DIS_PAYLOAD
_UNSUPPORT

ED

Unsupported Data Types

15-8

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

DIS_PAYLOAD
_UDEF_37

User defined type 0x37

6

DIS_PAYLOAD
_UDEF_36

User defined type 0x36

5

DIS_PAYLOAD
_UDEF_35

User defined type 0x35

4

DIS_PAYLOAD
_UDEF_34

User defined type 0x34

3

DIS_PAYLOAD
_UDEF_33

User defined type 0x33

2

DIS_PAYLOAD
_UDEF_32

User defined type 0x32

1

DIS_PAYLOAD
_UDEF_31

User defined type 0x31

0

DIS_PAYLOAD
_UDEF_30

User defined type 0x30

62.6.2 MIPI CSI CSR module register descriptions

62.6.2.1 MIPI CSI CSR module memory map

The CSR modules are used to store settings and control the startup of the pixel link and the timing sample point on the interface.

CSI2_CSR base address: 2DAF_0000h

Offset Register Width

(In bits)

Access Reset value

0h Pixel Link Master (PLM) Control (PLM_CTRL) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

4h PHY_CTRL are outputs from CSR to the PHY or Controller. 
(PHY_CTRL)

32 RW See section

8h (PHY_STATUS) 32 R See section

30h (VC_INTERLACED) 32 RW See section

38h (DATA_TYPE_DISABLE_BF) 32 RW See section

40h (YUV420_FIRST_LINE_DATA_TYPE) 32 RW See section

44h (CONTROLLER_CLOCK_RESET_CONTROL) 32 RW See section

48h Stream Fencing Control (RW - to Pixel Reformatter) 
(STREAM_FENCING_CONTROL)

32 RW See section

4Ch Stream Fencing Status (RO - from Pixel Reformatter) 
(STREAM_FENCING_STATUS)

32 R See section

62.6.2.2 Pixel Link Master (PLM) Control (PLM_CTRL)

Offset

Register Offset

PLM_CTRL 0h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserv

ed Reserved 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

POLA
RITY 

VALID
_O...

HSYN
C_O...

VSYN
C_O...

Reserved ADDR 
ENAB

LE W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31 Should be used by the SW/FW to know when it can assert the valid and enable signals.

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

30-13

—

Reserved

12

POLARITY

POLARITY

0b - HSYNC and VSYNC signals should be active low. Also a reset value (active low).

1b - HSYNC and VSYNC signals should be active high

11

VALID_OVERRI
DE

Used to drive valid on the Pixel Link

10

HSYNC_OVERI
DE

Used to force the Pixel Link Master HSYNC input to be active

9

VSYNC_OVERI
DE

Used to force the Pixel Link Master VSYNC input to be active

8-3

—

Reserved

2-1

ADDR

For selecting the destination module that receives the data. Can be defaulted to 0.

0

ENABLE

Enable - for pixel link

62.6.2.3 PHY_CTRL are outputs from CSR to the PHY or Controller. (PHY_CTRL)

Offset

Register Offset

PHY_CTRL 4h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PD 

RTER
M_S...

Reserved 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved S_PRG_RXHS_SETTLE 

CONT
_CL...

DDRC
LK_...

AUTO
_PD...

RX_E
NAB...W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-23

—

Reserved

22

PD

Power Down input for D-PHY. When high, all blocks are powered down.

21

RTERM_SEL

Selects voltage levels that enable HS termination.

0b - LPCD levels enable HS termination (VIL-CD).

1b - LPRX levels enable HS termination (VIL-LP).

20-10

—

Reserved

9-4

S_PRG_RXHS_
SETTLE

Bits used to program T_HS_SETTLE. HS-RX waits for Time-out T_HS_SETTLE in order to neglect 
transition effects.

3

CONT_CLK_M
ODE

Enables the slave clock lane feature to maintain HS reception state during continuous clock mode 
operation, despite line glitches.

0b - Feature disabled.

1b - Feature enabled.

2

DDRCLK_EN

DDR Clock Enable. When set, enables received DDR clock on CLK_DRXHS.

1

AUTO_PD_EN

Powers down inactive lanes reported by CFG_NUM_LANES input bus.

0b - Inactive lanes are powered up.

1b - Inactive lanes are powered down.

0

RX_ENABLE

Receive Enable
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62.6.2.4 (PHY_STATUS)

Offset

Register Offset

PHY_STATUS 8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LANES
_S...

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-1

—

Reserved

0

LANES_STOPP
ED

LANES_STOPPED (csi_controller.ulps_active[4:0] = 5’b0)

62.6.2.5 (VC_INTERLACED)

Offset

Register Offset

VC_INTERLACED 30h

Function
VC Interlaced - to drive the interlace port of the Pixel Link Master, via the HSYNC/VSYNC generator.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved VC3 VC2 VC1 VC0 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-4

—

Reserved

3

VC3

0b - Default

1b - VC3 is interlaced

2

VC2

0b - Default

1b - VC2 is interlaced

1

VC1

0b - Default

1b - VC1 is interlaced

0

VC0

0b - Default

1b - VC0 is interlaced

62.6.2.6 (DATA_TYPE_DISABLE_BF)

Offset

Register Offset

DATA_TYPE_DISABLE_
BF

38h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R NO_R
AW_...

Reserved DATA_TYPE_DISABLE 
W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA_TYPE_DISABLE 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31

NO_RAW_SHIF
TING

When set, prevents shifting of RAW8 to RAW14 pixel format inside pixel reformatting module.

0b - RAW8 is changed to RAW14 (default).

1b - Prevents shitfing of RAW8 to RAW14 format.

30-24

—

Reserved

23-0

DATA_TYPE_D
ISABLE

Data Type Disable

YUV Image Data Types:

• [0] - Reserved

• [1] - Reserved

• [2] - LEGACY_YUV420_8BIT

• [3] - Reserved

• [4] - Reserved

• [5] - Reserved

• [6] - YUV422_8BIT

• [7] - YUV422_10BIT

RGB Image Data Types:

• [8] - RGB444

• [9] - RGB555

• [10] - RGB565

• [11] - RGB666

• [12] - RGB888

• [13] - Reserved

Table continues on the next page...

NXP Semiconductors
MIPI-CSI Host Controller-2 (MIPI-CSI-2)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4528 / 5781



Table continued from the previous page...

Field Function

• [14] - Reserved

• [15] - Reserved

Raw Image Data Types:

• [16] - RAW6

• [17] - Reserved

• [18] - RAW8

• [19] - RAW10

• [20] - RAW12

• [21] - Reserved

• [22] - Reserved

• [23] - Reserved

62.6.2.7 (YUV420_FIRST_LINE_DATA_TYPE)

Offset

Register Offset

YUV420_FIRST_LINE_D
ATA_TYPE

40h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

YUV42
0_...W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-1 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

0

YUV420_FIRST
_LINE_DATA_T

YPE

YUV420_FIRST_LINE_DATA_TYPE

0b - Odd (reset value)

1b - Even

62.6.2.8 (CONTROLLER_CLOCK_RESET_CONTROL)

Offset

Register Offset

CONTROLLER_CLOCK
_RESET_CONTROL

44h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CONTROLLER
_CLOC...W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-2

—

Reserved

1-0

CONTROLLER
_CLOCK_RESE

T_CONTROL

CONTROLLER_CLOCK_RESET_CONTROL

00b - SW_RESETN (reset value is 0)

01b - CTL_CLK_OFF (connect to LPCG) (reset value is 1)
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62.6.2.9 Stream Fencing Control (RW - to Pixel Reformatter) (STREAM_FENCING_CONTROL)

Offset

Register Offset

STREAM_FENCING_CO
NTROL

48h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved STREAM_FENCING_CONTROL 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-4

—

Reserved

3-0

STREAM_FEN
CING_CONTR

OL

0001b - Fence VC0

0010b - Fence VC1

0100b - Fence VC2

1000b - Fence VC3

62.6.2.10 Stream Fencing Status (RO - from Pixel Reformatter) (STREAM_FENCING_STATUS)

Offset

Register Offset

STREAM_FENCING_ST
ATUS

4Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

STREAM_FENCING_STATUS 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-4

—

Reserved

3-0

STREAM_FEN
CING_STATUS

0001b - VC0 is fenced

0010b - VC1 is fenced

0100b - VC2 is fenced

1000b - VC3 is fenced
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Chapter 63
Graphics Processing Unit 2D (GPU2D)
63.1 Chip-specific GPU2D information
Table 550. Reference links to related information

Topic Related module Reference

Full description GPU2D GPU2D

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

63.1.1 Module instances
This device has one instance of the GPU2D module.

63.2 Overview
 

This chapter describes the Vivante® IP GPU and contains copyright material disclosed with permission 
of VeriSilicon.

  NOTE  

Graphics Processing Unit 2D (GPU2D) module defines a high-performance multi-pipe 2D raster graphics core that accelerates 
the 2D graphics display on a variety of consumer devices and provides advanced compression capabilities. Addressable screen 
sizes range from the smallest cell phones up to 1080p displays.

GPU2D supports the following graphics APIs:

• DirectFB (on Linux / Linux Embedded)

• GDI/DirectDraw (on Windows Embedded Compact 7 / Embedded CE 6)

• Android

63.2.1 Block diagram
The main functional blocks of the GPU2D module are described here. A block diagram of the complete graphics pipeline is given 
in Figure 441.

Host Interface

Allows the GPU2D core to communicate with external memory and the CPU through the AXI or the AHB bus. In this block, data 
crosses clock domain boundaries.

Memory Controller

Internal memory unit which serves as the block-to-host interface for memory requests

Graphics Pipeline Front End

Inserts high level primitives and commands into the graphics pipeline.

2D Drawing and Scaling Engine

Draws 2D graphics primitives and rasterizes 2D images.
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Pixel Engine

Pixel manipulation and filtering on rendered images. GPU2D has four pixel pipes.

AHB AXI

Host Interface

Memory Controller

Graphics
Pipeline

Front End

Draw
Engine

Pixel
Engine

Distribute

PE Pipe 0

PE Pipe 1

PE Pipe 2

PE Pipe 3

OPF

Pixel
Engine
Cache

2D Pipeline

Figure 441. GPU2D module block diagram

63.2.1.1 Core Variants

GPU2D module design includes a 32-bit AHB interface, a 128-bit AXI for external memory accesses and support for virtual 
memory. GPU2D is available in a single variant.

63.2.2 Features

63.2.2.1 Full Featured GPU Pipeline

• 2D

— Bit Blit

— Stretch Blit

— Rectangle fill and clear

— Line drawing

— Filter Blit

— Mono expansion for text rendering

— ROP2, ROP3 and ROP4

— Alpha blending, including Java 2 Porter-Duff compositing blending rules

— 32K x 32K coordinate system
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— 90 / 180 / 270 degree rotation

— Transparency by monochrome mask, chroma key, or pattern mask

— Support 2x2 in 4x4 tile format

— A8 output with rotation in filter blit and bit blit.

— Src/Dest color key full bypass support

• Multi Source Blending

— Full support for Multi source blending with variable block size to improve BW and reduce SW overhead.

— Up to 8 sources are supported.

— Programmable block size guarantees cache efficiency so each source is read once and each destination is written once.  

— Supports 90, 180, 270 degree rotation with different block size for higher cache efficiency.

• YUV Support

— Full Multi destination support for converting non-planar YUV formats to planar YUV. Used in extracting various 
components from the input color into different destination planes.

— YUV422 output with alpha blending supported.

• Clock disabling

— The core clock enters the frequency scaling block, and a clock with missing pulses is output, buffered, and sent to clock 
gating logic. The clock gate output will be used by the 2D GPU blocks. The core clock can be shut down through software 
by setting the proper register bits.

• AXI Bus

— AXI 4-bit ID, such that all Read and Write transactions have a unique AXI ID.

— AXI out of order read return supported.

• Additional enhancements

• Full functional MMU with variable page size support

63.2.2.2 GPU Power Management Features

Table 551. Power management features

Feature Support

Low power CMOS technology compatible Yes

Dynamic clock scaling Yes

Automatic clock gating of flip flops and rams Yes

Global clock gating of unused macro blocks Yes

Active(ON), Idle, Standby and Sleep(OFF) Programmable Power Modes Yes

63.2.2.3 Composition and 2D hardware features

The features of this dedicated 2D unit are shown in the following table. These features include:
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Table 552. Composition and 2D hardware features

Feature Support

Programmable OPs ROP2, ROP3, ROP4 full alpha blending and transparency

Fixed function Line draw,Rectangle fill, Rectangle Clear, Bit blit, Stretch blit, Filter blit

Blit support Copy (Bit), Filter, Monochrome Mask, Stretch/Shrink

Source and Destination formats Refer to the Data Format Summary table for details.

Alpha blending modes Java2 Porter-Duff, Chroma Key, Pattern Mask

Alpha blending during filter blit Not supported

Transparency Supported by monochrome mask, chroma key or pattern mask

Dithering 2D dither support

Image scaling Filter Blit FIR resampling filter with up to 9 taps, One Pass Filter with 3/5 taps

Rotation 90 / 180 / 270 degrees with mirror

Clipping one clipping rectangle supported for all bit blit primitives.

Text rendering Monochrome expansion

Rendering size 32k x 32k raster 2D coordinate system

Compression Lossless, tiled compression support

63.3 Functional description of Composition and 2D operations

63.3.1 Line
The LINE operation draws a line. Coordinates for two points are given: start point and end point. The end point is not drawn.

Lines are rendered using the Bresenham algorithm. The Bresenham algorithm has the advantage of using integer arithmetic and 
has no accumulation of rounding errors.

In the case of line, only ROP2 and ROP4 are supported. It operates on pattern and destination. The pattern should have a 
transparency mask in order to use ROP4.

Clipping is supported for lines on a per pixel basis.
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P0(X0,Y0)

P1(X1,Y1)      

Figure 442. Line

63.3.2 Rectangle Fill and Clear
Rectangle fill suffuses a rectangle area with a given color. Essentially rectangle fill is a pattern fill, where an 8x8 pattern is initialized 
with the specified color. It supports ROP2 and ROP4 with the pattern and destination as its inputs. If ROP4 is used, the pattern 
should have a transparency mask.

Clear is similar to rectangle fill except that it does not does not use a pattern. A 32-bit clear value with 4-bit byte mask is used to 
fill the entire rectangle area.

Both rectangle fill and clear support clipping, which is performed on a per primitive basis.

63.3.3 Bit Blit
Bit blit transfers data from one area of a memory (source) to another area of the memory (destination). The source and destination 
can be from the same or from different memory locations. Both source and destination must be described by a rectangular area. 
The source and destination rectangles can be the same size (most bit blits are of this nature) or they can be different sizes, in which 
case the operation becomes a stretch or shrink blit.

Bit blit supports ROP2, ROP3, and ROP4 which includes source, destination and pattern, and an optional transparency color.

Clipping can be performed on a primitive basis.

p0 (left, top)

p0 (left, top) p1 (right, top)

p2 (right, bottom)

p2 (right, bottom)p2 (left, bottom)

p2 (left, bottom)Source

Destination

Figure 443. Bit blit

63.3.4 Stretch Blit
The stretch blit primitive performs a bit blit operation with stretch or shrink. The modified Bresenham algorithm is used to generate 
corresponding coordinates for fast stretching. The stretch factor is specified in a 15.0 fixed-point format. Stretch blit is not allowed 
to overlap, that is, no part of source and destination can share any piece of memory. Non-stretch blits can overlap. For stretch blit 
clipping is performed on a per pixel basis.
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63.3.5 Monochrome expansion
Monochrome expansion and mask blit are different operations, although both use the bit stream from the command buffer. And 
both can be the source for ROP4 source selection. This means that each output pixel can be a combination of source, pattern, 
monochrome mask (for masked blits) and destination.

Monochrome expansion

For monochrome expansion, the bit from the stream is used to switch on/off a solid color that is defined in a register. This 
mechanism enables the use of just one bit per pixel to represent colors. In effect, the MONO EXPANSION primitive increases color 
representation from one bit per pixel to multiple bits per pixel. A typical application for mono color is font drawing.

Monochrome expansion does not support overlapping of the source and destination. It is the responsibility of the driver to make 
sure that the command will never be executed on overlapping source and destination.

Mask Blit

For mask blit, the bit from the stream is used to toggle on/off a color in the source frame buffer. Mask blit takes its color source 
from memory and its monochrome mask from the command stream. Clipping is supported and is performed on a per pixel basis.

63.3.6 Filter Blit
Filter blit performs high quality scaling, up or down, using a FIR re-sampling filter with up to 9 taps. Sub-pixel coordinates (locations 
between the pixel grids) are generated by the drawing engine. The filter block in the drawing engine uses the sub-pixel information 
to select the appropriate filter kernel. GPU2D processes 1 pixel every cycle when performing filter blit.

A stretch- or shrink-factor of 15.16 fixed-point format is supported. To generate a single destination pixel requires 9 source pixels. 
An image is scaled in two passes, one for X-dimension (HOR_FILTER_BLT) and the other for Y-dimension (VER_FILTER_BLT). 
Software sets up the filter kernel/coefficient table and the kernel size, as well as a temporary buffer for storing intermediate results. 
After the first pass is completed, intermediate results are sent back to memory, and then the second pass starts to scale the 
first-pass image. Because of this two-step procedure, the throughput for filter blits is lower than that for stretch blits. Also the Filter 
Kernel Table may need to be reloaded, and some cycles are consumed in calculating the stepping parameters.

When the stretch or shrink factor is 1, the filter blit works as a bit blit copy. It can be used as format converter in that case, for 
instance, YUV to RGB converter. To use as a format converter, only one pass (HOR_FILTER_BLT or VER_FILTER_BLT) is 
needed. To optimize the memory bandwidth, when using filterBlit to do YUV to RGB filtering, the temporary target buffer format 
can be specified as YUY2 to process Y-dimension filtering (VER_FILTER_BLT). This is to avoid converting YUV to A8R8G8B8 in 
the first vertical pass to reduce the memory bandwidth and increase the pixel processing rate. This is the only special case where 
the GPU may use YUY2 as target format.

When the stretch or shrink factor (scale ratio) is not 1:1, filter blit requires both a vertical pass as well as a horizontal pass to do 
the scaling. Shrink performance will be less than 1 pixel per cycle for each vertical pass and for each horizontal pass. Stretch 
performance will be near to the performance for the 1:1 scale ratio.

63.3.7 Other Functions

63.3.7.1 Rotation

• 90° / 180° / 270° / Mirror rotation is supported for all primitives.

• Independent source rotation

63.3.7.2 Transparency Mode

For monochrome expansion:

• Opaque

• Conditional transparency. Transparent if the current pixel matches the specified value.

For blits:

• Opaque
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• Masked transparency. Transparent if the mask for the current pixel or pattern is zero.

• Source Conditional transparency. Transparent if the source pixel is within the specified value range.

• Destination Conditional transparency. Transparent if the destination pixel is not within the specified value range.

63.3.7.3 Clipping

• One clipping rectangle is supported for all bit blit primitives

63.3.8 Supported Formats
The graphics engine supports the following source and destination formats for data, bit blits and filter blits. In addition to these 
source and destination RGB formats, their swizzle formats (ARGB, RGBA, ABGR, BGRA) are also supported. For YUV formats, 
the GPU supports their U/V swap formats.

Table 553. . Data Formats Support

Format
Bit Blit 
Input

Bit Blit 
Dest

Stretch

Blit 
Input

Stretch 
Blit Dest

Filter

Blit 
Input

Filter

Blit Dest
OPF 
Input

OPF 
Dest

Multi-
Source 
Input

Multi-
Source 

Dest

A1R5G5B5 Y Y Y Y Y Y Y Y Y Y

A4R4G4B4 Y Y Y Y Y Y Y Y Y Y

A8R8G8B8 Y Y Y Y Y Y Y Y Y Y

X1R5G5B5 Y Y Y Y Y Y Y Y Y Y

X4R4G4B4 Y Y Y Y Y Y Y Y Y Y

X8R8G8B8 Y Y Y Y Y Y Y Y Y Y

R5G6B5 Y Y Y Y Y Y Y Y Y Y

A8 Y Y Y Y Y Y Y Y Y Y

YUY2 (packed YUV422) Y Y Y N Y Yv Y Yv Y Y

UYVY (packed YUV422) Y Y Y N Y N Y Y Y Y

YV12 (planar YUV420) Y MD Y N Y N Y N Y N

NV12 (semi-
planar YUV420) Y MD Y N Y N Y N Y N

NV16 (semi-
planar YUV422) Y MD Y N Y N Y N Y N

8-bit color index N N Y N Y N N N Y N

1-bit monochrome Y N N N N N N N N N

Y = Yes N = Not supported

MD = Multi-Destination support
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Yv = Only possible when vertical filter blit is done on YUV input.

63.3.9 YUV Output for 2D Operations
YUV output is available for packed or planar YUV input formats per the following table.

Table 554. . YUV Output Support for Packed or Planar YUV Source per 2D Operation

2D Operation Destination

Bit blit Packed YUV

One Pass Filter Packed YUV

Multi-source Packed YUV (no scaling)

Multi-destination Planar YUV

Stretch blit NO

Two Pass Filter NO

63.3.10 ARGB Data Conversion
The pixels read from source or destination will be expanded into A8R8G8B8 format to maintain lossless pixel operations. The 
resulting pixels will be converted into the destination format.

63.3.11 YUV to RGB Conversion
YUV data can be converted into 8-bit per component RGB format at the output of the cache only. Once converted, there is no way 
back to YUV format. GPU supports BT.601 and BT.709 YUV to RGB color conversion standards.

In BT.601, the YUV to RGB conversion is done using the following approximation:

16 ≤ Y ≤ 235

16 ≤ U ≤ 240

16 ≤ V ≤ 240

A = Y – 16

B = U – 128

C = V – 128

R = clip((298*A + 410*C + 128) >> 8)

G = clip((298*A – 101*B – 209*C + 128) >> 8)

B = clip((298*A + 519*B + 128) >> 8)

The Y, U and V components are clamped prior to the conversion.

Y is clamped between 16 and 235, inclusively.

U and V are clamped between 16 and 240, inclusively.

In BT.709, the R, G, B equations are slightly changed to

R = clip((298*A + 461*C + 128) >> 8)

G = clip((298*A – 55*B – 137*C + 128) >> 8)

B = clip((298*A + 543*B + 128) >> 8)
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63.3.12 Color Index Input Conversion Support
Color index is supported for source data only. A look-up table with 256 entries is provided for indexing the data. The table is fully 
programmable. The conversion is done when pixels are read out of the cache.

63.3.13 Source/Destination Pre-multiply Support
The IP supports source pre-multiply source alpha or global alpha, or source global color for global colorizing.

On destination, the IP supports destination pre-multiply and destination alpha.

On destination, the IP supports destination pre-multiply destination alpha, destination de-multiply alpha.

Table 555. . Pre-multiplied modes

Microsoft Alpha Blending Equation

D:destination 
S:source A: alpha 
C: color

S:Fix Alpha D.C=A*S.C+(1-A)*D.C D.A=A*S.A+(1-A)*D.A

S:Per-Pixel D.C=S.C+(1-S.A)*D.C D.A=S.A+(1-S.A)*D.A

S:Fix+Per-Pixel D.C=A*S.C+(1-S.A)*D.C D.A=A*S.A+(1-
S.A)*D.A

S:Per-Pixel D.C=S.A*S.C+(1-S.A)*D.C D.A=S.A+(1-
S.A)*D.A

S:Fix+Per-Pixel D.C=A*S.A*S.C+(1-S.A)*D.C D.A=A*S.A+(1-
S.A)*D.A

63.3.14 Alpha blending
The GPU supports alpha blending together with ROP. Alpha blending function is performed on ROP function result source.

The general alpha blending equations are:

Cd = Fs * Cs’ + Fd * Cd’ (1)

Ad = Fs * As’’ + Fd * Ad’’ (2)

Where

Cs’ is the source color component (adjusted for NPM if necessary)

Cd’ is the destination color component (adjusted for NPM if necessary)

As’’ is the modified source alpha component

Ad’’ is the modified destination alpha component

Fs is fraction of the source that contributes to the final value

Fd is fraction of the destination that contributes to the final value

The blending is done in 5 logical stages (not real implementation stages):

1. Transparent/opaque conversion

In this stage, the incoming alpha (source or destination independently) can be inverted if needed to match the internal alpha 
rule. Internally, an alpha of 0 means transparent, while an alpha of “0xFF” means opaque. External content might follow the 
opposite rule. The output of the block is either As (Ad for destination) or 1-As (1-Ad for destination).

2. Global value substitution
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A global alpha value from a register can be used to substitute or scaled the incoming alpha. An incoming alpha As can 
pass-through, be directly substituted by Ags (global alpha) or scaled by the global alpha value (As * Ags). The source and 
destination have distinct global alpha values.

3. Blending factor generation

At this stages, the blending factors are generated (refer to table below). Each alpha can take the values 0, 1, A or 1-A 
depending on the blending mode.

4. Final blending

This is the final stage which implements the operations described by equations (1) and (2),

The different stages are illustrated in the following figure.
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Figure 444. Alpha Blender for One Pixel

The fractions take the values described in the following table, depending on the blending mode.

Table 556. Blending Modes Fractions Description

Blending Mode Fs Fd

Table continues on the next page...
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Table 556. Blending Modes Fractions Description (continued)

Clear 0 0

SRC 1 0

DST 0 1

SRC_OVER 1 1 – As’’

DST_OVER 1 – Ad’’ 1

SRC_IN Ad’’ 0

DST_IN 0 As’’

SRC_OUT 1 – Ad’’ 0

DST_OUT 0 1 – As’’

SRC_ATOP Ad’’ 1 – As’’

DST_ATOP 1 – Ad’’ As’’

XOR 1 – Ad’’ 1 – As’’

To control the blending modes, we have the following register fields:

1. 1 bit for transparent/opaque conversion for source alpha

2. 1 bit for transparent/opaque conversion for destination alpha

3. 2 bits for source alpha modifications, to specify the 3 cases (As, Ags, As*Ags)

4. 2 bits for destination alpha modifications, to specify the 3 cases (Ad, Agd, Ad*Agd)

5. 4 bits to select between the 12 blending modes

6. 8-bits for global source alpha

7. 8-bits for global destination alpha

Alpha blending is supported on bit blit and filter blit primitives.

63.3.15 Dither
Color intensity at any point of an image can be thought of as a real number between 0.0 and 1.0 at each location. However, in 
reality only a discrete number of intensity levels can be represented. This discretization leads to a total error in the color intensities 
of an image equal to the square root of the sum of the squares from each point.

This error results in contouring. In an image where intensities change slowly, this will cause noticeable jumps. Dithering can be 
used to diffuse the intensity across neighboring pixels.

In dithering mode pixels are scanned in order, and errors in calculating a pixel's intensity are distributed (i.e., diffused) to 
neighboring pixels to keep the overall intensity of the image closer to the input intensity.

Dithering is supported for 16-bit color destination formats. The dither table is programmable by software.

1. Multi-Source Blending

Up to 8 sources are supported. Programmable block size guarantees cache efficiency so each source is read once and each 
destination is written once. It supports 90, 180, 270 degree destination and source rotation and mirror with different block size 
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to have high cache efficiency. It also supports ROP2, ROP3, and ROP4 which includes source, destination and pattern, and an 
optional transparency color. Alpha blending between every source is supported.

63.3.16 GPU Cache Management
SW cache flush is supported to flush the GPU cache to memory. Auto-flush of GPU cache is also supported. SW sets up the 
auto-flush interval, and HW will do the cache flush automatically at programmable intervals.

63.3.17 Clocks
There are three independent clock domains in the GPU2D:

• Core clock, which is derived from the clk2x pin

• AHB clock, which is derived from the HCLK pin, and

• AXI clock, which is derived from the ACLK0 pin

Table 557. GPU2D clock definitions

Clock Pin Name Description Description

clk2x 2X GPU2D Core clock This clock is divided by 2 and used internally by the 
GPU2D. Provided external to the IP.

HCLK AHB interface clock Provided external to the IP

ACLK0 AXI interface clock Provided external to the IP

63.4 Memory map and register definition
 

The module doesn’t generate transfer errors when accessing unimplemented registers in its register space.
  NOTE  

There are no customer-facing programming registers for this module.
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Chapter 64
Graphics Processing Unit 3D (GPU3D)
64.1 Chip-specific GPU3D information
Table 558. Reference links to related information

Topic Related module Reference

Full description GPU3D GPU3D

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

64.1.1 Module instances
This device has one instance of the GPU3D module.

64.1.2 Low-power mode entry/exit
In the scenario where the device is in low-power mode and GPU3D power switch is opened, the PCC_GPU3D[CGC] bit needs 
to be disabled before low power mode entry and enabled after low power mode exit.

64.2 Overview
 

This chapter describes the Vivante® IP GPU and contains copyright material disclosed with permission 
of VeriSilicon.

  NOTE  

This document provides a summary of the functional feature set for the Graphics Processing Unit 3D (GPU3D).

Today’s consumer devices feature rich, graphical user interfaces and run interactive applications like games and mobile web 
tools. The GPU3D module belongs to a family of high-performance GPU cores that deliver hardware acceleration for 3D graphics 
displays on these devices. Addressable screen sizes range from the smallest cell phones to 4K2K displays.

GPU3D accelerates numerous 3D graphics applications, including graphical user interfaces (GUI) and menu displays, Flash 
animation, and gaming, and it is a perfect fit for popular consumer devices like cell phones and smartphones, digital picture frames 
(DPF), digital signage, portable and in-dash GPS navigation systems, mobile internet devices (MID) and tablets, handheld gaming 
consoles, set-top boxes, and HDTV.

Cores with VX Vision Imaging capabilities accelerate vision image processing functions and provide enhanced performance for 
real-time use cases with hardware support for the OpenVX API. The variety of applications for vision processing is expanding, 
and currently provides functionality in a variety of areas, including object and scene reconstruction, augmented reality, robotics, 
face tracking as well as gesture and body tracking, visual inspections systems, video surveillance, and advanced driver assistance 
systems (ADAS).

An optimized software stack, complete software development tools, and a growing application ecosystem are supported by a 
robust graphics pipeline designed for industry-standard APIs, and with full support for Android, Linux, and Windows embedded 
development platforms. GPU3D supports the following graphics APIs:

• Vulkan 1.1

• Vulkan 1.0

• OpenGL ES 3.1
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• OpenGL ES 3.0

• OpenGL ES 2.0

• OpenGL ES 1.1

• EGL 1.4

• OpenGL 2.x

• OpenVG 1.1

• OpenCL 1.1

• OpenCL 1.2

64.2.1 Block diagram
The main functional blocks of the GPU3D are described here.

Host Interface Allows the GPU3D to communicate with external memory and the CPU through the AXI or AHB bus. In this block 
data crosses clock domain boundaries.

Memory Controller Internal memory management unit that controls the block-to-host memory request interface.

Fetch Engine Inserts high level primitives and commands into the graphics pipeline.

Input Assembly Assembles vertices and primitives for further processing.

Compute Modules:Compute Modules consist of Fixed FUnction Engines and Programmable Engine Units, each of which is 
described below.

Fixed Function 3D Rendering Engine Units:

Setup/Raster Converts triangles and lines into pixels. Computes slopes of color attributes and texture coordinates. 
Performs clipping.

Texture Engine Retrieves texture information from memory upon request by the vertex shader or fragment shader. Performs 
interpolation and filtering, and transfers the computed value to the fragment shader or the vertex shader. The texture unit can 
process one pixel or one vertex/cycle.

Pixel Engine/Resolve The Pixel Engine does alpha blending and visible surface determination. Resolve does resolve, clear, tiling 
and de-tiling as well as FSAA filtering. The Pixel Engine can process one pixel/cycle.

Programmable Engine Units:

Shader Execution Units SIMD processor that performs as vertex shader and fragment shader. When used as a vertex shader 
it performs geometry transformations and lighting computations. When used as a fragment shader it applies texture data and 
computes color values for each pixel. The shaders also act as Compute Units for OpenCL. This core has 1 such vec4 shader.

Universal Storage Cache Cache shared between the Fetch Engine and the Compute Modules. A portion of this cache can be 
locked to stay on-chip.
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Figure 445. GPU block diagram with compute pipeline

64.2.1.1 Core Variants

The standard variant has a full memory configuration and includes one AHB and one 128-bit AXI bus interface for external access. 
GPU3D is designed in a single variant.

This core includes a 128-bit AXI bus interface and separate core clock.

64.2.2 Features

64.2.2.1 GPU core API support and architecture features

The following table describes API support and select architectural features of the GPU_CORE.

Table 559. GPU Architecture Features

Feature GPU Support

Primary API Vulkan 1.1 / 1.0

OpenGL ES 3.1 / 3.0 / 2.0 / 1.1, OpenCL 1.1 / 1.2, EGL 1.4

Additional APIs OpenVG 1.1

DirectX 11 (9_3)

OpenGL 2.x

Drivers OpenGL ES 3.1 / 3.0 / 2.0 / 1.1

OpenVG 1.1

Table continues on the next page...
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Table 559. GPU Architecture Features (continued)

EGL 1.4

DirectX 11 (9_3)

OpenGL 2.x

OpenCL 1.1 / 1.2

Operating systems Windows Embedded Compact

Embedded Linux

Android 5.1 and later releases

Z (depth) Early Z support included

Stencil Early stencil support included

GLSL ES Shader languages 3.1 / 3.0 / 1.0

DirectX Shader model compatibility SM3.0

Shader types and execution units One programmable Scalable Ultra-threaded Unified 
Shaders (SIMD4:transcendental,ctl-flow,tx-load)

One instruction issue per shader per clock; IEEE 32-bit floating-point pipeline 
supports long shader instructions

FSAA anti-aliasing mechanisms High quality MSAA 4x

Code and data memory 
location restrictions Unrestricted; arbitrary memory reads and writes

64.2.2.2 GPU Power Management Features

Table 560. Power Management Features

Feature GPU Support

Low power CMOS technology compatible Yes

Dynamic frequency scaling based on current load Yes

Automatic clock gating of flip flops and rams Yes

Global clock gating of unused macro blocks Yes

Independent clock gating for the shader core Yes

Software controlled effective clock frequency without changing the PLL Yes
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64.2.2.3 GPU Command Processor Features

Table 561. GPU Command Processor Features

Feature GPU Support

Counters Variety of hardware counters for performance profiling

64.2.2.4 OpenCL Support

Support for OpenCL includes the following capabilities:

Table 562. OpenCL Hardware Support

OpenCL Support GPU Support

Compute Devices (GPGPU cores) 1

Compute Units per device (vec4 shader cores) 1 per compute device

Processing Elements per compute unit 4

Preferred work-group / thread-group size 8

Max count global work-items each dim 64KB

Max count work-items each dim per work-group 1 KB

Instruction Cache Size 512

64.2.2.5 GPU 3D Hardware Features

The features of the GPU_CORE 3D unit are shown in the following tables. These features include:

• OpenGL ES 3.1 / 3.0 / 2.0 / 1.1 compliance, including extensions; OpenVG 1.1

• IEEE 32-bit floating-point pipeline

• Ultra-threaded, unified vertex and fragment (pixel) shaders

• Low bandwidth at both high and low data rates

• Low CPU loading

• Up to 16 programmable elements per vertex

• Dependent texture operation with high-performance

• Alpha blending

• Depth and stencil compare

• Point sampling, bi-linear sampling, tri-linear filtering, and cubic textures

• Resolve and fast clear

• 8k x 8k texture size and 8k x 8k rendering target

• 8 Vertex DMA streams

• Generates 1 texel and 1 pixel/cycle.

• Supports YUV formats for display output (YUV422, YUYV 4:2:2)
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• MMU functionality supported

• Primitive restart support

64.2.2.5.1 Texture Processing

Table 563. Texture Processing Features

Feature GPU Support

Fixed-point input texture formats A8, L8, A8L8, ARGB4, XRGB4, ARGB8, XRGB8, ABGR8, XBGR8, R5G6B5, 
A1RGB5, X1RGB5, YUY2, UYVY, D16, D24X8, A8_OES, DXT1, DXT2, 
DXT3, DXT4, DXT5, HDR7E3, HDR6E4, HDR5E5, HDR6E5, RGBE8, RGBE8F, 
RGB9E5, RGB9E5F, ETC1, ETC2_RGB8, ETC2_RGB8A1, ETC2_RGB8A8, 
EAC_R11_UNSIGNED, EAC__RG11_UNSIGNED, EAC__RG11_SIGNED, R8G8, RF16, 
RF16GF16, RF32, R10G10B10A2, EAC__R11_SIGNED, R8__SNORM, RG8__SNORM, 
RGBX8__SNORM, RGBA8__SNORM .

All fixed-point formats are filtered. sRGB conversion and Swizzling supported for color 
channels.

Bits Format Alpha/X/s R G B

16 ARGB4444 4 4 4 4

16 XRGB4444 4 don't care 4 4 4

16 ARGB1555 1 5 5 5

16 XRGB1555 1 don't care 5 5 5

16 RGB565 0 5 6 5

32 ARGB8888 8 8 8 8

32 XRGB8888 8 don't care 8 8 8

32 ABGR8888 8 8 8 8

32 XBGR8888 8 don't care 8 8 8

Planes Format Mode Y U V UV YUYV UYVY

1 YUY2 4:2:2 1

1 UYVY 4:2:2 1

2 YUV420 4:2:0 1 1 1

Texture compression 4 bits and 8 bits per texel

Additional texture formats 
supported through Resolve 
conversion

Resolve converts these planar formats to YUV 4:2:2 packed:

Planes Format Mode Y U V UV YUYV UYVY

3 YV12 4:2:0 1 1 1

2 NV12 4:2:0 1 1
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Table 563. Texture Processing Features (continued)

Feature GPU Support

Compressed texture formats DXT1, DXT2, DXT3, DXT4, DXT5, EAC11, ETC1, ETC2, EAC11

All compressed formats are filtered.

Compressed texture supertile Supported

Texture Formats for 
Optimal Performance

Formats with 4 bits per texel: DXT1, ETC1, EXT2_RGB8A1, 
EAC_R11_UNSIGNED, EAC_R11_SIGNED

Texture size maximum 8k x 8k

Addressing modes Wrap, mirror, clamp

Mipmap support 14 mipmap levels; programmable LOD biasing & replacement

Shadow texture Depth texture PCF filtering

Texture coordinate fraction bits 5 bits

Texture sampler units 32 samplers, indexable

Textures per fragment maximum 16 texture samplers

Dependent texture operation High performance; unlimited dependent texture reads

Dependent tx per fragment max, 
relative sampling

No limit

Texture repeat max 256

Texture types 2D, seamless cube map, 1D, projected, depth, bump map, displacement map, PCF, 3D, 
texture array

Texture filters Point sample, bi-linear, fast tri-linear (1 pixel/cycle), quad-linear

Texture component mapping: 
D3D, OGL, ES options

Supports both D3D and OES options

Texture size types Power-of-2, Non-square, Non-power-of-2

Texture swizzle Yes

OES3 half-float support Yes

64.2.2.5.2 Fragment Processing and Render Targets

Table 564. Fragment Processing and Render Target Features

Feature GPU Support

Table continues on the next page...
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Table 564. Fragment Processing and Render Target Features (continued)

FSAA mechanisms MSAA 4x, SSAA 4x

Fragment color, alpha, Z, 
stencil precision Bits Format Alpha R G B

16 ARGB4444 4 4 4 4

16 XRGB4444 4 don’t care 4 4 4

16 ARGB1555 1 5 5 5

16 XRGB1555 1 don’t care 5 5 5

16 RGB565 0 5 6 5

16 RF16 0 16 0 0

32 ARGB8888 8 8 8 8

32 XRGB8888 8 don’t care 8 8 8

32 ABGR8888 8 8 8 8

32 XBGR8888 8 don’t care 8 8 8

32 RGB10_a2ui 2 10 10 10

32 RF16GF16 0 16 16 0

32 RF32 0 32 0 0

Bits Format Depth Stencil

16 D16 16 0

32 D24S8 24 8

Render Target no blend formats: A8, R8G8, RI8, RI16, RI32, RI8GI8, RI16GI16, 
RI32GI32, RI8GI8BI8AI8, RI16GI16BI16AI16, RI10GI10BI10AI2, RF11GF11BF10

Fragment storage /Render 
Target formats

16-bit color and Z, 32-bit color and zZa for each fragment.

Lossless compression, no storage reduction.

Individual fragment alpha masking Yes

Two sided stencil support Yes

Compressed formats Yes, 30% - 70%

Fast clear and initialization options Yes

Table continues on the next page...

NXP Semiconductors
Graphics Processing Unit 3D (GPU3D)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4553 / 5781



Table 564. Fragment Processing and Render Target Features (continued)

Multiple Render Target support Yes, 4 Targets

64.2.2.5.3 Destination / Alpha Blending

Table 565. Destination / Alpha Blending Features

Feature GPU Support

Destination / Resolve (3DBlit)

color formats

Bits Format Alpha R G B

16 ARGB4444 4 4 4 4

16 ARGB1555 1 5 5 5

16 RGB565 0 5 6 5

32 ARGB8888 8 8 8 8

32 ABGR8888 8 8 8 8

32 RGB10_a2ui 2 10 10 10

64.2.2.6 Image Format Support

The following OpenCL image formats are supported. Packed formats are supported so that multiple pixels can be loaded in one 
shot. Customers may program support for additional formats.

64.2.2.6.1 OpenCL Image Formats

OpenCL 1.2 image formats are supported for 1D and 2D image array objects.

Table 566. OpenCL 1.2 Required Image Format Supported

OpenCL Image Format

Channel_Order

Num Channels Channel Data Types for Kernel Read or Write

CL_RGBA 4 CL_UNORM_INT8

CL_UNORM_INT16

CL_SIGNED_INT8

CL_SIGNED_INT16

CL_SIGNED_INT32

CL_UNSIGNED_INT8

CL_UNSIGNED_INT16

CL_UNSIGNED_INT32

Table continues on the next page...
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Table 566. OpenCL 1.2 Required Image Format Supported (continued)

CL_HALF_FLOAT

CL_FLOAT

CL_BGRA 4 CL_UNORM_INT8

Table 567. OpenCL Optional Image Formats Supported

OpenCL Image Format

Channel_Order

Num Channels Channel Data Types for Kernel Read or Write

CL_RGBA 4 CL_SNORM_INT8

CL_SNORM_INT16

CL_RG 2 CL_UNORM_INT8

CL_UNORM_INT16

CL_SNORM_INT8

CL_SNORM_INT16

CL_SIGNED_INT8

CL_SIGNED_INT16

CL_SIGNED_INT32

CL_UNSIGNED_INT8

CL_UNSIGNED_INT16

CL_UNSIGNED_INT32

CL_HALF_FLOAT

CL_FLOAT

CL_R 1 CL_UNORM_INT8

CL_UNORM_INT16

CL_SNORM_INT8

CL_SNORM_INT16

CL_SIGNED_INT8

CL_SIGNED_INT16

CL_SIGNED_INT32

CL_UNSIGNED_INT8

CL_UNSIGNED_INT16

CL_UNSIGNED_INT32

CL_HALF_FLOAT

CL_FLOAT
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64.3 Functional Description

64.3.1 Clocks
There are three independent clock domains in the GPU3D:

• Core clock, which is derived from the clkCore pin

• AHB clock, which is derived from the HCLK pin, and

• AXI clock, which is derived from the ACLK pin

Table 568. GPU3D clock definitions

Clock Pin Name Description Description

clkCore GPU core clock for modules Provided external to the IP.

HCLK AHB interface clock Provided external to the IP

ACLK AXI interface clock Provided external to the IP

64.4 Memory map and register definition
 

This module doesn't generate transfer errors when accessing unimplemented registers in its register space.
  NOTE  

There are no customer-facing programming registers for this module.
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Chapter 65
Sony/Philips Digital Interface (SPDIF)
65.1 Chip-specific SPDIF information
Table 569. Reference links to related information

Topic Related module Reference

Full description SPDIF SPDIF

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

65.1.1 Module instances
This device has one instance of the SPDIF module.

65.1.2 SPDIF clock constraint in low-power mode
SPDIF clock needs to be manually turned off before going to low power mode. To turn off the SPDIF clock, bit 30 (CGC) of the 
PCC_SPDIF register (address 0x2DA700AC) needs to be cleared.

65.2 Overview
The Sony/Philips Digital Interface (SPDIF) audio block is a stereo transceiver that allows the processor to receive and transmit 
digital audio.

65.2.1 Block diagram
The figure below shows a block diagram of the SPDIF transceiver data paths (receiver and transmitter) and its interface.
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Figure 446. SPDIF transceiver data interface block diagram
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65.2.2 Features
• Allows the handling of both SPDIF channel status (CS) and User (U) data

• Includes a frequency measurement block that allows the precise measurement of an incoming sampling frequency

• Provides a recovered clock to drive both internal components in the system, such as SAI ports, and external components, 
such as A/Ds or D/As, with clocking control provided via related registers

65.3 Functional description
The SPDIF is composed of two parts: SPDIF Receiver and SPDIF Transmitter.

The SPDIF receiver extracts the audio data from each SPDIF frame and places the data in the SPDIF receiver left and right FIFOs. 
The Channel Status and User Bits are also extracted from each frame and placed in the corresponding registers. The SPDIF 
receiver also provides a bypass option for direct transfer of the SPDIF input signal to the SPDIF transmitter.

For the SPDIF transmitter, the audio data is provided by the processor via the SPDIF Transmit Left (STL) and SPDIF Transmit 
Right (STR) registers. The Channel Status bits are also provided via the corresponding registers. The SPDIF transmitter 
generates a SPDIF output bitstream in the biphase mark format (IEC60958), which consists of audio data, channel status and 
user bits.

In the SPDIF transmitter, the IEC60958 biphase bit stream is generated on both edges of the SPDIF Transmit clock. The SPDIF 
Transmit clock is generated by the SPDIF internal clock generate block and the sources are from outside of the SPDIF block. For 
the SPDIF receiver, it can recover the SPDIF receiver clock.

Figure 447 shows the clock structure of the SPDIF transceiver.
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Figure 447. SPDIF transceiver clock diagram

65.3.1 SPDIF receiver
The SPDIF receiver extracts the audio data from each SPDIF frame and places the data in receiver left and right FIFOs.

The transmitter left and right FIFOs are 16-deep and 24-bit-wide (equal to the audio data width). The Channel Status and User 
Bits are also extracted from each frame and placed in corresponding registers. The SPDIF receiver also provides a bypass option 
for direct transfer of the SPDIF input signal to the SPDIF transmitter.

The SPDIF receiver handles the main data audio stream and recovers the bit clock from the SPDIF input signal. The sample rate 
can be determined from the frequency measuring block. Additionally, the receiver supports the SPDIF C and U channels. The 
SPDIF C and U channel data is interfaced directly to memory-mapped registers.

All the data registers are controlled by the Interrupt Control Block and transferred to the memory-mapped IP bus.

65.3.1.1 Audio data reception

The SPDIF Receiver block extracts the audio data from the IEC60958 stream, and outputs this via receiver left and right FIFOs 
to the memory-mapped registers SPDIF Receive Left (SRL) and SPDIF Receive Right (SRR).

Data from the SPDIF receiver is buffered in receive FIFO, and can be read by the processor from the memory-mapped registers.
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SPDIF receiver data registers - Behavior on overrun, underrun

The SPDIF Data Receive registers (SPDIFRxLeft and SPDIFRxRight) have individual FIFOs for left and right channel. As a result, 
there is always the possibility that left and right FIFOs may go out of sync due to FIFO underruns and FIFO overruns that affect only 
one part (left or right) of any FIFOs. To prevent this from happening, hardware has been added to the device. Two mechanisms 
to prevent mismatch between the FIFOs are available.

If a SPDIF Data receiver FIFO overrun occurs on e.g. the right half of the FIFO, the sample that caused the overrun is not written 
to the right half (due to overrun). Special hardware will make sure the next sample is not written to the left half of the FIFO. If the 
overrun occurs on the left half of the FIFO, the next sample is not written to the right half of the FIFO.

SPDIF receiver data registers - Automatic resynchronization of FIFOs

An automatic FIFO resynchronization feature is available. It can be enabled and disabled separately for every FIFO. If it is enabled, 
the hardware will check to see if the left and right FIFOs are in sync. If that is not the case, it will set the filling pointer of the right 
FIFO to be equal to the filling pointer of the left FIFO.

       Standby     

       Off            On     

Figure 448. FIFO auto-resync controller state machine

The operation is explained from the state diagram shown above. Every FIFO auto-resync controller has a state machine with 3 
states: Off, StandBy and On. In the On state, the filling of the left FIFO is compared with the filling of right, and if they are not equal, 
right is made equal to left, and an interrupt is generated.

The controller will stay in Off state when the feature is disabled. When not disabled, the state machine will go to Off state on any 
processor read or write to the FIFO. It will go from On or Off to Standby on any left sample read from SPDIF transmitter FIFOs, or 
on any left sample write to SPDIF receiver FIFOs. The controller will go from Standby to On on any right sample read from SPDIF 
transmitter FIFO, or on any right sample write to SPDIF receiver FIFO. There is a control bit in the SPDIF Configuration Register 
(SCR) to enable/disable the feature for the SPDIF receiver FIFO and SPDIF transmitter FIFO.

See Application information for additional details.

65.3.1.2 Channel status reception

There are 2 modes of Channel Status Reception: 48-bit and 192-bit.
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48-bit mode

In 48-bit mode, a total of 48 channel status bits are received in two registers. No interpretation is performed by the SPDIF 
receiver block.

Channel Status Bits are ordered first bit left. CS-channel MSB bit "0" is located in bit position 23 in the memory-mapped register 
SPDIF Receive C-Channel High (SRCSH). CS-channel bit "23" is considered the LSB bit 0 in the register. C-channel bit 24 to 47 
is seen as [23:0] bits of register SPDIF Receive C-Channel Low (SRCSL).

192-bit mode

In 192-bit mode, set #unique_4187/unique_4187_Connect_42_SCR.RXCChannel_192b_en located in the SPDIF Configuration 
Register bit[25] to "1". A total of 192 channel status bits are received in six registers.

Channel Status Bits are ordered first bit left.

• CS-channel MSB bit "0" is located in bit position 31 in the memory-mapped register SPDIF Receive C-Channel Bits 31-0 
(SPDIFRxCChannel_Addr_31_0), CS-channel bit "31" is the LSB bit 0 in this register

• C-channel bit 32 to 63 is seen as [31:0] bits of register SPDIF Receive C-Channel Bits 
63-32 (SPDIFRxCChannel_Addr_63_32)

• C-channel bit 64 to 95 is seen as [31:0] bits of register SPDIF Receive C-Channel Bits 
95-64 (SPDIFRxCChannel_Addr_95_64)

• C-channel bit 96 to 127 is seen as [31:0] bits of register SPDIF Receive C-Channel Bits 
127-96 (SPDIFRxCChannel_Addr_127_96)

• C-channel 128 to 159 is seen as [31:0] bits of register SPDIF Receive C-Channel Bits 
159-128 (SPDIFRxCChannel_Addr_159_128)

• C-channel 160 to 191 is seen as [31:0] bits of register SPDIF Receive C-Channel Bits 
191-160 (SPDIFRxCChannel_Addr_191_160)

65.3.1.2.1 Channel status interrupt

When the value of a new SPDIF "CS" channel status frame is loaded in the register, an interrupt is generated. The interrupt is 
cleared when the processor writes the corresponding bit in the InterruptStat register.

65.3.1.3 User bit reception

There are two modes for U Channel reception, CD and non-CD. As is decided by SRCD[USyncMode] (bit 1 of SRCD register).

Behavior of U Channel receive interface on incoming CD U Channel Sub-code in SPDIF receiver

This mode is selected if SRCD[USyncMode], bit 1 in SRCD register is set "1".

The CD sub-code stream embedded into the SPDIF U channel consists of a sequence of packets. Every packet is made up 98 
"symbols". The first two symbols of every packet are "sync symbols", the other 96 symbols are "data symbols".

Any sequence found in the SPDIF U channel stream starting with a leading one, followed by 7 information bits, is recognized as 
a "data symbol". Subsequent data symbols are separated by "pauses". During the "pause", "zero bits" are seen on the SPDIF 
U channel.

Data symbols are coming in MSB first. The MSB is the leading one.

When a "long pause" is seen between 2 subsequent "data symbols", the SPDIF receiver will assume the reception of one or more 
"sync symbols". Table below gives details.
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Table 570. Sync control bits

Number of U Channel zero bits Corresponding number of sync symbols

0-1 Unpredictable, not allowed

2-10 0

11-22 1

23-34 2

35-46 3

>45 Unpredictable, not allowed

The recognition of the number of sync symbols derives from the fact that the U channel transmitter in the CD channel decoder will 
transmit one symbol on average every 12 SPDIF channel bits. On this average rate, there is a maximum tolerance of 5%.

The SPDIF receiver is tolerant of symbol errors. Due to the physical nature of the transmission of the data over the CD disc, not 
more than 1 out of any 5 consecutive user channel symbols may be in error. The error may cause a change in data value, which 
is not detected by this interface, or it may cause a data symbol to be seen as a sync symbol, or a sync symbol to be seen as a 
data symbol. However, not more than 1 out of any 5 consecutive user channel symbols should be affected in this way.

The SPDIF U channel circuitry recognizes the 98-symbol packet structure, and sends the 96 symbol payload to the processor 
application. The 96 symbol payload is transmitted to the processor via 2 registers:

• The U-Channel Receive (SRU) register. In this register, data is presented 3 symbols at the time to the processor. Every 
time 3 new valid symbols, received on the SPDIF U Channel are present, the SIS[URxFul] interrupt is asserted. For 
one 98-symbol packet, 96 symbols are carried across SPDIFRxUChannel. To transfer all this data, 32 UChannelRxFull 
interrupts are generated.

• The Q-Channel Receive (SRQ) register. In this register, only the Q bit of the packet is accumulated. Operation is similar to 
UChannelReceive. Because only Q-bit is transferred, only 96 Q-bits are transferred for any 98-symbol packet. To transfer 
this data, 4 SIS[QRxFul] interrupts are generated. When QChannelRxFull occurs, it is coincident with UChannelRxFull. 
There is only one QChannelRxFull for every 8 SIS[URxFul]. The convention is that most significant data is transmitted 
first, and is left-aligned in the registers.

• Timing regarding packet boundary is extracted by hardware. The last SIS[URxFul] corresponding to a given packet should 
be coincident with the last SIS[QRxFul]. In this last U, Q channel interrupt, symbols 95-98 are received, Q channel bits 
67-98. The interrupts are coincident with SIS[UQSync], flagging last symbols of the current frame.

• When the start of the new packet is found before the current packet is complete (less than 98 symbols in the packet), the 
SIS[UQErr] interrupt is set. The application software should read out UChannelReceive and QchannelReceive registers, 
discard the value, and assume the start of a new packet.

• As already said, packet sync extraction is tolerant for single-symbol errors. Packet sync detection is based on the 
recognition of the sequence data-sync-sync-data in the symbol stream, because this is the only syncing sequence that is 
not affected by single errors. If the sync symbols are not found 98 symbols after the previous occurrence, it is assumed to 
be destroyed by channel error, and a new sync symbols is interpolated.

• Normally, only data bytes are passed to the application software. Every databyte will have its most significant bit set. If 
sync symbols are passed to the application software, they are seen as all-zero symbols. Sync symbols can only end up in 
the data stream due to channel error.

Behavior of U Channel receive interface on incoming non-CD data

This mode is selected if SRCD[USyncMode], bit 1 in SRCD register is set "0".

In non-CD mode, the SPDIF U channel stream is recognized as a sequence of "data symbols". No packet recognition is done.
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Any sequence found in the SPDIF U channel stream starting with a leading one, followed by 7 information bits, is recognized as 
a "data symbol". Subsequent data symbols are separated by "pauses". During the "pause", "zero bits" are seen on the SPDIF 
U channel.

3 consecutive data symbols seen in the SPDIF U Channel stream are grouped together into the U-Channel Receive (SRU) 
register. First symbol is left, last symbol is right aligned. When SPDIFRxUChannel contains 3 new data symbols, SIS[URxFul] 
is asserted.

In this mode, the operation of QchannelRx and associated interrupt QchannelRxFull is reserved, undefined. And the operation of 
SIS[UQErr] and SIS[UQSync] is also reserved, undefined.

The U channel is extracted, and output by the SPDIF receiver on SPDIFRxUChannel-Stream.

When incoming SPDIF data parity error or bit error is detected, and if the next SPDIF word for that channel is error-free, the SPDIF 
word in error is replaced with the average of the previous word and next word. When incoming SPDIF data parity error or bit error 
is detected, and the next SPDIF word is in error, the previous SPDIF word is repeated.

65.3.1.4 Validity flag reception

An interrupt is associated with the Validity flag. (interrupt 16 - SIS[ValNoGood]). This interrupt is set every time a frame is seen 
on the SPDIF interface with the validity bit set to "invalid".

65.3.1.5 SPDIF receiver interrupt exception definition

Several SPDIF exceptions can trigger an interrupt. They are:

• Control Status channel change. Set when SPDIF Receive C-Channel Low (SRCSL) register is updated. The register is 
updated for every new C-Channel received. The exception is reset on write to Interrupt Status (SIS) register.

• SIS[SymErr]. Set on reception of illegal symbol during SPDIF receive. Reset by writing register InterruptClear.[3]

• SIS[BitErr]. Set on reception of bit error. (Parity bit does not match). Reset on write to InterruptClear register.

• SIS[RxFIFOFul]. Set when SPDIF receive data FIFO is full.

• SIS[RxFIFOUnOv]. Set when there is a underrun/overrun on the SPDIF receive data FIFO.

• SIS[RxFIFOResyn]. Set when a resynchronization event occurs on the SPDIF receive data FIFO.

• SIS[URxFul]. Set when next 24 bits of U channel code are available.

• SIS[QRxOv]. Set when Q channel buffer overrun.

• SIS[URxOv]. Set on U channel buffer overrun.

• SIS[QRxFul]. Set when next 24 bits of Q channel code are available.

• SIS[UQSync]. Set when UQ channel sync found.

• SIS[UQErr]. Set when UQ frame error found.

65.3.1.6 Standards compliance

The SPDIF interface is compatible with the Tech 3250-E standard of the European Broadcasting Union, except clause 6.3.3 and 
the IEC60958-3 Ed2 for relevant topics.

Supported input frequency range is 12 kHz up to 96 kHz. (fully compliant) and 96 kHz up to 176 kHz (Can interface with compliant 
SPDIF transmitter within same cabinet, making reasonable assumptions on jitter added due to interconnecting wire.)

[3] The SPDIF input is a biphase/mark modulated signal. The time between any two successive transitions of the SPDIF 
signal is always 1, 2 or 3 SPDIF symbol periods long. The SPDIF receiver will parse the stream, and split it in so-called 
symbols. It recognizes s1, s2 and s3 symbols, depending on the length of the symbols. Not all sequences of these 
symbols are allowed. To give an example, a sequence s2-s1-s1-s1-s2 cannot occur in a no-error SPDIF signal. If the 
receiver finds such an illegal sequence, the illegal symbol interrupt is set. No corrective action is undertaken. When the 
interrupt occurs, this means that(a) The SPDIF signal is destroyed by noise (b) The SPDIF frequency changed.
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Tolerated jitter on SPDIF input signals are 0.25 bit peak-peak for high frequencies. There is no jitter limit for low frequencies. The 
user channel extraction in CD mode is capable of coping with single-symbol errors, and still retrieve U channel frames on correct 
boundaries. This capability is required for reliable reception of CD-Text from some Philips CD channel decoders. This capability 
was deemed more important than compliance with the IEC60958 annex A.3 standard, and for this reason user channel reception 
is not compliant with IEC60958 annex A.3. However, the interface is capable to receive U channel inserted by a typical CD channel 
decoder. Also, in this case, it is more robust and tolerant for channel error than what is required by IEC60958 annex A.3.

65.3.1.7 SPDIF PLOCK detection and receiver clock output

Using the high speed system clock, the internal DPLL can extract the bit clock (advanced pulse) from the input bitstream. When 
this internal DPLL is locked, the LOCK bit of Phase Configuration (SRPC) will be set, and the SPDIF Lock output pin spdif_plock 
will be asserted.

After DPLL has locked, the pulses are generated, and the average pulse rate is 128 x the sampling frequency. (For a 44.1 kHz 
input sampling frequency, the average pulse rate = 128 x 44.1 kHz) The pulse signal is used in the FreqMeas circuit to generate 
the frequency measurement result.

65.3.1.8 Measuring frequency of SPDIF_RxClk

The internal DPLL can extract the bit clock (advanced plus) from the input bitstream. To do that, it is necessary to measure the 
frequency of the incoming signal in relationship with the system clock (BUS_CLK).

Associated with it are two registers, PhaseConfig and FreqMeas. The circuit will measure the frequency of the incoming clock as 
a function of the BUS_CLK. The circuit is a second-order filter. The output is a value represented by an unsigned number stored 
in the 24-bit FreqMeas register, giving the frequency of the source as a function of the BUS_CLK.

FreqMeas[23:0] = FreqMeas_CLK / BUS_CLK * 210 * GAIN.

For example, if the GAIN is selected as 8*(2**10) (PhaseConfig[5:3] = 3'b011), the actual result

FreqMeas_CLK / BUS_CLK is equal to FreqMeas[23:0] / 223.

65.3.2 SPDIF transmitter
Audio data for the SPDIF transmitter is provided by processor via the SPDIF Transmit Left (STL) and SPDIF Transmit Right 
(STR) registers.

Clocking for SPDIF transmitter is selected through a multiplexer from several clock sources (see register bitfield description 
STC[TxClk_Source] for transmit clock source inputs). The SPDIF transmitter clock source can be divided down as needed using 
STC[TxClk_DF]. The SPDIF transmitter output can be chosen from either the SPDIF transmitter block, directly from the SPDIF 
receiver (via the output multiplexer), or disabled.

The SPDIF transmitter generates a SPDIF output bitstream in IEC60958 biphase mark format, consisting of audio data, 
channel status.

65.3.2.1 Audio data transmission

Audio data for the SPDIF transmitter is provided by the processor via SPDIF Transmit Left (STL) and SPDIF Transmit Right (STR) 
registers. They send audio data to transmitter left and right FIFOs. The transmitter left and right FIFOs are also 16-deep and 
24-width (equal to the audio data width).

SPDIF transmitter data registers - Behavior on overrun, underrun

The SPDIF Data Transmit registers (SPDIFTxLeft and SPDIFTxRight) have individual FIFOs for left and right channel. As a result, 
there is always the possibility that left and right FIFOs may go out of sync due to FIFO underruns and FIFO overruns that affect only 
one part (left or right) of any FIFO. To prevent this from happening, hardware has been added on the device. Two mechanisms 
to prevent mismatch between the FIFOs are available.

If SPDIF transmitter FIFO underruns on the right half of the FIFO, no sample leaves that FIFO (because it was already empty). 
Special hardware will make sure that the next sample read from the left FIFO will not leave the FIFO (no read strobe is generated). 
If the underrun occurs on the left half of the FIFO, next read strobe to the right FIFO is blocked.
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SPDIF transmitter data registers - Automatic resynchronization of FIFOs

See Audio data reception and Application information.

65.3.2.2 Channel status transmission

There is one mode of Channel Status Transmission: 48-bit.

48-bit mode

A total of 48 Consumer channel status bits are transmitted from two registers. Channel Status Bits are ordered first bit left.

CS-channel MSB bit "0" is located in bit position 23 in the memory-mapped register SPDIF Transmit C-Channel Cons High 
(STCSCH). CS-channel bit "23" is considered bit 0 in the register. C-channel bits 24-47 are seen as MSB-LSB bits of register 
SPDIF Transmit C-Channel Cons Low (STCSCL).

65.3.2.3 Validity flag transmission

The validity bit setting is performed via the SCR[ValCtrl] bit of the SPDIF Configuration (SCR) register.

65.3.3 Clocking
The table found here describes the clock sources for SPDIF.

See clock control block for clock setting, configuration and gating information.

Table 571. SPDIF clocks

Clock name Description

gclkw_t0 Global clock

ipg_clk_s Peripheral access clock

tx_clk Module transmitter clock

65.4 External signals
The following table describes the external signals of SPDIF:

Table 572. SPDIF external signals

Signal Description Direction

extal_clk External clock signal I

spdif_in1 - spdif_in4 Input lines I

spdif_plock Lock signal O

spdif_out1 - spdif_out2 Output line signals O

spdif_srclk Receiver Clock O

spdif_outclock Transmitter Clock O

NXP Semiconductors
Sony/Philips Digital Interface (SPDIF)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4566 / 5781



65.5 Application information
The automatic FIFO resynchronization can be switched on, and will avoid all mismatches between left and right FIFOs, if the 
software obeys the following rules:

1. When the left data is read or written to the left FIFO, in the same place of the program, data must be read or written to 
the right FIFO. Maximum time difference between left and right is 1/2 sample clock. (E.g. if sample frequency is 44 kHz, 
approximately 10 micro-seconds. For 88 kHz, approximately 5 micro-seconds.)

2. Write/read data to FIFOs at least 2 samples at the time. If there is a mismatch Left-Right, the resync logic may go on only 
1 sample clock after last data is read/written to the FIFO. Also acceptable is polling the FIFO, if at least part of the time 2 
samples will be read/written to it.

3. After DPLL lock, the user must bypass the first 2 CNEW interrupt/events, and start sampling data from the 3rd CNEW event. 
The user must do the following:

• Sample data must be discarded for a minimum of 128 to a maximum of 384 samples.

• Clear all error flags after the 3rd CNEW event flag.

SPDIF receiver details

There are three exceptions associated with the SPDIF Receiver FIFOs

• Full

• Under/overrun

• Resync

When the "full" condition is set for processor data input registers, the processor should read data from the FIFO, before overrun 
occurs. When "full" is set, and the FIFO contains e.g. 6 samples, it is acceptable for the software to read first 6 samples from the 
LEFT address, followed by 6 samples from the RIGHT address, or 6 samples from the RIGHT address, followed by 6 samples 
from the LEFT address, or 1 sample LEFT, followed by 1 sample RIGHT repeated 6 times. There is no order specified.

The implementation for SPDIF receiver is a double FIFO, one for left and one for right. "full" is set when both FIFOs are full. 
"underrun, overrun" are set when one of the FIFOs do underrun or do overrun. The resync interrupt means hardware took special 
action to resynchronize left and right FIFOs.

The FIFO level at which the "full" interrupt is generated, is programmable via the Full Select field in the SPDIFConfigReg register.

Receiver FIFO on and receiver FIFO reset

Two additional control fields of the SPDIF receiver FIFO are the on/off select and FIFO reset fields.

If on/off select is set to off, all-zero will be read from the FIFO, irrespective of the data received over the SPDIF interface.

If FIFO reset is set, the FIFO is blocked at "1 sample in FIFO". In this, the full interrupt will be on if FullSelect is set to "00". If 
FullSelect is set to any other value, interrupt will be off. The other interrupts are always off.

SPDIF transmit left, SPDIF transmit right details

With SPDIF transmitter FIFOs three exceptions are associated:

• Empty

• Under/overrun

• Resync

When the empty condition is set for processor data output registers, the processor should write data to the FIFO, before underrun 
occurs. When empty is set and, for instance, 6 samples need to be written, it is acceptable for the software to write first 6 samples 
from the LEFT address, followed by 6 samples from the RIGHT address, or 1 sample LEFT, followed by 1 sample RIGHT repeated 
6 times. Left should be written before right. The implementation of all data out FIFOs is a double FIFO, one for left and one for right. 
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Empty is set when both FIFOs are empty. Underrun, overrun are set when one of the FIFOs do underrun or do overrun. Resync 
is set when the hardware resynchronizes left and right FIFOs.

On receiving underrun, overrun interrupt, synchronization between Left and Right words in the FIFOs may be lost. Synchronization 
will not be lost when the underrun or overrun comes from the IEC60958 side of the FIFO. If the processor reads or writes more data 
from, for example, left than from right, synchronization will be lost. If automatic resynchronization is enabled, and if the software 
obeys the rules to let this work, resynchronization will be automatic.

65.6 SPDIF memory map/register definition

65.6.1 SPDIF register descriptions

65.6.1.1 SPDIF memory map

SPDIF base address: 2DAB_0000h

Offset Register Width

(In bits)

Access Reset value

0h SPDIF Configuration (SCR) 32 RW 0000_0400h

4h CD Text Control (SRCD) 32 RW 0000_0000h

8h Phase Configuration (SRPC) 32 RW 0000_0000h

Ch Interrupt Enable (SIE) 32 RW 0000_0000h

10h Interrupt Status (SIS) 32 RW 0000_0002h

14h SPDIF Receive Left (SRL) 32 R 0000_0000h

18h SPDIF Receive Right (SRR) 32 R 0000_0000h

1Ch SPDIF Receive C-Channel High (SRCSH) 32 R 0000_0000h

20h SPDIF Receive C-Channel Low (SRCSL) 32 R 0000_0000h

24h U-Channel Receive (SRU) 32 R 0000_0000h

28h Q-Channel Receive (SRQ) 32 R 0000_0000h

2Ch SPDIF Transmit Left (STL) 32 RW 0000_0000h

30h SPDIF Transmit Right (STR) 32 RW 0000_0000h

34h SPDIF Transmit C-Channel Cons High (STCSCH) 32 RW 0000_0000h

38h SPDIF Transmit C-Channel Cons Low (STCSCL) 32 RW 0000_0000h

44h Frequency Measurement (SRFM) 32 R See section

50h SPDIF Transmit Clock (STC) 32 RW 0002_0F00h

60h SPDIF Receive C-Channel Bits 31-0 
(SPDIFRxCChannel_Addr_31_0)

32 R 0000_0000h

64h SPDIF Receive C-Channel Bits 63-32 
(SPDIFRxCChannel_Addr_63_32)

32 R 0000_0000h

68h SPDIF Receive C-Channel Bits 95-64 
(SPDIFRxCChannel_Addr_95_64)

32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

6Ch SPDIF Receive C-Channel Bits 127-96 
(SPDIFRxCChannel_Addr_127_96)

32 R 0000_0000h

70h SPDIF Receive C-Channel Bits 159-128 
(SPDIFRxCChannel_Addr_159_128)

32 R 0000_0000h

74h SPDIF Receive C-Channel Bits 191-160 
(SPDIFRxCChannel_Addr_191_160)

32 R 0000_0000h

65.6.1.2 SPDIF Configuration (SCR)

Offset

Register Offset

SCR 0h

Function
Contains SPDIF configuration selections.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 RXCC
han...

Reserv
ed 

RxFIF
O_...

RxFIF
O_...

RxFIF
O_...

RxFIFOFull_Sel 
RxAut
oS...

TxAuto
S...

TxFIF
OE...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TxFIF
OE...

RAW_
CAP...

LOW_
POW...

soft_re
...

TxFIFO_Ctrl 
DMA_
Rx_...

DMA_
TX_...

InputSrcSel ValCtrl TxSel USrc_Sel 
W

Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25 Receive C-Channel 192-bit Enable

0b - SPDIF receives only 48 bits of 192 C bits from input audio stream

Table continues on the next page...

NXP Semiconductors
Sony/Philips Digital Interface (SPDIF)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4569 / 5781



Table continued from the previous page...

Field Function

RXCChannel_1
92b_en

1b - SPDIF receives 192 bits of C in audio stream

24

—

Value must be 0.

23

RxFIFO_Ctrl

Receive FIFO Control

0b - Normal operation

1b - Always read zero from receiver data register

22

RxFIFO_Off_On

Receive FIFO Off/On

0b - SPDIF receiver FIFO is on

1b - SPDIF receiver FIFO is off. Does not accept data from interface

21

RxFIFO_Rst

Receive FIFO Reset

0b - Normal operation

1b - Reset register to 1 sample remaining

20-19

RxFIFOFull_Sel

Receive FIFO Full Select

00b - Full interrupt if at least 1 sample in receiver left and right FIFOs

01b - Full interrupt if at least 4 sample in receiver left and right FIFOs

10b - Full interrupt if at least 8 sample in receiver left and right FIFOs

11b - Full interrupt if at least 16 sample in receiver left and right FIFO

18

RxAutoSync

Receive Auto-Sync

0b - Receive FIFO auto-sync off

1b - Receive FIFO auto-sync on

17

TxAutoSync

Transmit Auto-Sync

0b - Transmit FIFO auto-sync off

1b - Transmit FIFO auto-sync on

16-15

TxFIFOEmpty_
Sel

Transmit FIFO Empty Select

00b - Empty interrupt if 0 sample in transmitter left and right FIFOs

01b - Empty interrupt if at most 4 sample in transmitter left and right FIFOs

10b - Empty interrupt if at most 8 sample in transmitter left and right FIFOs

11b - Empty interrupt if at most 12 sample in transmitter left and right FIFOs

14

RAW_CAPTUR
E_MODE

Raw Capture Mode

In raw capture mode. the SPDIF will put receiver data to receiver FIFO following the below format. In this 
mode the receiver FIFO will be 32 bits.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• X: {P, C, U, V, original_Data[23:0],4'b0100};

• Y: {P, C, U, V, original_Data[23:0],4'b1000};

• Z: {P, C, U, V, original_Data[23:0],4'b1100};

0b - SPDIF receiver will work in normal mode

1b - SPDIF receiver will work in raw capture mode

13

LOW_POWER

Low Power

When write 1 to this bit, it will cause SPDIF enter low-power mode.

Returns 1 when SPDIF in low-power mode.

12

soft_reset

Soft Reset

When write 1 to this bit, it will cause SPDIF software reset.

The software reset will last 8 cycles.

When in the reset process, return 1 when read.

Else return 0 when read.

11-10

TxFIFO_Ctrl

Transmit FIFO Control

00b - Send out digital zero on SPDIF transmitter

01b - Transmit Normal operation

10b - Reset to 1 sample remaining

11b - Reserved

9

DMA_Rx_En

DMA Receive Request Enable

(Receive FIFO full)

8

DMA_TX_En

DMA Transmit Request Enable

(Transmit FIFO empty)

7-6

InputSrcSel

Input Source Select

00b - spdif_in1

01b - spdif_in2

10b - spdif_in3

11b - spdif_in4

5

ValCtrl

Validity Control

0b - Outgoing Validity always set

1b - Outgoing Validity always clear

4-2 Transmit Select

Table continues on the next page...
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Table continued from the previous page...

Field Function

TxSel 000b - Off and output 0

001b - Feed-through spdif_in1

010b - Feed-through spdif_in2

011b - Feed-through spdif_in3

100b - Feed-through spdif_in4

101b - Transmit Normal operation - From SPDIF Transmit Block

110b,111b - Reserved

1-0

USrc_Sel

U-Channel Source Select

00b - No embedded U channel

01b - U-channel from SPDIF receive block (CD mode)

10b - Reserved

11b - U-channel from on chip transmitter

65.6.1.3 CD Text Control (SRCD)

Offset

Register Offset

SRCD 4h

Function
Contains CD text controls.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Reserved 

0 Reserv
ed 

USync
Mo...

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-23

—

This is a 24-bit register. The upper byte is unimplemented.

22-15

—

Return zeros when read.

14-8

—

Set to zero.

7-3

—

Return zeros when read.

2

—

Reserved

1

USyncMode

U-Sync Mode

0b - Non-CD data

1b - CD user-channel subcode

0

—

Reserved

65.6.1.4 Phase Configuration (SRPC)

Offset

Register Offset

SRPC 8h

Function
Contains clocking and DPLL configuration and status details.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ClkSrc_Sel 

LOCK 
GainSel 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-11

—

Return zeros when read.

10-7

ClkSrc_Sel

Clock Source Select

All other settings not shown are reserved.

0000b - If (DPLL Locked) SPDIF_RxClk else REF_CLK_32K (XTALOSC)

0001b - If (DPLL Locked) SPDIF_RxClk else tx_clk (SPDIF0_CLK_ROOT)

0011b - If (DPLL Locked) SPDIF_RxClk else extal_clk

0101b - REF_CLK_32K (XTALOSC)

0110b - tx_clk (SPDIF0_CLK_ROOT)

1000b - extal_clk

6

LOCK

LOCK

LOCK bit to show that the internal DPLL is locked.

5-3

GainSel

Gain Select

000b - 24*(2**10)

001b - 16*(2**10)

010b - 12*(2**10)

011b - 8*(2**10)

100b - 6*(2**10)

101b - 4*(2**10)

Table continues on the next page...
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Table continued from the previous page...

Field Function

110b - 3*(2**10)

111b - Reserved

2-0

—

Return zeros when read.

65.6.1.5 Interrupt Enable (SIE)

Offset

Register Offset

SIE Ch

Function
Provides control over the enabling of interrupts.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

0
Reserved Lock 

TxUnO
v 

TxRes
yn 

CNew 
ValNo
Go...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R SymEr
r 

BitErr Reserved 
URxFu

l 
URxO

v 
QRxFu

l 
QRxO

v 
UQSy

nc 
UQErr 

RxFIF
OU...

RxFIF
OR...

LockL
oss 

TxEm 
RxFIF
OF...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23

—

Reserved

22-21

—

Set to zero.

Table continues on the next page...
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Table continued from the previous page...

Field Function

20

Lock

Lock

SPDIF receiver's DPLL is locked.

19

TxUnOv

Transmit FIFO Underrun/Overrun

18

TxResyn

Transmit FIFO Resync

17

CNew

C New

SPDIF receive change in value of control channel.

16

ValNoGood

Validity Flag No Good

15

SymErr

Symbol Error

SPDIF receiver found illegal symbol.

14

BitErr

Bit Error

SPDIF receiver found parity bit error.

13-11

—

Set to zero.

10

URxFul

U-Channel Receive Register Full

Can't be cleared with reg. IntClear. To clear it, read from U receiver reg.

9

URxOv

U-Channel Receive Register Overrun

8

QRxFul

Q-Channel Receive Register Full

Can't be cleared with reg. IntClear. To clear it, read from Q receiver reg.

7

QRxOv

Q-Channel Receive Register Overrun

6

UQSync

U/Q-Channel Sync Found

5

UQErr

U/Q-Channel Framing Error

4 Receive FIFO Underrun/Overrun

Table continues on the next page...
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Table continued from the previous page...

Field Function

RxFIFOUnOv

3

RxFIFOResyn

Receive FIFO Resync

2

LockLoss

Lock Loss

SPDIF receiver loss of lock.

1

TxEm

Transmit Empty

SPDIF transmitter FIFO empty, can't be cleared with reg. IntClear. To clear it, write to transmitter FIFO.

0

RxFIFOFul

Receive FIFO Full

SPDIF receiver FIFO full, can't be cleared with reg. IntClear. To clear it, read from receiver FIFO.

65.6.1.6 Interrupt Status (SIS)

Offset

Register Offset

SIS 10h

Function
Provides the status on interrupt operations.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

0 Lock 
TxUnO

v 
TxRes

yn 
CNew 

ValNo
Go...

W W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SymEr

r 
BitErr 0

URxFu
l 

URxO
v 

QRxFu
l 

QRxO
v 

UQSy
nc 

UQErr 
RxFIF
OU...

RxFIF
OR...

LockL
oss 

TxEm 
RxFIF
OF...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-21

—

For Interrupt Stat/Clear return zeros when read.

20

Lock

Lock

SPDIF receiver's DPLL is locked.

19

TxUnOv

Transmit FIFO Underrun/Overrun

18

TxResyn

Transmit FIFO Resync

17

CNew

C New

SPDIF receive change in value of control channel.

16

ValNoGood

Validity Flag No Good

15

SymErr

Symbol Error

SPDIF receiver found illegal symbol.

14

BitErr

Bit Error

SPDIF receiver found parity bit error.

13-11

—

Return zeros when read.

10

URxFul

U-Channel Receive Register Full

Can't be cleared with reg. IntClear. To clear it, read from U receiver reg.

9

URxOv

U-Channel Receive Register Overrun

8

QRxFul

Q-Channel Receive Register Full

Can't be cleared with reg. IntClear. To clear it, read from Q receiver reg.

7

QRxOv

Q-Channel Receive Register Overrun

6 U/Q-Channel Sync Found

Table continues on the next page...
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Table continued from the previous page...

Field Function

UQSync

5

UQErr

U/Q-Channel Framing Error

4

RxFIFOUnOv

Receive FIFO Underrun/Overrun

3

RxFIFOResyn

Receive FIFO Resync

2

LockLoss

Lock Loss

SPDIF receiver loss of lock.

1

TxEm

Transmit FIFO Empty

Can't be cleared with reg. IntClear. To clear it, write to transmitter FIFO.

0

RxFIFOFul

Receive FIFO Full

Can't be cleared with reg. IntClear. To clear it, read from receiver FIFO.

65.6.1.7 SPDIF Receive Left (SRL)

Offset

Register Offset

SRL 14h

Function
An audio data reception register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxDataLeft 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxDataLeft 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxDataLeft

Receive Data Left

Processor receive SPDIF data left.

65.6.1.8 SPDIF Receive Right (SRR)

Offset

Register Offset

SRR 18h

Function
An audio data reception register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxDataRight 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxDataRight 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxDataRight

Receive Data Right

Processor receive SPDIF data right.
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65.6.1.9 SPDIF Receive C-Channel High (SRCSH)

Offset

Register Offset

SRCSH 1Ch

Function
A channel status reception register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxCChannel_h 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_h 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxCChannel_h

Receive C-Channel High

Contains first 24 bits of C channel without interpretation.

65.6.1.10 SPDIF Receive C-Channel Low (SRCSL)

Offset

Register Offset

SRCSL 20h

Function
A channel status reception register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxCChannel_l 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_l 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxCChannel_l

Receive C-Channel Low

Contains next 24 bits of C channel without interpretation.

65.6.1.11 U-Channel Receive (SRU)

Offset

Register Offset

SRU 24h

Function
A user bits reception register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxUChannel 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxUChannel 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxUChannel

Receive U Channel

Contains next 3 U-channel bytes.

65.6.1.12 Q-Channel Receive (SRQ)

Offset

Register Offset

SRQ 28h

Function
A user bits reception register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RxQChannel 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxQChannel 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

RxQChannel

Receive Q Channel

Contains next 3 Q-channel bytes.
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65.6.1.13 SPDIF Transmit Left (STL)

Offset

Register Offset

STL 2Ch

Function
An audio data transmission register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W TxDataLeft 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W TxDataLeft 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

TxDataLeft

Transmit Data Left

Always returns zeros when read.

65.6.1.14 SPDIF Transmit Right (STR)

Offset

Register Offset

STR 30h

Function
An audio data transmission register.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W TxDataRight 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W TxDataRight 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

TxDataRight

Transmit Data Right

Always returns zeros when read.

65.6.1.15 SPDIF Transmit C-Channel Cons High (STCSCH)

Offset

Register Offset

STCSCH 34h

Function
A channel status transmission register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TxCChannelCons_h 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TxCChannelCons_h 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

TxCChannelCo
ns_h

Transmit C-Channel Cons High

Contains first 24 bits of C-channel data without interpretation. When read, it returns the latest data 
written by the processor.

65.6.1.16 SPDIF Transmit C-Channel Cons Low (STCSCL)

Offset

Register Offset

STCSCL 38h

Function
A channel status transmission register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TxCChannelCons_l 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TxCChannelCons_l 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

TxCChannelCo
ns_l

Transmit C-Channel Cons Low

Contains next 24 bits of C-channel data without interpretation. When read, it returns the latest data 
written by the processor.
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65.6.1.17 Frequency Measurement (SRFM)

Offset

Register Offset

SRFM 44h

Function
Contains frequency measurement data.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FreqMeas 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FreqMeas 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-0

FreqMeas

Frequency Measurement Data

65.6.1.18 SPDIF Transmit Clock (STC)

Offset

Register Offset

STC 50h

Function
Includes the means to select the transmit clock and frequency division.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

0
SYSCLK_DF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SYSCLK_DF TxClk_Source 

tx_all_.
..

TxClk_DF 
W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

This is a 24-bit register. The upper byte is unimplemented.

23-20

—

Return zeros when read.

19-11

SYSCLK_DF

System Clock Divider Factor (2-512)

0_0000_0000b - No clock signal

0_0000_0001b - Divider factor is 2

1_1111_1111b - Divider factor is 512

10-8

TxClk_Source

Transmit Clock Source

 
See device-specific Clocking chapter for the clock sources used.

  NOTE  

 
Bit values of this field are device-specific. See the chip-specific section for this module, at 
the beginning of this chapter.

  NOTE  

7

tx_all_clk_en

Transfer Clock Enable

When data is going to be transferred, this bit should be set to 1.

0b - Disables

1b - Enables

6-0

TxClk_DF

Transmit Clock Divider Factor (1-128)

000_0000b - Divider factor is 1

000_0001b - Divider factor is 2

111_1111b - Divider factor is 128
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65.6.1.19 SPDIF Receive C-Channel Bits 31-0 (SPDIFRxCChannel_Addr_31_0)

Offset

Register Offset

SPDIFRxCChannel_Addr
_31_0

60h

Function
Contains bits 31-0 of C-channel (Receive).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_31_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_31_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RxCChannel_A
ddr_31_0

Receive C-Channel Address (31-0)

Contains 0 to 31 bits of C-channel without interpretation.

65.6.1.20 SPDIF Receive C-Channel Bits 63-32 (SPDIFRxCChannel_Addr_63_32)

Offset

Register Offset

SPDIFRxCChannel_Addr
_63_32

64h

Function
Contains bits 63-32 of C-channel (Receive).

NXP Semiconductors
Sony/Philips Digital Interface (SPDIF)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4589 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_63_32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_63_32 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RxCChannel_A
ddr_63_32

Receive C-Channel Address (63-32)

Contains 32 to 63 bits of C-channel without interpretation.

65.6.1.21 SPDIF Receive C-Channel Bits 95-64 (SPDIFRxCChannel_Addr_95_64)

Offset

Register Offset

SPDIFRxCChannel_Addr
_95_64

68h

Function
Contains bits 95-64 of C-channel (Receive).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_95_64 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_95_64 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

RxCChannel_A
ddr_95_64

Receive C-Channel Address (95-64)

Contains 64 to 95 bits of C-channel without interpretation.

65.6.1.22 SPDIF Receive C-Channel Bits 127-96 (SPDIFRxCChannel_Addr_127_96)

Offset

Register Offset

SPDIFRxCChannel_Addr
_127_96

6Ch

Function
Contains bits 127-96 of C-channel (Receive).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_127_96 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_127_96 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RxCChannel_A
ddr_127_96

Receive C-Channel Address (127-96)

Contains 96 to 127 bits of C-channel without interpretation.
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65.6.1.23 SPDIF Receive C-Channel Bits 159-128 (SPDIFRxCChannel_Addr_159_128)

Offset

Register Offset

SPDIFRxCChannel_Addr
_159_128

70h

Function
Contains bits 159-128 of C-channel (Receive).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_159_128 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_159_128 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RxCChannel_A
ddr_159_128

Receive C-Channel Address (159-128)

Contains 128 to 159 bits of C-channel without interpretation.

65.6.1.24 SPDIF Receive C-Channel Bits 191-160 (SPDIFRxCChannel_Addr_191_160)

Offset

Register Offset

SPDIFRxCChannel_Addr
_191_160

74h

Function
Contains bits 191-160 of C-channel (Receive).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RxCChannel_Addr_191_160 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RxCChannel_Addr_191_160 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RxCChannel_A
ddr_191_160

Receive C-Channel Address (191-160)

Contains 160 to 191 bits of C-channel without interpretation.
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Chapter 66
LCD Interface (LCDIF/DCNANO)
66.1 Chip-specific LCDIF information
Table 573. Reference links to related information

Topic Related module Reference

Full description LCDIF LCDIF

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

66.1.1 Module instances
This device has one instance of the LCDIF module.

66.1.2 Display formats supported by DBI interface
For DBI interface, the display resolution depends on refresh rate and pixel format, i.e. the number of colors supported by that pixel 
format. The following table shows the list of display formats (and their resolutions) that are supported by 8ULP DBI interface for 
refresh rate of 30fps and 60fps. Cycle rate is 20 MHz with 16-bit data width.

Table 574. Display formats supported by DBI interface for 30fps frame rate

Display 
format

Horizont
al

Vertical Pixel per 
frame

Frame rate: 30fps

RGB332 RGB444 RGB565 RGB666 RGB888

QVGA 320 240 69312 Yes Yes Yes Yes Yes

VGA 640 480 277248 Yes Yes Yes Yes Yes

WVGA 800 480 346560 Yes Yes Yes Yes Yes

FWVGA 854 480 369953 Yes Yes Yes Yes Yes

Custom 1024 400 369664 Yes Yes Yes Yes Yes

PAL 768 576 399237 Yes Yes Yes Yes Yes

SVGA 800 600 433200 Yes Yes Yes Yes Yes

WSVGA 1024 600 554496 Yes Yes Yes - -

XGA 1024 768 709755 Yes - - - -

HD720 1280 720 831744 Yes - - - -

WXGA 1280 768 887194 Yes - - - -
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Table 575. Display formats supported by DBI interface for 60fps frame rate

Display 
format

Horizont
al

Vertical Pixel per 
frame

Frame rate: 60fps

RGB332 RGB444 RGB565 RGB666 RGB888

QVGA 320 240 69312 Yes Yes Yes Yes Yes

VGA 640 480 277248 Yes Yes Yes - -

WVGA 800 480 346560 Yes - - - -

FWVGA 854 480 369953 Yes - - - -

Custom 1024 400 369664 Yes - - - -

PAL 768 576 399237 Yes - - - -

SVGA 800 600 433200 Yes - - - -

WSVGA 1024 600 554496 Yes - - - -

XGA 1024 768 709755 - - - - -

HD720 1280 720 831744 - - - - -

WXGA 1280 768 887194 - - - - -

66.1.3 Display formats supported by DPI interface
The following table shows the list of display formats (and their resolutions) that are supported by 8ULP DPI interface for refresh 
rate of 30 fps and 60 fps. Cycle rate is 20.92 MHz, with 24-bit data width.

Table 576. Display formats supported by DPI interface

Display format Horizontal Vertical Pixel per frame Frame rate: 30fps Frame rate: 60fps

QVGA 320 240 69312 Yes Yes

VGA 640 480 277248 Yes Yes

WVGA 800 480 346560 Yes Yes

FWVGA 854 480 369953 Yes -

Custom 1024 400 369664 Yes -

PAL 768 576 399237 Yes -

SVGA 800 600 433200 Yes -

WSVGA 1024 600 554496 Yes -

XGA 1024 768 709755 - -

HD720 1280 720 831744 - -

WXGA 1280 768 887194 - -

66.2 Overview
 

This chapter describes the Vivante® IP (DCNano) and contains copyright material disclosed with permission 
of VeriSilicon.

  NOTE  
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The LCDIF high-performance graphics core is based on the Vivante DCNano IP core that can be used for reading rendered 
images from the frame buffer. In addition to providing hardware cursor patterns, the display controller performs format 
conversions, dithering and gamma corrections. With an addressable screen size up to 1920x1080 at 60fps for linear formats and 
1024x768 at 60fps for tiled formats, the LCDIF provides powerful graphics processing with low power consumption.

66.2.1 Block Diagram

AHB AXI

Host interface

Display
subsystemMemory controller

Front end

Cursor
blend Dither

Display pipeline

Gamma

FIFO

Figure 449. LCDIF Block Diagram

66.2.2 Features
Display controller key features are:

• Video Timing Generation

— HSYNC, VSYNC, Data Enable (DE) signals

— Programmable timers

• MIPI Display Protocols

— Display Pixel Interface-2 (DPI-2) formats

— DPI 24-bit, 18-bit (2 configs) and 16-bit support (3 configs)

— Display Bus Interface 2.0 (DBI-2)

• Display Interface

— Parallel Pixel Output with 24-bit Data, HSync, VSync, Data enable

— Easily adaptable to external serialization logic, e.g. HDMI

• Display

— Display size up to 1920x1080 at 60fps for linear formats and 1024x768 at 60fps for tiled formats

— Sync and blank signals

— Gamma and dither tables

• Input Formats

— ARGB2101010/ARGB8888/ARGB1555/RGB565/ARGB4444
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— YUV422 packed & semi planar (YUY2, UYVY)

• Format Conversion

— Pixel inputs accepted from multiple RGB formats

— Pixel output is 24 bit RGB in multiple formats

• Output Formats

— RGB888/DPI_D16CFG1/DPI_D16CFG2/DPI_D16CFG3/DPI_D18CFG1/ DPI_D18CFG2/ DPI_D24

• Hardware Cursor

— Supports ARGB888 and Mask cursor formats

• Color

— Overlay with coordinate generator

— Alpha Blending: 8 Porter Duff Blending modes

• Dither and Gamma Correction

— A separate Look Up Table for Dither

— A separate Look Up Table for Gamma Correction

66.2.2.1 LCDIF Host and Memory Interface Features

Table 577. Host and memory interface features

Feature GPU Support

AHB interface 32-bit AHB slave for register access

AXI interface 64-bit AXI master for external memory access and to read 
frame buffer data

AXI address width 32 bits

66.2.2.2 LCDIF Power Management Features

Feature Support

Low power CMOS technology compatible Yes

Control bits for RAM clock gating Yes

Independent clock for the display Yes

Independent enable bit for the display Yes

66.2.2.3 LCDIF Display Features

Table 578. Display features

Feature Support

Maximum display size 1080p

Table continues on the next page...
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Table 578. Display features (continued)

Feature Support

 
See the Chip-specific LCDIF 
information for details about Maximum 
display resolution.

  NOTE  

Sync and blank signals Yes

Independent gamma and dither Yes

Double buffered registers for flipping from shadow to working 
set

Atomic Commit, single cycle flip

Rotation support No

Coordinate system 32K x 32K

66.2.2.4 LCDIF MIPI Protocol Features

Table 579. MIPI Protocol features

Feature Support

Display Pixel Interface (DPI-2) Yes

Display Bus Interface support (DBI-2) Yes

DPI: selectable enable and polarity settings for HYSNC, 
VSYNC and DE

Yes

DPI: programmable timing control parameters Yes

DPI: output color coding Yes

16 bit: 2 mappings

18/24 bit: 3 mappings

DPI shutdown and color mode control Yes, use GPIO in SOC

DBI Type Support Type A fixed E mode

Type A clock E mode

Type B

Type C

DBI interface data widths 8/9/16

66.3 Functional Description

66.3.1 Display Controller Clocking
LCDIF employs a simple clocking scheme. There are three independent clock domains in LCDIF:

• AXI bus clock and LCDIF core clock domain, which is derived from the clk pin,

• AHB interface clock domain, which is derived from the HCLK pin, and
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• LCDIF Pixel Clock used in the Display’s outputFifo, and this clock is also output to the display with the name of 
LCD_DTCLK.

 
See LCDIF chip-specific chapter for details on the pins used in this chip.

  NOTE  

The AHB interface clock is HCLK. clk is the functional clock for the core logic as well as the AXI bus clock. Communication between 
the different domains in the display controller occurs mostly by way of asynchronous FIFOs. All the clocks are asynchronous to 
each other.

Table 580. Clocks

Clock Name Description I/O

clk AXI bus clock/LCDIF core clock. Clock 
source from pin.

I

HCLK AHB interface clock (for AHB slave) I

LCDIF Pixel Clock Pixel clock for the display Input, also output to the display as 
LCD_DTCLK

66.3.2 DBI output timing
The method for programming the DBI interface timing will vary depend on the DBI Type. For DBI output timing, a basic time unit 
configured through the register field DbiConfig0[DBI_AC_TIME_UNIT]. Basic time unit is DbiConfig0[DBI_AC_TIME_UNIT] + 1. 
Other timing related fields are all based on this field.

For DBI Type A and Type B: The basic time unit counts the "clk" cycle. The value of field 
DbiWrChar10[DBI_WR_EOR_WR_ASSERT] has to be at least 1 to conform with the MIPI DBI spec, and the following rule needs 
to be maintained:

DbiWrChar10[DBI_WR_EOR_WR_ASSERT] < DbiWrChar20[DBI_WR_EOR_DE_ASRT] < DbiWrChar10[DBI_WR_PERIOD]

When value of DbiWrChar10[DBI_WR_PERIOD] is set, that means the output clk frequency is:

Equation 29. Output clk frequency

Cycle number = DbiWrChar10[DBI_WR_PERIOD]

CSX

0

D/CX or DATA

WRX (type B) or
E (type A)

RDX (type B)
or R/WX (type A)

Cycle number = DbiWrChar20[DBI_WR_CS_DE_ASRT]
Cycle number = DbiWrChar20[DBI_WR_EOR_WR_DE_ASRT]
Cycle number = DbiWrChar10[DBI_WR_EOR_WR_ASSERT]
Cycle number = DbiWrChar10[DBI_WR_CS_ASSERT]

Figure 450. DBI output timing definitions for Type A and Type B

66.3.3 Reset
Reset input is synchronized to the core clock domain by a dual flip-flop synchronizer. The resetRaw_ signal must be asserted for 
a minimum of 32 core clock cycles, using the slowest of the three/four clocks (see Table 580).

After deassertion, wait for 128 cycles of the slowest clock before starting any activity.
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All registers use synchronous reset flip-flops to minimize noise sensitivity on the reset line. Note, however, that this means the 
clocks must be running in order to reset the state of the core. Assuming the clock is generated from a PLL, the diagram in the figure 
below illustrates the proper reset sequence.

After de-assert, wait for 128 cycles of
the slowest clock before activity.

resetRaw_
hresetn [if present]

128 cycles32 cycles

Figure 451. Reset Sequence Diagram

resetRaw_ is used to reset the AXI interface and core clocks. When the design includes AHB, hresetn is used to reset the AHB 
interface clock. The resetRaw_ and hresetn signals can be tied together.

For reset signal assertion and de-assertion to work properly:

• Best practice is to have all reset signals assert and de-assert together.

• If ordering is needed, the AXI resets should be asserted first and de asserted last. The other resets can be in between.

• For AXI reset:

— Make sure no AXI transactions are in progress.

— AXI bus clock needs to be running when asserting and de-asserting ARESETn

• For Core reset:

— Make sure all the LCDIF blocks are idle.

• For AHB reset:

— Make sure no AHB transaction is in progress.

— HCLK needs to be running when asserting and de-asserting HRESETn.

• If reset signals are not de-asserting together, the clock (preferably an AXI clock) associated with the last reset is the clock that 
should be used for the 128 cycle wait.

• All de-assertions except the last should adhere to the 32-cycle assertion wait time:

— HCLK and AXI bus clock may de-assert separately.

66.3.4 Interrupts
The Interrupt rises at the last pixel of visible area in a frame and holds high until the DisplayIntr register is read, then is automatically 
cleared. After reading the interrupt register, the CPU should configure the LCDIF registers for the next frame (for example, 
FrameBufferAddress0, CursorAddress, etc.) All changes will be updated at the end of vSync, and the LCDIF’s DMA will fetch data 
after the vSync.

66.3.5 Double Buffered Display Management
The display controller has many double-buffered register fields for managing the display. The diagram below outlines how it can 
be established which set of the double-buffered register fields the host has ownership of and which set is currently in use by 
the display.

For example, the frame buffer address has an offset address of 0x1260. A write to the address will change the value of set 0. A 
read from the address will return back the value of set 1 (in use). Only when one frame starts (for DPI, it is a VSYNC end point 
and for DBI, it is a write-memory-start command issued), is the value of set 0 will be loaded to set 1.
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Address
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Figure 452. Double Buffered Data Flow

66.4 Initialization
• Initialization should be done after the panel is powered ON.

• PanelConfig0[CLOCK] = 0b

 
In DBI mode, make sure PanelConfig0[CLOCK] = 0b. When the pixel clock is active, this clock will appear at the 
output LCD_DTCLK. In DBI mode, this core ignores and does not care about the value of any of the other bits in 
the PanelConfig0 and PanelTiming0 registers.

  NOTE  

• Set the color mapping for the DBI output in DbiConfig[DBI_TYPE] to TYPE_AFIXED_E, TYPE_ACLOCK_E, or TYPE_B:

DbiConfig[DBI_TYPE] = TYPE_AFIXED_E, TYPE_ACLOCK_E, or TYPE_B

• Write 1b to DbiIfReset0[DBI_IF_LEVEL_RESET] to put the DBI bus into idle status:

DbiIfReset0[DBI_IF_LEVEL_RESET] = 1b

• Set the DBI output timing parameters according to the DBI Output Timing Definitions for Types A and B diagram and the 
actual panel’s AC timing specifications:

— DbiWrChar10

— DbiWrChar20

• Set the output bus mode to DBI:

— DbiConfig0[BUS_OUTPUT_SEL] = 1b

• Use the DbiCmd0 register to write to send configuration data. Commands are entered one by one:

— Use DbiCmd0[DBI_COMMANDFLAG] = 00b to indicate an address is to be written, where 
DbiCmd0[DBI_COMMAND_WORD] contains the current address to be sent to the DBI port.

— Use DbiCmd0[DBI_COMMANDFLAG] = 10b to write one parameter to the panel, where 
DbiCmd0[DBI_COMMAND_WORD] contains the current parameter.

66.4.1 Refresh panel frame buffer (single frame example)
• Set timing parameters according to the actual panel specification. Parameters are set before the first frame refresh, then 

ignored after that.

— HDisplay0[TOTAL] = HDisplay0[DISPLAY_END] = panel width size
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— HSync0[START] = 0, HSync0[END] = panel width size

— VDisplay0[TOTAL] = panel height size + 1 (The extra ‘1’ is used for waiting for the data FIFO to be filled, and when 
tile data format should be ‘2’)

— VDisplay0[DISPLAY_END] = panel height size

— VSync0 is don’t care

• Set registers for cursor/gamma/dither function (if needed):

— Cursor*

— Gamma*

— DisplayDither*

• Set frame buffer address and stride registers:

— FrameBufferAddress0

— FrameBufferOrigin0

— FrameBufferStride0

— DcTileUvFrameBufferAdr0/DcTileUvFrameBufferStr0 (when tiled ARGB, FrameBufferStride0 = one line stride x 4 
lines)

• Configure the data format of the frame buffer:

— FrameBufferConfig0 (Do not set bit FrameBufferConfig0[RESET] to 1b and must set bit 
FrameBufferConfig0[OUTPUT] to 1b)

— DcTileInCfg0 (when linear ARGB8888/ARGB1555/ARGB565/ARGB444 format is expected, tile format must be set 
to “none”)

• Use the DbiCmd0 register to write to send configuration data. Commands are entered one by one:

— Use DbiCmd0[DBI_COMMANDFLAG] = 01b to indicate the write to the DBI port. For this flag, values in 
DbiCmd0[DBI_COMMAND_WORD] are ignored.

• Use the interrupt registers to wait for the signal that the write is complete, or check the interrupt status:

— DisplayIntr

— DisplayIntrEnable

66.4.2 Partial refresh of panel frame buffer (single frame example)
• Set timing parameters according to the actual panel specification. Parameters are set before the first frame refresh, then 

ignored after that.

— HDisplay0[TOTAL] = HDisplay0[DISPLAY_END] = partial window width size

— HSync0[START] = actual clipped window x start (see Notes for Window Alignment for DBI)

— HSync0[END] = actual clipped window x end

— VDisplay0[TOTAL] = partial window height size + 1 (The extra ‘1’ is used for waiting for the data FIFO to be filled, 
and when tile data format should be ‘2’)

— VDisplay0[DISPLAY_END] = partial window height size

— VSync0 don’t care for linear format.

For tiled data:

◦ VSync0[START] = actual clipped window y start

◦ VSync0[END] = actual clipped window y end
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• Set registers for cursor/gamma/dither function (if needed):

— Cursor*

— Gamma*

— DisplayDither*

• Set frame buffer address and stride registers:

— FrameBufferAddress0

— FrameBufferOrigin0

— FrameBufferStride0

— DcTileUvFrameBufferAdr0/DcTileUvFrameBufferStr0 (when tiled ARGB, FrameBufferStride0 = one line stride x 4 
lines)

• Configure the data format of the frame buffer:

— FrameBufferConfig0 (Do not set bit FrameBufferConfig0[RESET] to 1b and must set bit 
FrameBufferConfig0[OUTPUT] to 1b)

— DcTileInCfg0 (when linear ARGB8888/ARGB1555/ARGB565/ARGB444 format is expected, tile format must be set 
to "none")

• Use the DbiCmd0 register to write to send configuration data. Commands are entered one by one:

— Use DbiCmd0[DBI_COMMANDFLAG] = 01b to indicate the write to the DBI port. For this flag, values in 
DbiCmd0[DBI_COMMAND_WORD] are ignored.

• Use the interrupt registers to wait for the signal that the write is complete, or check the interrupt status:

— DisplayIntr

— DisplayIntrEnable

66.4.3 Notes for Window Alignment for DBI
If A4R4G4G4B4/A1R5G5B5/R5G6B5, the window size must be aligned to 64x (burst length 16, 64-bit bus width) and its start x 
position must also be aligned to 0x80 (do not support 4K boundary). If A8R8G8B8, the window size must be aligned to 32x (burst 
length 16, 64-bit bus width) and its start position must be aligned to 0x80 (do not support 4K boundary).

Table 581. Window alignment

DBI window format 
alignments

A4R4G4G4B4

A1R5G5B5

R5G6B5

A8R8G8B8 Linear A8R8G8B8

Tiled

Window size alignment

X(burst length 16, 64-bit 
bus width)

64x 32x width 8x

Window size alignment

Y(burst length 16, 64-bit 
bus width)

NA NA height 8x

Start X position alignment 0x80

(does not support 4K boundary)

0x40
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66.5 Memory Map and Register Definition
 

The module doesn't generate transfer errors when accessing unimplemented registers in its register space.
  NOTE  

66.5.1 LCDIF register descriptions

66.5.1.1 LCDIF memory map

DCNANO base address: 2E05_0000h

Offset Register Width

(In bits)

Access Reset value

1240h Frame Buffer Configuration 0 (FrameBufferConfig0) 32 RW 0100_0000h

1260h Starting Address of the Frame Buffer (FrameBufferAddress0) 32 RW 0000_0000h

1280h Stride of the Frame Buffer in Bytes (FrameBufferStride0) 32 RW 0000_0000h

1360h Configuration for Dithering (DisplayDitherConfig0) 32 RW 0000_0000h

1380h Dither Table Low (DisplayDitherTableLow0) 32 RW 0000_0000h

13A0h Dither Table High (DisplayDitherTableHigh0) 32 RW 0000_0000h

13C0h Panel Configuration (PanelConfig0) 32 RW 8000_0000h

13E0h Timing for Hardware Panel Sequencing (PanelTiming0) 32 RW 0000_0000h

1400h Horizontal Total and Display End Counters (HDisplay0) 32 RW 0000_0000h

1420h Horizontal Sync Counters (HSync0) 32 RW 0000_0000h

1480h Vertical Total and Display End Counters (VDisplay0) 32 RW 0000_0000h

14A0h Vertical Sync Counters (VSync0) 32 RW 0000_0000h

14C0h Current x,y Location of Display Controller (DisplayCurrentLocation0) 32 R 0000_0000h

14E0h Index into Gamma Table (GammaIndex0) 32 RW 0000_0000h

1500h Translation Values for the Gamma Table (GammaData0) 32 RW 0000_0000h

1520h Configuration for the Cursor (CursorConfig) 32 RW 0000_0000h

1530h Address of the Cursor Shape (CursorAddress) 32 RW 0000_0000h

1540h Location of the cursor on the owning display (CursorLocation) 32 RW 0000_0000h

1550h Background Color for Masked Cursors (CursorBackground) 32 RW 0000_0000h

1560h Foreground Color for Masked Cursors (CursorForeground) 32 RW 0000_0000h

1600h Display Interrupt (DisplayIntr) 32 RW 0000_0000h

1610h Interrupt Enable for Display_0 (and Display_1 if present) 
(DisplayIntrEnable)

32 RW 0000_0011h

1620h DBI Configuration 0 (DbiConfig0) 32 RW 0000_0040h

1640h Reset DBI Interface to Idle State (DbiIfReset0) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

1660h DBI Write Characteristics 1 (DbiWrChar10) 32 RW 0000_0000h

1680h DBI Write Characteristics 2 (DbiWrChar20) 32 RW 0000_0000h

16A0h DBI Command In/Out Port (DbiCmd0) 32 RW 0000_0000h

16C0h DPI Configuration 0 (DpiConfig0) 32 RW 0000_0005h

16F0h Revision for the LCDIF Peripheral in BCD (DcChipRev) 32 R 0000_5543h

1700h Shows the release date for the IP in YYYYMMDD (year, month) 
(DcChipDate)

32 R 2018_0612h

1720h Patch Revision (DcChipPatchRev) 32 R 0000_0003h

1740h Tile Input Configuration (DcTileInCfg0) 32 RW 0000_0000h

1760h UV Frame Buffer Address when Tile Input 
(DcTileUvFrameBufferAdr0)

32 RW 0000_0000h

1780h UV Frame Buffer Stride when Tile Input (DcTileUvFrameBufferStr0) 32 RW 0000_0000h

17B0h Product ID (DcProductId) 32 R 0200_0361h

1800h DC Status 0 (DCStatus0) 32 RW 0000_0000h

1820h Debug Counter Select (DebugCounterSelect0) 32 RW 0000_0000h

1840h Debug Counter Value (DebugCounterValue0) 32 RW 0000_0000h

66.5.1.2 Frame Buffer Configuration 0 (FrameBufferConfig0)

Offset

Register Offset

FrameBufferConfig0 1240h

Function

Frame Buffer and Timing control. Some fields are double buffered.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FLIP_I
N...

Reserved 

UNDE
RFL...

Reserved Reserved VALID 
W

BACK_
PR...

RESE
T 

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

GAMM
A 

Reserved 
SWITC
HP...

OUTP
UT 

Reserved MODE 
Reserv

ed 
FORMAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29

BACK_PRESS
URE_DISABLE

Disable Back Pressure

0b - Disabled

1b - Enabled

28

FLIP_IN_PROG
RESS

Flip in Progress

When the frame buffer address gets written to, this bit gets set to one. It will be reset to zero at the start of 
the next VBLANK when the register gets copied into the working set.

0b - Disabled

1b - Enabled

27-25

—

Reserved

24

UNDERFLOW

Underflow

When the display FIFO underflows, this bit gets set to one. Reading this register will reset it back to zero.

0b - Disabled

1b - Enabled

23-21

—

Reserved

20

RESET

Reset

Writing a one in this register will force a reset of the display controller. All registers will be copied to the 
working set and counters will be reset to the end of HSYNC and VSYNC. 1=RESET;

Table continues on the next page...
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Table continued from the previous page...

Field Function

Enable reset for the display controller.

Write 0 to this bit to reset the display controller, then configure the other registers. Finally write a 1 to this 
bit to let the display controller start. When the display controller starts, it begins at VBLANK_START, and 
all registers get flopped to the working set at VSYNC_END. Counters will be reset to the end of HSYNC 
and VSYNC.

For DBI, do not write 1 to this field. Use DbiIfReset0[DBI_IF_LEVEL_RESET] instead.

0b - For DBI, this field should be = 0.

1b - Enable DPI Timing, start a DPI transfer.

19-17

—

Reserved

16

VALID

Valid

The valid field defines whether we can copy a new set of registers at the next VBLANK or not. This ensures a 
frame will always start with a valid working set if this register is programmed last, which reduces the need for 
SW to wait for the start of a VBLANK signal in order to ensure all states are loaded before the next VBLANK.

0b - Working

1b - Pending

15-13

—

Reserved

12

GAMMA

Gamma

When Gamma is enabled, the R, G, and B channels will be routed through the Gamma LUT to perform 
gamma correction.

 
This field is double buffered.

  NOTE  

0b - Disabled

1b - Enabled

11-10

—

Reserved

9

SWITCHPANEL

Switch Panel

When SwitchPanel of panel 0 is enabled, output channel 0 will show the image of panel 1,not panel 0's. 
When SwitchPanel of panel 0 is disabeld,output channel 0 will show its original image which is from panel 
0. When SwitchPanel of panel 1 is enabled, output channel 1 will show the image of panel 0,not panel 1's. 
When SwitchPanle of panel 1 is disabled,output channel 1 will show the original image which is from panel 
1. disabled(normal) enabled(switch) output channel 0 panel 0 panel 1 output channel 1 panel 1 panel 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field is double buffered.

  NOTE  

0b - Disabled

1b - Enabled

8

OUTPUT

Output

When Output is enabled, pixels will be displayed. When Output is disabled, all pixels will be black. This 
allows a panel to have correct timing but without any pixels.

 
This field is double buffered.

  NOTE  

0b - Disabled

1b - Enabled

7-5

—

Reserved

4

MODE

Mode of the frame buffer.

 
All fields are double buffered, i.e., they will only be updated on the next VSYNC pulse.

  NOTE  

0b - LINEAR

1b - TILE4x4 INPUT

3

—

Reserved

2-0

FORMAT

The format of the frame buffer.

None means there is no frame buffer and the display controller will not produce any output.

 
This field is double buffered. 0 = NONE; 1 = R4G4B4; 2 = R5G5B5; 3 = R5G6B5; 4 
= R8G8B8.

  NOTE  

66.5.1.3 Starting Address of the Frame Buffer (FrameBufferAddress0)

Offset

Register Offset

FrameBufferAddress0 1260h
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Function

 
This register is double buffered.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TYPE ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

TYPE

System Type

0b - System

1b - Virtual system

30-0

ADDRESS

Address

66.5.1.4 Stride of the Frame Buffer in Bytes (FrameBufferStride0)

Offset

Register Offset

FrameBufferStride0 1280h

Function

 
This register is double buffered.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

STRID
E W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
STRIDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-0

STRIDE

Number of bytes from start of one line to next line. This value needs to be 128 byte aligned.

66.5.1.5 Configuration for Dithering (DisplayDitherConfig0)

Offset

Register Offset

DisplayDitherConfig0 1360h

Function

Some fields are double buffered.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ENABL
E 

Reserved RED_SIZE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved GREEN_SIZE Reserved BLUE_SIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

ENABLE

Enable Dithering

Enabling dithering allows R8G8B8 modes to show better on panels with less bits-per-pixel.

 
This field is double buffered.

  NOTE  

0b - Disabled

1b - Enabled

30-20

—

Reserved

19-16

RED_SIZE

Red Size

Number of important bits for the red channel for the panel. Start counting from MSB.

15-12

—

Reserved

11-8

GREEN_SIZE

Green Size

Number of important bits for the green channel for the panel. Start counting from MSB.

7-4

—

Reserved

3-0

BLUE_SIZE

Blue Size

Number of important bits for the blue channel for the panel. Start counting from MSB.

66.5.1.6 Dither Table Low (DisplayDitherTableLow0)

Offset

Register Offset

DisplayDitherTableLow0 1380h

Function
Contains the dither threshold values.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Y1_X3 Y1_X2 Y1_X1 Y1_X0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Y0_X3 Y0_X2 Y0_X1 Y0_X0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

Y1_X3

Dither threshold value for x,y=3,1.

27-24

Y1_X2

Dither threshold value for x,y=2,1.

23-20

Y1_X1

Dither threshold value for x,y=1,1.

19-16

Y1_X0

Dither threshold value for x,y=0,1.

15-12

Y0_X3

Dither threshold value for x,y=3,0.

11-8

Y0_X2

Dither threshold value for x,y=2,0.

7-4

Y0_X1

Dither threshold value for x,y=1,0.

3-0

Y0_X0

Dither threshold value for x,y=0,0.

66.5.1.7 Dither Table High (DisplayDitherTableHigh0)

Offset

Register Offset

DisplayDitherTableHigh0 13A0h
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Function
Contains the dither value threshold values.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Y3_X3 Y3_X2 Y3_X1 Y3_X0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Y2_X3 Y2_X2 Y2_X1 Y2_X0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

Y3_X3

Dither threshold value for x,y=3,3.

27-24

Y3_X2

Dither threshold value for x,y=2,3.

23-20

Y3_X1

Dither threshold value for x,y=1,3.

19-16

Y3_X0

Dither threshold value for x,y=0,3.

15-12

Y2_X3

Dither threshold value for x,y=3,2.

11-8

Y2_X2

Dither threshold value for x,y=2,2.

7-4

Y2_X1

Dither threshold value for x,y=1,2.

3-0

Y2_X0

Dither threshold value for x,y=0,2.
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66.5.1.8 Panel Configuration (PanelConfig0)

Offset

Register Offset

PanelConfig0 13C0h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R SEQU
ENC...

Reserved Reserved 
W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

CLOC
K_P...

CLOC
K 

Reserved 
DATA_
PO...

Reserv
ed 

Reserved 
DE_P
OLA...

DE 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

SEQUENCING

Enable software or hardware panel sequencing.

This bit is always set as 1'b1.

0b - Hardware

1b - Software

30-18

—

Reserved

17-16

—

Reserved

15-14

—

Reserved

13-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-10

—

Reserved

9

CLOCK_POLA
RITY

Clock Polarity

0b - Positive

1b - Negative

8

CLOCK

Clock Enable/Disable

0b - Disabled

1b - Enabled

7-6

—

Reserved

5

DATA_POLARI
TY

Data Polarity

0b - Positive

1b - Negative

4

—

Reserved

3-2

—

Reserved

1

DE_POLARITY

Data Enable Polarity

0b - Positive

1b - Negative

0

DE

Data Enable

0b - Disabled

1b - Enabled

66.5.1.9 Timing for Hardware Panel Sequencing (PanelTiming0)

Offset

Register Offset

PanelTiming0 13E0h
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Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
POWER_DISABLE BACKLIGHT_DISABLE CLOCK_DISABLE DATA_DISABLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA_ENABLE CLOCK_ENABLE BACKLIGHT_ENABLE POWER_ENABLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

POWER_DISA
BLE

Number of VSYNCs to wait after power has been disabled.

27-24

BACKLIGHT_DI
SABLE

Number of VSYNCs to wait after backlight has been disabled.

23-20

CLOCK_DISAB
LE

Number of VSYNCs to wait after clock has been disabled.

19-16

DATA_DISABL
E

Number of VSYNCs to wait after data has been disabled.

15-12

DATA_ENABLE

Number of VSYNCs to wait after data has been enabled.

11-8

CLOCK_ENABL
E

Number of VSYNCs to wait after clock has been enabled.

7-4

BACKLIGHT_E
NABLE

Number of VSYNCs to wait after backlight has been enabled.

Table continues on the next page...
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Table continued from the previous page...

Field Function

3-0

POWER_ENAB
LE

Number of VSYNCsto wait after power has been enabled.

66.5.1.10 Horizontal Total and Display End Counters (HDisplay0)

Offset

Register Offset

HDisplay0 1400h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TOTAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DISPLAY_END 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-16

TOTAL

Total number of horizontal pixels.

15-13

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

12-0

DISPLAY_END

Number of visible horizontal pixels.

66.5.1.11 Horizontal Sync Counters (HSync0)

Offset

Register Offset

HSync0 1420h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R POLA
RITY 

PULS
E 

Reserv
ed 

END 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved START 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

POLARITY

Polarity of the horizontal sync pulse

0b - Positive

1b - Negative

30

PULSE

Horizontal sync pulse control.

0b - Disabled

1b - Enabled

29 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

28-16

END

End of horizontal sync pulse.

15-13

—

Reserved

12-0

START

Start of horizontal sync pulse.

66.5.1.12 Vertical Total and Display End Counters (VDisplay0)

Offset

Register Offset

VDisplay0 1480h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TOTAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DISPLAY_END 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-16

TOTAL

Total number of vertical lines.

15-12

—

Reserved

11-0

DISPLAY_END

Number of visible vertical lines.

66.5.1.13 Vertical Sync Counters (VSync0)

Offset

Register Offset

VSync0 14A0h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R POLA
RITY 

PULSE Reserved END 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved START 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31 Polarity of the vertical sync pulse.

Table continues on the next page...
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Table continued from the previous page...

Field Function

POLARITY 0b - Positive

1b - Active-low

30

PULSE

Vertical sync pulse control.

0b - Disabled

1b - Enabled

29-28

—

Reserved

27-16

END

End of the vertical sync pulse.

15-12

—

Reserved

11-0

START

Start of the vertical sync pulse.

66.5.1.14 Current x,y Location of Display Controller (DisplayCurrentLocation0)

Offset

Register Offset

DisplayCurrentLocation0 14C0h

Function

 
This register is only accessible through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

Y

Current Y location.

15-0

X

Current X location.

66.5.1.15 Index into Gamma Table (GammaIndex0)

Offset

Register Offset

GammaIndex0 14E0h

Function

See GammaData for more information.

 
This register is accessible only through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved INDEX 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

INDEX

Index into Gamma Table.
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66.5.1.16 Translation Values for the Gamma Table (GammaData0)

Offset

Register Offset

GammaData0 1500h

Function

When this register gets written, the data gets stored in the gamma table at the index specified by the GammaIndex register. After 
the register is written, the index gets incremented.

 
This register is accessible only through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GREEN BLUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

RED

Red translation value.

15-8

GREEN

Green translation value.

7-0

BLUE

Blue translation value.
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66.5.1.17 Configuration for the Cursor (CursorConfig)

Offset

Register Offset

CursorConfig 1520h

Function

Some fields are double buffered. Double-buffered values in this register cannot be read while a flip is in progress.

 
This register is accessible only through the register interface.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FLIP_I

N... Reserved HOT_SPOT_X 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved HOT_SPOT_Y Reserved 

DISPL
AY 

Reserved FORMAT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

FLIP_IN_PROG
RESS

When the cursor address gets written to, this bit gets set to one.

It will be reset to zero at the start of the next VBLANK of the owning display when the register gets copied 
into the working set. 0=NO; 1=YES;

30-21

—

Reserved

20-16

HOT_SPOT_X

Horizontal offset to cursor hotspot.

 
This field is double buffered.

  NOTE  

15-13

—

Reserved

12-8 Vertical offset to cursor hotspot.

Table continues on the next page...
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Table continued from the previous page...

Field Function

HOT_SPOT_Y  
This field is double buffered.

  NOTE  

7-5

—

Reserved

4

DISPLAY

Display Controller owning the cursor.

Always 0 for this IP.

0b - DISPLAY0

1b - DISPLAY1

3-2

—

Reserved

1-0

FORMAT

Format of the cursor.

 
This field is double buffered.

  NOTE  

00b - DISABLED

01b - MASKED

10b - A8R8G8B8

66.5.1.18 Address of the Cursor Shape (CursorAddress)

Offset

Register Offset

CursorAddress 1530h

Function

 
This register is double buffered and is accessible only through the register interface.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TYPE ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

TYPE

System Type

0b - System.

1b - Virtual system.

30-0

ADDRESS

ADDRESS

66.5.1.19 Location of the cursor on the owning display (CursorLocation)

Offset

Register Offset

CursorLocation 1540h

Function

 
This register is double buffered and is accessible only through the register interface.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Y 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved X 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

Y

Y location of cursor's hotspot.

15-13

—

Reserved

12-0

X

X location of cursor's hotspot.

66.5.1.20 Background Color for Masked Cursors (CursorBackground)

Offset

Register Offset

CursorBackground 1550h

Function

 
This register is double buffered and is accessible only through the register interface.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GREEN BLUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

RED

Red value

15-8

GREEN

Green value

7-0

BLUE

Blue value

66.5.1.21 Foreground Color for Masked Cursors (CursorForeground)

Offset

Register Offset

CursorForeground 1560h

Function

 
This register is double buffered and is accessible only through the register interface.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RED 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
GREEN BLUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

RED

Red value

15-8

GREEN

Green value

7-0

BLUE

Blue value

66.5.1.22 Display Interrupt (DisplayIntr)

Offset

Register Offset

DisplayIntr 1600h

Function

This register will automatically clear after a read. The interrupt bit is set when the current frame buffer is used up. The interrupt 
signal will be pulled up only when the interrupt enable bit in register DisplayIntrEnable is enabled.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

Reserved 
Reserv

ed 
Reserved DISP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-13

—

Reserved

12

—

Reserved

11-9

—

Reserved

8

—

Reserved

7-1

—

Reserved

0

DISP0

Display0 Interrupt

66.5.1.23 Interrupt Enable for Display_0 (and Display_1 if present) (DisplayIntrEnable)

Offset

Register Offset

DisplayIntrEnable 1610h

Function

 
Interrupt enable for register DisplayIntr.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DISP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

Fields

Field Function

31-1

—

Reserved

0

DISP0

Display0 Interrupt Enable

66.5.1.24 DBI Configuration 0 (DbiConfig0)

Offset

Register Offset

DbiConfig0 1620h

Function
Configuration register for DBI output

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DBI_TYPEC_O
PT 

DBI_AC_TIME_UNIT 
DBIX_
PO...

BUS_
OUT...

DBI_DATA_FORMAT DBI_TYPE 
W

Reset 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
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Fields

Field Function

31-14

—

Reserved

13-12

DBI_TYPEC_O
PT

Options for DBI Type C Interface Read/Write Sequence

00b - Option 1

01b - Option 2

10b - Option 3

11b - Reserved

11-8

DBI_AC_TIME_
UNIT

Time Unit for AC Characteristics

7

DBIX_POLARIT
Y

D/CX Pin polarity.

0b - Default

1b - Reverse

6

BUS_OUTPUT_
SEL

Output Bus Select

0b - DPI

1b - DBI

5-2

DBI_DATA_FO
RMAT

DBI Interface Data Format.

Refer to DBI specification section on Interface Color Coding for detail.

• 0=D8R3G3B2

• 1=D8R4G4B4

• 2=D8R5G6B5

• 3=D8R6G6B6

• 4=D8R8G8B8

• 5=D9R6G6B6

• 6=D16R3G3B2

• 7=D16R4G4B4

• 8=D16R5G6B5

• 9=D16_R6_G6_B6_OP1

• A=D16_R6_G6_B6_OP2

• B=D16_R8_G8_B8_OP1

• C=D16_R8_G8_B8_OP2

1-0 DBI Type Select

Table continues on the next page...
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Table continued from the previous page...

Field Function

DBI_TYPE 00b - TYPE_AFIXED_E

01b - TYPE_ACLOCK_E

10b - TYPE_B

11b - TYPE_C

66.5.1.25 Reset DBI Interface to Idle State (DbiIfReset0)

Offset

Register Offset

DbiIfReset0 1640h

Function

Reset DBI interface to idle state. WRITE ONLY.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W
DBI_IF

_...

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-1

—

Reserved

0

DBI_IF_LEVEL_
RESET

Reset DBI interface to idle state 1=RESET;
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66.5.1.26 DBI Write Characteristics 1 (DbiWrChar10)

Offset

Register Offset

DbiWrChar10 1660h

Function
DBI write AC characteristics definition register 1

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DBI_WR_CS_ASSERT DBI_WR_EOR_WR_ASSERT DBI_WR_PERIOD 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-12

DBI_WR_CS_A
SSERT

Cycle number=Setting*(DbiAcTimeUnit+1).

0: When Type A Fixed E mode: Time to assert CSX.

1: When Type A Clock E mode: Not used.

2: When Yype B mode: Time to assert CSX.

11-8

DBI_WR_EOR_
WR_ASSERT

Cycle number=Setting*(DbiAcTimeUnit+1).

0: When Type A Fixed E mode: Not used.

1: When Type A Clock E mode: Time to assert E.

2: When Type B mode: Time to assert WRX.

7-0

DBI_WR_PERI
OD

Single Write Period Duration

Cycle number=Setting*(DbiAcTimeUnit+1). This field must be no less than 3.
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66.5.1.27 DBI Write Characteristics 2 (DbiWrChar20)

Offset

Register Offset

DbiWrChar20 1680h

Function
DBI write AC characteristics definition register 2

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DBI_WR_CS_DE_ASRT DBI_WR_EOR_WR_DE_ASRT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

DBI_WR_CS_D
E_ASRT

Cycle number=Setting*(DbiAcTimeUnit+1).

0: When type A fixed E mode: Time to de-assert CSX.

1: When type A clock E mode: Not used.

2: When type B mode: Time to de-assert CSX.

7-0

DBI_WR_EOR_
WR_DE_ASRT

Cycle number=Setting*(DbiAcTimeUnit+1).

0: When Type A Fixed E mode: Not used.

1: When type A Clock E mode: Time to de-assert E.

2: When Type B mode: Time to de-assert WRX.
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66.5.1.28 DBI Command In/Out Port (DbiCmd0)

Offset

Register Offset

DbiCmd0 16A0h

Function

DBI Command in/out port. Writes to this register will send command/data to the DBI port. WRITE ONLY.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W
DBI_COMMAN

DFLAG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W DBI_COMMAND_WORD 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

DBI_COMMAN
DFLAG

DBI Command Flag

DBI command flag.

00b - ADDRESS

01b - WRITE_MEM_START

10b - PARAMETER_OR_DATA

11b - Not used

29-16

—

Reserved

15-0

DBI_COMMAN
D_WORD

DBI Command Word

The type of data contained in this word is specified using DBI_COMMANDFLAG[bits 31:30].

For Type C Options 1 and 2: DBI_COMMAND_WORD[8] is used to indicate the polarity of 
D/CX. DBI_COMMAND_WORD[8] = 0 indicates DBI_COMMAND_WORD[7:0] is COMMAND WORD. 
DBI_COMMAND_WORD[8] = 1 indicates DBI_COMMAND_WORD[7:0] is DATA WORD.
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66.5.1.29 DPI Configuration 0 (DpiConfig0)

Offset

Register Offset

DpiConfig0 16C0h

Function
The configuration register for DPI output

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DPI_DATA_FORMAT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

Fields

Field Function

31-3

—

Reserved

2-0

DPI_DATA_FO
RMAT

DPI Interface Data Format

Refer to DPI specification section for Interface Color Coding' for detail.

000b - D16CFG1

001b - D16CFG2

010b - D16CFG3

011b - D18CFG1

100b - D18CFG2

101b - D24

110b-111b - -
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66.5.1.30 Revision for the LCDIF Peripheral in BCD (DcChipRev)

Offset

Register Offset

DcChipRev 16F0h

Function

Shows the revision for the LCDIF peripheral in BCD. This register has no set reset value. It varies with the implementation. 
READ ONLY.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R REV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R REV 

W

Reset 0 1 0 1 0 1 0 1 0 1 0 0 0 0 1 1

Fields

Field Function

31-0

REV

Revision

Revision

66.5.1.31 Shows the release date for the IP in YYYYMMDD (year, month) (DcChipDate)

Offset

Register Offset

DcChipDate 1700h

Function

This register has no set reset value. It varies with the implementation. READ ONLY.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATE 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DATE 

W

Reset 0 0 0 0 0 1 1 0 0 0 0 1 0 0 1 0

Fields

Field Function

31-0

DATE

Date

66.5.1.32 Patch Revision (DcChipPatchRev)

Offset

Register Offset

DcChipPatchRev 1720h

Function

Patch revision level for the LCDIF peripheral. This is a READ ONLY register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PATCH_REV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PATCH_REV 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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Fields

Field Function

31-0

PATCH_REV

Patch Revision

66.5.1.33 Tile Input Configuration (DcTileInCfg0)

Offset

Register Offset

DcTileInCfg0 1740h

Function

Some fields are double buffered.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CFG_
MOD...

YUV2_
RG...

YUV_STANDA
RD 

TILE_FORMAT 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-6

—

Reserved

5

CFG_MODE_E
N

Configuration Mode Enable.

0b - Disabled

1b - Enabled

4

YUV2_RGB_EN

YUV2RGB Module Enable

 
This field is double buffered.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disabled

1b - Enabled

3-2

YUV_STANDA
RD

YUV Standard Select

 
This field is double buffered.

  NOTE  

00b - BT601

01b - BT709

1-0

TILE_FORMAT

Tile Format

Tile input data format 0 means non-tile input.

 
This field is double buffered. 0=NONE; 1=ARGB8888; 2=YUY2; 3=NV12;

  NOTE  

66.5.1.34 UV Frame Buffer Address when Tile Input (DcTileUvFrameBufferAdr0)

Offset

Register Offset

DcTileUvFrameBufferAdr
0

1760h

Function

 
This register is double buffered.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADDRESS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

ADDRESS

UV Frame Buffer Address when Tile Input

66.5.1.35 UV Frame Buffer Stride when Tile Input (DcTileUvFrameBufferStr0)

Offset

Register Offset

DcTileUvFrameBufferStr
0

1780h

Function

 
This register is double buffered.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
STRIDE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

STRIDE

UV Frame Buffer Stride when Tile Input
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66.5.1.36 Product ID (DcProductId)

Offset

Register Offset

DcProductId 17B0h

Function
Contains Product Identification.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PRODUCT_ID 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PRODUCT_ID 

W

Reset 0 0 0 0 0 0 1 1 0 1 1 0 0 0 0 1

Fields

Field Function

31-0

PRODUCT_ID

Product ID

66.5.1.37 DC Status 0 (DCStatus0)

Offset

Register Offset

DCStatus0 1800h

Function
Contains DBI Type C FIFO full bit.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DBI_T
YP...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

DBI_TYPEC_FI
FO_FULL

DBI Type C afifo full.

DBI Type C afifo full.

66.5.1.38 Debug Counter Select (DebugCounterSelect0)

Offset

Register Offset

DebugCounterSelect0 1820h

Function
Contains Debug counter select value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved SELECT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-0

SELECT

Select

Write a value to this field to pick up from 0~255 counters. Then the counter will be in DebugCounterValue.

• 00=TOTAL_AXI_RD_REQ_CNT

• 01=TOTAL_AXI_RD_LAST_CNT

• 02=TOTAL_AXI_REQ_BURST_CNT

• 03=TOTAL_AXI_RD_BURST_CNT

• 04=TOTAL_PIXEL_CNT

• 05=TOTAL_FRAME_CNT

• 06=TOTAL_INPUT_DBI_CMD_CNT

• 07=TOTAL_OUTPUT_DBI_CMD_CNT

• 08=DEBUG_SIGNALS0

• FF=RESET_ALL_DEBUG_COUNTERS

66.5.1.39 Debug Counter Value (DebugCounterValue0)

Offset

Register Offset

DebugCounterValue0 1840h

Function
Debug counter value as specified in DebugCounterSelect.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
VALUE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

VALUE

Selected Debug Counter Value
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Chapter 67
Memory and System Architecture
67.1 Introduction
This chapter present memory hierarchical architecture, memory configurations, and bus inter-connection of the 8ULP 
microprocessor. This chapter also details sparse interconnect of bus fabrics, bus arbitration scheme, and bus access latency, 
where it is applicable.

67.1.1 Memory Architecture
8ULP memory system are designed for a balance of sufficient on-chip memory and efficient external memory needs. The 
architecture pays special attention to the support and implementation of memory system for the desired goals including 
performance, power, cost, and ease of use.

67.1.1.1 Memory Hierarchy

The memory hierarchy is an arrangement of different types of memories with different capacities and operation speeds, to 
approximate the ideal memory behavior in a cost efficient way. The following figure shows the memory hierarchical architecture 
implemented on this device.
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Figure 453. 8ULP Memory Hierarchical Architecture

8ULP memory hierarchy has following principles:

• Memory blocks are categorized in 3 levels based on access latency from the respective bus master to the memory destination.

— Level 1 memory: Zero wait-state access latency

— Level 2 memory: 1 or more wait-state access latency.

— Level 3 memory: External memory device

A memory block is level 1 memory of one bus master while it could be level 2 memory of another bus master. For example, the 
Shared SRAM is level 1 memory of Cortex-M33, while it is a level 2 memory of the GPUs.

• All memories are accessible by all bus masters with following exceptions:

— Cache memories, which are only accessible by the respective core(s)

— HiFi ITCM and DTCM, which are dedicated to HiFi DSP

— Boot ROMs, which are accessible by the respective cores and some designated bus masters.

• Memory access control is managed by via configurations of XRDC on the AP side and TRDC on the RT side.
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Cacheable memory regions of each core are listed in the System Memory Map tables.

67.1.1.2 A35 L2 Cache and SRAM2 Implementation

The A35 L2 cache is a dual-purpose memory; it supports following memory configurations:

• 256KB L2 Cache plus 256KB OCRAM (SRAM2)

• 512KB L2 Cache

L2 cache
controller

A35 L2
slave port to down
steam memories

I2_cache_size == 256 K

Master port from
A35 L1 caches

Backdoor port
from SoC

SRAM2
controller

1

0

256 K
Ram array1

256 K
Ram array2

Figure 454. L2 Cache / SRAM2 Implementation

The above figure depicts implementation scheme of the L2 cache. One-half of the cache RAM can be repurposed as on-chip RAM, 
which can be used during system boot or other purposes.

By default, on POR, RAM Array2 comes up as OCRAM. After the chip goes through complete boot sequence, software may write 
a specific bit in the SIM1 to change L2 cache to 512KB configuration. Otherwise, it would remain as 256KB OCRAM and 256KB 
L2 Cache. Similarly, 512KB L2 Cache can be re-configured to 256KB OCRAM and 256KB L2 Cache. Any cache size changes 
will require warm reset to the core to take effect. In order to maintain the integrity and assurance of the system, software must 
invalidate the cache and re-configure XRDC parameters accordingly.

Array1 and Array2 are in different power domains. This enables software to turn them on/off independently depending on the 
memory configuration and their application usage.

 
Array 1 corresponds to the unswitchable cache on VDD_DIG1 and Array 2 corresponds to PS4 switchable Cache.

  NOTE  

67.1.2 Bus Architecture
8ULP bus architecture is partitioned for a balance of optimal performance and power consumption efficiency based on target 
use case applications. The interconnect fabric comprises multiple crossbars operating at different clock frequencies as shown in 
Figure 455.

The following sections detail sparse interconnect of each crossbar. Arbitration scheme on each crossbar slave port and AXI 
channel buffers are included in the Peripheral Configurations chapter. Frequency converters, data width converters, and bus 
protocol converters are implemented as needed. It is also expected register slice to be used on critical time paths to meet the timing 
for the target frequency, especially in the AP and AV domains.
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Figure 455. Bus architecture
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67.1.2.1 XBAR_RTD

XBAR_RTD is a 32-bit AHB bus matrix based on the AXBS crossbar switch IP. XBAR_RTD is designed to operate up to 216 MHz. 
The following table shows configurations of XBAR_RTD crossbar switch.

Table 582. XBAR_RTD Configurations

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

CM33 Code Cache M0 32 Sync 1:1 216 MHz  

CM33 System Cache M1 32 Sync 1:1 216 MHz  

DMA0 M2 32 Sync 1:1 216 MHz 64-to-32 AHB gasket outside

Fusion DSP M3 32 Async 200Mhz Synchronizer in SoC

PowerQ M4 32 Sync 1:1 216 MHz  

XBAR_7x2_S0 M5 32 Sync 1:1 216 MHz  

XBAR_7x2_S1 M7 32 Sync 1:1 216 MHz  

NIC_HiFi4 M6 32 Async 300 MHz Via S2 port of NIC_HiFi4 
@300 MHz

ROM0/PowerQ/ 
Casper0/Casper1 S0 32 Sync 1:1 216 MHz  

SSRAM (P5) S1 32 Sync 1:1 216 MHz  

FlexSPI0 S2 32 Sync 1:1 216 MHz 32-to-64 AHB gasket outside

FlexSPI1 S3 32 Sync 1:1 216 MHz 32-to-64 AHB gasket outside

1x3: PBRG0/ uPower/
EdgeLock Secure Enclave S4 32 Sync 1:1 216 MHz PBRG0: Sync 1:n (n = 2,3,4)

1x5: PBRG1/ 
ISP_AP/GPIOA,B,C S5 32 Sync 1:n (n = 2, 3, 

4) 108 MHz  

Fusion DSP S6 32 Async 200 MHz Synchronizer in SoC

XBAR_AD/ NIC_LPAV S7 32 Async 230 MHz/ 
317MHz

Synchronizers at XBAR_AD 
and NIC_LPAV

The following tables show sparse interconnect of XBAR_7x2 and XBAR_RTD, where some master ports are not connected to all 
slave ports.
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Table 583. XBAR_RTD Sparse Interconnect

PBRG0

uPower

EdgeLock 
Secure 
Enclave

PBRG1

GPIOs/

ISP_AP

SSRAM XBAR_AD/

NIC_LPAV

XBAR_DSP FlexSPI0 FlexSPI1 ROM0/

PowerQ/

Casper 1

M33 Code 
Cache

-- -- -- -- -- Y -- Y2

M33 System 
Cache

Y Y -- Y Y -- Y Y

DMA0 Y Y Y Y Y Y Y Y

XBAR_DSP Y Y -- Y -- Y Y N

XBAR_AD Y Y Y -- Y Y Y Y

NIC_LPAV Y Y -- -- Y Y Y Y

NIC_HIFI Y Y -- -- -- Y Y --

EdgeLock 
Secure 
Enclave

Y3 Y Y Y Y Y Y Y

uPower -- Y Y Y Y Y -- --

PowerQ -- -- Y Y -- Y Y --

Test Port Y Y Y Y Y Y Y Y

DAP Y Y Y Y Y Y Y Y

ETR -- -- Y Y Y Y Y --

1. M33 Code Bus, DMA0, EdgeLock Secure Enclave, Test Port, and DAP are only bus masters allowed to access ROM0. 
TRDC will be used to block out other bus masters from accessing ROM0.

2. M33 Code Bus only accesses ROM0.
3. EdgeLock Secure Enclave doesn’t access its internal subsystem via the XBAR_RTD.

67.1.2.2 NIC_LPAV

NIC_LPAV is a 128-bit AXI bus matrix based on the ARM’s PL301 crossbar switch IP. NIC_LPAV is designed to operate up to 317 
MHz. The following table shows configurations of NIC_LPAV crossbar switch.

Table 584. NIC_LPAV Configurations

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

GPU2D M1 128 Sync 1:1 317 MHz  

Table continues on the next page...
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Table 584. NIC_LPAV Configurations (continued)

EPDC M2 64 Sync 1:1 317 MHz  

GPU3D M3 128 Sync 1:1 317 MHz  

DMA2 M4 64 Sync 1:n (n = 1, 2, 
3, 4) 317 MHz  

DCNano M5 64 Sync 1:1 317 MHz  

CSI/NIC_ISI M6 128 Sync 1:1 317 MHz  

XBAR_RTD M7 32 Async 216 MHz  

XBAR_AD M8 64 Async 230 MHz  

NIC_HiFi4 M9 64 Async 300 MHz Synchronizer at S3 port 
of NIC_HiFi4

PXP M0 64 Sync 1:1 317 MHz  

PXP M10 64 Sync 1:1 317 MHz  

LPDDR (P0) S0 128 Async 316.8 MHz Synchronizer at P0 port 
of LPDDR

SRAMC1 S1 128 Sync 1:1 317 MHz  

1x4 GPU3D/ 
GPU2D/DCNano/

LPDDR Registers
S2 32 Sync 1:n (n = 2, 3, 

4) 158.5 MHz  

XBAR_AD S3 64 Async 230 MHz  

PBRGD S4 32 Sync 1:n (n = 2, 3, 
4) 158.5MHz  

XBAR_RTD S5 32 Async 216 MHz  

SSRAM (P6) S6 64 Async 216 MHz  

HiFi4_TCMs S7 32 Async 300 MHz  

The following tables show sparse interconnect of NIC_LPAV, where some master ports are not connected to all slave ports.

Table 585. NIC_LPAV Sparse Interconnect

DDR RAM1 SSRAM XBAR_RTD XBAR_AD PBRG5/

GPIOD

HIFI4 
TCMs

GPUs/DC/

DDR 
Registers

GPU3D Y Y Y Y Y -- -- --

Table continues on the next page...
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Table 585. NIC_LPAV Sparse Interconnect (continued)

DDR RAM1 SSRAM XBAR_RTD XBAR_AD PBRG5/

GPIOD

HIFI4 
TCMs

GPUs/DC/

DDR 
Registers

GPU2D Y Y Y Y Y -- -- --

EPDC Y Y Y Y Y -- -- --

PXP Y Y Y Y Y -- -- --

DMA2 Y Y Y Y Y Y Y Y

DCNano Y Y Y Y Y -- -- --

MIPI CSI Y Y Y Y Y -- -- --

XBAR_RTD Y Y -- -- -- Y Y Y

XBAR_AD -- Y Y -- -- Y Y Y

NIC_HIFI -- Y -- -- Y Y -- --

67.1.2.3 XBAR_AD

XBAR_AD is a 32-bit AHB bus matrix based on the AXBS crossbar switch IP. XBAR_AD is designed to operate up to 230 MHz. 
The following table shows configurations of XBAR_AD crossbar switch.

Table 586. XBAR_AD Configurations

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

DMA1 M0 64 Sync 1:1 230 MHz  

NIC_AD (S2) M1 64 Sync 1:2 460 MHz  

XBAR_RTD M2 32 Async 216 MHz Synchronizer between 2 Xbar

NIC_LPAV M3 64 Async 317MHz Synchronizer at S3 of NIC_LPAV

uSDHC0 M4 32 Sync 1:1 230 MHz  

NIC_PER M5 32 Sync 1:1 230 MHz  

ROM1 S0 32 Sync 1:1 230 MHz  

SRAM0 S1 64 Sync 1:1 230 MHz  

NIC_AD (M1) S2 64 Sync 2:1 500MHz  

PBRG3 S3 32 Sync 1:n (n = 2, 
3, 4) 115 MHz  

Table continues on the next page...
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Table 586. XBAR_AD Configurations (continued)

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

1x3: 
PBRG4/GPIOE,F S4 32 Sync 1:n (n = 2, 

3, 4) 115 MHz  

XBAR_RTD S5 32 Async 216 MHz Synchronizer between 2 Xbar

1x2: NIC_PER/ 
NIC_LPAV S6 64 Sync 1:1 230 MHz/ 

317MHz Synchronizer at M8 of NIC_LPAV

FlexSPI2 S7 64 Sync 1:1 230 MHz  

The following tables show sparse interconnect of XBAR_AD, where some master ports are not connected to all slave ports.

Table 587. XBAR_AD Sparse Interconnect

NIC_AD SRAM0 PBRG3 PBRG4 FlexSPI2 ROM1 XBAR_RTD NIC_LPAV

DMA1 Y Y Y Y Y Y Y Y

NIC_AD -- Y Y Y Y Y Y Y

NIC_PER Y Y -- -- Y Y1 Y Y

XBAR_RTD Y Y Y Y Y Y -- --

NIC_LPAV Y Y Y Y Y -- -- --

uSDHC0 Y Y -- -- Y -- Y Y

1. ENET, USB1, USB2, usDHC0, uSDHC1 do not have access to ROM1.

67.1.2.4 NIC_AD

NIC_AD is a 64-bit AXI bus matrix based on the ARM’s PL301 crossbar switch IP. NIC_AD is designed to operate up to 460 MHz. 
The following table shows configurations of NIC_AD crossbar switch.

Table 588. NIC_AD Configurations

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

CA35 M0 128 Sync 1:2 1 GHz  

XBAR_AD M1 64 Sync 2:1 230 MHz  

LPDDR (P2) S0 64 Async 460 MHz Synchronizer at P2 port of LPDDR

SRAM2 (1/2 L2 
Cache RAM) S1 64 Sync 2:1 460 MHz

 When re-purposed as SRAM, 
it will run on NIC_AP frequency. 
When repurposed as L2 Cache, 
this will be 500 MHz

Table continues on the next page...
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Table 588. NIC_AD Configurations (continued)

XBAR_AD S2 64 Sync 1:2 230 MHz  

GIC500 S3 32 Sync 1:1 460 MHz  

The following tables show sparse interconnect of NIC_AD, where some master ports are not connected to all slave ports.

Table 589. NIC_AD Sparse Interconnect

DDR SRAM2 XBAR_AD GIC500

Cortex-A35 Y Y Y Y

XBAR_AD Y Y -- Y

67.1.2.5 NIC_PER

NIC_PER is a 32-bit AXI bus matrix based on the ARM’s PL301 crossbar switch IP. NIC_PER is designed to operate up to 230 
MHz. The following table shows configurations of NIC_PER crossbar switch.

Table 590. NIC_PER Configurations

Function/IP Master/ 
Slave

Bus Width 
(Bits) Sync /Async Max Freq Remarks

NIC_USB M0 32 Sync 1:1 230 MHz  

ENET M10 32 Sync 1:1 230 MHz  

CAAM M2 128 Sync 1:1 230 MHz  

uSDHC1 M3 32 Sync 1:1 230 MHz  

uSDHC2 M4 32 Sync 1:1 230 MHz  

XBAR_AD M5 64 Sync 1:1 230 MHz  

LPDDR (P1) S0 32 Async 230 MHz Synchronizer at P1 port of LPDDR

XBAR_AD S1 64 Sync 1:1 230 MHz  

Secure RAM S2 32 Sync 1:1 230 MHz  

The following tables show sparse interconnect of NIC_PER, where some master ports are not connected to all slave ports.

Table 591. NIC_PER Sparse Interconnect

DDR XBAR_AD SecureRAM

USB0 Y Y --

USB1 Y Y --

Table continues on the next page...
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Table 591. NIC_PER Sparse Interconnect (continued)

DDR XBAR_AD SecureRAM

ENET Y Y --

CAAM Y Y Y

uSDHC1 Y Y --

uSDHC2 Y Y --

XBAR_AD -- -- Y

67.1.3 Real Time QoS Support
Real time agents (EPDC, ISI) have signal outputs that immediately indicate their respective elasticity buffers are stressed.  These 
signals are called wr_panic and rd_panic.  The buffer threshold for when the panic outputs become valid is programmable within 
each of the real time agents.   The intent for the panic signals is to alter QoS values to give immediate priority to all real time agents 
that have panic asserted.  Previously accepted transactions for various masters will be processed with minimal latency and a new 
QoS scheme will be asserted to guarantee minimal response time to real time masters. 

The diagram depicting the real time QoS implementation option #1 is shown below.

ISI

PANIC OUT(Y)

PANIC OUT(U)

PANIC OUT(V)

Default QoS(Y)

SIM(LPAV)

4

4 1

0

SYNC

Panic QoS(Y)

Default QoS(U)
4

4 1

0

SYNC

Panic QoS(U)

Default QoS(V)
4

4 1

0

SYNC

Panic QoS(V)

EPDC

NIC_ISI

4

4

4

QoS(Y)

QoS(U)

QoS(V)

Default QoS
(epdc)

4

4 1

0

SYNC

Panic QoS
(epdc)

4

NIC_LPAV

QoS(epdc)

S0 M6

PANIC OUT

Figure 456. Dynamic QoS support on ISI and EPDC

Both ISI and EPDC on their respective AXI ports will implement the programmable “Default QoS” and “Panic QoS” registers.  When 
all panic signals are low, the default QoS values as programmed in the SIM(LPAV) “default QoS” registers will be driven into 
the NIC301 AXI ports.  When any panic signal in the system is asserted, the alternate “Panic QoS” are driven into the NIC 
interconnect.  This will change the QoS scheme so these specific masters will be serviced with reasonable and guaranteed 
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latency.  There are separate default/panic qos registers for read and write channels for each AXI interface.  Also, panic and QoS 
programable registers should be properly considered for clock domain crossing integrity.
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Chapter 68
NIC-301
68.1 Overview
This section provides an overview of the

• NIC-301 (Network Inter-Connect) AXI arbiter IP

The NIC-301 (by Arm Ltd.) is a configurable AXI arbiter between several masters and slaves. The NIC-301 IP is designed so 
that many configuration options are selected at the hardware design stage, determined by SoC characteristics and needs, 
while several other configuration options are software-controlled.

This chapter covers in brief the NIC-301 while providing configuration details on the NIC-301 instances used in the chip. For 
complete details on the NIC-301 design, see the Arm specification, AMBA® Network Interconnect (NIC-301) Technical Reference 
Manual, version r2p3.

 
The NIC-301 default settings are configured by NXP's board support package (BSP), and in most cases should not 
be modified by the customer. The default settings have gone through exhaustive testing during the validation of the 
part, and have proven to work well for the part's intended target applications. Changes to the default settings may 
result in a degradation in system performance.

  NOTE  

68.1.1 NIC-301 Main Features
Key features of the NIC-301 module include the following:

• Address space memory mapping.

• Programmer's view, for software-configured parameters, via internal "GPV" ports.

• Support programmable LRU (Least Recently Used) arbitration scheme on all multi-master arbiters.

• Allow use of sparse connection, where needed.

• Support for cross-clock domain synchronization.

• Supports both "Single Slave" and Single-Slave Per-ID Cyclic Avoidance Scheme (CDAS)

• Provide configurable FIFO's depths for both Read Write accesses / data on slave/master interfaces, and on internal 
switching modules, at time of creation.

68.1.2 Modes and Operations
The NIC-301 supports a normal functional mode only as described in Normal Mode.

68.1.3 Normal Mode
The NIC-301 is an interconnect that provides the means for master transactions initiated by a master to reach the intended 
slave in a multi-master and multi-slave AXI environment.

The bus system is composed of five different such NIC-301 components.

68.2 External Signals

There are no external I/O interfaces for NIC-301.
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68.3 Memory map and register definition

The bus system is composed of five NIC instances, three of which, NIC_AD, NIC_PER, and NIC_LPAV, have 
programmable registers.

The general structure of the registers is provided by the following tables

• AMIB registers (Table 593 and Table 596 )

• ASIB registers (Table 592, Table 594 and Table 595 )

68.3.1 NIC_AD register definition

68.3.1.1 NIC-301 AMBA master interface block (AMIB) and ASIB configuration registers

The table below lists only the registers that affect the user. All other addresses are treated as "reserved". Non-implemented or 
reserved addresses inside NIC domains are read as ZEROS and writes operations are ignored.

The NIC_AD_BASE below is the base address of these registers.

NIC_AD_BASE = 0x2D20_0000

Table 592. NIC ASIB configuration registers (application domain)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

fn_mod2 M0 Cortex-A35 NIC_AD_BASE + 
0x42000 + 0x024

0 Legal programmable 
values are 0 and 1.

• 0: Enable merge

• 1: Bypass merge

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_ahb M1 XBAR_AD NIC_AD_BASE + 
0x43000 + 0x028

0 This register has 2 
control bits.

• Bit 
0: rd_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB read 
transactions to a 
series of AXI singles.

• Bit 
1: wr_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB write 
transactions to a 
series of AXI singles.

It is recommended to 
keep its reset value 

Table continues on the next page...
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Table 592. NIC ASIB configuration registers (application domain) (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

to obtain the best 
performance

wr_tidemark M1 XBAR_AD NIC_AD_BASE + 
0x43000 + 0x040

4 The write data FIFO 
depth is 6, so the valid 
programmble values to 
this register are 0 to 5.

This is a tidemark level 
that stalls the release of 
the transaction

until:

• The NIC receives the 
WLAST beat

• The write FIFO 
becomes full.

• The number of 
occupied slots in 
the write data 
FIFO exceeds the 
write tidemark

read_qos M0 Cortex-A35 NIC_AD_BASE + 
0x42000 + 0x100

2 Set the priority of 
master⁁s read. The 
priority level would be 
used when the master⁁s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

• 0: the lowest 
arbitration priority

• 1: higher than 0

• 2: higher than 1, 0

• 3: higher than 2, 1, 0

• ...

• 15: the 
highest priority

read_qos M1 XBAR_AD NIC_AD_BASE + 
0x43000 + 0x100

0 Set the priority of 
master⁁s read. The 
priority level would be 

Table continues on the next page...
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Table 592. NIC ASIB configuration registers (application domain) (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

used when the master⁁s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

• 0: the lowest 
arbitration priority

• 1: higher than 0

• 2: higher than 1, 0

• 3: higher than 2, 1, 0

• ...

• 15: the 
highest priority

write_qos M0 Cortex-A35 NIC_AD_BASE + 
0x42000 + 0x104

2 Set the priority of 
master⁁s write. The 
priority level would be 
used when the master⁁s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

• 0: the lowest 
arbitration priority

• 1: higher than 0

• 2: higher than 1, 0

• 3: higher than 2, 1, 0

• ...

• 15: the 
highest priority

write_qos M1 XBAR_AD NIC_AD_BASE + 
0x43000 + 0x104

0 Set the priority of 
master⁁s write. The 
priority level would be 
used when the master⁁s 
write transaction is being 
arbitrated by the NIC.

Table continues on the next page...
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Table 592. NIC ASIB configuration registers (application domain) (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

• 0: the lowest 
arbitration priority

• 1: higher than 0

• 2: higher than 1, 0

• 3: higher than 2, 1, 0

• ...

• 15: the 
highest priority

fn_mod M0 Cortex-A35 NIC_AD_BASE + 
0x42000 + 0x108

0

fn_mod M1 XBAR_AD NIC_AD_BASE + 
0x43000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block 
issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

• 0: Default setting

• 1: Set read issuing 
capability to one 
outstanding 
transaction

• 2: Set write issuing 
capability to one 
outstanding 
transaction

• 3: Set both read and 
write issuing 
capability to one 
outstanding 
transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.
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Table 593. NIC AMIB configuration registers (application domain)

Register Name NIC port 
name

Slave connected to 
NIC

Absolute Address Reset Value Description

fn_mod_bm_iss S2 XBAR_AD NIC_AD_BASE + 
0x4000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

• 0: Default setting

• 1: Set read issuing 
capability to one 
outstanding 
transaction

• 2: Set write issuing 
capability to one 
outstanding 
transaction

• 3: Set both read and 
write issuing 
capability to one 
outstanding 
transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod S2 XBAR_AD NIC_AD_BASE + 
0x4000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

• 0: Default setting

• 1: Set read issuing 
capability to one 
outstanding 
transaction

Table continues on the next page...
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Table 593. NIC AMIB configuration registers (application domain) (continued)

Register Name NIC port 
name

Slave connected to 
NIC

Absolute Address Reset Value Description

• 2: Set write issuing 
capability to one 
outstanding 
transaction

• 3: Set both read and 
write issuing 
capability to one 
outstanding 
transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

68.3.1.2 IB registers

These type of registers are not implemented in this switch.

68.3.1.3 Address region control registers

These type of registers are not implemented in this switch.

68.3.1.4 Peripheral ID registers

The peripheral ID registers are implemented in the switch. For their details please see table 3-5 of the ARM 
doc DDI0397I_corelink_network_interconnect_nic301_r2p3_trm.pdf

68.3.2 NIC_PER register definition

68.3.2.1 NIC-301 AMBA ASIB configuration and AMBA master interface block (AMIB) registers

The tables below list only the registers that affect the user. All other addresses are treated as "reserved". Non-implemented or 
reserved addresses inside NIC domains are read as ZEROS and writes operations are ignored.

The NIC_PER_BASE below is the base address of these registers.

NIC_PER_BASE = 0x2D30_0000

Table 594. NIC ASIB configuration registers

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

fn_mod_ahb M1 ENET NIC_PER_BASE + 
0x43000 + 0x028

0 This register has 2 control 
bits.

Bit 0: rd_incr_override

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

Writting 1 to this bit forces 
NIC to convert all AHB 
read transactions to a 
series of AXI singles.

Bit 1: wr_incr_override

Writting 1 to this bit forces 
NIC to convert all AHB 
write transactions to a 
series of AXI singles.

It is recommended to 
keep its reset value 
to obtain the best 
performance.

read_qos M0 USB NIC_PER_BASE + 
0x42000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M1 ENET NIC_PER_BASE + 
0x43000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M2 CAAM NIC_PER_BASE + 
0x44000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M3 uSDHC1 NIC_PER_BASE + 
0x45000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

...

15: the highest priority

read_qos M4 uSDHC2 NIC_PER_BASE + 
0x46000 + 0x104

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M0 USB NIC_PER_BASE + 
0x42000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M1 ENET NIC_PER_BASE + 
0x43000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

used when the master’s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M2 CAAM NIC_PER_BASE + 
0x44000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M3 uSDHC1 NIC_PER_BASE + 
0x45000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M4 uSDHC2 NIC_PER_BASE + 
0x46000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is being 
arbitrated by the NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

fn_mod M0 USB NIC_PER_BASE + 
0x42000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

Table continues on the next page...
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read and write 
issuing capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M1 ENET NIC_PER_BASE + 
0x43000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read and write 
issuing capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M2 CAAM NIC_PER_BASE + 
0x44000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read and write 
issuing capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M3 uSDHC1 NIC_PER_BASE + 
0x45000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read and write 
issuing capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M4 uSDHC2 NIC_PER_BASE + 
0x6000 + 0x108

0 Issuing functionality 
modification register. This 
register sets the block

issuing capability to one 
outstanding transaction.
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Table 594. NIC ASIB configuration registers (continued)

Register Name NIC port 
name

Master connected to 
NIC

Absolute Address Reset Value Description

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read and write 
issuing capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

68.3.2.2 AMIB registers

These type of registers are not implemented in this switch.

68.3.2.3 IB registers

These type of registers are not implemented in this switch.

68.3.2.4 Address region control registers

These type of registers are not implemented in this switch.

68.3.2.5 Peripheral ID registers

The peripheral ID registers are implemented in the switch. For their details please see table 3-5 of the ARM 
doc DDI0397I_corelink_network_interconnect_nic301_r2p3_trm.pdf

68.3.3 NIC_LPAV register definition

68.3.3.1 NIC-301 AMBA master interface block (AMIB) and ASIB configuration registers

The tables below list only the registers that affect the user. All other addresses are treated as "reserved". Non-implemented or 
reserved addresses inside NIC domains are read as ZEROS and writes operations are ignored.

The NIC_LPAV_BASE below is the base address of these registers.

NIC_LPAV_BASE = 0x2E40_0000
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Table 595. NIC ASIB configuration registers (LPAV domain)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

fn_mod2 M0 PXP NIC_LPAV_BASE 
+ 0x42000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M2 EPDC NIC_LPAV_BASE 
+ 0x44000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M5 LCDIF NIC_LPAV_BASE 
+ 0x47000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M7 XBAR_RTD NIC_LPAV_BASE 
+ 0x49000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M8 XBAR_AD NIC_LPAV_BASE 
+ 0x4A000 + 

0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

fn_mod2 M9 HiFi4 NIC_LPAV_BASE 
+ 0x4B000 + 

0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 M10 PXP NIC_LPAV_BASE 
+ 0x4C000 + 

0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod_ahb M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x028

0 This register has 2 
control bits.

Bit 0: rd_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB read 
transactions to a series 
of AXI singles.

Bit 1: wr_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB write 
transactions to a series 
of AXI singles.

It is recommended 
to keep its reset 
value to obtain the 
best performance

fn_mod_ahb M7 XBAR_RTD NIC_LPAV_BASE 
+ 0x49000 + 0x028

0 This register has 2 
control bits.

Bit 0: rd_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB read 
transactions to a series 
of AXI singles.

Bit 1: wr_incr_override

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

Writting 1 to this 
bit forces NIC to 
convert all AHB write 
transactions to a series 
of AXI singles.

It is recommended 
to keep its reset 
value to obtain the 
best performance

fn_mod_ahb M8 XBAR_AD NIC_LPAV_BASE 
+ 0x4A000 + 

0x028

0 This register has 2 
control bits.

Bit 0: rd_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB read 
transactions to a series 
of AXI singles.

Bit 1: wr_incr_override

Writting 1 to this 
bit forces NIC to 
convert all AHB write 
transactions to a series 
of AXI singles.

It is recommended 
to keep its reset 
value to obtain the 
best performance

wr_tidemark M0 PXP NIC_LPAV_BASE 
+ 0x42000 + 0x040

4 The write data FIFO 
depth is 6, so the valid 
programmble values to 
this register are 0 to 6.

This is a tidemark level 
that stalls the release of 
the transaction until:

• The NIC receives 
the WLAST beat.

• The write FIFO 
becomes full.

• The number of 
occupied slots in 
the write data FIFO 
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

exceeds the write 
tidemark.

wr_tidemark M2 EPDC NIC_LPAV_BASE 
+ 0x44000 + 0x040

4 The write data FIFO 
depth is 6, so the valid 
programmble values to 
this register are 0 to 6.

This is a tidemark level 
that stalls the release of 
the transaction until:

• The NIC receives 
the WLAST beat.

• The write FIFO 
becomes full.

• The number of 
occupied slots in 
the write data FIFO 
exceeds the write 
tidemark.

wr_tidemark M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x040

4 The write data FIFO 
depth is 4, so the valid 
programmble values to 
this register are 0 to 4.

This is a tidemark level 
that stalls the release of 
the transaction until:

• The NIC receives 
the WLAST beat.

• The write FIFO 
becomes full.

• The number of 
occupied slots in 
the write data 
FIFO exceeds the 
write tidemark.

wr_tidemark M10 PXP NIC_LPAV_BASE 
+ 0x4C000 + 

0x040

4 The write data FIFO 
depth is 6, so the valid 
programmble values to 
this register are 0 to 6.

This is a tidemark level 
that stalls the release of 
the transaction until:

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

• The NIC receives 
the WLAST beat.

• The write FIFO 
becomes full.

• The number of 
occupied slots in 
the write data FIFO 
exceeds the write 
tidemark.

read_qos M0 PXP NIC_LPAV_BASE 
+ 0x42000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M1 GPU2D NIC_LPAV_BASE 
+ 0x43000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M3 GPU3D NIC_LPAV_BASE 
+ 0x45000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

15: the highest priority

read_qos M5 LCDIF (DCNano) NIC_LPAV_BASE 
+ 0x47000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M7 XBAR_RTD NIC_LPAV_BASE 
+ 0x49000 + 0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M8 XBAR_AD NIC_LPAV_BASE 
+ 0x4A000 + 

0x100

0 Set the priority of 
master’s read. The 
priority level would be 
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M9 HiFi4 NIC_LPAV_BASE 
+ 0x4B000 + 

0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

read_qos M10 PXP NIC_LPAV_BASE 
+ 0x4C000 + 

0x100

0 Set the priority of 
master’s read. The 
priority level would be 
used when the master’s 
read transaction is 
being arbitrated by the 
NIC.
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M0 PXP NIC_LPAV_BASE 
+ 0x42000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M1 GPU2D NIC_LPAV_BASE 
+ 0x43000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M3 GPU3D NIC_LPAV_BASE 
+ 0x45000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M5 LCDIF (DCnano) NIC_LPAV_BASE 
+ 0x47000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M7 XBAR_RTD NIC_LPAV_BASE 
+ 0x49000 + 0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

write_qos M8 XBAR_AD NIC_LPAV_BASE 
+ 0x4A000 + 

0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M9 HiFi4 NIC_LPAV_BASE 
+ 0x4B000 + 

0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

write_qos M10 PXP NIC_LPAV_BASE 
+ 0x4C000 + 

0x104

0 Set the priority of 
master’s write. The 
priority level would be 
used when the master’s 
write transaction is 
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

being arbitrated by the 
NIC.

Legal programmable 
values are from 0 to 
15. Higher number sets 
higher priority.

0: the lowest 
arbitration priority

1: higher than 0

2: higher than 1, 0

3: higher than 2, 1, 0

...

15: the highest priority

fn_mod M0 PXP NIC_LPAV_BASE 
+ 0x42000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod M1 GPU2D NIC_LPAV_BASE 
+ 0x43000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M2 EPDC NIC_LPAV_BASE 
+ 0x44000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

fn_mod M3 GPU3D NIC_LPAV_BASE 
+ 0x45000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod M4 DMA2 NIC_LPAV_BASE 
+ 0x46000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M5 LCDIF (DCnano) NIC_LPAV_BASE 
+ 0x47000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M6 MIPI CSI NIC_LPAV_BASE 
+ 0x48000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block issuing capability 
to one outstanding 
transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M7 XBAR_RTD NIC_LPAV_BASE 
+ 0x49000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M8 XBAR_AD NIC_LPAV_BASE 
+ 0x4A000 + 

0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M9 HiFi4 NIC_LPAV_BASE 
+ 0x4B000 + 

0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod M10 PXP NIC_LPAV_BASE 
+ 0x4C000 + 

0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

Table continues on the next page...
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Table 595. NIC ASIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Master connected to NIC Absolute Address Reset Value Description

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

Table 596. NIC AMIB configuration registers (LPAV domain)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

fn_mod_bm_iss S0 DDR_P2 NIC_LPAV_BASE 
+ 0x2000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S1 SRAM1 NIC_LPAV_BASE 
+ 0x3000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S2 Port Splitter NIC_LPAV_BASE 
+ 0x4000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S3 XBAR_AD NIC_LPAV_BASE 
+ 0x5000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S4 PBRG5 GPIOD NIC_LPAV_BASE 
+ 0x6000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

Table continues on the next page...

NXP Semiconductors
NIC-301

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4693 / 5781



Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S5 XBAR_RTD NIC_LPAV_BASE 
+ 0x7000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S6 SSRAM P6 NIC_LPAV_BASE 
+ 0x8000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod_bm_iss S7 HIFI4TCMs NIC_LPAV_BASE 
+ 0x9000 + 0x008

0 Bus matrix 
issuing functionality 
modification register.

This register sets the 
issuing capability of 
the preceding switch 
arbitration scheme to 1.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod2 S2 Port Splitter NIC_LPAV_BASE 
+ 0x4000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 S3 XBAR_AD NIC_LPAV_BASE 
+ 0x5000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 S4 PBRG5 GPIOD NIC_LPAV_BASE 
+ 0x6000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 S5 XBAR_RTD NIC_LPAV_BASE 
+ 0x7000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 S6 SSRAM P6 NIC_LPAV_BASE 
+ 0x8000 + 0x024

0 0: Enable merge

1: Bypass merge

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod2 S7 HIFI4TCMs NIC_LPAV_BASE 
+ 0x9000 + 0x024

0 0: Enable merge

1: Bypass merge

It is recommended to 
keep its reset value 
to obtain the best 
performance.

fn_mod S2 Port Splitter NIC_LPAV_BASE 
+ 0x4000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod S3 XBAR_AD NIC_LPAV_BASE 
+ 0x5000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod S4 PBRG5

GPIOD

NIC_LPAV_BASE 
+ 0x6000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod S5 XBAR_RTD NIC_LPAV_BASE 
+ 0x7000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

fn_mod S6 SSRAM P6 NIC_LPAV_BASE 
+ 0x8000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

Table continues on the next page...
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Table 596. NIC AMIB configuration registers (LPAV domain) (continued)

Register Name NIC port 
name

Slave connected to NIC Absolute Address Reset Value Description

fn_mod S7 HIFI4TCMs NIC_LPAV_BASE 
+ 0x6000 + 0x108

0 Issuing functionality 
modification register. 
This register sets the 
block

issuing capability to one 
outstanding transaction.

Legal programmable 
values are 0, 1, 2 and 3.

0: Default setting

1: Set read issuing 
capability to one 
outstanding transaction

2: Set write issuing 
capability to one 
outstanding transaction

3: Set both read 
and write issuing 
capability to one 
outstanding transaction

It is recommended 
to keep its reset 
value to obtain the 
best performance.

68.3.3.2 IB registers

These type of registers are not implemented in this switch.

68.3.3.3 Address region control registers

These type of registers are not implemented in this switch.

68.3.3.4 Peripheral ID registers

The peripheral ID registers are implemented in the switch. For their details please see table 3-5 of the ARM 
doc DDI0397I_corelink_network_interconnect_nic301_r2p3_trm.pdf
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Chapter 69
System Performance Monitor (SYSPM)
69.1 Chip-specific SYSPM information
Table 597. Reference links to related information

Topic Related module Reference

Full description SYSPM SYSPM

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

69.1.1 Module instances
This device has two instances of the SYSPM module: SYSPM0 and SYSPM1.

SYSPM0 connects to CM33, and FlexSPI0 and FlexSPI1, in RTD. SYSPM1 connects to CA35 and FlexSPI2.

69.1.2 Modules monitored by PMCR

Table 598. Blocks monitored by SYSPM0

Block name PMCR register PMCR offset

CM33 Code Cache, ETM, CM33 Code 
AHB bus

PMCR0 0x200

CM33 System Cache, ETM, CM33 
System AHB bus

PMCR1 0x300

FlexSPI0 PMCR2 0x400

FlexSPI1 PMCR3 0x500

Table 599. Blocks monitored by SYSPM1

Block name PMCR register PMCR offset

FlexSPI2 PMCR0 0x200

 
The optional feature of Programmable System Activity Monitor (PSAM) is not present in SYSPM0/SYSPM1.

  NOTE  

69.2 Overview
System Performance Monitor (SYSPM) is a memory mapped peripheral that enables the user to monitor system and/or CPU 
events. The SYSPM consists of sixteen 256 Byte sub-slots (SS). The first subslot is the configuration slot. The registers in the 
configuration SS0 describe the number of monitors, types of monitors and number of counters per monitor. Subsequent sub-slots 
are occupied by an optional Programmable System Activity Monitor (PSAM), and Performance Monitors (PERFMON) registers.

NXP Semiconductors

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4701 / 5781



SYSPM
 

SYSPM_PSAM
 

CM33PC_PERFMON
 

ACTR 2-8
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IPS Interface
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CORTEX33INTEGRATION
 

CM33PS_PERFMON
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flexspi_perfmon_ips_module_en
 

flexspi_perfmon_ips_rdata
 

ps_perfmon_ips_module_en
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pc_perfmon_ips_module_en
 

pc_perfmon_ips_rdata
 

Figure 457. SYSPM Block Diagram

69.2.1 Features
The SYSPM includes the following features:

• Three 40-bit event counters

• One 40-bit instruction counter

• Programmable event select

• Countable events that include cache, branch fetches, and stalls

Memory mapped performance monitor that counts instructions, cache, branch, IPS, and TCM stats
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69.2.2 Block diagram
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Figure 458. SYSPM block diagram

69.3 Functional description
The following table describes the countable events for each of the 3 performance monitors in this device.

Table 600. Perfmon Counters

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

Branch Status

0b000_0100 bkw_bcc_nt YES YES NO

Table continues on the next page...
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Table 600. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

0b000_0000 fwd_bcc_nt NO NO NO

0b000_0101 bkw_bcc_tk NO NO NO

0b000_0001 fwd_bcc_tk YES YES NO

0b000_0011 bra NO NO NO

0b000_1000 bcc_nt YES YES NO

0b000_1001 bcc_tk YES YES NO

0b000_1100 bcc_tk + bra YES YES NO

AHB TCM Transfers

0b010_0000 tcm_if YES YES NO PC_PERFMON 
counts accesses 
to CTCM 
at 0x0400_0000

0b010_0100 tcm_if_stalls YES YES NO PS_PERFMON 
counts accesses 
to STCM 
at 0x2000_0000

0b010_0001 tcm_opr YES YES NO

0b010_0101 tcm_opr_stalls YES YES NO

0b010_0010 tcm_opw YES YES NO

0b010_0110 tcm_opw_stalls YES YES NO

0b010_0011 tcm_opx YES YES NO

0b010_0111 tcm_opx_stalls YES YES NO

AHB nonTCM ("cache") Transfers

0b100_0000 cac_if YES NO YES for 
FLEXSPI_PERFM
ON - number of 
flexspi accesses

0b100_0100 cac_if_stalls YES NO YES for 
FLEXSPI_PERFM
ON - number of 
flexspi stalls

0b100_0001 cac_opr YES NO NO

0b100_0101 cac_opr_stalls YES NO NO

0b100_0010 cac_opw YES NO NO

0b100_0110 cac_opw_stalls YES NO NO

0b100_0011 cac_opx YES NO NO

0b100_0111 cac_opx_stalls YES NO NO

Table continues on the next page...
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Table 600. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

0b100_1000 cac_wt_opw YES NO NO

0b100_1001 lplmem_if+opr YES NO NO

0b100_1100 cac_wt_opw_stalls YES NO NO

0b100_1101 lplmem_if+opr_stall
s

YES NO NO

0b101_0000 cac_if_miss YES NO YES for 
FLEXSPI_PERFM
ON - number of 
times flexspi 
signalled a miss

0b101_0001 cac_opr_miss YES NO NO

0b101_0010 cac_opw_miss YES NO NO

0b101_0011 cac_opx_miss YES NO NO

0b101_0100 lplmem_ram_rd+wt NO NO NO

0b101_0101 lplmem_ram_rd NO NO NO

0b101_0110 lplmem_fill_buf_hit NO NO NO

0b101_0111 lplmem_rcnt_buf_hi
t

NO NO NO

0b101_1000 cac_wb_push NO NO NO

0b101_1001 lplmem_if+opr_mis
s

YES NO NO

0b101_1100 cac_push_stalls NO NO NO

AHB Peripheral Transfers

0b110_0000 nc_opx YES NO NO

0b110_0001 ips_opr NO YES NO

0b110_0100 nc_opx_stalls NO YES NO

0b110_0101 ips_opr_stalls NO YES NO

0b110_0010 ips_opw NO YES NO

0b110_0110 ips_opw_stalls NO YES NO

0b110_0011 ips_opx NO YES NO

0b110_0111 ips_opx_stalls NO YES NO

0b111_0000 flash_acc YES YES YES For PC/
PS_PERFMON, 
this counts flash 
bank accesses, for 
FLEXSPI_PERFM

Table continues on the next page...
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Table 600. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

ON, this counts 
flash cacheh hits

0b111_1111 cycle_count YES YES NO

69.3.1 Operations
The following table describes the countable events for each of the 3 performance counters per monitor in this device.

Table 601. Perfmon Counters

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

Branch Status

0b000_0100 bkw_bcc_nt YES YES NO Backward 
conditional branch 
not taken

0b000_0000 fwd_bcc_nt NO NO NO Forward 
conditional branch 
not taken

0b000_0101 bkw_bcc_tk NO NO NO Backward 
conditional 
branch taken

0b000_0001 fwd_bcc_tk YES YES NO Forward 
branch taken

0b000_0011 bra NO NO NO Unconditional 
branch taken

0b000_1000 bcc_nt YES YES NO Conditional branch 
not taken

0b000_1001 bcc_tk YES YES NO Conditional 
branch taken

0b000_1100 bcc_tk + bra YES YES NO All taken branches

AHB TCM Transfers

0b010_0000 tcm_if YES YES NO PC_PERFMON 
counts accesses 
to CTCM 
at 0x0400_0000

0b010_0100 tcm_if_stalls YES YES NO PS_PERFMON 
counts accesses 
to STCM 
at 0x2000_0000

0b010_0001 tcm_opr YES YES NO TCM 
operand reads

0b010_0101 tcm_opr_stalls YES YES NO Stalled TMC 
operand writes

Table continues on the next page...
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Table 601. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

0b010_0010 tcm_opw YES YES NO TCM operand 
reads + writes

0b010_0110 tcm_opw_stalls YES YES NO Stalled TMC 
operand writes

0b010_0011 tcm_opx YES YES NO TCM operand 
reads + writes

0b010_0111 tcm_opx_stalls YES YES NO Stalled

AHB nonTCM ("cache") Transfers

0b100_0000 cac_if YES NO YES Cached 
instruction fetches

0b100_0100 cac_if_stalls YES NO YES Stalled cached 
instruction fetches

0b100_0001 cac_opr YES NO NO Cached 
operand reads

0b100_0101 cac_opr_stalls YES NO NO Stalled cached 
operand reads

0b100_0010 cac_opw YES NO NO Cached 
operand writes

0b100_0110 cac_opw_stalls YES NO NO Stalled cached 
operand writes

0b100_0011 cac_opx YES NO NO Cached operand 
reads + writes

0b100_0111 cac_opx_stalls YES NO NO Stalled cached 
operand reads 
+ writes

0b100_1000 cac_wt_opw YES NO NO Cache writethrough 
operand writes

0b100_1001 lplmem_if+opr YES NO NO LPLMEM 
combined (ifetches 
+ operand reads)

0b100_1100 cac_wt_opw_stalls YES NO NO Stalled 
writethrough 
operand writes

0b100_1101 lplmem_if+opr_stall
s

YES NO NO LPLMEM 
combined (ifetches 
+ operand reads)

0b101_0000 cac_if_miss YES NO YES Instruction fetch 
miss (for 
FLEXSPI_PERFM
ON - number of 

Table continues on the next page...
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Table 601. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

times flexspi 
signalled miss)

0b101_0001 cac_opr_miss YES NO NO Operand read miss

0b101_0010 cac_opw_miss YES NO NO Operand write miss

0b101_0011 cac_opx_miss YES NO NO Operand read + 
write miss

0b101_0100 lplmem_ram_rd+wt NO NO NO LPLMEM cache 
ram access (rd 
+ wt)

0b101_0101 lplmem_ram_rd NO NO NO LPLMEM cache 
ram read

0b101_0110 lplmem_fill_buf_hit NO NO NO LPLMEM fill 
buffer hit

0b101_0111 lplmem_rcnt_buf_hi
t

NO NO NO LPLMEM "recent" 
buffer hit

0b101_1000 cac_wb_push NO NO NO Cache writeback 
line pushes

0b101_1001 lplmem_if+opr_mis
s

YES NO NO LPLMEM 
combined (ifetches 
+ operand 
read) misses

0b101_1100 cac_push_stalls NO NO NO Stalled cache 
writeback 
line pushes

AHB Peripheral Transfers

0b110_0000 nc_opx NO YES NO Non-cacheable 
operand reads 
+ writes

0b110_0001 ips_opr NO YES NO Peripheral IPS 
operand reads

0b110_0100 nc_opx_stalls NO YES NO Stalled non-
cacheable 
operands reads 
+ writes

0b110_0101 ips_opr_stalls NO YES NO Stalled peripheral 
IPS operand reads

0b110_0010 ips_opw NO YES NO Peripheral IPS 
operand writes

0b110_0110 ips_opw_stalls NO YES NO Stalled peripheral 
IPS operand writes

Table continues on the next page...
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Table 601. Perfmon Counters (continued)

Event Encoding Mnemonic CM33 PC CM33 PS FLEXSPI Notes

0b110_0011 ips_opx NO YES NO Peripheral IPS 
operand reads 
+ writes

0b110_0111 ips_opx_stalls NO YES NO Stalled peripheral 
IPS operand reads 
+ writes

0b111_0000 flash_acc YES YES YES For PC/
PS_PERFMON, 
this counts flash 
bank accesses, for 
FLEXSPI_PERFM
ON, this counts 
flash cache hits

0b111_1111 cycle_count YES YES NO Count cycles

69.4 Memory Map and register definition
This section includes the SYSPM module memory map and detailed descriptions of all registers.

69.4.1 SYSPM register descriptions

69.4.1.1 SYSPM memory map

SYSPM0 base address: 2802_6000h

SYSPM1 base address: 2927_0000h

Offset Register Width

(In bits)

Access Reset value

0h Configuration 0 (CFGSS0) 32 R FF00_00FFh

4h Configuration 1 (CFGSS1) 32 R 0000_0000h

8h Configuration 2 (CFGSS2) 32 R 0103_0002h

Ch Configuration 3 (CFGSS3) 32 R 0203_0002h

10h Configuration 4 (CFGSS4) 32 R 0303_0002h

14h Configuration 5 (CFGSS5) 32 R 0303_0002h

200h Performance Monitor Control Register (PMCR0) 32 RW 0000_0000h

210h Performance Monitor Instruction Counter (PMICTR_HI_0) 8 R 00h

214h Performance Monitor Instruction Counter (PMICTR_LO_0) 32 R 0000_0000h

218h Performance Monitor Event Counter (PMECTR1_HI_0) 8 R 00h

21Ch Performance Monitor Event Counter (PMECTR1_LO_0) 32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

220h Performance Monitor Event Counter (PMECTR2_HI_0) 8 R 00h

224h Performance Monitor Event Counter (PMECTR2_LO_0) 32 R 0000_0000h

228h Performance Monitor Event Counter (PMECTR3_HI_0) 8 R 00h

22Ch Performance Monitor Event Counter (PMECTR3_LO_0) 32 R 0000_0000h

300h Performance Monitor Control Register (PMCR1) 32 RW 0000_0000h

310h Performance Monitor Instruction Counter (PMICTR_HI_1) 8 R 00h

314h Performance Monitor Instruction Counter (PMICTR_LO_1) 32 R 0000_0000h

318h Performance Monitor Event Counter (PMECTR1_HI_1) 8 R 00h

31Ch Performance Monitor Event Counter (PMECTR1_LO_1) 32 R 0000_0000h

320h Performance Monitor Event Counter (PMECTR2_HI_1) 8 R 00h

324h Performance Monitor Event Counter (PMECTR2_LO_1) 32 R 0000_0000h

328h Performance Monitor Event Counter (PMECTR3_HI_1) 8 R 00h

32Ch Performance Monitor Event Counter (PMECTR3_LO_1) 32 R 0000_0000h

400h Performance Monitor Control Register (PMCR2) 32 RW 0000_0000h

410h Performance Monitor Instruction Counter (PMICTR_HI_2) 8 R 00h

414h Performance Monitor Instruction Counter (PMICTR_LO_2) 32 R 0000_0000h

418h Performance Monitor Event Counter (PMECTR1_HI_2) 8 R 00h

41Ch Performance Monitor Event Counter (PMECTR1_LO_2) 32 R 0000_0000h

420h Performance Monitor Event Counter (PMECTR2_HI_2) 8 R 00h

424h Performance Monitor Event Counter (PMECTR2_LO_2) 32 R 0000_0000h

428h Performance Monitor Event Counter (PMECTR3_HI_2) 8 R 00h

42Ch Performance Monitor Event Counter (PMECTR3_LO_2) 32 R 0000_0000h

500h Performance Monitor Control Register (PMCR3) 32 RW 0000_0000h

510h Performance Monitor Instruction Counter (PMICTR_HI_3) 8 R 00h

514h Performance Monitor Instruction Counter (PMICTR_LO_3) 32 R 0000_0000h

518h Performance Monitor Event Counter (PMECTR1_HI_3) 8 R 00h

51Ch Performance Monitor Event Counter (PMECTR1_LO_3) 32 R 0000_0000h

520h Performance Monitor Event Counter (PMECTR2_HI_3) 8 R 00h

524h Performance Monitor Event Counter (PMECTR2_LO_3) 32 R 0000_0000h

528h Performance Monitor Event Counter (PMECTR3_HI_3) 8 R 00h

52Ch Performance Monitor Event Counter (PMECTR3_LO_3) 32 R 0000_0000h
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69.4.1.2 Configuration 0 (CFGSS0)

Offset

Register Offset

CFGSS0 0h

Function

This register describes the type of monitor, its hardware revision level, number of implemented counters in the monitor.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MSC NCTRS 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRL ID 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-24

MSC

Miscellaneous

• If ID = 01h, MSC = number of events

• If ID = 10h,

— MSC = location identifier

— MSC = 00h - CM0+

— MSC = 01h - CMx Code

— MSC = 02h - CMx Sys

— MSC = 03h- FlexSPI

• If ID FFh, MSC = FFh = Configuration slot

• If ID = FFh, MSC = FFh

• For any other ID value, MSC = 00h

23-16

NCTRS

Number of Counters

15-8 Hardware revision level

Table continues on the next page...
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Table continued from the previous page...

Field Function

HRL

7-0

ID

Identifier

0x00 - CFGSS not present

0x01 - CFGSS PSAM configuration

0x10 - CFGSS PERFMON configuration

0xFF - CFGSS Configuration

69.4.1.3 Configuration 1 (CFGSS1)

Offset

Register Offset

CFGSS1 4h

Function

This register describes the type of monitor, its hardware revision level, number of implemented counters in the monitor and the 
location of the monitor (if it is a PERFMON).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MSC NCTRS 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRL ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MSC

Miscellaneous

• If ID = 01h, MSC = number of events

• If ID = 10h,

Table continues on the next page...
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Table continued from the previous page...

Field Function

— MSC = location identifier

— MSC = 00h - CM0+

— MSC = 01h - CMx Code

— MSC = 02h - CMx Sys

— MSC = 03h- FlexSPI

• If ID FFh, MSC = FFh = Configuration slot

• If ID = FFh, MSC = FFh

• For any other ID value, MSC = 00h

23-16

NCTRS

Number of Counters

15-8

HRL

Hardware revision level

7-0

ID

Identifier

0x00 - CFGSS not present

0x01 - CFGSS PSAM configuration

0x10 - CFGSS PERFMON configuration

0xFF - CFGSS Configuration

69.4.1.4 Configuration 2 (CFGSS2)

Offset

Register Offset

CFGSS2 8h

Function

This register describes the type of monitor, its hardware revision level, number of implemented counters in the monitor.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MSC NCTRS 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRL ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-24

MSC

Miscellaneous

• If ID = 01h, MSC = number of events

• If ID = 10h,

— MSC = location identifier

— MSC = 00h - CM0+

— MSC = 01h - CMx Code

— MSC = 02h - CMx Sys

— MSC = 03h- FlexSPI

• If ID FFh, MSC = FFh = Configuration slot

• If ID = FFh, MSC = FFh

• For any other ID value, MSC = 00h

23-16

NCTRS

Number of Counters

15-8

HRL

Hardware revision level

7-0

ID

Identifier

0x00 - CFGSS not present

0x01 - CFGSS PSAM configuration

0x10 - CFGSS PERFMON configuration

0xFF - CFGSS Configuration
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69.4.1.5 Configuration 3 (CFGSS3)

Offset

Register Offset

CFGSS3 Ch

Function

This register describes the type of monitor, its hardware revision level, number of implemented counters in the monitor.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MSC NCTRS 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRL ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-24

MSC

Miscellaneous

• If ID = 01h, MSC = number of events

• If ID = 10h,

— MSC = location identifier

— MSC = 00h - CM0+

— MSC = 01h - CMx Code

— MSC = 02h - CMx Sys

— MSC = 03h- FlexSPI

• If ID FFh, MSC = FFh = Configuration slot

• If ID = FFh, MSC = FFh

• For any other ID value, MSC = 00h

23-16

NCTRS

Number of Counters

15-8 Hardware revision level

Table continues on the next page...
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Table continued from the previous page...

Field Function

HRL

7-0

ID

Identifier

0x00 - CFGSS not present

0x01 - CFGSS PSAM configuration

0x10 - CFGSS PERFMON configuration

0xFF - CFGSS Configuration

69.4.1.6 Configuration a (CFGSS4 - CFGSS5)

Offset

Register Offset

CFGSS4 10h

CFGSS5 14h

Function

This register describes the type of monitor, its hardware revision level, number of implemented counters in the monitor.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MSC NCTRS 

W

Reset 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R HRL ID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-24

MSC

Miscellaneous

• If ID = 01h, MSC = number of events

Table continues on the next page...
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Table continued from the previous page...

Field Function

• If ID = 10h,

— MSC = location identifier

— MSC = 00h - CM0+

— MSC = 01h - CMx Code

— MSC = 02h - CMx Sys

— MSC = 03h- FlexSPI

• If ID FFh, MSC = FFh = Configuration slot

• If ID = FFh, MSC = FFh

• For any other ID value, MSC = 00h

23-16

NCTRS

Number of Counters

15-8

HRL

Hardware revision level

7-0

ID

Identifier

0x00 - CFGSS not present

0x01 - CFGSS PSAM configuration

0x10 - CFGSS PERFMON configuration

0xFF - CFGSS Configuration

69.4.1.7 Performance Monitor Control Register (PMCR0 - PMCR3)

Offset

Register Offset

PMCR0 200h

PMCR1 300h

PMCR2 400h

PMCR3 500h

Function
The performance monitor control register is used to select which events will be counted in PMCRn register, the count mode, 
start/stop control and the enables for the counters. See Table 601 for detailed events.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SELEVT3 SELEVT2 SELEVT1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SELEVT1 

RECT
R3 

RECT
R2 

RECT
R1 

RICTR 
Reserv

ed 
CMODE SSC 

MENB 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

SELEVT3

Select Event 3

See Operations to select which event to be counted in PMECTR3.

24-18

SELEVT2

Select Event 2

See Operations to select which event to be counted in PMECTR2.

17-11

SELEVT1

Select Event 1

See Operations to select which event to be counted in PMECTR1.

10

RECTR3

Reset Event Counter 3

Write a one to clear event counter 3. This field must be zero to restart event counter 3.

0b - Counter runs normally

1b - Counter value resets at the end of the cycle

9

RECTR2

Reset Event Counter 2

Write a one to clear event counter 2. This field must be zero to restart event counter 2.

8

RECTR1

Reset Event Counter 1

Write a one to clear event counter 1. This field must be zero to restart event counter 1.

7

RICTR

Resets the Instruction Counter

Write a one to clear the instruction counter. This field must be zero to restart the instruction counter.

0b - do not reset the instruction counter

1b - clear the instruction counter

6

—

Reserved

5-4 Count Mode

Table continues on the next page...
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Table continued from the previous page...

Field Function

CMODE Determines if events are counted for privileged mode, user mode, or both privileged and user. This setting 
affects the operation of all three of the event counters.

00b - count in both user and previleged modes

01b - Reserved

10b - count only in user mode

11b - count only in privileged mode

3-1

SSC

Start/Stop Control

This 3-bit field provides a three-phase mechanism to start/stop the counters. It includes a prioritized scheme 
with local start > local stop > global start > global stop > conditional TSTART > TSTOP. The global and 
conditional start/stop affect all configured PM/PSAM module concurrently so counters are "coherent".

000b - Idle

001b - local stop

010b - local start

011b - local start

100b - Reserved

101b - Reserved

110b - Reserved

111b - Reserved

0

MENB

Module is Enabled

This bit signals the performance monitor is enabled. Write a non-zero value to the SSC bitfield to start 
the counter.

0b - Disable the performance monitor.

1b - Enable the performance monitor.

69.4.1.8 Performance Monitor Instruction Counter (PMICTR_HI_0)

Offset

Register Offset

PMICTR_HI_0 210h

Function
{PMICTR_HI_0, PMICTR_LO_0} is the 40-bit counter that counts executed instructions.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ICTR

Instruction counter

The is the upper 8-bits of the 40-bit instruction counter.

69.4.1.9 Performance Monitor Instruction Counter (PMICTR_LO_0)

Offset

Register Offset

PMICTR_LO_0 214h

Function
{PMICTR_HI_0, PMICTR_LO_0} is the 40-bit counter that counts executed instructions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ICTR

Instruction counter

The field is the lower 32-bits of the instruction counter. The 40-bit value increments each time an 
instruction is executed.
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69.4.1.10 Performance Monitor Event Counter (PMECTR1_HI_0)

Offset

Register Offset

PMECTR1_HI_0 218h

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT1] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR0[SELEVT1] occurs.

69.4.1.11 Performance Monitor Event Counter (PMECTR1_LO_0)

Offset

Register Offset

PMECTR1_LO_0 21Ch

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT1] configuration.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR0[SELEVT1] occurs.

69.4.1.12 Performance Monitor Event Counter (PMECTR2_HI_0)

Offset

Register Offset

PMECTR2_HI_0 220h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT2] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR0[SELEVT2] occurs.
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69.4.1.13 Performance Monitor Event Counter (PMECTR2_LO_0)

Offset

Register Offset

PMECTR2_LO_0 224h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT2] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR0[SELEVT2] occurs.

69.4.1.14 Performance Monitor Event Counter (PMECTR3_HI_0)

Offset

Register Offset

PMECTR3_HI_0 228h

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT3] configuration.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR0[SELEVT3] occurs.

69.4.1.15 Performance Monitor Event Counter (PMECTR3_LO_0)

Offset

Register Offset

PMECTR3_LO_0 22Ch

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR0[SELEVT3] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR0[SELEVT3] occurs.
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69.4.1.16 Performance Monitor Instruction Counter (PMICTR_HI_1)

Offset

Register Offset

PMICTR_HI_1 310h

Function
{PMICTR_HI_1, PMICTR_LO_1} is the 40-bit counter that counts executed instructions.

Diagram

Bits 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ICTR

Instruction counter

The is the upper 8-bits of the 40-bit instruction counter.

69.4.1.17 Performance Monitor Instruction Counter (PMICTR_LO_1)

Offset

Register Offset

PMICTR_LO_1 314h

Function
{PMICTR_HI_1, PMICTR_LO_1} is the 40-bit counter that counts executed instructions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ICTR

Instruction counter

The field is the lower 32-bits of the instruction counter. The 40-bit value increments each time an 
instruction is executed.

69.4.1.18 Performance Monitor Event Counter (PMECTR1_HI_1)

Offset

Register Offset

PMECTR1_HI_1 318h

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT1] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR1[SELEVT1] occurs.
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69.4.1.19 Performance Monitor Event Counter (PMECTR1_LO_1)

Offset

Register Offset

PMECTR1_LO_1 31Ch

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT1] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR1[SELEVT1] occurs.

69.4.1.20 Performance Monitor Event Counter (PMECTR2_HI_1)

Offset

Register Offset

PMECTR2_HI_1 320h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT2] configuration.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR1[SELEVT2] occurs.

69.4.1.21 Performance Monitor Event Counter (PMECTR2_LO_1)

Offset

Register Offset

PMECTR2_LO_1 324h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT2] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR1[SELEVT2] occurs.
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69.4.1.22 Performance Monitor Event Counter (PMECTR3_HI_1)

Offset

Register Offset

PMECTR3_HI_1 328h

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT3] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR1[SELEVT3] occurs.

69.4.1.23 Performance Monitor Event Counter (PMECTR3_LO_1)

Offset

Register Offset

PMECTR3_LO_1 32Ch

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR1[SELEVT3] configuration.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR1[SELEVT3] occurs.

69.4.1.24 Performance Monitor Instruction Counter (PMICTR_HI_2)

Offset

Register Offset

PMICTR_HI_2 410h

Function
{PMICTR_HI_2, PMICTR_LO_2} is the 40-bit counter that counts executed instructions.

Diagram

Bits 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ICTR

Instruction counter

The is the upper 8-bits of the 40-bit instruction counter.
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69.4.1.25 Performance Monitor Instruction Counter (PMICTR_LO_2)

Offset

Register Offset

PMICTR_LO_2 414h

Function
{PMICTR_HI_2, PMICTR_LO_2} is the 40-bit counter that counts executed instructions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ICTR

Instruction counter

The field is the lower 32-bits of the instruction counter. The 40-bit value increments each time an 
instruction is executed.

69.4.1.26 Performance Monitor Event Counter (PMECTR1_HI_2)

Offset

Register Offset

PMECTR1_HI_2 418h

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT1] configuration.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR2[SELEVT1] occurs.

69.4.1.27 Performance Monitor Event Counter (PMECTR1_LO_2)

Offset

Register Offset

PMECTR1_LO_2 41Ch

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT1] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR2[SELEVT1] occurs.
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69.4.1.28 Performance Monitor Event Counter (PMECTR2_HI_2)

Offset

Register Offset

PMECTR2_HI_2 420h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT2] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR2[SELEVT2] occurs.

69.4.1.29 Performance Monitor Event Counter (PMECTR2_LO_2)

Offset

Register Offset

PMECTR2_LO_2 424h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT2] configuration.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR2[SELEVT2] occurs.

69.4.1.30 Performance Monitor Event Counter (PMECTR3_HI_2)

Offset

Register Offset

PMECTR3_HI_2 428h

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT3] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR2[SELEVT3] occurs.
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69.4.1.31 Performance Monitor Event Counter (PMECTR3_LO_2)

Offset

Register Offset

PMECTR3_LO_2 42Ch

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR2[SELEVT3] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR2[SELEVT3] occurs.

69.4.1.32 Performance Monitor Instruction Counter (PMICTR_HI_3)

Offset

Register Offset

PMICTR_HI_3 510h

Function
{PMICTR_HI_3, PMICTR_LO_3} is the 40-bit counter that counts executed instructions.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ICTR

Instruction counter

The is the upper 8-bits of the 40-bit instruction counter.

69.4.1.33 Performance Monitor Instruction Counter (PMICTR_LO_3)

Offset

Register Offset

PMICTR_LO_3 514h

Function
{PMICTR_HI_3, PMICTR_LO_3} is the 40-bit counter that counts executed instructions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ICTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ICTR

Instruction counter

The field is the lower 32-bits of the instruction counter. The 40-bit value increments each time an 
instruction is executed.
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69.4.1.34 Performance Monitor Event Counter (PMECTR1_HI_3)

Offset

Register Offset

PMECTR1_HI_3 518h

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT1] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR3[SELEVT1] occurs.

69.4.1.35 Performance Monitor Event Counter (PMECTR1_LO_3)

Offset

Register Offset

PMECTR1_LO_3 51Ch

Function
{PMECTR1_HI, PMECTR1_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT1] configuration.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR3[SELEVT1] occurs.

69.4.1.36 Performance Monitor Event Counter (PMECTR2_HI_3)

Offset

Register Offset

PMECTR2_HI_3 520h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT2] configuration.

Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR3[SELEVT2] occurs.
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69.4.1.37 Performance Monitor Event Counter (PMECTR2_LO_3)

Offset

Register Offset

PMECTR2_LO_3 524h

Function
{PMECTR2_HI, PMECTR2_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT2] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR3[SELEVT2] occurs.

69.4.1.38 Performance Monitor Event Counter (PMECTR3_HI_3)

Offset

Register Offset

PMECTR3_HI_3 528h

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT3] configuration.
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Diagram

Bits 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0

Fields

Field Function

7-0

ECTR

Event Counter

This is the the upper 8-bits of event1 counter. The value in this register increments each time the event 
selected in PMCR3[SELEVT3] occurs.

69.4.1.39 Performance Monitor Event Counter (PMECTR3_LO_3)

Offset

Register Offset

PMECTR3_LO_3 52Ch

Function
{PMECTR3_HI, PMECTR3_LO} is the 40-bit counter that counts the event selected by the PMCR3[SELEVT3] configuration.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R ECTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

ECTR

Event Counter

This is the the lower 32-bits of event1 counter. The The 40-bit value increments each time the event 
selected in PMCR3[SELEVT3] occurs.
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Chapter 70
Crossbar Switch (AXBS)
70.1 Chip-specific AXBS information
Table 602. Reference links to related information

Topic Related module Reference

Full description AXBS AXBS

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

70.1.1 Module instances
This device has two instances of the AXBS-Full module: AXBS0 and AXBS1 (XBAR-RTD and XBAR-AP). These instances have 
the programming registers.

Additionally, i.MX 8ULP also has two instances of AXBS-Lite module: XBAR_7x2 and XBAR_DSP. These instances don't have 
any programming registers. See Memory and Bus architecture chapter for details on AXBS configuration.

70.2 Overview
This section provides information on the layout, configuration, and programming of the crossbar switch.

The crossbar switch connects bus masters and bus slaves using a crossbar switch structure. This structure allows all bus masters 
to access different bus slaves simultaneously, while providing arbitration among the bus masters when they access the same 
slave. A variety of bus arbitration methods and attributes may be programmed on a slave-by-slave basis.

70.2.1 Features
• Symmetric crossbar bus switch implementation

— Allows concurrent access from different masters to different slaves

— Slave arbitration attributes configured on a slave-by-slave basis

• Single-clock 64-bit transfer

• Support for burst transfers of 64 bits of data

• Support for low-power park mode

• Master high-priority elevation

• 64-bit AHB crossbar bus switch compatible with ARM's AMBA Specification v2.0

70.3 Functional description
Information about general operation and arbitration are provided in this section.

70.3.1 General operation
When a master accesses the crossbar switch, the access is immediately taken. If the targeted slave port of the access is available, 
then the access is immediately presented on the slave port. Single-clock or zero-wait-state accesses are possible through the 
crossbar. If the targeted slave port of the access is busy or parked on a different master port, the requesting master sees wait 
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states inserted until the targeted slave port can service the master's request. The latency in servicing the request depends on each 
master's priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the master device does not know whether it 
owns the slave port it is targeting. The master waits while it does not have control of the slave port it is targeting.

After the master acquires control of the slave port, it controls the port until it relinquishes the port by running an IDLE cycle or by 
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes a request to the slave port. However, 
if the master is running a fixed-length burst transfer, it retains control of the slave port until that transfer completes.

The crossbar terminates all master IDLE transfers, as opposed to allowing the termination to come from one of the slave buses. 
Additionally, when no master is requesting access to a slave port, the crossbar drives IDLE transfers onto the slave bus, even 
though a default master may be granted access to the slave port.

When a slave bus is being idled by the crossbar, it can park the slave port on the master port indicated by CRSn[PARK]. This is 
done to save the initial clock of arbitration delay that otherwise would be seen if the same master had to arbitrate to gain control 
of the slave port. The slave port can also be put into low-power park mode to save power, by using CRSn[PCTL].

70.3.2 Register coherency
The operation of the crossbar is affected as soon as a register is written. The values of the registers do not track with 
slave-port-related master accesses, but instead track only with slave accesses.

70.3.3 Arbitration
The crossbar switch supports the following arbitration algorithms:

• Fixed priority

• Round-robin

The arbitration scheme is independently programmable for each slave port.

70.3.3.1 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level in the priority registers (PRSn). If two 
masters request access to the same slave port, the master with the highest priority in the selected priority register gains control 
over the slave port.

 
In this arbitration mode, a higher-priority master can monopolize a slave port, preventing access from any 
lower-priority master to the port.

  NOTE  

When a master makes a request to a slave port, the slave port checks whether the new requesting master's priority level is higher 
than that of the master that currently has control over the slave port, unless the slave port is in a parked state. The slave port 
performs an arbitration check at every clock edge to ensure that the master, if any, has control of the slave port.

The following table describes possible scenarios based on the requesting master port.

Table 603. Methods of how the crossbar switch grants control of a slave port to a master

When Then the crossbar switch grants control to the requesting 
master

Both of the following are true:

• The current master is not running a transfer.

At the next clock edge

Table continues on the next page...
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Table 603. Methods of how the crossbar switch grants control of a slave port to a master (continued)

When Then the crossbar switch grants control to the requesting 
master

• The new requesting master's priority level is higher than 
that of the current master.

Both of the following are true:

• The current master is running a fixed-length burst 
transfer or a locked transfer.

• The requesting master's priority level is higher than that 
of the current master.

At the end of the burst transfer or locked transfer

The requesting master's priority level is lower than the 
current master.

At the conclusion of one of the following cycles:

• An IDLE cycle

• A non-IDLE cycle to a location other than the current 
slave port

70.3.3.2 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on the master port number. This relative 
priority is compared to the master port number (ID) of the last master to perform a transfer on the slave bus. The highest priority 
requests the master owns the slave bus at the next transfer boundary, accounting for locked and fixed-length burst transfers. 
Priority is based on how far ahead the ID of the requesting master is of the ID of the last master.

After a master is granted access to a slave port, a master may perform as many transfers as desired to that port until another 
master requests the same slave port. The next master in line is granted access to the slave port at the next transfer boundary, or 
possibly on the next clock cycle, if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume that the crossbar is implemented with master ports 0, 1, 4, and 5. If the 
last master of the slave port was master 1, and masters 0, 4, and 5 make simultaneous requests, they are serviced in this order: 
4,5, and then 0.

Parking may continue to be used in a round-robin mode, but does not affect the round-robin pointer unless the parked master 
performs a transfer. Handoff occurs to the next master in line after one cycle of arbitration. If the slave port is put into low-power 
park mode, the round-robin pointer is reset to point at master port 0, giving it the highest priority.

70.3.3.3 Clocking

This module has no clocking considerations.

70.3.3.4 Interrupts

This module has no interrupts.

70.3.3.5 Priority assignment

Each master port must be assigned a unique 3-bit priority level. If an attempt is made to program multiple master ports with 
the same priority level within the priority registers (PRSn), the crossbar switch responds with a bus error and the registers are 
not updated.

70.4 External signals
This module has no external signals.
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70.5 Initialization/application information
No initialization is required for the crossbar switch.

Hardware reset ensures that all the register bits used by the crossbar switch are properly initialized to a valid state. However, the 
following settings and priorities may be programmed to achieve the maximum system performance:

• During the configuration of the crossbar switch, all other masters must be IDLE.

• To prevent reconfiguration of the crossbar switch, write 1 to CRSn[RO].

70.6 Memory map and register definition
Each slave port of the crossbar switch contains configuration registers. Read- and write transfers require two bus clock cycles. 
The registers can be read from and written to only in supervisor mode. Additionally, these registers can be read from or written 
to only by 32-bit accesses.

A bus error response is returned if an unimplemented location is accessed within the crossbar switch.

The CRSn and PRSn registers can be programmed as read-only to prevent changes to their configuration. After being read-only 
protected, future writes to them terminate with a data storage error.

 
This section shows the registers for all eight master and slave ports. If a master or slave is not used on this particular 
chip, then unexpected results occur when writing to its registers. See the chip configuration details for the exact 
master and slave assignments for your chip.

All references to the crossbar switch registers are based on the physical port connections.

  NOTE  

70.6.1 AXBS register descriptions

70.6.1.1 AXBS memory map

AXBS0 base address: 2800_0000h

AXBS1 base address: 2900_0000h

Offset Register Width

(In bits)

Access Reset value

0h Priority Slave Registers (PRS0) 32 RW See section

10h Control Register (CRS0) 32 RW 0002_0000h

100h Priority Slave Registers (PRS1) 32 RW See section

110h Control Register (CRS1) 32 RW 0002_0000h

200h Priority Slave Registers (PRS2) 32 RW See section

210h Control Register (CRS2) 32 RW 0002_0000h

300h Priority Slave Registers (PRS3) 32 RW See section

310h Control Register (CRS3) 32 RW 0002_0000h

400h Priority Slave Registers (PRS4) 32 RW See section

410h Control Register (CRS4) 32 RW 0002_0000h

500h Priority Slave Registers (PRS5) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

510h Control Register (CRS5) 32 RW 0002_0000h

600h Priority Slave Registers (PRS6) 32 RW See section

610h Control Register (CRS6) 32 RW 0002_0000h

700h Priority Slave Registers (PRS7) 32 RW See section

710h Control Register (CRS7) 32 RW 0002_0000h

70.6.1.2 Priority Slave Registers (PRS0 - PRS7)

Offset

Register Offset

PRS0 0h

PRS1 100h

PRS2 200h

PRS3 300h

PRS4 400h

PRS5 500h

PRS6 600h

PRS7 700h

Function

The priority slave registers(PRSn) set the priority of each master port on a per slave port basis and reside in each slave port. 
The priority register can be accessed only with 32-bit access. After the CRSn[RO] bit is set, the PRSn register can only be read; 
attempts to write to it have no effect on PRSn and result in a bus-error response to the master initiating the write.

Two available masters must not be programmed with the same priority level. Attempts to program two or more masters with the 
same priority level result in a bus-error response and the PRSn is not updated.

 
Valid values for the Mn priority fields depend on which masters are available on the chip. This information can be 
found in the chip-specific information for the crossbar.

• If the chip contains fewer than three masters, only one bit is valid.

• If the chip contains fewer than five masters, only two bits are valid.

• If five or more masters are present, all three bits of the priority field are used.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
M7 

0
M6 

0
M5 

0
M4 

W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
M3 

0
M2 

0
M1 

0
M0 

W

Reset See Register reset values.

Register reset values

Register Reset value

PRS0–PRS7 AXBS0: 1702_3456h
AXBS1: 0054_3210h

Fields

Field Function

31

—

Reserved

30-28

M7

Master 7 Priority

This field sets the arbitration priority for this port on the associated slave port.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

AXBS0 PRS0–PRS7 —

AXBS1 — PRS0–PRS7

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.
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Table continued from the previous page...

Field Function

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8 or lowest priority when accessing the slave port.

27

—

Reserved

26-24

M6

Master 6 Priority

This field sets the arbitration priority for this port on the associated slave port.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

AXBS0 PRS0–PRS7 —

AXBS1 — PRS0–PRS7

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8the or lowest priority when accessing the slave port.

23

—

Reserved

22-20

M5

Master 5 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

Table continues on the next page...
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Table continued from the previous page...

Field Function

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8 or lowest priority when accessing the slave port.

19

—

Reserved

18-16

M4

Master 4 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8 or lowest priority when accessing the slave port.

15

—

Reserved

14-12

M3

Master 3 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8the or lowest priority when accessing the slave port.

11

—

Reserved

10-8

M2

Master 2 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

Table continues on the next page...
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Table continued from the previous page...

Field Function

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8the or lowest priority when accessing the slave port.

7

—

Reserved

6-4

M1

Master 1 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8 or lowest priority when accessing the slave port.

3

—

Reserved

2-0

M0

Master 0 Priority

This field sets the arbitration priority for this port on the associated slave port.

000b - This master has level 1 or highest priority when accessing the slave port.

001b - This master has level 2 priority when accessing the slave port.

010b - This master has level 3 priority when accessing the slave port.

011b - This master has level 4 priority when accessing the slave port.

100b - This master has level 5 priority when accessing the slave port.

101b - This master has level 6 priority when accessing the slave port.

110b - This master has level 7 priority when accessing the slave port.

111b - This master has level 8 or the lowest priority when accessing the slave port.
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70.6.1.3 Control Register (CRS0 - CRS7)

Offset

Register Offset

CRS0 10h

CRS1 110h

CRS2 210h

CRS3 310h

CRS4 410h

CRS5 510h

CRS6 610h

CRS7 710h

Function

These registers control several features of each slave port and must be accessed using 32-bit accesses. After CRSn[RO] is set, 
the PRSn can only be read; attempts to write to it have no effect and results in an error response.

 
See the chip-specific crossbar information for the reset value of this register.

Not all HPE n fields may be active. See the chip-specific crossbar information for which masters support master 
high-priority elevation. Setting a field corresponding to a master that does not support master, high-priority 
elevation has no effect.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RO 
HLP 

0
HPE7 HPE6 HPE5 HPE4 HPE3 HPE2 HPE1 HPE0 

W 1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ARB 

0
PCTL 

0
PARK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

RO

Read Only

Forces the PRSn and CRSn registers to be read-only. After being set, only a hardware reset clears this field.

Table continues on the next page...

NXP Semiconductors
Crossbar Switch (AXBS)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4750 / 5781



Table continued from the previous page...

Field Function

0b - The CRSn and PRSn registers are writeable

1b - The CRSn and PRSn registers are read-only and cannot be written (attempted writes have 
no effect on the registers and result in a bus error response).

30

HLP

Halt Low Priority

This field sets the initial arbitration priority for low power-mode requests . Setting this bit will not affect 
the ,request for low power-mode from attaining the highest priority after it has control of the slave ports.

0b - The low-power mode request has the highest priority for arbitration on this slave port.

1b - The low-power mode request has the lowest initial priority for arbitration on this slave port.

29-24

—

Reserved

23

HPE7

High Priority Elevation 7

This field enables master high-priority elevation for master 7,on this slave port. If enabled, the master is 
able to elevate its priority to the highest.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

AXBS0 CRS0–CRS7 —

AXBS1 — CRS0–CRS7

0b - Master high-priority elevation for master 7. is disabled on this slave port.

1b - Master high-priority elevation for master 7. is enabled on this slave port.

22

HPE6

High Priority Elevation 6

This field enables master high-priority elevation for master 6, on this slave port. If enabled, the master is 
able to elevate its priority to the highest.

 
This field is not supported in every instance. The following table includes only 
supported registers.

  NOTE  

Instance Field supported in Field not supported in

AXBS0 CRS0–CRS7 —

AXBS1 — CRS0–CRS7
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Table continued from the previous page...

Field Function

Instance Field supported in Field not supported in

0b - Master high-priority elevation for master 6. is disabled on this slave port.

1b - Master high-priority elevation for master 6. is enabled on this slave port.

21

HPE5

High Priority Elevation 5

This field enables master high-priority elevation for master 5,on this slave port. If enabled, the master is 
able to elevate its priority to the highest.

0b - Master high-priority elevation for master 5. is disabled on this slave port.

1b - Master high-priority elevation for master 5. is enabled on this slave port.

20

HPE4

High Priority Elevation 4

This field enables master high-priority elevation for master 4,on this slave port. If enabled, the master 
can elevate its priority to the highest.

0b - Master high-priority elevation for master 4. is disabled on this slave port.

1b - Master high-priority elevation for master 4. is enabled on this slave port.

19

HPE3

High Priority Elevation 3

This field enables master high-priority elevation for master 3,on this slave port. If enabled, the master 
can elevate its priority to the highest.

0b - Master high-priority elevation for master 3. is disabled on this slave port.

1b - Master high-priority elevation for master 3. is enabled on this slave port.

18

HPE2

High Priority Elevation 2

This field enables master high-priority elevation for master 2, on this slave port. If enabled, the master 
can elevate its priority to the highest.

0b - Master high-priority elevation for master 2. is disabled on this slave port.

1b - Master high-priority elevation for master 2. is enabled on this slave port.

17

HPE1

High Priority Elevation 1

This field enables master high-priority elevation for master 1 on this slave port. If enabled, the master 
can elevate its priority to the highest.

0b - Master high-priority elevation for master 1. is disabled on this slave port.

1b - Master high-priority elevation for master 1. is enabled on this slave port.

16

HPE0

High Priority Elevation 0

This field enables master high-priority elevation for master 0,on this slave port. If enabled, the master 
can elevate its priority to the highest.

0b - Master high-priority elevation for master 0. is disabled on this slave port.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Master high-priority elevation for master 0. is enabled on this slave port.

15-10

—

Reserved

9-8

ARB

Arbitration Mode

This field selects the arbitration policy for the slave port.

00b - Fixed priority

01b - Round-robin (rotating) priority

10b - Reserved

11b - Reserved

7-6

—

Reserved

5-4

PCTL

Parking Control

This field determines the slave port's parking control. The low-power park feature results in an overall 
power savings if the slave port is not saturated; however, this forces an extra latency clock when any 
master tries to access the slave port when not in use because it is not parked on any master.

00b - When no master makes a request, the arbiter parks the slave port on the master port 
defined by the PARK bit field.

01b - When no master makes a request, the arbiter parks the slave port on the last master to be 
in control of the slave port.

10b - Low-power park. When no master makes a request, the slave port is not parked on a 
master and the arbiter drives all outputs to a constant safe state.

11b - Reserved

3

—

Reserved

2-0

PARK

Park

This field determines which master port the current slave port parks on when no masters are actively making 
requests and the PCTL bits are cleared.

 
Select only master ports that are present on the chip. Otherwise, undefined behavior 
might occur.

  NOTE  

000b - Park on master port M0

001b - Park on master port M1

010b - Park on master port M2

Table continues on the next page...
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Table continued from the previous page...

Field Function

011b - Park on master port M3

100b - Park on master port M4

101b - Park on master port M5

110b - Park on master port M6

111b - Park on master port M7

70.7 Glossary
AMBA Advanced Microcontroller Bus Architecture

IDLE A type of transfer that a master uses when it does not want to perform a data transfer

ID Master port number
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Chapter 71
Peripheral Bridge 2 (PBRIDGE2)
71.1 Chip-specific PBRIDGE information
Table 604. Reference links to related information

Topic Related module Reference

Full description PBRIDGE PBRIDGE0-5

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

71.1.1 Module instances
This device has 6 instances of the AIPS PBRIDGE module: PBRIDGE0-PBRIDGE5

71.2 Overview
PBRIDGE2 converts an AMBA AHB interface to a peripheral interface, which includes peripheral module enables that allow the 
controller to interface with multiple peripherals.

PBRIDGE2 includes:

• A configurable data path width (32-bit or 64-bit) for the AMBA AHB input bus.

• 8-, 16-, and 32-bit data path peripheral output buses.

Each peripheral bridge occupies a configurable amount of the address space, which is divided into either 128 slots of 4 KB or 
64 KB. It is possible that not all expansion slots are used. See the "Memory Map" chapter for details on slot assignments.

71.2.1 Features
• Supports expansion slots with 8-, 16-, and 32-bit data path width

• Includes separate clock enable inputs for each of the slots to accommodate slower peripherals

• Includes separate powered down inputs for each of the slots to accommodate powering down individual peripherals

71.2.2 Number of peripheral bridges
This chip contains 6 peripheral bridge(s).

71.3 Functional description
This section provides further information on the PBRIDGE2 operation. 

The peripheral bridge functions as a bus protocol translator between an AMBA AHB bus and the subordinate peripheral bus. 
The peripheral bridge manages all transactions destined for the attached subordinate devices and generates select signals for 
modules on the peripheral bus by decoding accesses within the attached address space.

PBRIDGE2 examines every valid AHB input access. If the access hits an expansion slot that is configured but not powered down 
and the access width is less than or equal to the slot data width, the access goes to that slot peripheral bus. If access to the 
slot is error-free on the slot peripheral bus, the AHB access is error-free too. If the AHB accesses an expansion slot that is not 
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configured, is powered down, has a width greater than the slot data width, or the access to the slot completes with an error on the 
slot peripheral bus, the AHB access terminates with a bus error.

71.3.1 Access support
PBRIDGE2 supports the following accesses:

• Aligned 32-bit, 16-bit, and byte accesses for 32-bit peripherals

• Aligned 16-bit and byte accesses for 16-bit peripherals

• Byte accesses for 8-bit peripherals

PBRIDGE2 performs all accesses to the peripherals with a single peripheral bus transfer. Resize all accesses to the expansion 
slots to be less than or equal to the designated expansion slot size. If the access attempt is larger than the targeted expansion 
slot size, PBRIDGE2 generates an AHB bus error response.

71.3.2 Clocking
This module has no clocking considerations.

71.3.3 Interrupts
This module has no interrupts.

71.4 External signals
This module has no external signals.

71.5 Initialization
This module does not require initialization.

71.6 Memory maps
Use peripheral bridges to access most of the peripheral module registers on this chip. See the "Memory Map" chapter for the 
memory slot assignment for each module.
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Chapter 72
Cache Controller (CAC)
72.1 Chip-specific CAC information
Table 605. Reference links to related information

Topic Related module Reference

Full description CAC CAC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

72.1.1 Module instances
This device has two instances of the CAC module: XCACHE0 and XCACHE1.

72.2 Overview
XCACHE is a general-purpose AMBA AHB bus protocol cache. XCACHE provides lower latency access to slower memories.

72.2.1 Block diagram

XCACHE

Control logic

Directory array

Data array

Data path

Address path

Cache control path

Bus

Write
buffer

AHB 32-bit data
output busAHB 32-bit data

input bus

AHB 32-bit
peripheral bus

AHB address
output busAHB address

input bus

Figure 459. Block diagram

72.2.2 Features
XCACHE is designed to work with AMBA AHB bus systems. It includes:
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• An AHB input bus. Accesses have cache mode attributes for cacheable copyback, cacheable write-through, or noncacheable 
mode operation and write bufferable mode operation on an access-by-access basis.

• 32-bit data path AHB output bus for downstream cache read miss, cache write-through write, and noncacheable accesses.

• Connections to tag and data RAMs to implement the cache functions.

• A peripheral interface for accessing the cache's programming model.

XCACHE includes the following AMBA_AHB buses:

• AHB input bus

• AHB output bus

72.3 Functional description
XCACHE is a block of high-speed memory locations that contains address information (commonly known as a tag) and its 
associated data. It decreases the average time of a memory access.

XCACHE operates on two principles of locality:

• Spatial locality — Access to one location possibly follows an access from adjacent locations (for example, sequential 
instruction execution or usage of a data structure).

• Temporal locality — Access to an area of memory possibly repeats within a short period of time (for example, execution of 
a code loop).

To minimize the quantity of control information stored, the spatial locality property groups several locations together, under the 
same tag. This logical block is commonly known as a cache line.

You achieve temporal locality by retaining recently accessed lines in the cache.

When data loads into a cache, access times for subsequent loads and stores are reduced, resulting in overall performance 
benefits. An access to information already in a cache is known as a cache hit, and other accesses are known as cache misses.

Normally, caches are self-managing, with the updates occurring automatically. Whenever the input bus wants to access a 
cacheable location, the cache is checked. If the access is a cache hit, the access occurs immediately. Otherwise, a location is 
allocated and the cache line is loaded from memory. Different cache topologies and access policies are possible. However, they 
must comply with the memory coherency model of the underlying architecture.

Caches introduce a number of potential problems, mainly because of:

• Memory accesses occurring at times other than when the programmer would normally expect them.

• The existence of multiple physical locations where a data item can be held.

72.3.1 Modes of operation

Table 606. Modes of operation

Mode Description

Write-Through Access to address spaces with this cache mode are cacheable.

• If all cacheable spaces are read-only spaces, then cache contains read-only 
data and all writes to the cache cause a fault. See the chip-specific cacheable 
space information.

• A read miss on the input bus causes a line read on the output bus of a 
16-byte-aligned memory address that contains the desired address. This 
miss data loads into the cache and marks as valid and not modified.

Table continues on the next page...
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Table 606. Modes of operation (continued)

Mode Description

• A read hit to a valid cache location returns data from the cache with no output 
bus access.

• A write miss bypasses the cache and writes to the output bus (no allocation 
on write-miss policy for Write-Through mode spaces).

• A write hit updates the cache hit line with the write data and writes to the 
output bus.

• The caches are input-bus-local and do not support hardware cache 
coherency. If the input bus accesses write-through regions and an external 
input bus (such as DMA), that needs to update these regions, you must first 
perform explicit cache clears to any needed cache memory range to ensure 
all modified cache lines update their associated memories before they are 
modified by external inputs, and subsequent cache input bus accesses get 
the updated memory.

Non-cacheable Access to address spaces with this cache mode are not cacheable. These 
accesses bypass the cache and access the output bus.

72.3.2 XCACHE function
XCACHE receives bus requests on the input bus.

You can access the programming model for the cache via the XCACHE's AMBA APB bus.

XCACHE then processes the cacheable accesses as needed, when bypassing the noncacheable, cache write-through, cache 
miss, and cache maintenance accesses to its output bus.

The cache on this chip is structured as follows. The cache has a 2-way set-associative cache structure with a total size of 32 
KB for the cache. The caches have 32-bit address and data paths and a 16-byte line size. The cache tags and data storage use 
single-port, synchronous RAMs.

The TAG contains the required upper address bits, a modify bit, a valid bit, and up to 8 bits of extended address attributes. The 
extended address attribute field has information such as the supervisor/user and/or domain ID of the accesses that loads this tag. 
If any extended address attribute bits are provided, for subsequent access that hit a valid tag but has different attributes, the cache 
coherently forces a miss so downstream memory protection logic can check the access.

For this 32 KB cache, each cache TAG function uses two 1024 x 20-bit RAM arrays or optionally two up to 1024 x 28-bit RAM 
arrays (if all 8 bits of the extended address attribute are used). The cache DATA function uses two 4096 x 32-bit RAM arrays. The 
cache TAG entries store 18 bits of upper address as well as a modified and valid bit per cache line, and any optional extended 
address attribute bits. The cache DATA entries store four bytes of code or data.

All normal cache accesses use physical addresses. This leads to the use of the following cache address:

CACHE - 32 KB size = (1024 sets) x (16-byte lines) x (2-way set associative)

Table 607. Tag cache address use

Tag cache address use Cache

Tag hit address range Address[31:14]

Tag set select address range Address[13:4] selects 1 of 1024 sets

Not used Address[3:0]
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Table 608. Data cache address use

Data cache address use System cache

Not used Address[31:14]

Data set select address range Address[13:4] used to select one of 1024 sets

32-bit word select Address[3:2] used to select one of four 32-bit words within a 
set

Byte select Address[1:0] used to select the byte within the 32-bit word

72.3.3 XCACHE control
The cache is disabled at reset. Cache tag and data arrays are not cleared at reset. Therefore, to enable and configure the cache, 
you must clear the cache commands and initialize the required tag array.

72.3.3.1 XCACHE set commands

The XCACHE set commands may operate on:

• All of way 0

• All of way 1

• All of both ways (complete cache)

Cache set commands are initiated using the upper bits in Cache Control (CCR). Cache set commands perform their operation on 
the cache independent of CCR[ENCACHE].

You initiate a cache set command by writing 1 to CCR[GO]. This field also acts as a busy bit for set commands. This field remains 
1 when the command is active, and XCACHE writes 0 to it after the set command completes.

Supported cache set commands are provided in Table 609. Following are the set commands:

• Invalidate − Unconditionally clears valid and modify bits of a cache entry.

• Push − Pushes a cache entry if it is valid and modified, then clears the modify bit. If the entry is not valid or not modified, 
leave it as is.

• Clear − Pushes a cache entry if it is valid and modified, then clears the valid and modify bits. If the entry is not valid or not 
modified, clear the valid bit.

Table 609. Cache set commands

Cache Control (CCR)[27:24] Command

CCR[PUSH
W1]

CCR[INVW
1]

CCR[PUSH
W0]

CCR[INVW
0]

0 0 0 0 NOP

0 0 0 1 Invalidate all way 0

0 0 1 0 Push all way 0

0 0 1 1 Clear all way 0

0 1 0 0 Invalidate all way 1

0 1 0 1 Invalidate all way 1; invalidate all way 0 (invalidate cache)

0 1 1 0 Invalidate all way 1; push all way 0

Table continues on the next page...
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Table 609. Cache set commands (continued)

Cache Control (CCR)[27:24] Command

CCR[PUSH
W1]

CCR[INVW
1]

CCR[PUSH
W0]

CCR[INVW
0]

0 1 1 1 Invalidate all way 1; clear all way 0

1 0 0 0 Push all way 1

1 0 0 1 Push all way 1; invalidate all way 0

1 0 1 0 Push all way 1; push all way 0 (push cache)

1 0 1 1 Push all way 1; clear all way 0

1 1 0 0 Clear all way 1

1 1 0 1 Clear all way 1; invalidate all way 0

1 1 1 0 Clear all way 1; push all way 0

1 1 1 1 Clear all way 1 and way 0 (clear cache)

After a reset, complete an invalidate cache command before using the cache. It is possible to combine the cache invalidate 
command with the cache enable. That is, writing 8500_0001h to Cache Control (CCR) invalidates the cache and enables 
the cache.

72.3.3.2 XCACHE line commands

XCACHE line commands operate on a single line in the cache at a time. You can perform cache line commands using a physical 
or cache address that consists of a set address and a way select. The line command acts on the specified cache line.

Cache line commands with physical addresses first search both ways of the cache set specified by the following physical address 
bits. If they hit, the commands perform their action on the hit way: For cache -

You specify cache line commands using the upper bits in Cache Line Control (CLCR). Cache line commands perform their 
operation on the cache independent of CCR[ENCACHE]. Using a cache address, the command can be specified using Cache 
Line Control (CLCR). Using a physical address, the command must also use Cache Search Address (CSAR) to specify the 
physical address.

You can initiate a line cache command by writing 1 to CLCR[LGO] or CSAR[LGO]. This field also acts a busy bit for line commands. 
This field remains 1 when the command is active and XCACHE writes 0 to it after the command completes.

Table 610. Cache line commands

Cache Line Control (CLCR)[27:24] Command

CLCR[LACC] CLCR[LADSEL] CLCR[LCMD]

0 0 00 Search by cache address and way

0 0 01 Invalidate by cache address and way

0 0 10 Push by cache address and way

0 0 11 Clear by cache address and way

0 1 00 Search by physical address

0 1 01 Invalidate by physical address

0 1 10 Push by physical address

Table continues on the next page...
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Table 610. Cache line commands (continued)

Cache Line Control (CLCR)[27:24] Command

CLCR[LACC] CLCR[LADSEL] CLCR[LCMD]

0 1 11 Clear by physical address

1 0 00 Write by cache address and way

1 0 01 Reserved, NOP

1 0 10 Reserved, NOP

1 0 11 Reserved, NOP

1 1 xx Reserved, NOP

72.3.3.2.1 Executing a series of line commands using cache addresses

You can perform a series of line commands with incremental cache addresses by writing to Cache Line Control (CLCR).

• Place the command in the following fields of Cache Line Control (CLCR):

— LACC

— LADSEL

— LCMD

• Write 1 to CLCR[WSEL] and CLCR[TDSEL] as required.

• Place the cache address in CLCR[CACHEADDR].

• Write 1 to CLCR[LGO].

After one line command completes, follow these steps to initiate the next command:

• Increment the cache address (at bit 2 to step through data or at bit 4 to step through lines).

• Write 1 to CLCR[LGO].

72.3.3.2.2 Executing a series of line commands using physical addresses

You can perform a series of line commands with incremental physical addresses using the following steps:

• Write to Cache Line Control (CLCR).

— Place the command in the following fields of Cache Line Control (CLCR):

◦ LACC

◦ LADSEL

◦ LCMD

— Write 1 to CLCR[TDSEL]

• Place the physical address in CSAR[PHYADDR] and write 1 to CSAR[LGO].

After one line command completes, follow these steps to initiate the next command:

• Increment the physical address (at bit 2 to step through data or at bit 4 to step through lines).

• Write 1 to CSAR[LGO].

Cache Line Control (CLCR) and Cache Search Address (CSAR) both contains the field called LGO. Therefore, you can complete 
the above steps in a single write to Cache Search Address (CSAR).
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72.3.3.2.3 Line command results

At completion of a line command, Cache Line Control (CLCR) contains information on the initial state of the line targeted by the 
command. For line commands with cache addresses, read this information before performing a line command action from the 
targeted cache line. For line commands with physical addresses, read this information on a hit before performing a line command 
action from the hit cache line or has initial valid bit cleared if the command misses. In general, if CLCR[LCIVB] becomes 0, the 
targeted line is invalid at the start of the line command and no line operation is performed.

Table 611. Line command results

Cache Line Control (CLCR)[22:20] For cache address commands For physical address commands

CLCR[LCWAY] CLCR[LCIMB] CLCR[LCIVB]

0 0 0 Way 0 line is invalid No hit

0 0 1 Way 0 valid and not modified Way 0 valid and not modified

0 1 0 Way 0 line is invalid No hit

0 1 1 Way 0 valid and modified Way 0 valid and modified

1 0 0 Way 1 line is invalid No hit

1 0 1 Way 1 valid and not modified Way 1 valid and not modified

1 1 0 Way 1 line is invalid No hit

1 1 1 Way 1 valid and modified Way 1 valid and modified

On completion of a line command other than a write, Cache Read/Write Value (CCVR) contains information on the initial state 
of the line tag or data targeted by the command. For line commands, CLCR[TDSEL] selects between tag and data. If the line 
command used a physical address and missed, the data is don't care. For write commands, Cache Read/Write Value (CCVR) 
holds the write data.

The cache does not have line lock capability.

72.3.4 Clocks
XCACHE uses the AHB input bus clock.

72.3.5 Interrupts
XCACHE has no interrupts.

72.4 External signals
XCACHE has no external signals.

72.5 Initialization

To configure and enable the cache, you must perform XCACHE commands to clear and initialize the required tag array fields. See 
the following sequence:

• To enable the cache after reset with the write buffer also enabled, write 8500_0003h to Cache Control (CCR). After you write 
CCR[GO], it initiates the cache command that the following fields in Cache Control (CCR) specify:

— PUSHW1

— INVW1

— PUSHW0
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— INVW0

CCR[27:24] indicates a command of clear all entries in both cache ways, CCR[ENWRBUF] enables the write buffer, and 
CCR[ENCACHE] enables the cache. See XCACHE control for more information.

• To enable the cache after reset with the write buffer disabled, write 8500_0001h to Cache Control (CCR). After you write 
CCR[GO], it initiates the cache command that the following fields in Cache Control (CCR) specify:

— PUSHW1

— INVW1

— PUSHW0

— INVW0

CCR[27:24] indicates a command of clear all entries in both cache ways, and CCR[ENCACHE] enables the cache. See 
XCACHE control description for more information.

72.6 Application information
XCACHE provides low-latency access to instructions or data. This decouples processor performance from system memory 
performance, increasing bus availability for other modules, and improving system performance.

72.7 Memory map and registers
The XACHE programming model provides various registers for configuring and controlling the cache, as well as indirect access 
paths to all cache tag and data storage.

 
The XCACHE registers are accessible in Supervisor mode only.

  NOTE  

72.7.1 XCACHE register descriptions

72.7.1.1 XCACHE memory map

CAC0 base address: 2804_6000h

CAC1 base address: 2804_6800h

Offset Register Width

(In bits)

Access Reset value

0h Cache Control (CCR) 32 RW 0000_0000h

4h Cache Line Control (CLCR) 32 RW 0000_0000h

8h Cache Search Address (CSAR) 32 RW 0000_0000h

Ch Cache Read/Write Value (CCVR) 32 RW 0000_0000h

72.7.1.2 Cache Control (CCR)

Offset

Register Offset

CCR 0h
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Function

Configures the cache control.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
GO 

0 PUSH
W1 

INVW1 
PUSH

W0 
INVW0 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FRCN
OAL...

FRCW
T 

Reserv
ed 

ENCA
CHE W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

GO

Initiate Cache Command

Initiates the cache command that CCR[PUSHW1], CCR[INVW1], CCR[PUSHW0], and CCR[INVW0] 
indicate, if you write 1 to this field. Reading this field indicates whether a command is active.

 
This field remains 1 until the command completes. Writing 0 has no effect.

  NOTE  

0b - Write: no effect. Read: no cache command active

1b - Write: initiates command; Read: cache command active

30-28

—

Reserved

27

PUSHW1

Push Way 1

0b - No operation

1b - When you write 1 to GO, push all modified lines in way 1

26

INVW1

Invalidate Way 1

 
If CCR[PUSHW1] and CCR[INVW1] are 1, then after you write 1 to CCR[GO], this field 
pushes all modified lines in way 1 and invalidates all lines in way 1 (clear way 1).

  NOTE  

0b - No operation

1b - When you write 1 to GO, invalidates all lines in way 1

25

PUSHW0

Push Way 0

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No operation

1b - When you write 1 to GO, push all modified lines in way 0

24

INVW0

Invalidate Way 0

 
If CCR[PUSHW0] and CCR[INVW0] are 1, then after you write 1 to CCR[GO], this field 
pushes all modified lines in way 0 and invalidates all lines in way 0 (clear way 0).

  NOTE  

0b - No operation

1b - When you write 1 to GO, invalidates all lines in way 0.

23-4

—

Reserved

3

FRCNOALLC

Forces No Allocation on Cache Misses

0b - Allocation on cache misses

1b - Forces no allocation on cache misses (must also have FRCWT asserted)

2

FRCWT

Force Write Through Mode

Specifies whether all cacheable spaces to write through are forced.

0b - Does not force

1b - Force

1

—

Reserved Always write 0 to this field to maintain compatibility.

0

ENCACHE

Cache Enable

Enables the cache.

0b - Disable

1b - Enable

72.7.1.3 Cache Line Control (CLCR)

Offset

Register Offset

CLCR 4h

Function

Defines the specific line-sized cache operations that you perform using a specific cache line address or a physical address.

If you specify the physical address, you can search cache in both the ways, and the command only performs on the way that hits.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
LACC 

LADS
EL 

LCMD 
Reserv

ed 
LCWA

Y 
LCIMB LCIVB 

0
TDSEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
WSEL CACHEADDR 

0
LGO 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27

LACC

Line Access Type

0b - Read

1b - Write

26

LADSEL

Line Address Select

Specifies the address (cache or physical).

When using the cache address, the way must also be specified in CLCR[WSEL].

When using the physical address, both ways are searched and the command is performed only if a hit.

0b - Cache address

1b - Physical address

25-24

LCMD

Line Command

00b - Search and read or write

01b - Invalidate

10b - Push

11b - Clear

23

—

Reserved

22

LCWAY

Line Command Way

Indicates the way that the line command uses.

Applies only if CLCR[LCIVB] = 1.

21 Line Command Initial Modified

Table continues on the next page...
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Table continued from the previous page...

Field Function

LCIMB Specifies the initial state of the modified bit.

If the command uses cache address and way, then this field shows the initial state of the modified bit.

If the command uses physical address and a hit, then this field shows the initial state of the modified bit. If 
a miss, this field reads zero.

20

LCIVB

Line Command Initial Valid

Specifies the initial state of the valid bit.

If the command uses cache address and way, then this field shows the initial state of the valid bit.

If the command uses physical address and a hit, then this field shows the initial state of the valid bit. If a miss, 
this field reads zero.

19-17

—

Reserved

16

TDSEL

Tag or Data Select

Selects tag or data for search and read or write commands.

0b - Data

1b - Tag

15

—

Reserved

14

WSEL

Way Select

Selects the way for line commands.

0b - Way 0

1b - Way 1

13-2

CACHEADDR

Cache Address

Represents bits [13:2] of the cache address:

CLCR [13:4] accesses the tag arrays.

CLCR [13:2] accesses the data arrays.

1

—

Reserved

0

LGO

Initiate Cache Line Command

Initiates the cache command that CLCR[LCMD], CLCR[LADSEL], and CLCR[LACC] indicate, if you write 1 
to this field. Reading this field indicates whether a line command is active.

 
This field remains 1 until the command completes. Writing 0 has no effect.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field is shared with CSAR[LGO]

  NOTE  

0b - Write: no effect. Read: no line command active.

1b - Write: initiate line command. Read: line command active.

72.7.1.4 Cache Search Address (CSAR)

Offset

Register Offset

CSAR 8h

Function

Defines the explicit cache address or the physical address for line-sized commands specified in CLCR[LADSEL].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHYADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHYADDR 

Reserv
ed 

LGO 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2

PHYADDR

Physical Address

Represents bits [31:2] of the system address.

CSAR [31:14] is used for tag compare.

CSAR [13:4] accesses the tag arrays.

CSAR [13:2] accesses the data arrays.

1 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

0

LGO

Initiate Cache Line Command

Initiates the cache line command that CLCR[LCMD], CLCR[LADSEL], and CLCR[LACC] indicate. Reading 
this field indicates whether a line command is active.

 
This field remains 1 until the command completes. Writing 0 has no effect.

  NOTE  

 
This field is shared with CLCR[LGO]

  NOTE  

0b - Write: no effect. Read: no line command active.

1b - Write: initiate line command. Read: line command active.

72.7.1.5 Cache Read/Write Value (CCVR)

Offset

Register Offset

CCVR Ch

Function

Sources write data or return read data for the commands specified in Cache Line Control (CLCR).

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

DATA

Cache Read/Write Data

Specifies the data that you want to read or write during tag search or data search.

For tag search, read or write:

• CCVR [31:14] for tag array R/W value.

• CCVR [13:4] for tag set address on reads; unused on writes.

• CCVR[3:2] are reserved.

• CCVR[1] tag modify bit.

• CCVR[0] tag valid bit.

For data search, read or write:

• CCVR[31:0] for data array R/W value.
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Chapter 73
Ultra Secured Digital Host Controller (uSDHC)
73.1 Chip-specific uSDHC information
Table 612. Reference links to related information

Topic Related module Reference

Full description uSDHC uSDHC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

73.1.1 Module instances
This device has three instances of the USDHC module: uSDHC0, uSDHC1, and uSDHC2.

All 3 instances meet maximum target frequency for supported SD and eMMC modes:

50 MHz (SD SDR25 or DDR50 mode)

100 MHz (SD SDR50 mode)

208 MHz (SD SDR104 mode)

52 MHz (eMMC High-Speed SDR or DDR mode)

200 MHz (eMMC HS200 mode, single data rate)

200 MHz (eMMC HS400 mode, double data rate)

73.2 Overview
uSDHC provides the interface between the host system and the eMMC, SD card, and SDIO as shown in Figure 461. The module 
acts as a bridge, passing host bus transactions to the eMMC, SD card, and SDIO by sending commands and performing data 
accesses to/from the cards. It handles the SD card/SDIO/eMMC protocols at the transmission level.

73.2.1 Block diagram
The following figure illustrates the block diagram for uSDHC. Dual port SRAM is FIFO for write/read. For more information, see 
Data buffer.
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Figure 460. uSDHC block diagram

The figure below shows the System connection of uSDHC:

eMMC/SD/SDIO

Host Controller

DMA Interface IP Bus

eMMC 

SD Card

SDIO

IP Bus
Power Supply

AXI Bus

Transceiver
Card
Slot

Figure 461. System connection of uSDHC

The following are brief descriptions of the cards supported by uSDHC:

• The Embedded MultiMediaCard (eMMC) is a universal low-cost data storage and communication media designed to cover 
a wide array of applications including mobile video and gaming. Previous eMMC were based on a 7-pin serial bus with a 
single data pin, while the new high speed eMMC communication is based on an advanced 11-pin serial bus designed to 
operate in the low-voltage range.

• The Secure Digital Card (SD) is an evolution of the old eMMC technology. It is specifically designed to meet the security, 
capacity, performance, and environmental requirements inherent in newly emerging audio and video consumer electronic 
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devices. The physical form factor, pin assignment, and data transfer protocol are backward compatible with the old eMMC 
(with some additions).

• Under the SD protocol, system connection can be categorized into memory card, I/O card, and combo card, which have 
both memory and I/O functions. The memory card invokes a copyright protection mechanism that complies with the 
security of the SDMI (Secure Digital Music Initiative) standard. The I/O card, which is also known as SDIO, provides 
high-speed data I/O with low-power consumption for mobile electronic devices.

73.2.2 Features
The list given below shows the features of the uSDHC module:

• Conforms to the SD Host Controller Standard Specification version 2.0/3.0

• Compatible with the eMMC System Specification version 4.2/4.3/4.4/4.41/4.5/5.0/5.1

• Compatible with the SD Memory Card Specification version 3.0 and supports the Extended Capacity SD Memory Card

• Compatible with the SDIO Specification version 2.0/3.0

• Designed to work with SD Memory, miniSD Memory, SDIO, miniSDIO, SD Combo, eMMC, MMC plus, and MMC RS 
cards

• For card bus clock frequency: See the product Data Sheet for the clock frequency of each supported mode.

• Supports 1-bit/4-bit SD and SDIO modes, and 1-bit/4-bit/8-bit eMMC modes

— Up to 832 Mbps of data transfer for SDIO using four parallel data lines in the Single Data Rate (SDR) mode

— Up to 400 Mbps of data transfer for SDIO using four parallel data lines in the Dual Data Rate (DDR) mode

— Up to 832 Mbps of data transfer for SDXC cards using four parallel data lines in the Single Data Rate (SDR) mode

— Up to 400 Mbps of data transfer for SDXC card using four parallel data lines in the Dual Data Rate (DDR) mode

— Up to 1600 Mbps of data transfer for eMMC using eight parallel data lines in the Single Data Rate (SDR) mode

— Up to 3200 Mbps of data transfer for eMMC using eight parallel data lines in the Dual Data Rate (DDR) mode

• Supports single block/multi-block read and write

• Supports block sizes of 1 ~ 4096 bytes

• Supports the write protection switch for write operations

• Supports both synchronous and asynchronous abort

• Supports pause during the data transfer at block gap

• Supports SDIO Read Wait and Suspend Resume operations

• Supports Auto CMD12 for multi-block transfer

• Host can initiate non-data transfer command while data transfer is in progress

• Allows cards to interrupt the host in 1-bit and 4-bit SDIO modes; also supports interrupt period

• Embodies two fully configurable 128x32-bit FIFO for read/write data

• Supports internal DMA capabilities

• Supports voltage selection by configuring vendor-specific register bit

• Supports Advanced DMA to perform linked memory access

• Supports Command Queue mechanism

 
This block can support all the above-listed speed mode and maximum data throughput. However, these may be 
specific to the device. See the corresponding chip-specific information or the device data sheet for accurate details.

  NOTE  
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73.3 Functional description
The following sections provide a brief functional description of the major system blocks, including the data buffer, DMA AXI 
interface, register bank as well as IP Bus interface, dual-port memory wrapper, data/command controller, clock and reset 
manager, and clock generator.

73.3.1 Modes and operations

73.3.1.1 Data transfer modes

The uSDHC module can select the following modes for data transfer:

• SD 1-bit

• SD 4-bit

• eMMC 1-bit

• eMMC 4-bit

• eMMC 8-bit

• Identification mode (up to 400 kHz)

• eMMC full-speed mode (up to 26 MHz)

• eMMC high-speed mode (up to 52 MHz)

• eMMC HS200 mode(up to 200 MHz)

• eMMC HS400 mode (200 MHz both edges)

• eMMC DDR mode (52 MHz both edges)

• SD card or SDIO full-speed mode (up to 25 MHz)

• SD card or SDIO high-speed mode (up to 50 MHz)

• SD card or SDIO UHS-I mode (up to 208 MHz in SDR mode, up to 50 MHz in the DDR mode)

 
This block can support all the above listed speed mode and maximum clock frequency. However, these may be 
specific to the device. See the corresponding chip-specific information or the device data sheet for accurate details.

  NOTE  

73.3.2 Data buffer
The uSDHC module uses one configurable data buffer to transfer data between the system bus (IP bus or advanced 
extensible interface (AXI) bus) and the SD card in an optimized manner, maximizing throughput between the two clock 
domains (IP peripheral clock and the master clock). The buffer is used as a temporary storage for transferring data between 
the host system and the card. The watermark levels for read and write are both configurable and can range between 1 to 
128 words. When using internal DMA mode, The watermark level for read should be configured to 16 and watermark level for 
write should be configured to integral multiple of 16 to get max AXI bus throughput. The next figure provides the uSDHC buffer 
scheme as buffer control and buffer RAM wrapper.
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Figure 462. uSDHC buffer scheme

Here are 2 transfer modes to access the data buffer:

• CPU polling mode:

— For a host-read operation, when the number of words received in the buffer meets or exceeds the RD_WML 
watermark value, by polling the BRR bit, the host driver can read the Buffer Data Port register to fetch the amount 
of words set in the RD_WML register from the buffer. The write operation is similar. For more information on the 
process of writing operation, see Write operation sequence.

• Internal DMA mode (includes simple and advanced DMA accesses):

— The internal DMA access, either by simple or advanced DMA, is over the AXI bus.

For a read operation, when there are more words in the buffer than the amount set in WTMK_LVL[RD_WML], the internal DMA 
starts fetching data over the AXI bus.

The Write operation functions in a similar manner—sequential and contiguous access is necessary to ensure that the pointer 
address value is correct. Random or skipped access is not possible. The byte order, by reset, is little endian mode. The actual 
byte order is swapped inside the buffer, according to the endian mode configured by software (see the following figures). For a 
host write operation, the byte order is swapped after the data is fetched from the buffer and ready to send to the SD Bus. For a 
host read operation, the byte order is swapped before the data is stored in the buffer.

31-24 23-16 15-8 7-0System IP Bus or System AXI Bus

7-0 15-8 23-16 31-24uSDHC Data buffer

Figure 463. Data swap between system bus and uSDHC data buffer in the byte little endian mode

15-8 7-0 31-24 23-16System IP Bus or System AXI Bus

7-0 15-8 23-16 31-24uSDHC Data buffer

Figure 464. Data swap between system bus and uSDHC data buffer in half word big endian mode

73.3.2.1 Write operation sequence

There are 2 ways to write data into the buffer when the user transfers data to the card:
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• Processor core polling through the BWR bit in the Interrupt Status register (interrupt or polling)

• Internal DMA

When the internal DMA is not used, the DMAEN bit in the Transfer Type register is not set when the command is sent, uSDHC 
asserts a DMA request when the amount of buffer space exceeds the value set in WTMK_LVL[WR_WML] and is ready for 
receiving new data. At the same time, uSDHC sets the BWR bit. The buffer write ready interrupt is generated if it is enabled 
by software.

When internal DMA is used, uSDHC does not inform the system before all the required number of bytes are transferred (if no error 
is encountered). When an error occurs during the data transfer, uSDHC aborts the data transfer and abandons the current block. 
The host driver should read the contents of the DMA System Address register to obtain the starting address of the abandoned data 
block. If the current data transfer is in multi-block mode, uSDHC does not automatically send CMD12, even though the AC12EN 
bit in the Transfer Type register is set. The host driver sends CMD12 in this scenario and restarts the write operation from that 
address. It is recommended that a software reset for Data be applied before the transfer is restarted.

The uSDHC module does not start data transmission until the buffer has been filled with the number of words set in the WR_WML 
register. If the buffer is empty and the host system does not write data in time, uSDHC stops the CLK to avoid the data buffer 
underrun situation.

73.3.2.2 Read operation sequence

There are 2 ways to read data from the buffer when the data is received from the card:

• Processor core polling through the BRR bit in the Interrupt Status register (interrupt or polling)

• Internal DMA

When internal DMA is not used (DMAEN bit in Transfer Type register is not set when the command is sent), uSDHC asserts a DMA 
request when the amount of data exceeds the value set in the RD_WML register, which is available and ready for system fetching 
data. At the same time, uSDHC sets the BRR bit. The buffer read ready interrupt is generated if it is enabled by the software.

When internal DMA is used, uSDHC does not inform the system before all the required number of bytes are transferred (if no error 
is encountered). When an error occurs during the data transfer, uSDHC aborts the data transfer and abandons the current block. 
The host driver should read the content of the DMA System Address register to get the starting address of the abandoned data 
block. If the current data transfer is in multi-block mode, uSDHC does not automatically send CMD12, even though the AC12EN 
bit in the Transfer Type register is set. The host driver sends CMD12 in this scenario and restarts the read operation from that 
address. It is recommended that a software reset (in register RSTD) for data be applied before the transfer is restarted.

For any read transfer mode, uSDHC does not start data transmission until the number of words set in the RD_WML register 
are in buffer. If the buffer is full and the host system does not read data in time, uSDHC stops the CLK to avoid the data buffer 
overrun situation.

73.3.2.3 Data buffer and block size
In the uSDHC module, the data buffer can hold up to 256 words (32-bit) and the watermark levels for write and read can be 
configured accordingly. The user needs to know the buffer size for the buffer operation during a data transfer to utilize it in the 
most optimized way. The host driver may configure the value according to the system and requirement.

During a multi-block data transfer, the block length can be set to any value between 1 and 4096 bytes, satisfying the requirements 
of the external card. The only restriction is from the external card, which can be limited in size or support of a partial block access 
(which is not the integer times of 512 bytes). That means, the largest block size is 512 bytes.

As uSDHC treats each block individually, for block sizes which are not multiples of four (not word-aligned), stuffed bytes are 
required at the end of each block. For example, if the block size is 7 bytes and there are 12 blocks to write, the software side must 
write twice for each block. For each block, the ending byte is abandoned by uSDHC because it only sends 7 bytes to the card and 
picks data from the following system write, resulting in 24 beats of write access in total.

73.3.2.4 Dividing large data transfer

This SDIO command CMD53 definition limits the maximum data size of data transfers according to the following formula:
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Max data size = Block size x Block count

The length of a multiple block transfer needs to be in multiples of block size. If the total data length cannot be divided evenly into a 
multiple of the block size, then there are two options to transfer the data. These two options depend on the function and the card 
design. Option 1 is for the host driver to split the transaction. The remainder of the block size data is then transferred by using a 
single block command at the end. Option 2 is to add dummy data in the last block to fill the block size. For option 2, the card must 
manage the removal of the dummy data. Only for write, uSDHC sends data to the card.

See Figure 465 for an example showing the division of large data transfers, assuming a kind of WLAN SDIO that only supports 
a block size of up to 64 bytes. Although uSDHC supports a block size of up to 4096 bytes, SDIO can only accept a block size of 
less than 64 bytes, so the data must be divided (see the example below).

802.11
MAC Header IV Frame Body ICV FCS

544 Bytes WLAN Frame

-----Data
64 bytes

Data
64 bytes

Data
64 bytes

Data
32 bytes

-----SDIO Data
block #1

SDIO Data
block #2

SDIO Data
block #8

SDIO Data
32 bytes

WLAN Frame is divided equally into 64 byte blocks plus the remainder 32 bytes

-----SDIO Data
block #1

SDIO Data
block #2

SDIO Data
block #8 CMD 53CMD 53 SDIO Data

32 bytes

Eight 64 byte blocks are sent in Block Transfer mode and the
remainder 32 bytes are sent in Byte Transfer mode

Figure 465. Example for dividing large data transfers

73.3.3 DMA AXI interface
The internal DMA implements a DMA engine and the AXI master. When the internal DMA is enabled, but the BWR and BRR 
bits are set if the BWRSEN and BRRSEN bits have been set in the Interrupt Status Enable register. See Figure 466 for an 
illustration of the DMA AXI interface block.
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AXI
Interface

Master
Logic

DMA
Engine

uSDHC Registers

Buffer Control

System Address

R/W Indication

Error Indication

Data Exchange

AXI signal
cluster

DMA Request

Figure 466. DMA AXI interface block

73.3.3.1 Internal DMA request

If the watermark level requirement is met in data transfer or if the last data of current block is ready in the data buffer, and the 
Internal DMA is enabled, the data buffer block sends a DMA request to AXI interface.

The delay in response from the internal DMA engine depends on the system AXI bus loading and the priority assigned to uSDHC. 
The DMA engine does not respond to the request during its burst transfer, but is ready to serve as soon as the burst is over. The 
data buffer de-asserts the request if the data buffer space (for write) or bytes in data buffer is smaller than the watermark level. 
Upon access to the buffer by internal DMA, the data buffer updates its internal buffer pointer, and when the watermark level is 
satisfied or the last data of the current block is ready in the data buffer, another DMA request is sent.

The data transfer is in the block unit, and the subsequent watermark level is always automatically set as the remaining number 
of words. For instance, for a multi block data read with each block size of 31 bytes, and the watermark level set to six words (24 
bytes). After the first burst transfer, if there are greater than or equal to two words in the buffer, which might contain some data of 
the next block), another DMA request is sent. This is because the remaining number of words to transfer for the current block is 
ceiling((31 - 6 * 4) / 4) = 2. The uSDHC module reads two words out of the buffer, with seven valid bytes and one stuffed byte.

73.3.3.2 AXI master interface
It is possible that the internal AXI DMA engine could fail during the data transfer. Upon detection of an AXI bus error during 
DMA transfer, the DMA engine stops the transfer and goes to the idle state. At that point, the internal data buffer stops 
receiving incoming data and sending out data. The DMAE bit in the Interrupt Status register is generated to host CPU to report 
a bus error condition.

After the DMAE interrupt is received, the software sends a CMD12 to abort the current transfer and read the DS_ADDR bits of the 
DMA System Address register to get the starting address of the corrupted block. After the DMA error is fixed, the software should 
apply a data reset and restart the transfer from this address to recover the corrupted block.

73.3.3.3 ADMA engine
In the SD host controller standard, a new DMA transfer algorithm called the Advanced DMA (ADMA) is defined. For simple 
DMA, after the page boundary is reached, a DMA interrupt is generated and the new system address is programmed by the 
host driver. The ADMA defines the programmable descriptor table in the system memory. The host driver can calculate the 
system address at the page boundary and program the descriptor table before executing ADMA. It reduces the frequency of 
interrupts to the host system. Therefore, higher speed DMA transfers could be realized because the host MCU intervention is 
not be needed during long DMA-based data transfers.

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4779 / 5781



There are two types of ADMA in host controller: ADMA1 and ADMA2. ADMA1 can support data transfer of 4KB aligned data in 
system memory, and ADMA2 eliminates the restriction so that the data of any location and any size can be transferred in system 
memory. Their formats of Descriptor Table are different.

ADMA can recognize all kinds of descriptors defined in SD host controller Standard, and if the "End" flag is detected in the 
descriptor, ADMA stops after this descriptor is processed.

73.3.3.3.1 ADMA concept and descriptor format

ADMA1 includes the following descriptors:

• Valid/invalid descriptor

• Nop descriptor

• Set data length descriptor

• Set data address descriptor

• Link descriptor

• Interrupt flag and end flag in descriptor

ADMA2 includes the following descriptors:

• Valid/invalid descriptor

• Nop descriptor

• Rsv descriptor (new in ADMA2)

• Set data length and address descriptor

• Link descriptor

• Interrupt flag and end flag in descriptor

ADMA starts read/write operation after it reaches the tran state, using the data length and data address analyzed from most 
recent descriptor(s).

For ADMA1, the valid data length descriptor is the last set type descriptor before the tran type descriptor. Every tran type descriptor 
triggers a transfer, and the transfer data length is extracted from the most recent set type descriptor. If there is no set type 
descriptor after the previous Trans descriptor, the data length is the value for previous transfer, or 0 if no set descriptor is ever met.

For ADMA2, the tran type descriptor contains both data length and transfer data address, so the tran type descriptor itself can start 
a data transfer.

See Figure 467 for the format of the descriptor table for ADMA1.
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       Address/ Page Field            Address/ Page Field            Attribute Field     

       0            1            2            3            4            5            6            11            12            31     

       Address or Data Length            000000            Act 2            Act 1            0            Int            End            Valid     

       Act 2            Act1            Symbol            Comment            31- 28            27- 12     

       0     

       0     

       1     

       1     

       0     

       1     

       0     

       1     

       Nop     

       Set     

       Tran     

       Link     

       No Operation     

       Set Data Length     

       Transfer Data     

       Link Descriptor     

       Don't Care     

       Data Address     

       0000            Data Length     

       Descriptor Address     

       Valid     

       End     

       Int     

       Valid = 1 indicates this line of descriptor is effective. If Valid = 0 generate ADMA Error Interrupt and stop ADMA.     

       End = 1 indicates current descriptor is the ending one.     

       Int = 1 generates DMA Interrupt when this descriptor is processed.     

Figure 467. Format of the ADMA1 descriptor table

See Figure 468 for the concept and access method of the descriptor table for ADMA1.
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System Address Register

Data Length (internal)

Data Address (internal)

SDMA
Flags

State
Machine

Address/Length Attribute

Address Tran

Address Link

Address/Length Attribute

Data Length Set

Address Tran, End

Descriptor Table

Page Data

Page Data

DMA Interrupt

Transfer Complete

Block Gap Event

System MemoryAdvanced DMA

System Address Register points to 
the head node of Descriptor Table

Figure 468. Concept and access method of the ADMA1 descriptor table

The figure below explains the ADMA2 format. ADMA2 deals with the lower 32-bit first, and then the higher 32-bit. If the 'Valid' flag 
of descriptor is 0, it ignores the higher 32-bit. The Address field should be set to word aligned (lower 2-bit is always set to 0). Data 
length is in byte unit.
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       Address Field            Length            Attribute Field     

       00            01            02            03            04            05            06            31            32            63     

       32-bit Address            Act 2            Act 1            0            Int            End            Valid     

       Act 2            Act1            Symbol            Comment            Operation     

       0     

       0     

       1     

       1     

       0     

       1     

       0     

       1     

       Nop     

       Rsv     

       Tran     

       Link     

       No Operation     

       Reserved     

       Transfer Data     

       Link Descriptor     

       Don't Care     

       Transfer data with address and length        
set in this descriptor line     

       Same as Nop. Read this line and go to next one     

       Link to another descriptor     

       Valid     

       End     

       Int     

       Valid = 1 indicates this line of descriptor is effective. If Valid = 0 generate ADMA Error Interrupt and stop ADMA.     

       End = 1 indicates current descriptor is the ending one.     

       Int = 1 generates DMA Interrupt when this descriptor is processed.     

            

       Reserved     

       16            15     

       16-bit length            0000000000     

Figure 469. Format of the ADMA2 descriptor table

See Figure 470 for the concept and access method of the descriptor table for ADMA2.
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System Address Register

Data Length (internal)

Data Address (internal)

SDMA
Flags

State
Machine

Address

Address1

Address2

Descriptor Table

Data 4

DMA Interrupt

Transfer Complete

ADMA Error

System MemoryAdvanced DMA

System Address Register points to 
the head node of Descriptor Table

Length Attribute

Length1 Tran

Length2

Address

Address3

Attribute

Tran

Address Link-

Length

Length3

Address4 Tran, EndLength4

Tran

Data 3

Data 2

Data 1

Figure 470. Concept and access method of the ADMA2 descriptor table

73.3.3.3.2 ADMA interrupt

If the interrupt flag descriptor is set, ADMA generates an interrupt according to various types of descriptors.

For ADMA1:

• Set type of descriptor: interrupt is generated when data length is set.

• Tran type descriptor: interrupt is generated when this transfer is complete.

• Link type of descriptor: interrupt is generated when new descriptor address is set.
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• Nop type of descriptor: interrupt is generated just after this descriptor is fetched.

For ADMA2:

• Tran type of descriptor: interrupt is generated when this transfer is complete.

• Link type of descriptor: interrupt is generated when new descriptor address is set.

• Nop/Rsv type of descriptor: interrupt is generated just after this descriptor is fetched.

73.3.3.3.3 ADMA error

The ADMA stops whenever an error is encountered. These errors include:

• Fetching descriptor error

• AXI response error

• Data length mismatch error

An ADMA descriptor error is generated when it fails to detect a "valid" flag in the descriptor. If an ADMA descriptor error occurs, 
the interrupt is not generated even if the "Interrupt" flag of this descriptor is set.

When BLKCNTEN bit is set, data length set in register BLK_ATT must be equal to the whole data length set in descriptor, otherwise 
data length mismatch error is generated.

When BLKCNTEN bit is not set, then the whole data length set in descriptor is a multiple of block lengths; otherwise, when data 
set in the descriptor nodes are not performed at block boundaries, then data mismatch errors occur.

73.3.4 Register bank with IP bus interface
Register accesses through the IP bus interface are on the register bank. See Figure 471 for the block diagram.

Register Bank

IP Bus
Signals

Software
Visible

Registers

Write 1 Clear
Function

Array

Data Port Buffer Control

Synchronizer

Control/ Status
Signals
with other domains

Control/ Status
Signals

Status Signals
from other modules

Control Signals
to other modules

Figure 471. Register bank diagram

Only a 32-bit access is allowed, and no partial read/write is supported; therefore, all accesses are word aligned.
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Access to an unimplemented address within the register memory map space does not generate a transfer error.

73.3.4.1 SD protocol unit

The SD protocol unit deals with all SD protocol affairs.

The SD protocol unit performs the following functions:

• Acts as the bridge between the internal buffer and the SD bus

• Sends the command data as well as its argument serially

• Stores the serial response bit stream into corresponding registers

• Detects the bus state on the CMD/DAT lines

• Monitors the interrupt from SDIO

• Asserts the read wait signal

• Gates off the SD clock when buffer is announcing danger status

• Detects the write protect state

The SD protocol unit consists of four sub-modules:

• SD control misc

• Command control

• Data control

• Clock control

73.3.4.2 SD control miscellaneous

In the SD control miscellaneous unit:

• The card detection (including CD_B and DATA3 for card detection) and card interrupt are implemented.

• The module monitors the signal level on all the eight data lines and the command lines. It directly routes the level values 
into the register bank.

• The module also detects the Write Protect (WP) line. If WP is active, writes to memory and combo cards are ignored.

73.3.4.3 SD clock control

If the internal data buffer is near full (for read) or near empty (for write), the SD clock must be gated off to avoid buffer 
over/under-run. This module asserts the gate of the output SD clock to shut the clock off. After the buffer has space (for read) or 
has data (for write), the clock gate of this module opens, and the SD clock is active again.

73.3.4.4 Command control
The Command Control module deals with the transactions on the CMD line. 

See Figure 472 for an illustration of the structure for the Command CRC shift register.
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       CLR_CRC     

       ZERO     

       CRC_IN     

       CRC OUT     

       CRC       
Bus [0]     

       CRC       
Bus [1]     

       CRC       
Bus [2]     

       CRC       
Bus [3]     

       CRC       
Bus [4]     

       CRC       
Bus [5]     

       CRC       
Bus [6]     

Figure 472. Command CRC shift register

The CRC polynomials for the CMD are as follows:

Generator polynomial: G(x) = x7 + x3 + 1
M(x) = (first bit) * xn + (second bit) * xn-1 +...+ (last bit) * x0

CRC[6:0] = Remainder [(M(x) * x7) / G(x)]

73.3.4.5 Data control
The data agent deals with the transactions on the eight data lines. Moreover, this module also detects the busy state on the 
DATA0 line and generates the read wait state by the request from the transceiver. 

The CRC polynomials for the data are as follows:

Generator polynomial: G(x) = x16 + x12 + x5 +1

M(x) = (first bit) * xn + (second bit) * xn-1 +...+ (last bit) * x0

CRC[15:0] = Remainder [(M(x) * x16) / G(x)]

73.3.5 Card insertion and removal detection
The uSDHC module uses either the DATA3 pin or the CD_B pin to detect card insertion or removal. It is controlled by SoC pad 
or other logic. When there is no card on the eMMC/SD bus, the DATA3 is pulled to a low voltage level by default.

When any card is inserted to or removed from the socket, uSDHC detects the logic value changes on the DATA3 pin and generates 
an interrupt. When the DATA3 pin is not used for card detection (for example, it is implemented in GPIO), the CD_B pin must be 
connected for card detection. Whether DATA3 is configured for card detection or not, the CD_B pin is always a reference for card 
detection. Whether the DATA3 pin or the CD_B pin is used to detect card insertion, uSDHC sends an interrupt (if enabled) to inform 
the Host system that a card is inserted.

73.3.6 Power management and wakeup events
When there is no operation between uSDHC and the card through the SD bus, the user can completely disable the peripheral clock 
and base clock in the chip-level clock control module to save power. When the user needs to use uSDHC to communicate with 
the card, it can enable the clock and start the operation.

In some circumstances, when the clocks to uSDHC are disabled, for instance, when the system is in low-power mode, there are 
some events for which the user needs to enable the clock and handle the event. These events are called wakeup interrupts. The 
uSDHC module can generate these interrupts even when there are no clocks enabled. The three interrupts that can be used as 
wakeup events are these:
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• Card removal interrupt

• Card insertion interrupt

• Interrupt from SDIO (not available in multiple block data transfers)

These three wakeup events (or wakeup interrupts) can also be used to wakeup the system from low-power modes.

 
To make the interrupt a wakeup event, when all the clocks to uSDHC are disabled or when the entire system is in 
low power mode, the corresponding wakeup enabled bit needs to be set. Refer to Protocol Control (PROT_CTRL) 
for more information on the uSDHC Protocol Control register.

  NOTE  

73.3.6.1 Setting wakeup events
For uSDHC to respond to a wakeup event, the software must set the respective wakeup enable bit before the CPU enters the 
sleep mode. Before the software disables the host clock, it should ensure that all the following conditions have been met:

• No read or write transfer is active

• Data and command lines are not active

• No interrupts are pending

• Internal data buffer is empty

73.3.7 eMMC fast boot
The Embedded MultiMediaCard (eMMC4.3 or later) specification adds a fast boot feature that requires hardware support. There 
are two types of fast boot modes in the eMMC4.3 or later specification: boot operation and alternative boot operation. Each type 
also has with-acknowledge and without-acknowledge modes.

In the boot operation mode, the master (eMultiMediaCard host) can read boot data from the slave (eMMC device) by keeping CMD 
line low after power-on, or sending CMD0 with argument + 0xFFFFFFFA (optional for slave), before issuing CMD1.

 
For the eMMC4.3 setting, please see the eMMC4.3 specification.

  NOTE  

73.3.7.1 Boot operation

If the CMD line is held low for 74 clock cycles and more after power-up before the first command is issued, the slave recognizes 
that boot mode is being initiated and starts preparing boot data internally.

Within one second after the CMD line goes low, the slave starts to send the first boot data to the master on the DATA line(s). The 
master must keep the CMD line low to read all of the boot data.

 
For the purposes of this documentation, fast boot is called "normal fast boot mode".

  NOTE  

If boot acknowledge is enabled, the slave has to send acknowledge pattern '010' to the master within 50ms after the CMD line 
goes low. If boot acknowledge is disabled, the slave does not send out acknowledge pattern '010'.

The master can terminate the boot mode with the CMD line high.

The boot operation is terminated when all the contents of the enabled boot data are sent to the master. After the boot operation 
is executed, the slave gets ready for the CMD1 operation and the master needs to start a normal eMMC initialization sequence 
by sending CMD1.
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512 bytes
+CRC

CMD1 RESP CMD2 RESP CMD3 RESP

E

Boot terminated

S512 bytes
+CRC ES010

50 ms max

1 sec. max

ESDATA0

CMD

CLK

Min 8 clocks + 48 clocks =56 clocks required from CMD signal high to next eMMC command

Figure 473. Embedded MultiMediaCard state diagram (normal boot mode)

73.3.7.2 Alternative boot operation
This boot function is optional for the device. If bit 0 in the extended CSD byte[228] is set to '1', the device supports the 
alternative boot operation.

After power-up, if the host issues CMD0 with the argument of 0xFFFFFFFA after 74 clock cycles, before CMD1 is issued or the 
CMD line goes low, the slave recognizes that boot mode is being initiated and starts preparing boot data internally.

Within one second after CMD0 with the argument of 0xFFFFFFFA is issued, the slave starts to send the first boot data to the 
master on the DATA line(s).

If boot acknowledge is enabled, the slave must send the acknowledge pattern '010' to the master within 50ms after the CMD0 with 
the argument of 0xFFFFFFFA is received. If boot acknowledge is disabled, the slave does not send out acknowledge pattern '010'.

The master can terminate the boot mode by issuing CMD0 (Reset).

Boot operation is terminated when all the contents of the enabled boot data are sent to the master. After the boot operation is 
executed, the slave gets ready for the CMD1 operation and the master needs to start a normal eMMC initialization sequence by 
sending CMD1.

512 BYTES
+CRC

CMD0/ResetCMD0 1 CMD1 RESP CMD2 RESP CMD3 RESP

ES512 BYTES
+CRC ES010

NOTE 1: CMD0 with argument 0xFFFFFFFA

50 ms
max

1 sec. max

ESDATA0

Min 74 clocks
required after

power is stable
to start boot

command.

CMD

CLK

Figure 474. Embedded MultiMediaCard state diagram (alternative boot mode)

73.3.8 Commands for SD card, SDIO, and eMMC
A table containing the list of commands for the eMMC/SD card/SDIO is provided here.

Refer to the corresponding specifications for more details about the command information.

There are four kinds of commands defined to control the SD card, SDIO, and eMMC:
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• Broadcast commands (bc), no response

• Broadcast commands with response (bcr), response from all cards simultaneously

• Addressed (point-to-point) commands (ac), no data transfer on the DATA

• Addressed (point-to-point) data transfer commands (adtc)

Response: A response is a token that is sent from the card to the host as an answer to a previously received command. A response 
is transferred serially on the CMD line.

Table 613. Commands for eMMC/SD card/SDIO

CMD INDEX Type Argument Response 
type

Abbreviation Description

CMD0 bc [31:0] stuff bits - GO_IDLE_STATE Resets all eMMC and SD memory 
cards to idle state.

CMD1 bcr [31:0] OCR 
without busy

R3 SEND_OP_COND Asks all eMMC and SD Memory 
cards in idle state to send 
their operation conditions register 
contents in the response on the 
CMD line.

CMD2 bcr [31:0] stuff bits R2 ALL_SEND_CID Asks all cards to send their CID 
numbers on the CMD line.

CMD31 ac [31:6] RCA

[15:0] stuff bits

R1

R6 (SDIO)

SET/
SEND_RELATIVE_AD
DR

Assigns relative address to 
the card.

CMD4 bc [31:0] DSR

[15:0] stuff bits

- SET_DSR Programs the DSR of all cards.

CMD5 bc [31:0] OCR 
without busy

R4 IO_SEND_OP_COND Asks all SDIO in idle state to send 
them operation conditions register 
contents in the response on the 
CMD line.

CMD62 adtc [31] Mode

0: Check function

1: Switch function 
[30:8] Reserved for 
function groups 6 ~ 3 
(All 0 or 0xFFFF)

[7:4] Function group1 
for command system

[3:0] Function group2 
for access mode

R1 SWITCH_FUNC Checks switch ability (mode 0) and 
switch card function (mode 1). Refer 
to "SD Physical Specification V1.1" 
for more details.

CMD63 ac [31:26] Set to 0

[25:24] Access

R1b SWITCH Switches the mode of operation of 
the selected card or modifies the 
EXT_CSD registers. Refer to "The 

Table continues on the next page...
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Table 613. Commands for eMMC/SD card/SDIO (continued)

CMD INDEX Type Argument Response 
type

Abbreviation Description

[23:16] Index

[15:8] Value

[7:3] Set to 0

[2:0] Cmd Set

Embedded MultiMediaCard System 
Specification Version 4.0 Final draft 
2" for more details.

CMD7 ac [31:6] RCA

[15:0] stuff bits

R1b SELECT/
DESELECT_CARD

Toggles a card between the stand-
by and transfer states or between 
the programming and disconnect 
states. In both cases, the card is 
selected by its own relative address 
and gets deselected by any other 
address. Address 0 deselects all.

CMD8 adtc [31:0] stuff bits R1 SEND_EXT_CSD The card sends its EXT_CSD 
register as a block of data, with a 
block size of 512 bytes.

CMD9 ac [31:6] RCA

[15:0] stuff bits

R2 SEND_CSD Addressed card sends its card-
specific data (CSD) on the 
CMD line.

CMD10 ac [31:6] RCA

[15:0] stuff bits

R2 SEND_CID Addressed card sends its card-
identification (CID) on the CMD line.

CMD11 adtc [31:0] data address R1 READ_DAT_UNTIL_S
TOP

Reads data stream from the card, 
starting at the given address, until a 
STOP_TRANSMISSION follows.

CMD12 ac [31:0] stuff bits R1b STOP_TRANSMISSIO
N

Forces the card to 
stop transmission.

CMD13 ac [31:6] RCA

[15:0] stuff bits

R1 SEND_STATUS Addressed card sends its 
status register.

CMD14 Reserved

CMD15 ac [31:6] RCA

[15:0] stuff bits

- GO_INACTIVE_STAT
E

Sets the card to inactive 
state in order to protect 
the card stack against 
communication breakdowns.

CMD16 ac [31:0] block length R1 SET_BLOCKLEN Sets the block length (in bytes) for 
all following block commands (read 
and write). Default block length is 
specified in the CSD.

Table continues on the next page...
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Table 613. Commands for eMMC/SD card/SDIO (continued)

CMD INDEX Type Argument Response 
type

Abbreviation Description

CMD17 adtc [31:0] data address R1 READ_SINGLE_BLO
CK

Reads a block of the size selected 
by the SET_BLOCKLEN command.

CMD18 adtc [31:0] data address R1 READ_MULTIPLE_BL
OCK

Continuously transfers data blocks 
from card to host until interrupted by 
a stop command.

CMD19 adtc [31:0] reserved 
bits(all 0)

R1 SEND_TUNING_BLO
CK

64 bytes tuning pattern is sent for 
SDR50 and SDR104.

CMD20 adtc [31:0] data address R1 WRITE_DAT_UNTIL_
STOP

Writes data stream from the host, 
starting at the given address, until a 
STOP_TRANSMISION follows.

CMD21 adtc [31:0] stuff bits R1 SEND_TUNING_BLO
CK

128 clocks of tuning pattern (64 byte 
in 4 bit mode or 128 byte in 8 bit 
mode) is sent for HS200 optimal 
sampling point detection.

CMD22 Reserved

CMD23 ac [31] reliable 
write request

[30:16] set to 0

[15:0] number 
of blocks

R1 SET_BLOCK_COUNT Defines the number of blocks 
(read/write) and the reliable writer 
parameter (write) for a block read or 
write command.

CMD24 adtc [31:0] data address R1 WRITE_BLOCK Writes a block of the size selected 
by the SET_BLOCKLEN command.

CMD25 adtc [31:0] data address R1 WRITE_MULTIPLE_B
LOCK

Continuously writes blocks 
of data until a 
STOP_TRANSMISSION follows.

CMD26 adtc [31:0] stuff bits R1 PROGRAM_CID Programming of the card 
identification register. This 
command is issued only once per 
card. The card contains hardware 
to prevent this operation after 
the first programming. Normally 
this command is reserved for 
the manufacturer.

CMD27 adtc [31:0] stuff bits R1 PROGRAM_CSD Programming of the programmable 
bits of the CSD.

Table continues on the next page...
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Table 613. Commands for eMMC/SD card/SDIO (continued)

CMD INDEX Type Argument Response 
type

Abbreviation Description

CMD28 ac [31:0] data address R1b SET_WRITE_PROT If the card has write protection 
features, this command sets the 
write protection bit of the addressed 
group. The properties of write 
protection are coded in the card 
specific data (WP_GRP_SIZE).

CMD29 ac [31:0] data address R1b CLR_WRITE_PROT If the card provides write protection 
features, this command clears 
the write protection bit of the 
addressed group.

CMD30 adtc [31:0] write protect 
data address

R1 SEND_WRITE_PROT If the card provides write protection 
features, this command asks the 
card to send the status of the write 
protection bits.

CMD31 Reserved

CMD32 ac [31:0] data address R1 TAG_SECTOR_STAR
T

Sets the address of the first sector 
of the erase group.

CMD33 ac [31:0] data address R1 TAG_SECTOR_END Sets the address of the last sector 
in a continuous range within the 
selection of a single sector to be 
selected for erase.

CMD34 ac [31:0] data address R1 UNTAG_SECTOR Removes one previously selected 
sector from the erase selection.

CMD35 ac [31:0] data address R1 TAG_ERASE_GROUP
_START

Sets the address of the first erase 
group within a range to be selected 
for erase.

CMD36 ac [31:0] data address R1 TAG_ERASE_GROUP
_END

Sets the address of the last erase 
group within a continuous range to 
be selected for erase.

CMD37 ac [31:0] data address R1 UNTAG_ERASE_GR
OUP

Removes one previously 
selected erase group from the 
erase selection.

CMD38 ac [31:0] stuff bits R1b ERASE Erase all previously 
selected sectors.

CMD39 ac [31:0] RCA

[15] register write flag

R4 FAST_IO Used to write and read 8-bit 
(register) data fields. The command 
addresses a card, and a register, 

Table continues on the next page...
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Table 613. Commands for eMMC/SD card/SDIO (continued)

CMD INDEX Type Argument Response 
type

Abbreviation Description

[14:8] 
register address

[7:0] register data

and provides the data for writing 
if the write flag is set. The R4 
response contains data read from 
the address register. This command 
accesses application dependent 
registers which are not defined in 
the eMMC standard.

CMD40 bcr [31:0] stuff bits R5 GO_IRQ_STATE Sets the system into interrupt mode.

CMD41 Reserved

CDM42 adtc [31:0] stuff bits R1b LOCK_UNLOCK Used to set/reset the password 
or lock/unlock the card. The size 
of the data block is set by the 
SET_BLOCK_LEN command.

CMD43~51 Reserved

CMD52 ac [31:0] stuff bits R5 IO_RW_DIRECT Access a single register within the 
total 128k of register space in any 
I/O function.

CMD53 ac [31:0] stuff bits R5 IO_RW_EXTENDED Accesses a multiple I/O register 
with a single command. Allows the 
reading or writing of a large number 
of I/O registers.

CMD54 Reserved

CMD55 ac [31:16] RCA

[15:0] stuff bits

R1 APP_CMD Indicates to the card that the 
next command is an application 
specific command rather than a 
standard command.

CMD56 adtc [31:1] stuff bits

[0]: RD/WR

R1b GEN_CMD Used either to transfer a data block 
to the card or to get a data block 
from the card for general purpose / 
application specific commands. The 
size of the data block is set by the 
SET_BLOCK_LEN command.

CMD57-59 Reserved

CMD60 adtc [31] WR

[30:24] stuff bits

[23:16] address

R1b RW_MULTIPLE_REGI
STER

These registers are used to 
control the behavior of the device 
and to retrieve status information 
regarding the operation of the 

Table continues on the next page...
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Table 613. Commands for eMMC/SD card/SDIO (continued)

CMD INDEX Type Argument Response 
type

Abbreviation Description

[15:8] stuff bits

[7:0] byte count

device. All Status and Control 
registers are WORD (32-bit) in 
size and are WORD aligned. 
CMD60 is used to read and write 
these registers.

CMD61 adtc [31] WR

[30:16] stuff bits

[15:0] data unit count

R1b RW_MULTIPLE_BLO
CK

The host issues a 
RW_MULTIPLE_BLOCK (CMD61) 
to begin the data transfer.

CMD62-63 Reserved

ACMD64 ac [31:2] stuff bits

[1:0] bus width

R1 SET_BUS_WIDTH Defines the data bus width 
('00'=1bit or '10'=4bit bus) to be 
used for data transfer. The allowed 
data bus widths are given in 
SCR register.

ACMD134 adtc [31:0] stuff bits R1 SD_STATUS Send the SD Memory Card status.

ACMD224 adtc [31:0] stuff bits R1 SEND_NUM_WR_SE
CTORS

Send the number of the written 
sectors (without errors). Responds 
with 32-bit plus the CRC data block.

ACMD234 ac [31:23] stuff bits

[22:0] Number 
of blocks

R1 SET_WR_BLK_ERAS
E_COUNT

Set the number of write blocks to 
be pre-erased before writing (to 
be used for fast Multiple Block 
WR command). "1"=default(one 
write block).

ACMD414 bcr [31:0] OCR R3 SD_APP_OP_COND Asks the accessed card to send its 
operating condition register (OCR) 
contents in the response on the 
CMD line.

ACMD424 ac [31:1] stuff bits

[0] set_cd

R1 SET_CLR_CARD_DE
TECT

Connect(1)/Disconnect(0) the 
50KOhm pull-up resistor on CD_B/
DATA3 of the card.

ACMD514 adtc [31:0] stuff bits R1 SEND_SCR Reads the SD Configuration 
Register (SCR).

1. CMD3 differs for eMMC and SD cards. For eMMC, it is referred to as SET_RELATIVE_ADDR, with a response type of R1. 
For SD cards, it is referred to as SEND_RELATIVE_ADDR, with a response type of R6 (with RCA inside).

2. CMD6 differs completely between high speed eMMC and high-speed SD cards. Command SWITCH_FUNC is for high-
speed SD cards.

3. Command SWITCH is for high speed eMMC. The Index field can contain any value from 0-255, but only values 0-191 are 
valid. If the Index value is in the 192-255 range the card does not perform any modification and the SWITCH_ERROR 
status bit in the EXT_CSD register is set. The Access Bits are shown in Table 614.
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4. ACMDs is preceded with the APP_CMD command. Commands listed are used for SD only, other SD commands not listed 
are not supported on this module.

The access bits for the EXT_CSD access modes are listed in the following table.

Table 614. EXT_CSD access modes

Bits Access name Operation

00 Command set The command set is changed according to the Cmd Set field of the argument.

01 Set bits The bits in the pointed byte are set, according to the bits set to 1 in the Value field.

10 Clear bits The bits in the pointed byte are cleared, according to the bits set to 1 in the Value field.

11 Write byte The Value field is written into the pointed byte.

73.3.9 SDIO interrupt
Information on interrupts in 1-bit mode, interrupts in 4-bit mode, and card interrupt handling are detailed in the sections below.

73.3.9.1 Interrupts in 1-bit mode
In this case, the DATA1 pin provides the interrupt function. An interrupt is asserted by pulling the DATA1 low from SDIO, until 
the interrupt service is finished to clear the interrupt.

73.3.9.2 Interrupt in 4-bit mode
As the interrupt and data line 1 share pin 8 in a 4-bit mode, an interrupt is only sent by the card and recognized by the host 
during a specific time. This is known as the interrupt period. The uSDHC module only provides samples the level on pin 8 
during the interrupt period. At all other times, the host treats it as the data signal. The definition of the interrupt period is 
different for operations with single block and multiple block data transfers.

In the case of normal single data block transmissions, the interrupt period becomes active two clock cycles after the completion of 
a data packet. This interrupt period lasts until after the card receives the end bit of the next command that has a data block transfer 
associated with it.

For multiple block data transfers in a 4-bit mode, there is only a limited period of time that the interrupt period can be active because 
of the limited period of data line availability between the multiple blocks of data. This requires stricter definition of the interrupt 
period. For this case, the interrupt period is limited to two clock cycles. This begins two clocks after the end bit of the previous data 
block. During this 2-clock cycle interrupt period, if an interrupt is pending, the DATA1 line holds low for one clock cycle, then pulls 
high for the next clock cycle . On completion of the interrupt period, the card releases the DATA1 line into the high Z state. The 
uSDHC module provides sample of the DATA1 during the interrupt period when the IABG bit in the Protocol Control register is set.

Refer to SDIO Specification v1.10 for further information about the SDIO interrupt.

73.3.9.3 Card interrupt handling
When the CINTIEN bit in the Interrupt Signal Enable Register is set to 0, uSDHC clears the interrupt request to the host 
system. The host driver should clear this bit before servicing the SDIO interrupt, and should set this bit again after all interrupt 
requests from the card are cleared to prevent inadvertent interrupts.

The SDIO Interrupt Status can be cleared by writing 1 to this bit. But as the interrupt source from SDIO does not clear, this bit is 
set again. To clear this bit, it is required to reset the interrupt source from the external card followed by writing 1 to this bit. In a 1-bit 
mode, uSDHC detects the SDIO interrupt with or without the SD clock (to support wakeup). In a 4-bit mode, the interrupt signal is 
sampled during the interrupt period, so there are some sample delays between the interrupt signal from SDIO and the interrupt to 
the Host System Interrupt Controller. When the SDIO status is set and the host driver needs to service this interrupt, the SDIO bit in 
the Interrupt Control Register of SDIO is cleared. This is required to clear the SDIO interrupt status latched in uSDHC and to stop 
driving the interrupt signal to the System Interrupt Controller. The host driver must issue a CMD52 to clear the card interrupt. After 
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completion of the card interrupt service, the SDIO Interrupt Status Enable bit is set to 1 and uSDHC starts sampling the interrupt 
signal again.

See Figure 475 for an illustration of the SDIO interrupt scheme and for the sequences of software and hardware events that take 
place during a card interrupt handling procedure.

Start

Enable card IRQ in Host

Detect and steer card IRQ

Read IRQ Status Register

Disable Card Interrupt Status enable in Host,
THEN write 1 to clear Card Interrupt status

Interrogate and Service Card IRQ

Response 
Error ?

Yes

No

Clear Card IRQ in Card

Enable card IRQ in Host

End

IP Bus IRQ to CPUm

uSDHC Registers

SDIO IRQ Status

SDIO IRQ Enable

Command/
Response
Handling

IRQ Detecting & Steering

SDIO 
IRQ Routing

IRQ0 IRQ1

Function 0 Function 1

Clear IRQ1Clear IRQ0

SD Host

SDIO 

Figure 475. Card interrupt scheme, card interrupt detection, and handling procedure

73.3.10 Speed mode selection
To switch to HS200 or HS400 from High Speed (26 MHz-52 MHz), see the procedure below.

 
While the actual timing change is done, the behavior of any command given (such as CMD13) cannot be 
guaranteed due to the asynchronous operation. Therefore, you must not use CMD13 to check the busy completion 
of the timing change indication. In case, CMD13 is used, the host must ignore CRC errors, if appear.

  NOTE  

The max frequency for HS200 mode and HS400 mode could be slower than 200 MHz based on the chip implementation, you must 
set the target frequency for these two speed modes accordingly. Following sections describe the mode selections for HS200 mode 
and HS400 mode in detail.

73.3.10.1 HS200 mode selection

To switch to HS200, the Driver must perform the following steps:
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1. Select the chip (through sending CMD7) and make sure it is unlocked (through CMD42).

2. Read the DEVICE_TYPE [196] field of the Extended CSD register to validate if the chip supports HS200 at the IO 
voltage appropriate for both host and chip (through CMD8).

3. Read the DRIVER_STRENGTH [197] field of the Extended CSD register to find the supported chip Driver Strengths 
(through CMD8). The default setting is 50 Ohm. The Host Designer might simulate its specific system, using a device 
driver models. Host can select the optimal Driver Type that might drive the host system load at the required operating 
frequency with the minimal noise generated.

 
This step can be skipped if changes of Driver strength is not needed.

  NOTE  

4. Check the setting of PROT_CTRL[DTW], make sure the data transfer width is set as expected.

Make sure the I/O pad voltage is 1.8V and corresponding drive strength is set to proper value.

Set HS200 bit and Driver Strength value in the HS_TIMING [185] field of the Extended CSD register by issuing CMD6. If 
the host attempts to write an invalid value, the HS_TIMING byte is not changed, the HS200 interface timing is not enabled, 
the Driver Strength is not changed, and the SWITCH_ERROR field is set. After the chip responds with R1, it might assert 
Busy signal. Once the busy signal gets de-asserted, the host may send a SEND_STATUS Command (CMD13) using the 
HS200 timing and after it receives a Trans State indication and No Error it means that the chip is set to HS200 timing and 
the Driver Strength is set to the selected settings.

5. At this point, the host can set the frequency to ≤ 200 MHz.

6. The host might invoke the HS200 standard tuning procedure, by sending CMD21 to the chip.

 
The host must switch to the required bus width before starting the tuning operation to allow the tuning sequence 
to be done using the proper bus operating conditions.

  NOTE  

73.3.10.2 Standard tuning procedure

By default, lower frequency operation, a fixed sampling clock is used to receive signals on CMD and DAT[3:0]. Before using the 
HS200, HS400, SDR104, or SDR50 modes, the Host Driver executes the tuning procedure at the mode switch sequence.

1. Issue uSDHC SW reset, set SYS_CTRL[RSTT] to 1.

2. Set VEND_SPEC[FRC_SDCLK_ON] to 1.

3. Set TUNING_CTRL[DIS_CMD_CHK_FOR_STD_TUNING] to 1.

4. Start the tuning procedure by setting TUNING_CTRL[STD_TUNING_EN] and 
AUTOCMD12_ERR_STATUS[EXECUTE_TUNING] to 1.

5. Issue CMD19(SD)/ CMD21(eMMC) with the proper Command Transfer Type (CMD_XFR_TYP) and Auto CMD12 Error 
Status (AUTOCMD12_ERR_STATUS) settings.

6. Wait for uSDHC BRR (Buffer Read Ready) interrupt signal is 1.

7. Check AUTOCMD12_ERR_STATUS[EXECUTE_TUNING]. If AUTOCMD12_ERR_STATUS[EXECUTE_TUNING] = 1, 
repeat 5~6. If AUTOCMD12_ERR_STATUS[EXECUTE_TUNING] = 0, standard tuning has completed, or the tuning has 
not completed within 40 attempts. The Host Driver might abort this loop if the number of loops exceeds 40 or 150ms 
timeout occurs. In this case, a fixed sampling clock should be used, (AUTOCMD12_ERR_STATUS[SMP_CLK_SEL] = 
0).

8. Sampling Clock Select, AUTOCMD12_ERR_STATUS[SMP_CLK_SEL] , is valid 
after AUTOCMD12_ERR_STATUS[EXECUTE_TUNING] has changed from 1 to 0. 
AUTOCMD12_ERR_STATUS[SMP_CLK_SEL] = 1, indicates tuning procedure passed. 
AUTOCMD12_ERR_STATUS[SMP_CLK_SEL] = 0, indicates tuning procedure failed. The tuning result is applied to the 
delay chain, CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) [30:16], upon successful tuning procedure 
completion.
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9. Clear VEND_SPEC[FRC_SDCLK_ON].

10. Set MIX_CTRL[AUTO_TUNE_EN] to 1.

While the tuning sequence is being performed, the Host Controller does not generate interrupts (including Command Complete), 
except Buffer Read Ready. CMD19 response errors are not indicated.

Writing AUTOCMD12_ERR_STATUS[SMP_CLK_SEL] to 0 forces the Host Controller to use a fixed sampling clock and resets 
the tuning circuit of the Host Controller.

 
• There could be slight difference on delay cell delay in each project, and this difference can lead to different 

loop number needed. TUNING_CTRL[TUNING_STEP] can be used to control how may taps are to be added 
for each step.

• Manual tuning might be required in cases where standard tuning is not able to close passing window with 
CMD19/21 transfer fail.

  NOTE  

73.3.10.3 Manual tuning procedure

Manual tuning controls more detail in the tuning procedure, and some corner cases. Manual tuning provides control to tuning start 
point, tuning steps, and delay chains. To start manual tuning:

1. Set TUNING_CTRL[STD_TUNING_EN] to 0.

2. Set SYS_CTRL[RSTA] to reset all.

3. Set MIX_CTRL[SMP_CLK_SEL] and MIX_CTRL[EXE_TUNE] to start tuning.

4. Set VEND_SPEC[FRC_SDCLK_ON] to 1.

5. Config delay chain, CLK_TUNE_CTRL_STATUS[DLY_CELL_SET_PRE] with the valueA. The valueA must start from 0.

6. Send CMD19/21 to card.

7. Poll for CC,CIE,CEBE,CCE,CTOE of Interrupt Status (INT_STATUS) assertion, then go to the step 5.

8. Poll for TC, DEBE, DCE and DTOE of Interrupt Status (INT_STATUS) assertion.

9. Check TP of Interrupt Status (INT_STATUS); TP = 1 & no dat/cmd error indicates current CMD19/21 transfer is passed; 
otherwise, indicates failed.

10. If TP = 0 or command/data error is observed, increase the valueA with the required tuning step(1~127) and repeat step 
5~9.

11. If TP = 1 & no dat/cmd error was met after a loop with TP=0 (or cmd/data error), save the current valueA as 
value_start. Increase valueA with the required tuning step, and repeat step 5~9 until TP = 0 (or cmd/data error) again. 
Save the current valueA as value_end.

12. Set MIX_CTRL[EXE_TUNE] to 0.

13. Set VEND_SPEC[FRC_SDCLK_ON] to 0.

14. Set SYS_CTRL[RSTA] to reset all.

15. Set MIX_CTRL[SMP_CLK_SEL] to 1.

16. Set bit[14:0] of CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) with the output of expression 
{(((value_start+value_end)/2)< < 8)& 0xffffff00 -0x300 } | 0x33.

17. Poll bit[30:16] of CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) until the value written in the step 16 is 
read.

18. Set MIX_CTRL[AUTO_TUNE_EN] to 1.

The manual tuning procedure defines a passing window, inside which the tuned clock can capture the correct data, and delay 
chain is to be configured as centered within the passing window.
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It is not a fixed flow as the standard tuning. Any step can be changed based on the real case. In cases where passing window is not 
closed with a tuning fail, the center of the passing region must be applied for the delay chain setting. In cases where two passing 
windows separated by tuning fail(s) is observed, the center of the first passing window must be applied for the delay chain setting.

 
Both the standard tuning and manual tuning are only for tuning of SD_CLK, cannot be used to tune STROBE clock 
of HS400 and HS400 enhanced mode.

  NOTE  

73.3.10.4 Switch to HS400 mode

The valid IO voltage for HS400 is 1.8 V. The bus width is set to only DDR 8bit in HS400 mode. HS400 supports the same 
commands as DDR52. To switch to HS400 mode, the host must perform the following steps:

1. Initialize chip with “Backward Compatible Timings", after power-on or software reset (CMD0), the interface timing of the 
chip is set as the default "Backward Compatible Timing".

2. Select the chip with CMD7.

3. Read the DEVICE_TYPE [196] field of the Extended CSD register to validate whether the chip supports HS400 by 
sending CMD8.

4. Read the DRIVER_STRENGTH [197] field of the Extended CSD register to find the supported chip's Driver Strengths by 
sending CMD8.

 
You may skip this step if changes of driver strength is not needed.

  NOTE  

5. Set the "Selected Driver Strength" parameter in the HS_TIMING [185] field of the Extended CSD register to the 
appropriate driver strength for HS400 operation and set the "Timing Interface" parameter to 0x2 to switch to HS200 
mode with CMD6. Send CMD13 to make sure mode switch to HS200 mode has been successfully done.

6. Perform the standard tuning procedure at the HS400 target operating frequency, save the tuning result (68h [30:16]) 
and clear std_tuning_en.

 
Tuning procedure in HS200 mode is required to synchronize the command response on the CMD line to CLK for 
HS400 operation.

  NOTE  

7. Set the "Timing Interface" parameter in the HS_TIMING [185] field of the Extended CSD register to 0x1 to switch to High 
Speed mode with CMD6 and then set the clock frequency to a value not greater than 52 MHz.

8. Set BUS_WIDTH[183] to 0x06 to select the dual data rate x8 bus mode. Check the setting of PROT_CTRL[DTW]. Make 
sure the data transfer width is set as expected.

9. Set the "Timing Interface" parameter in the HS_TIMING [185] field of the Extended CSD register to 0x3 to switch to 
HS400 mode with CMD6. Set the MIX_CTRL[DDR_EN] and MIX_CTRL[HS400_MODE] to 1 to enable HS400 mode in 
controller.

10. Set bit[14:0] of CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) with saved tuning result value of 0x68 
from standard tuning flow in step 6).

11. Poll bit[30:16] of CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) until the value written in the step 10 is 
read.

12. Set MIX_CTRL[SMP_CLK_SEL] to 1’b1 to apply the delay on capture clock of CMD channel, then set the clock 
frequency to ≤ 200 MHz.

Ensure that uSDHC function clock source is 2x HS400 mode target frequency, and both SDCLKFS and DVS are 
configured to 0.
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13. Set Strobe DLL control (STROBE_DLL_CTRL) to 0x00400039 to have strobe clock automatically tuned to 1/4 cycle 
of input ipp_strobe to capture data. Ensure that both STROBE_DLL_STATUS[STROBE_DLL_STS_REF_LOCK] and 
STROBE_DLL_STATUS[STROBE_DLL_STS_SLV_LOCK] are set before any transfer is started.

 
For speed mode switch like from High Speed mode to HS200 mode or HS400(enhanced) mode, you must calibrate 
the right configuration of slew rate and drive strength for chip pad that are used for uSDHC.

  NOTE  

73.3.10.5 Switch to HS400 enhanced mode

This selection flow describes how to initialize the eMMC device in HS400 mode while enabling enhanced strobe without the need 
for tuning procedure. To switch to HS400 mode with enhanced strobe, the host must perform the following steps:

1. Initialize device with "Backward Compatible Timings", after power-on or software reset (CMD0), the interface timing of 
the device is set as the default "Backward Compatible Timing".

2. Select the device with CMD7

3. Read the DEVICE_TYPE [196] field of the Extended CSD register to validate whether the device supports HS400 with 
CMD8.

4. Read the STROBE_SUPPORT[184] field of the Extended CSD register to validate whether the device supports 
enhanced strobe with CMD8.

5. Set the "Timing Interface" parameter in the HS_TIMING [185] field of the Extended CSD register to 0x1 to switch to High 
Speed mode by sending CMD6 and then set the clock frequency to a value not greater than 52 MHz.

6. Set BUS_WIDTH[183] to 0x86 to select the dual data rate x8 bus mode and enable enhanced strobe (this is active only 
after HS400 mode is selected) with CMD6. Check the setting of PROT_CTRL[DTW]. Make sure the data transfer width 
is set as expected.

7. Read the DRIVER_STRENGTH [197] field of the Extended CSD register to find the supported device Driver Strengths 
with CMD8.

 
You may skip this step if changes of driver strength is not needed, if needed host may change the device 
Driver Strength.

  NOTE  

8. Set the "Timing Interface" parameter in the HS_TIMING [185] field of the Extended CSD register to 0x3 to switch to 
HS400 mode with CMD6.

9. Set the MIX_CTRL[DDR_EN], MIX_CTRL[HS400_MODE], and MIX_CTRL[EN_HS400_MODE] bits to 1 to enable 
enhanced HS400 mode in controller.

10. Host may set the clock frequency to a value not greater than 200 MHz. Ensure uSDHC function clock source is 2x 
HS400 mode target frequency, and both SDCLKFS and DVS are configured to 0 .

11. Set Strobe DLL control (STROBE_DLL_CTRL) to 0x00400039 to have strobe clock automatically delayed 1/4 cycle 
of input ipp_strobe to capture data. Make sure both STROBE_DLL_STATUS[STROBE_DLL_STS_REF_LOCK] and 
STROBE_DLL_STATUS[STROBE_DLL_STS_SLV_LOCK] are set before any transfer is started.

 
For speed mode switch like from high speed mode to HS200 mode or HS400(enhanced) mode, may must calibrate 
the right configuration of slew rate and drive strength for chip pad that are used for uSDHC.

  NOTE  
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73.3.11 Software restrictions

73.3.11.1 Initialization active
The driver cannot set INITA bit in System Control register when any of the command line or data lines are active, so the driver 
must ensure both CDIHB and CIHB bits are cleared. 

73.3.11.2 Software polling procedure
For polling read or write, after the software begins a buffer read or write, it must access exactly the number of times as the 
values set in the Watermark Level Register; moreover, if the block size is not a multiple of the value in the Watermark Level 
Register (read and write respectively), the software must access exactly the remaining number of words at the end of each 
block. For example, for a read operation, if the RD_WML is 4, indicating the watermark level is 16 bytes, block size is 40 bytes, 
and the block number is 2, then the access times for the burst sequence in the whole transfer process must be 4, 4, 2, 4, 4, 2.

73.3.11.3 Suspend operation
To suspend the data transfer, the software must inform uSDHC that the suspend command is successfully accepted. To 
achieve this, after the Suspend command is accepted by SDIO, software must send another normal command marked as 
suspend command (CMDTYP bits set as '01') to inform uSDHC that the transfer is suspended.

If software needs to resume the suspended transfer, it should read the value in BLKCNT register to save the remaining number of 
blocks before sending the normal command marked as suspend, otherwise on sending such a 'suspend' command, uSDHC treats 
the current transfer is aborted and change the BLKCNT register to its original value, instead of retaining the remaining number 
of blocks.

73.3.11.4 Data length setting

For either ADMA (ADMA1 or ADMA2) transfer, the data in the data buffer must be word aligned, so the data length set in the 
descriptor must be a multiple of 4.

ADMA1 is 4KB aligned.

73.3.11.5 (A)DMA address setting
To configure the ADMA1/ADMA2/DMA address register, when TC bit is set, the register always updates itself with the internal 
address value to support dynamic address synchronization, so the software must ensure that the TC bit is cleared prior to 
configuring the ADMA1/ADMA2/DMA address register.

73.3.11.6 Data port access
Data port does not support parallel access. For example, during an internal DMA access, it is not allowed to write any data to 
the data port by CPU; or during a CPU read operation, it is also prohibited to write any data to the data port, by either CPU or 
internal DMA. Otherwise the data is corrupted inside the uSDHC buffer.

73.3.11.7 Change clock frequency
The uSDHC module does not automatically gate off the card clock when the host driver changes the clock frequency. To 
prevent possible glitch on the card clock, clear the FRC_SDCLK_ON bit when changing the clock divisor value (SDCLKFS or 
DVS in System Control Register) or setting the RSTA bit.

Also, before changing the clock divisor value, the host driver should make sure that the SDSTB bit is high.

73.3.11.8 Multi-block read
For pre-defined multi-block read operation, that is, the number of blocks to read has been defined by previous CMD23 for 
eMMC, or pre-defined number of blocks in CMD53 for SDIO/SDCombo, or whatever multi-block read without abort command 
at card side, an abort command, either automatic or manual CMD12/CMD52, is still required by uSDHC after the pre-defined 
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number of blocks are done, to drive the internal state machine to idle mode. In this case, the card may not respond to 
this extra abort command and uSDHC gets response timeout. It is recommended to manually send an abort command with 
RSPTYP[1:0] both bits cleared.

73.3.12 Clocking
The table found here describes the clock sources for uSDHC. For more information on clocking, see the Clocking chapter.

Table 615. Clocks

Clock name Description

hclk Bus clock

ipg_clk Peripheral clock

ipg_clk_s Peripheral access clock for register access

ipg_clk_perclk Base clock

73.3.12.1 Clock and reset manager
This module controls all four kinds reset signals within uSDHC:

• Hardware reset

• Software reset for all logic

• Software reset for the data logic

• Software reset for the command logic

All these signals are fed into this module and stable signals are generated inside the module to reset all other modules. The module 
also gates off all the inside signals.

73.3.12.2 Clock generator

The clock generator generates the card CLK by peripheral source clock in two stages. The clock divisor can be configured through 
register SYS_CTRL[SDCLKFS] for prescaler configuration while the [DVS] for divisor configuration. Details can be found in the 
register function description. See the following figure for the structure of the divider. The term "Base" represents the frequency of 
peripheral source clock (see ipg_clk_perclk in Table 615).

       Base            1st divisor       
by 1, 2, 3, ..., 16            DIV     

       2nd divisor       
by (1*), 2, 4, ..., 256     

       /2     
       DDR_EN     

       card_clk     

       CLK     

Figure 476. Two stages of the clock divider

The first stage outputs an intermediate clock (DIV) that can be Base, Base/2, Base/3, ..., or Base/16.

The second stage is a prescaler and outputs the actual internal working clock (card_clk). This clock is the driving clock for all 
the sub modules of the SD protocol unit, and helps in syncing FIFOs (see Figure 462) to synchronize with the data rate from the 
internal data buffer. The frequency of the clock output from this stage can be DIV, DIV/2, DIV/4,..., or DIV/256. Therefore, the 
highest frequency of the card_clk is base, and the next highest is Base/2, while the lowest frequency is Base/4096. If the duty cycle 
of the base clock is 50%, the duty cycle of card_clk is also 50%, even when the compound divisor is an odd value.

 
CLK is different for the SDR and DDR modes.

  NOTE  

- In the SDR mode, CLK is equal to the internal working clock (card_clk).
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x

fCLK = fcard_clk

Equation 30. Equation for fcard_clk in SDR mode

For HS200 mode, if the source clock fBase = 400 MHz, and the target clock fCLK = 200 MHz, then configuring DVS to 'h00 and 
SDCLKFS to 'h01, the mapping value of SYS_CTRL[DVS] is 1 and the mapping value of SYS_CTRL[SDCLKFS] is 2.

card_clk

fCLK = fcard_clk = 200 MHz

- In the DDR mode, CLK is equal to card_clk/2

x

card_clk

Equation 31. Equation for fcard_clk in DDR mode

For HS400 mode, if the source clock fBase = 400 MHz, and the target clock fCLK = 200 MHz, then configuring DVS to 'h00 and 
SDCLKFS to 'h00, the mapping value of SYS_CTRL[DVS] is 1 and the mapping value of SYS_CTRL[SDCLKFS] is 2.

card_clk

card_clk

73.4 External signals
The following table describes the uSDHC external signals:

Table 616. uSDHC external signals

Signal Description Direction

CLK Is an Internally generated clock used to drive the eMMC, SD 
card, and SDIO.

O

CMD Is used to send commands and receive responses to and 
from the card.

I/O

DAT7 DAT7 line in the 8-bit mode —

Not used in other modes

I/O

DAT6 DAT6 line in the 8-bit mode —

Not used in other modes

I/O

DAT5 DAT5 line in the 8-bit mode — I/O

Table continues on the next page...
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Table 616. uSDHC external signals (continued)

Signal Description Direction

Not used in other modes

DAT4 DAT4 line in the 8-bit mode —

Not used in other modes

I/O

 
If uSDHC needs to support a 4-bit data transfer, DAT7~DAT4 can also be optional and tied to high.

  NOTE  

DAT3 DAT3 line in the 4/8-bit mode or configured as card detection 
pin.

The bit may be configured as card detection pin in the 1-
bit mode.

I/O

DAT2 DAT2 line or Read Wait in the 4-bit mode

Read Wait in 1-bit mode

I/O

DAT1 DAT1 line in the 4/8-bit mode

Also, used to detect interrupt in 1/4-bit mode

I/O

DAT0 DAT0 line in all the modes

Also, used to detect busy state

I/O

CD_B Card detection signal directly routed from the socket

If not used (for the embedded memory), tie low to indicate that 
there is a card attached.

Optional for system implementation.

I

WP Write protection signals directly routed from the socket.

If not used (for the embedded memory), tie low to indicate that 
it is not write protected.

Optional for system implementation.

I

RESET_B Is used to reset the eMMC. O

VSELECT Is used to change the voltage of the external power supplier.

Optional for system implementation.

O

STROBE Input clock for eMMC HS400 mode.

 
If the uSDHC does not support the HS400 
mode, STROBE can also be optional and 
tied to low.

  NOTE  

I

73.5 Application information
All communication between the system and cards are controlled by the host. The host sends commands of two types: broadcast 
and addressed (point-to-point).
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Broadcast commands are intended for all cards, such as GO_IDLE_STATE, SEND_OP_COND, and ALL_SEND_CID. In the 
Broadcast mode, eMMC are in the open-drain mode to avoid bus contention. See Commands for SD card, SDIO, and eMMC for 
the commands of bc and bcr categories.

After the broadcast command CMD3 is issued, the cards enter the standby mode. Addressed type commands are used from this 
point. In this mode, for eMMC, the CMD/DATA I/O pads turns to the push-pull mode to have the driving capability for maximum 
frequency operation. See Commands for SD card, SDIO, and eMMC for the commands of ac and adtc categories.

A uSDHC FIFO control problem exists with a software reset for a single block read. See MIX_CTRL[DTDSEL] for 
more information.

73.5.1 Command send and response receive basic operation
Assuming that the data type WORD is an unsigned 32-bit integer, the flow indicated below presents a guideline for sending a 
command to the card(s):

send_command(cmd_index, cmd_arg, other requirements)

{

WORD wCmd; // 32-bit integer to make up the data to write into Transfer Type register, it is 

recommended to implement in a bit-field manner

wCmd = (<cmd_index> & 0x3f) << 24; // set the first 8 bits as '00'+<cmd_index>

set CMDTYP, DPSEL, CICEN, CCCEN, RSTTYP, DTDSEL according to the command index;

if (internal DMA is used) wCmd |= 0x1;

if (multi-block transfer) {

          set MSBSEL bit;

          if (finite block number) {

                    set BCEN bit;

                    if (auto12 command is to use) set AC12EN bit;

          }

}

write_reg(CMDARG, <cmd_arg>); // configure the command argument

write_reg(XFERTYP, wCmd); // set Transfer Type register as wCmd value to issue the command

}

wait_for_response(cmd_index)

{

while (CC bit in IRQ Status register is not set); // wait until Command Complete bit is set

read IRQ Status register and check if any error bits about Command are set

if (any error bits are set) report error;
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write 1 to clear CC bit and all Command Error bits;

}

For the sake of simplicity, the function wait_for_response is implemented here by means of polling. For an effective and formal 
way, the response is usually checked after the Command Complete Interrupt is received. When doing this, make sure that the 
corresponding interrupt status bits are enabled.

For some scenarios, the response time-out is expected. For instance, after all cards respond to CMD3 and move to the Standby 
state no response to the Host when CMD2 is sent. The host driver deals with "fake" errors like this with caution.

73.5.2 Card identification mode
When a card is inserted to the socket or the card is reset by the host, the host needs to validate the operation voltage range, 
identify the cards, request the cards to publish the Relative Card Address (RCA) or to set the RCA for eMMC. 

73.5.2.1 Card detect

See Figure 477 for a flow diagram showing the detection of SD card and SDIO using uSDHC.

       Enable card detection irq     

       Wait for uSDHC interrupt     

       Check CINS bit     

       Yes cards present     

       No cards present     

       Clear CINSIEN to disable       
card detection irq     

       Voltage validation     

       (2)     

       (1)     

Figure 477. Flow diagram for card detection

Here is the card detect sequence:

• Set the CINSIEN bit to enable card detection interrupt.
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• When an interrupt from uSDHC is received, check the CINS bit in the Interrupt Status register to see if it was caused by 
card insertion.

• Clear the CINSIEN bit to disable the card detection interrupt and ignore all card insertion interrupts afterwards.

73.5.2.2 Reset

The host consists of three types of resets:

• Hardware reset (Card and Host) that is driven by Power On Reset (POR).

• Software reset (Host only) is initiated by the write operation on the RSTD, RSTC, or RSTA bits of the System Control 
register to reset the data part, command part, or all parts of the host controller, respectively.

• Card reset (Card only): The command, "Go_Idle_State" (CMD0), is the software reset command for all types of eMMC and 
SD memory cards. This command sets each card into the idle state regardless of the current card state. For an SDIO, 
CMD52 is used to write an I/O reset in CCCR. The cards are initialized with a default relative card address (RCA=0x0000) 
and with a default driver stage register setting (lowest speed, highest driving current capability).

After the card is reset, the host needs to validate the voltage range of the card. See the figure below for the software flow to reset 
both uSDHC and the card.

       write "1" to RSTA bit to reset uSDHC     

       Send 80 clocks to card     

       Send CMD0/ CMD52 to card to reset card     

       Voltage Validation     

            

Figure 478. Flow chart for resetting uSDHC and SD card or SDIO

software_reset() {
set_bit(SYSCTRL, RSTA); // software reset the Host set DTOCV and SDCLKFS bit fields to get the CLK of
//frequency around 400kHz
//configure IO pad to set the power voltage of external card to around 3.0V
//poll bits CIHB and CDIHB
//bits of PRSSTAT to wait both bits are cleared
set_bit(SYSCTRL, INTIA); // send 80 clock ticks for card to power up
send_command(CMD_GO_IDLE_STATE, <other parameter>); // reset the card with CMD0 or
send_command(CMD_IO_RW_DIRECT, <other parameter>);
}

73.5.2.3 Voltage validation
All cards should be able to establish communication with the host using any operation voltage in the maximum allowed voltage 
range specified in the card specification. However, the supported minimum and maximum values for VDD are defined in the 
Operation Conditions Register (OCR) and may not cover the whole range. Cards that store the CID and CSD data in the 
preload memory are only able to communicate this information under data transfer VDD conditions. This means that if the host 
and card have non-common VDD ranges, the card is neither able to complete the identification cycle nor able to send CSD 
data.
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Therefore, special commands Send_Op_Cont (CMD1 for eMMC), SD_Send_Op_Cont (ACMD41 for SD Memory), and 
IO_Send_Op_Cont (CMD5 for SD I/O) are used. The voltage validation procedure is designed to provide a mechanism to 
identify and reject cards that do not match the VDD range(s) desired by the host. This is accomplished when the host sends the 
desired VDD voltage window as the operand of this command. Cards that cannot perform the data transfer in the specified range 
must discard themselves from further bus operations and go into the Inactive state. By omitting the voltage range in the command, 
the host can query each card and determine the common voltage range before sending out-of-range cards into the Inactive state. 
This query should be used if the host is able to select a common voltage range or if a notification is sent to the system when a 
non-usable card in the stack is detected.

The following steps show how to perform voltage validation when a card is inserted:

voltage_validation(voltage_range_argument) {
label the card as UNKNOWN;
send_command(IO_SEND_OP_COND, 0x0, <other parameters are omitted>); // CMD5, check SDIO operation
voltage, command argument is zero
if (RESP_TIMEOUT != wait_for_response(IO_SEND_OP_COND)) { // SDIO command is accepted
if (0 < number of IO functions) {
label the card as SDIO;
IORDY = 0;
while (!(IORDY in IO OCR response)) { // set voltage range for each IO function
send_command(IO_SEND_OP_COND, <voltage range>, <other parameter>);
wait_for_response(IO_SEND_OP_COND);
} // end of while ...
} // end of if (0 < ...
if (memory part is present inside SDIO)
Label the card as SDCombo; //this is an SD-Combo card
} // end of if (RESP_TIMEOUT ...
if (the card is labeled as SDIO)
return; // card type is identified and voltage range is set, so exit the function;
send_command(APP_CMD, 0x0, <other parameter>); // CMD55, Application specific CMD
prefix
if (no error calling wait_for_response(APP_CMD, <...>) { // CMD55 is accepted
send_command(SD_APP_OP_COND, <voltage range>, <...>); // ACMD41, to set voltage range for
memory part or SD card
wait_for_response(SD_APP_OP_COND); // voltage range is set
if (card type is UNKNOWN)
label the card as SD;
return; //
} // end of if (no error ...
else if (errors other than time-out occur) { // command/response pair is corrupted
deal with it by program specific manner;
} // of else if (response time-out
else { // CMD55 is refuse, it must be eMMC
if (card is already labeled as SDCombo) { // change label re-label the card as SDIO;
ignore the error or report it;
return; // card is identified as SDIO
} //of if (card is ...
send_command(SEND_OP_COND, <voltage range>, <...>);
if(RESP_TIMEOUT == wait_for_response(SEND_OP_COND)) { // CMD1 is not accepted, either label
//the card as UNKNOWN;
return;
} // of if (RESP_TIMEOUT ...
} // of else
}

73.5.2.4 Card registry

This section briefly describes the registry flow. For details, please refer to the card specifications. Card registry for the eMMC 
and SD/SDIO/SD combo cards are different. For the SD card, the identification process starts at a clock rate lower than 400 
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kHz and the power voltage higher than 2.7 V (as defined by the card spec). Currently, the CMD line output drives are push-pull 
drivers instead of open-drain. After the bus is activated, the host requests the card to send their valid operation conditions. The 
response to ACMD41 is the operation condition register of the card. The same command is sent to all the new cards in the system. 
Incompatible cards are put into the Inactive state. The host then issues the command, All_Send_CID (CMD2), to each card to get 
its unique card identification (CID) number. Cards that are currently unidentified (in the Ready state), send their CID number as 
the response. After the CID is sent by the card, the card goes into the Identification state.

The host then issues Send_Relative_Addr (CMD3), requesting the card to publish a new relative card address (RCA) that is 
shorter than the CID. This RCA is used to address the card for future data transfer operations. After the RCA is received, the card 
changes its state to the Standby state. At this point, if the host wants the card to have an alternative RCA number, it may ask the 
card to publish a new number by sending another Send_Relative_Addr command to the card. The last published RCA is the actual 
RCA of the card.

The host repeats the identification process with CMD2 and CMD3 for each card in the system until the last CMD2 gets no response 
from any of the cards in the system.

For eMMC operation, the host starts the card identification process in the open-drain mode with the identification clock rate lower 
than 400 kHz and the power voltage higher than 2.7 V. The open drain driver stages on the CMD line to allow parallel card 
operation during card identification. After the bus is activated, the host requests the cards to send their valid operation conditions 
(CMD1). The response to CMD1 is the "wired AND " operation on the condition restrictions of all cards in the system. Incompatible 
cards are sent into the Inactive state. The host then issues the broadcast command All_Send_CID (CMD2), asking all cards for 
their unique card identification (CID) number. All unidentified cards (the cards in the Ready state) simultaneously start sending 
their CID numbers serially, while bit-wise monitoring their outgoing bit stream. Those cards, whose outgoing CID bits do not match 
the corresponding bits on the command line in any one of the bit periods, stop sending their CID immediately and must wait for 
the next identification cycle. As the CID is unique for each card, only one card can be successfully sent its full CID to the host. 
This card then goes into the Identification state. Thereafter, the host issues Set_Relative_Addr (CMD3) to assign a relative card 
address (RCA) to the card. After the RCA is received, the state of the card changes to standby, and the card does not react in 
further identification cycles. Also, its output driver switches from open-drain to push-pull. The host repeats the process, mainly 
CMD2 and CMD3, until the host receives a time-out condition to recognize the completion of the identification process.

The following steps show how to perform an operation using eMMC:

card_registry() { 
    do { // decide RCA for each card until response time-out
        if(card is labelled as SDCombo or SDIO) { // for SDIO like device
            send_command(SET_RELATIVE_ADDR, 0x00, <...>); // ask SDIO to publish its RCA
            retrieve RCA from response; 
        } // end if (card is labelled as SDCombo ... 
        else if (card is labelled as SD) { // for SD card 
            send_command(ALL_SEND_CID, <...>); 
            if(RESP_TIMEOUT == wait_for_response(ALL_SEND_CID)) 
                break; 
            send_command(SET_RELATIVE_ADDR, <...>); 
            retrieve RCA from response; 
        } // else if (card is labelled as SD ... 
        else if (card is labelled as eMMC) { 
            send_command(ALL_SEND_CID, <...>); 
            rca = 0x1; //arbitrarily set RCA, 1 here for example 
            send_command(SET_RELATIVE_ADDR, 0x1 << 16, <...>); // send RCA at upper 16 bits 
        } // end of else if (card is labelled as eMMC... 
    } while (response is not time-out); 
}

73.5.3 Card access
Information about Block Write, Block Read, Suspense Resume, ADMA Usage, Transfer Error, and Card Interrupt are detailed in 
the sections below.
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73.5.3.1 Block write

Information on Normal Write, DDR Write, and Write with Pause are detailed in the sections below.

73.5.3.1.1 Normal Write
During a block write (CMD24 - 27, CMD60, CMD61), one or more blocks of data are transferred from the host to the card with 
a CRC appended to the end of each block by the host. If the CRC fails, the card indicates that the failure on the DATA line. 
The transferred data is discarded and not written, and all further transmitted blocks (in multiple block write mode) are ignored.

If the host uses partial blocks whose accumulated length is not block aligned and block misalignment is not allowed (CSD 
parameter WRITE_BLK_MISALIGN is not set), the card detects the block misalignment error and aborts the programming before 
the beginning of the first misaligned block. The card sets the ADDRESS_ERROR error bit in the status register, and while ignoring 
all further data transfer, waits in the Receive-data-State for a stop command. The write operation is also aborted if the host tries 
to write over a write-protected area.

For eMMC and SD cards, programming of the CID and CSD registers does not require a previous block length setting. The 
transferred data is also CRC protected. If a part of the CSD or CID register is stored in ROM, then this unchangeable part must 
match the corresponding part of the receive buffer. If this match fails, then the card reports an error and does not change any 
register contents.

For all types of cards, some may require long and unpredictable periods of time to write a block of data. After receiving a block 
of data and completing the CRC check, the card begins writing and holds the DATA line low if its write buffer is full and unable to 
accept new data from a new WRITE_BLOCK command. The host may poll the status of the card with a SEND_STATUS command 
(CMD13) or other means for SDIO at any time, and the card responds with its status. The responded status indicates whether the 
card can accept new data or whether the write process is still in progress. The host may deselect the card by issuing a CMD7 (to 
select a different card) to place the card into the Standby state and release the DATA line without interrupting the write operation. 
When re-selecting the card, it reactivates the busy indication by pulling data to low if the programming is still in progress and the 
write buffer is unavailable.

The software flow to write to a card that incorporates the internal DMA and the write operation is a multi-block write with the Auto 
CMD12 enabled. For the other methods ( CPU polling status with different transfer methods, the internal DMA parts should be 
removed and the alternative steps should be straightforward.

The software flow to write to a card is described below:

1. Check the card status, wait until the card is ready for data.

2. Set the card block length/size:

• For eMMC and SD cards, use SET_BLOCKLEN (CMD16).

• For SDIO cards or the I/O portion of SDCombo cards, use IO_RW_DIRECT (CMD52) to set the I/O Block Size bit 
field in the CCCR register (for function 0) or FBR register (for functions 1~7).

3. Set the uSDHC block length register to be the same as the block length set for the card in step 2.

4. Set the uSDHC number block register (NOB), where nob is 5, for instance.

5. Disable the buffer write ready interrupt, configure the DMA settings and enable the uSDHC DMA when sending the 
command with data transfer. The AC12EN bit should also be set.

6. Wait for the Transfer Complete interrupt.

7. Check the status bit to see if a write CRC error occurred, or another error that occurred during the auto12 command 
sending and response receiving.

73.5.3.1.2 DDR write

uSDHC supports the dual data rate mode.

The software flow to write to a card in the DDR mode is described as below:

1. Check the card status and wait until the card is ready for data.
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For eMMC, block length only can be set to 512byte.

  NOTE  

2. Set the uSDHC number block register (NOB), where nob is 5, for instance.

3. Set the eMMC, SD card, or SDIO to high-speed mode and use SWITCH(CMD6).

4. Set the eMMC bus or SD with 4-bit/8-bit DDR mode and use SWITCH(CMD6).

5. Disable the buffer write ready interrupt, configure the DMA settings and enable the uSDHC DMA when sending the 
command with data transfer. The DDR_EN and AC12EN bits should be set.

6. Wait for the Transfer Complete interrupt.

7. Check the status bit to see if a write CRC error occurred or another error that occurred during the auto12 command 
sending and response receiving.

73.5.3.1.3 Write with Pause
The write operation can be paused during the transfer. Instead of stopping the CLK at any time to pause all the operations, 
which is also inaccessible to the host driver, the driver can set the Stop At Block Gap Request (SABGREQ) bit in the Protocol 
Control register to pause the transfer between the data blocks. As there is no time-out condition in a write operation during 
the data blocks, a write to all types of cards can be paused in this way, and if the DATA0 line is not required to de-assert to 
release the busy state, no suspend command is needed.

Similar to the flow described in Normal Write, the write with pause is shown with the same kind of write operation:

1. Check the card status and wait until the card is ready for data.

2. Set the card block length/size:

• For eMMC and SD cards, use SET_BLOCKLEN (CMD16).

• For SDIO or the I/O portion of SDCombo cards, use IO_RW_DIRECT(CMD52) to set the I/O Block Size bit field in 
the CCCR register (for function 0) or FBR register (for functions 1~7).

3. Set the uSDHC block length register to be the same as the block length set for the card in step 2.

4. Set the uSDHC number block register (NOB), where nob is 5, for instance.

5. Disable the buffer write ready interrupt, configure the DMA settings and enable the uSDHC DMA when sending the 
command with data transfer. The AC12EN bit should also be set.

6. Set the SABGREQ bit.

7. Wait for the Transfer Complete interrupt.

8. Clear the SABGREQ bit.

9. Check the status bit to see if a write CRC error occurred.

10. Set the CREQ bit to continue the write operation.

11. Wait for the Transfer Complete interrupt.

12. Check the status bit to see if a write CRC error occurred or some another error that occurred during the auto12 
command sending and response receiving.

The number of blocks left during the data transfer is accessible by reading the contents of the BLKCNT field in the Block Attribute 
register. As the data transfer and the setting of the SABGREQ bit are concurrent, and the delay of register read and the register 
setting, the actual number of blocks left may not be exactly the value read earlier. The host driver reads the value of BLKCNT after 
the transfer is paused and the Transfer Complete interrupt is received.

It is also possible that the last block has begun when the Stop At Block Gap Request is sent to the buffer. In this case, the next 
block gap is the end of the transfer. These types of requests are ignored, the driver should treat these as a non-pause transfer, 
and deal with it as a common write operation.
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When the write operation is paused, the data transfer inside the host system is not stopped, and the transfer is active until the data 
buffer is full. Because of this, it is recommended to avoid using the Suspend command for SDIO. This is because when such a 
command is sent, uSDHC interprets the system that switches to another function on SDIO and flush the data buffer. uSDHC takes 
the Resume command as a normal command with data transfer, and it is left for the host driver to set all the relevant registers 
before the transfer is resumed. If there is only one block to send when the transfer is resumed, the MSBSEL and BCEN bits of the 
Transfer Type register are set as well as the AC12EN bit. However, the uSDHC module automatically sends a CMD12 to mark 
the end of the multi-block transfer.

73.5.3.2 Block read

Information about Normal read, DDR read, Read with Pause, and Delay Line (DLL) in Read Path are detailed in the sections below.

73.5.3.2.1 Normal read
For block reads, the basic unit of data transfer is a block whose maximum size is stored in areas defined by the corresponding 
card specification. A CRC is appended to the end of each block, ensuring data transfer integrity. The CMD17, CMD18, 
CMD53, CMD60, CMD61, and so on, can initiate a block read. After completing the transfer, the card returns to the Transfer 
state. For multi blocks read, data blocks are continuously transferred until a stop command is issued.

The software flow to read from a card that incorporates the internal DMA and the read operation is a multi-block read with the Auto 
CMD12 enabled. For the other methods ( CPU polling status with different transfer methods, the internal DMA parts should be 
removed and the alternative steps should be straightforward.

The software flow to read from a card is described below:

1. Check the card status and wait until card is ready for data.

2. Set the card block length/size:

• For eMMC and SD cards, use SET_BLOCKLEN (CMD16).

• For SDIO or the I/O portion of SDCombo cards, use IO_RW_DIRECT(CMD52) to set the I/O Block Size bit field in 
the CCCR register (for function 0) or FBR register (for functions 1~7).

3. Set the uSDHC block length register to be the same as the block length set for the card in step 2.

4. Set the uSDHC number block register (NOB), where nob is 5, for instance.

5. Disable the buffer read ready interrupt, configure the DMA settings, and enable the uSDHC DMA when sending the 
command with data transfer. The AC12EN bit should also be set.

6. Wait for the Transfer Complete interrupt.

7. Check the status bit to see if a read CRC error occurred, or another error occurred during the auto12 command sending 
and response receiving.

73.5.3.2.2 DDR read

The uSDHC module supports dual data rate mode.

The software flow to write to a card in the DDR mode is described below:

1. Check the card status and wait until the card is ready for data.

 
For eMMC, block length can be set to only 512 bytes.

  NOTE  

2. Set the uSDHC number block register (NOB) where nob is 5, for instance.

3. Set the eMMC, SD card, or SDIO to high-speed mode and use SWITCH (CMD6).

4. Set the eMMC bus or SD with 4-bit /8-bit DDR mode and use SWITCH(CMD6).

5. Disable the buffer write ready interrupt, configure the DMA settings, and enable the uSDHC DMA when sending the 
command with data transfer. The DDR_EN and AC12EN bits should be set.
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6. Wait for the Transfer Complete interrupt.

7. Check the status bit to see if a write CRC error occurred, or another error that occurred during the auto12 command 
sending and response receiving.

73.5.3.2.3 Read with Pause
The read operation is not generally able to pause. Only SDIO (and SDCombo card working under I/O mode) supporting the 
Read Wait feature can pause during the read operation. If SDIO supports Read Wait (SRW bit in CCCR register is 1), the host 
driver can set the SABGREQ bit in the Protocol Control register to pause the transfer between the data blocks. Before setting 
the SABGREQ bit, ensure that the RWCTL bit in the Protocol Control register is set, otherwise uSDHC does not assert the 
Read Wait signal during the block gap and data corruption occurs. It is recommended to set the RWCTL bit after the Read 
Wait capability of SDIO is recognized.

Similar to the flow described in Normal read, the read with pause is shown with the same kind of read operation:

1. Check the SRW bit in the CCR register on SDIO to confirm that the card supports the Read Wait mode.

2. Set the RWCTL bit.

3. Check the card status and wait until the card is ready for data.

4. Set the card block length/size:

• For eMMC and SD cards, use SET_BLOCKLEN (CMD16).

• For SDIO or the I/O portion of SDCombo cards, use IO_RW_DIRECT(CMD52) to set the I/O Block Size bit field in 
the CCCR register (for function 0) or FBR register (for functions 1~7).

5. Set the uSDHC block length register to be the same as the block length set for the card in step 2.

6. Set the uSDHC number block register (NOB), where nob is 5, for instance.

7. Disable the buffer read ready interrupt, configure the DMA setting, and enable the uSDHC DMA when sending the 
command with data transfer. The AC12EN bit should also be set.

8. Set the SABGREQ bit.

9. Wait for the Transfer Complete interrupt.

10. Clear the SABGREQ bit.

11. Check the status bit to see if read CRC error occurred.

12. Set the CREQ bit to continue the read operation.

13. Wait for the Transfer Complete interrupt.

14. Check the status bit to see if a read CRC error occurred, or another error occurred during the auto12 command 
sending and response receiving.

Similar to the Write operation, it is possible to meet the ending block of the transfer when paused. In this case, uSDHC ignores 
the Stop At Block Gap Request and treats it as a command read operation.

Unlike the write operation, there is no remaining data inside the buffer when the transfer is paused. All data received before the 
pause is transferred to the host system. No matter if the Suspend command is sent or not, the internal data buffer is not flushed.

If the Suspend command is sent and the transfer is later resumed by means of a Resume command, uSDHC takes the command 
as a normal one accompanied with data transfer. It is left for the host driver to set all the relevant registers before the transfer is 
resumed. If there is only one block to send when the transfer is resumed, the MSBSEL and BCEN bits of the Transfer Type register 
are set, as well as the AC12EN bit. However, the uSDHC automatically sends CMD12 to mark the end of multi-block transfer.

73.5.3.2.4 Delay Line (DLL) in read path
The DLL is newly added to assist in sampling read data. The DLL provides the ability to programmatically select a quantized 
delay (in fractions of the clock period) regardless of on-chip variations such as process, voltage, and temperature (PVT).
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The reasons why DLL is needed for uSDHC are these:

• The path of read data traveling from card to host varies.

• In the eMMC and SD cards DDR mode, the minimum input setup and hold time are both at 2.5 ns.

The data sampling window is so small that the delay of loopback clock needs to be accurate and consistent regardless of PVT. The 
DLL takes the divided card_clk as the reference clock and loopback clock as the input clock. It then generates a delayed version 
of the input clock according to the programmed target delay.

The DLL can be disabled or bypassed, and it can also be manually set for a fixed delay in the override mode. The override value 
set is the number of delay cells. In the override mode, there is no need to set the DLL_enable. Another DLL mode is target value 
mode. In this mode, the DLL automatically adjusts the number of delay cells according to the target value set by the user and 
PVT changes. Be aware that the target value is in units of 1/32 of the clock reference period. If the card_clk is 100Mhz, then the 
reference clock period is 10ns; setting target value of 16 means 5ns =(16/32)*10ns. The software can disable automatic update 
by the setting dll_gate_update bit.

As you might change the frequency of card_clk from time to time by changing SDCLKFS[7:0]/DVS[3:0], the software must adjust 
the delay value to ensure it works correctly when the reference clock (card_clk) is changed. If DLL is to be used, make sure 
SDCLKFS is used (at least be set to divided by 2) so that the REF_CLK generated are the same frequency as card_clk. There are 
two DLLs, PARTS DLL and STROBE DLL. PARTS DLL controls the SD_CLK loop back delay for which DLL (Delay Line) Control 
(DLL_CTRL) and DLL Status (DLL_STATUS) are used. STROBE DLL controls the STROBE loop back delay for which Strobe DLL 
control (STROBE_DLL_CTRL) and Strobe DLL status (STROBE_DLL_STATUS) are used. For PARTS DLL, below flow can be 
taken as reference. For STROBE DLL, similar register field with prefix STROBE in Strobe DLL control (STROBE_DLL_CTRL) and 
Strobe DLL status (STROBE_DLL_STATUS) must be used.

Step 1: Set the DLL_CTRL_RESET and DLL_CTRL_ENABLE fields

Step 2: Configure the SDCLKFS[7:0] and DVS[3:0]

Step 3: Wait until SDSTB is asserted

Step 4: Clear the DLL_CTRL_RESET field

Step 5: Wait until both the DLL_STS_SLV_LOCK and DLL_STS_REF_LOCK are asserted

Step 6: Set the DLL_CTRL_SLV_FORCE_UPD

Step 7: Clear the DLL_CTRL_SLV_FORCE_UPD

 
The software should make sure that the DLL_CTRL_SLV_FORCE_UPD lasts for at least one card_clk. So, the 
software may need to add some delay between step 6 and step 7.

  NOTE  
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Figure 479. DLL in read path

73.5.3.3 Suspend Resume

The uSDHC module supports the Suspend Resume operations of SDIO, although slightly different than the suggested 
implementation of Suspend in the SDIO specification.

73.5.3.3.1 Suspend

After setting the SABGREQ bit, the host driver may send a Suspend command to switch to another function of SDIO. The uSDHC 
module does not monitor the content of the response, so it does not know if the Suspend command succeeded or not. Accordingly, 
it does not de-assert Read Wait for read pause. To solve this problem, the host driver does not mark the Suspend command as 
"Suspend", (that is, setting the CMDTYP bits to 01). Instead, the driver sends this command as if it were a normal command, 
and only when the command succeeds, and the BS bit is set in the response, can the Driver send another command marked as 
"Suspend" to inform uSDHC that the current transfer is suspended. Here is the sequence for the Suspend operation:

1. Set the SABREQ bit to pause the current data transfer at block gap.

2. After the BGE bit is set, send the Suspend command to suspend the active function. The CMDTYP bit field must be 
2'b00.

3. Check the BS bit of the CCCR in the response. If it is 1, repeat this step until the BS bit is cleared or abandon the 
suspend operation according to the Driver strategy.

4. Send another normal I/O command to the suspended function. The CMDTYP of this command must be 2'b01, so 
uSDHC can detect this special setting and be informed that the paused operation has successfully suspended. If the 
paused transfer is a read operation, uSDHC stops driving DATA2 and goes to the idle state.

5. Save the context registers in the system memory for later use, including the DMA System Address Register (for internal 
DMA operation), and the Block Attribute Register.

6. Begin operation for another function on SDIO.

73.5.3.3.2 Resume

To resume the data transfer, a Resume command is issued:

1. To resume the suspended function, restore the context register with the saved value in step #5 of the Suspend 
operation.
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2. Send the Resume command: In the Transfer Type register, all the bit fields are set to the value as if this were another 
ordinary data transfer instead of a transfer resume (except the CMDTYP is set to 2'b10).

3. If the Resume command has responded, the data transfer is resumed.

73.5.3.4 ADMA usage
To use the ADMA in a data transfer, the host driver must prepare the correct descriptor chain prior to sending the read/write 
command. The steps to prepare the correct descriptor chain are these:

1. Create a descriptor to set the data length that the current descriptor group is about to transfer. The data length should 
be even numbers of the block size.

2. Create another descriptor to transfer the data from the address setting in this descriptor. The data address must be at a 
page boundary (4KB address aligned).

3. If necessary, create a Link descriptor containing the address of the next descriptor. The descriptor group is created in 
steps 1 ~ 3.

4. Repeat steps 1 ~ 3 until all descriptors are created.

5. In the last descriptor, set the End flag to 1 and make sure the total length of all descriptors matches the product of the 
block size and block number configured in the Block Attribute Register.

6. Set the ADMA System Address Register to the address of the first descriptor and set the DMAS field in the Protocol 
Control Register to 01 to select the ADMA.

7. Issue a write or read command with the DMAEN bit set to 1 in the Transfer Type Register.

Steps 1 ~ 5 are independent of step 6, so step 6 can finish before steps 1 ~ 5. Regarding the descriptor configuration, it is 
recommended not to use the Link descriptor as it requires extra system memory access.

73.5.3.5 Transfer error

Information about CRC, Internal DMA, Transfer ADMA, and Auto CMD12 errors are detailed in the sections below.

73.5.3.5.1 CRC error
It is possible at the end of a block transfer that a write CRC status error or read CRC error occurs. For this type of error, 
the latest block received is discarded. This is because the integrity of the data block is not guaranteed. It is recommended to 
discard the following data blocks and re-transfer the block from the corrupted one. For a multi-block transfer, the host driver 
issues a CMD12 to abort the current process and start the transfer by a new data command. In this scenario, even when the 
AC12EN and BCEND bits are set, uSDHC does not automatically send a CMD12 because the last block is not transferred. On 
the other hand, if it is within the last block that the CRC error occurs, an Auto CMD12 is sent by uSDHC. In this case, the host 
driver re-sends or re-obtains the last block with a single block transfer.

73.5.3.5.2 Internal DMA error
During the data transfer with internal Simple DMA, if the DMA engine encounters an error on the AXI bus, the DMA operation 
is aborted, and the DMA error interrupt is sent to the host system. When acknowledged by such an interrupt, the host driver 
calculates the start address of data block in which the error occurs. The start address can be calculated by either:

• Reading the DMA System Address register: The error occurs during the previous burst. Considering the block size, and 
the start address of the next burst transfer, it is straight forward to obtain the start address of the corrupted block.

• Reading the BLKCNT field of the Block Attribute register: Considering the number of blocks left, the total number 
to transfer, the start address of transfer, and the size of each block, the start address of corrupted block can be 
determined.To use this method, MIX_CTRL[BCEN] bit has to be set to enable Block Attribute register update.

When a DMA error occurs, it is recommended to abort the current transfer by means of a CMD12 (for multi block transfer), apply 
a reset for data, and restart the transfer from the corrupted block to recover from the error.
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73.5.3.5.3 Transfer ADMA error
There are three kinds of possible ADMA errors: The AXI transfer, invalid descriptor, and data-length mismatch. Whenever 
these errors occur, the DMA transfer stops and the corresponding error status bit is set. For acknowledging the status, the 
host driver should recover the error as shown below and re-transfer from the place of interruption.

• AXI transfer error: Such errors may occur during data transfer or descriptor fetch. For either scenario, it is recommended 
to retrieve the transfer context, reset for the data part and re-transfer the block that was corrupted, or to the next block if 
no block is corrupted.

• Invalid descriptor error: For such errors, it is recommended to retrieve the transfer context, reset for the data part and 
recreate the descriptor chain from the invalid descriptor and issue a new transfer. As the data to transfer now may be less 
than the previous setting, the data length configured in the new descriptor chain should match the new value.

• Data-length mismatch error: It is similar to recover from this error. The Host Driver polls relating registers to retrieve the 
transfer context, apply a reset for the data part, configure a new descriptor chain and make another transfer if there is data 
left. Like the previous scenario of the invalid descriptor error, the data length must match the new transfer.

73.5.3.5.4 Auto CMD12 error
After the last block of the multi-block transfer is sent or received, and the AC12EN bit is set when the data transfer is initiated 
by the data command, uSDHC automatically sends a CMD12 to the card to stop the transfer. When errors with this command 
occur, it is recommended to the host driver to deal with the situations in the following manner:

• Auto CMD12 response time-out: It is not certain whether the command is accepted by the card or not. The host driver 
clears the auto CMD12 error status bits and re-send CMD12 until it is accepted by the card.

• Auto CMD12 response CRC error: As the card responds to CMD12, it aborts the transfer. The host driver may ignore the 
error and clear the error status bit.

• Auto CMD12 conflict error or not sent: The command is not sent; therefore, the host driver sends a CMD12 manually.

73.5.3.6 Card interrupt

The external cards can inform the host controller by means of some special signals. For SDIO, it can be the low-level on the DATA1 
line during some special period. The uSDHC module only monitors the DATA1 line and supports the SDIO interrupt.

When the SDIO interrupt is captured by uSDHC, and the host system is informed by uSDHC asserting the uSDHC interrupt line, 
the interrupt service from the host driver is called.

As the interrupt source is controlled by the external card, the interrupt from SDIO must be serviced before the CINT bit is cleared. 
Refer to Card interrupt handling for the card interrupt handling flow.

73.5.4 Switch function
A switch command is issued by the host driver to enable new features added to the eMMC and SD cards. The eMMC and SD 
cards can transfer data at bus widths other than 1-bit. Different speed modes are also defined. To enable these features, a switch 
command is issued by the host driver.

For SDIO, the high-speed mode /DDR50/SDR50/SDR104 are enabled by writing the EHS bit in the CCCR register after the SHS 
bit is confirmed as high. For SD cards, the high-speed mode/DDR50/SDR50/SDR104 are queried and enabled by a CMD6 (with 
the mnemonic symbol as SWITCH_FUNC). For eMMC, the high-speed mode HS200 or HS400 is queried by a CMD8 and enabled 
by a CMD6 (with the mnemonic symbol as SWITCH).

The SDR4-bit, SDR8-bit, DDR4-bit, and DDR8-bit width of eMMC is also enabled by the SWITCH command, but with a 
different argument.

These new functions can also be disabled by a software reset. For SDIO, it can be done by setting the RES bit in the CCCR 
register. For other cards, it can be accomplished by issuing a CMD0. This method of restoring to the normal mode is not 
recommended because a complete identification process is needed before the card is ready for data transfer.
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For the sake of simplicity, the following pseudo-code examples do not show current capability check, which is recommended in 
the function switch process.

73.5.4.1 Query, enable, and disable SDIO high-speed mode

enable_sdio_high_speed_mode(void)
{
send CMD52 to query bit SHS at address 0x13;
if (SHS bit is '0') report SDIO does not support high speed mode and return;
send CMD52 to set bit EHS at address 0x13 and read after write to confirm EHS bit is set;
change clock divisor value or configure the system clock feeding into uSDHC to generate the 
card_clk of around 50MHz;
(data transactions like normal peers)
}
disable_sdio_high_speed_mode(void)
{
send CMD52 to clear bit EHS at address 0x13 and read after write to confirm EHS bit is cleared;
change clock divisor value or configure the system clock feeding into uSDHC to generate the 
card_clk of the desired value below 25MHz;
(data transactions like normal peers)
}

73.5.4.2 Query, enable, and disable SD high-speed mode/DDR50 /SDR50 /SDR104

enable_sd_speed_mode(void)
{
set BLKCNT field to 1 (block), set BLKSIZE field to 64 (bytes);
send CMD6, with argument 0xFFFFFx and read 64 bytes of data accompanying the R1 response;(high speed 
mode,x=1; SDR50,x=2; SDR104,x=3; DDR50,x=4;)
wait data transfer done bit is set;
check if the bit x of received 512 bits is set;
if (bit 401 is '0') report the SD card does not support high speed mode and return;
if (bit 402 is '0') report the SD card does not support SDR50 mode and return;
if (bit 403 is '0') report the SD card does not support SDR104 mode and return;
if (bit 404 is '0') report the SD card does not support DDR50 mode and return;
      send CMD6, with argument 0x80FFFFFx and read 64 bytes of data accompanying the R1 response;
(high speed mode,x=1; SDR50,x=2; SDR104,x=3; DDR50,x=4;)
check if the bit field 379~376 is 0xF;
if (the bit field is 0xF) report the function switch failed and return;
change clock divisor value or configure the system clock feeding into uSDHC to generate the card_clk 
of around 50MHz for high speed mode, 100MHz for SDR50, 200MHz for SDR104, 50MHz for DDR50;
(data transactions like normal peers)
}
disable_sd_speed_mode(void)
{
set BLKCNT field to 1 (block), set BLKSIZE field to 64 (bytes);
send CMD6, with argument 0x80FFFFF0 and read 64 bytes of data accompanying the R1 response;
check if the bit field 379~376 is 0xF;
if (the bit field is 0xF) report the function switch failed and return;
change clock divisor value or configure the system clock feeding into uSDHC to generate the 
card_clk of the desired value below 25MHz;
(data transactions like normal peers)
}
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73.5.4.3 Query, enable, and disable eMMC high-speed mode

enable_mmc_high_speed_mode(void)
{
send CMD9 to get CSD value of eMMC;
check if the value of SPEC_VER field is 4 or above;
if (SPEC_VER value is less than 4) report the eMMC does not support high speed mode and return;
set BLKCNT field to 1 (block), set BLKSIZE field to 512 (bytes);
send CMD8 to get EXT_CSD value of eMMC;
extract the value of CARD_TYPE field to check the 'high speed mode' in this eMMC is 26MHz or 
52MHz;
send CMD6 with argument 0x1B90100;
send CMD13 to wait card ready (busy line released);
send CMD8 to get EXT_CSD value of eMMC;
check if HS_TIMING byte (byte number 185) is 1;
if (HS_TIMING is not 1) report eMMC switching to high speed mode failed and return;
change clock divisor value or configure the system clock feeding into uSDHC to generate the 
card_clk of around 26MHz or 52MHz according to the CARD_TYPE;
(data transactions like normal peers)
}
disable_mmc_high_speed_mode(void)
{
send CMD6 with argument 0x2B90100;
set BLKCNT field to 1 (block), set BLKSIZE field to 512 (bytes);
send CMD8 to get EXT_CSD value of eMMC;
check if HS_TIMING byte (byte number 185) is 0;
if (HS_TIMING is not 0) report the function switch failed and return;
change clock divisor value or configure the system clock feeding into uSDHC to generate the 
card_clk of the desired value below 20MHz;
(data transactions like normal peers)
}

73.5.4.4 Set eMMC bus width

change_mmc_bus_width(void)
{
send CMD9 to get CSD value of eMMC;
check if the value of SPEC_VER field is 4 or above;
if (SPEC_VER value is less than 4) report the eMMC does not support multiple bit width and return;
send CMD6 with argument 0x3B70x00; (8-bit(dual data rate), x=6; 4-bit(dual data rate), x=5;8-bit, 
x=2; 4-bit, x=1; 1-bit, x=0)
send CMD13 to wait card ready (busy line released);
(data transactions like normal peers)
}

73.5.5 ADMA operation
Here are the codes for the ADMA1 and ADMA2 operations.

73.5.5.1 ADMA1 operation

Set_adma1_descriptor
{
if (to start data transfer) {
// Make sure the address is 4KB align.
Set 'Set' type descriptor;
{
Set Act bits to 01;
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Set [31:12] bits data length (byte unit);
}
Set 'Tran' type descriptor;
{
Set Act bits to 10;
Set [31:12] bits address (4KB align);
}
}
else if (to fetch descriptor at non-continuous address) {
Set Act bits to 11;
Set [31:12] bits the next descriptor address (4KB aligned);
}
else { // other types of descriptor
Set Act bits accordingly
}
if (this descriptor is the last one) {
Set End bit to 1;
}
if (to generate interrupt for this descriptor) {
Set Int bit to 1;
}
Set Valid bit to 1;
}

73.5.5.2 ADMA2 operation

Set_adma2_descriptor
{
if (to start data transfer) {
// Make sure the address is a 32-bit boundary (lower 2-bit are always '00').
Set higher 32-bit of descriptor for this data transfer initial address;
Set [31:16] bits data length (byte unit);
Set Act bits to '10';
}
else if (to fetch descriptor at non-continuous address) {
Set Act bits to '11';
// Make sure the address is 32-bit boundary (lower 2-bit are always set to '00').
Set higher 32-bit of descriptor for the next descriptor address;
}
else { // other types of descriptor
Set Act bits accordingly
}
if (this descriptor is the last one) {
Set 'End' bit '1';
}
if (to generate interrupt for this descriptor) {
Set 'Int' bit '1';
}
Set the 'Valid' bit to '1';
}

73.5.6 Fast boot operation

73.5.6.1 Normal fast boot flow

Here are the steps for normal fast boot flow:

1. Software must configure the SYS_CTRL[INITA] bit to make sure that 74 card clocks are finished.
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2. Software must configure the eMMC Boot Register (offset 0xc4) bit 6 to 1 (enable boot), and bit 5 to 0 (normal fast boot), 
and bit 4 to select the ack mode. If the data is sent through the DMA mode, the software should configure bit 7 to enable 
the automatic stop at block gap feature, and configure bit 3-bit 0 to select the ack timeout value according to the SD 
CLK frequency.

3. Software then needs to configure the Block Attributes Register to set the block size and count. If in DDR fast boot mode, 
the block size only can be configured to 512 bytes.

4. Software must configure the Protocol control register to set Data Transfer Width (DTW). If in the DDR fast boot mode, 
DTW only can be configured to 4-bit/8-bit dataline mode.

5. Software needs to configure the Command Argument Register to set argument if needed (no need in normal fast boot).

6. Software must configure the Transfer Type Register to start the boot process. In normal boot mode, CMDINX, 
CMDTYP, RSPTYP, CICEN, CCCEN, AC12EN, BCEN and DMAEN retain the default value, where DPSEL bit is set to 
1, DTDSEL is set to 1 and MSBSEL is set to 1.

7. DMAEN should be configured as 0 in the polling mode and if BCEN is configured as 1, it is recommended to configure 
the number of blocks in the Block Attributes Register to the maximum value. If in DDR fast boot mode, DDR_EN needs 
to be set to 1.

8. When step 6 is configured, the boot process begins. The software needs to poll the data buffer ready status to read 
the data from the buffer in time. If a boot timeout happens (ack times out or the first data read times out), an interrupt 
is triggered, and the software must configure eMMC Boot Register to bit 6 to 0 to disable boot. This makes CMD high, 
then after at least 56 clocks, it is ready to begin a normal initialization process.

9. If there is no timeout, software needs to determine when the data read is finished and then configure eMMC Boot 
Register bit 6 to 0 to disable boot. This render CMD line high and command completed asserted. After at least 56 
clocks, it is ready to begin the normal initialization process.

10. You must reset the host and begin the normal process.

73.5.6.2 Alternative fast boot flow

Here are the steps for alternative fast boot flow:

1. Software needs to configure SYS_CTRL[INITA] to make sure 74 card clocks are finished.

2. Software needs to configure eMMC Boot Register (offset 0xc4) bit 6 to 1 (enable boot), and bit 5 to 1 (alternative 
boot), and bit 4 to select the ack mode or not. If data needs to be sent through the DMA mode, then configure bit 7 to 
enable the automatic stop at block gap feature. Software should also configure bit 3-bit 0 to select the ack timeout value 
according to the SD clock frequency.

3. Software then needs to configure the Block Attributes Register to set the block size and count. If in the DDR fast boot 
mode, the block size only can be configured to 512 bytes.

4. Software needs to configure the Protocol control register to set the data transfer width (DTW). If in the DDR fast boot 
mode, DTW only can be configured to 4-bit/8-bit dataline mode.

5. Software needs to configure Command Argument Register to set argument to 0xFFFFFFFA.

6. Software needs to configure the Transfer Type Register to start the boot process by CMD0 with the 0xFFFFFFFA 
argument. In alternative boot, CMDINX, CMDTYP, RSPTYP, CICEN, CCCEN, AC12EN, BCEN, and DMAEN retain the 
default value. DPSEL bit is set to 1, DTDSEL is set to 1, and MSBSEL is set to 1. Note DMAEN should be configured as 
0 in the polling mode, and if BCEN is configured as 1 in polling mode, it is recommended to configure the block count in 
the Block Attributes Register to the maximum value. If in the DDR fast boot mode, DDR_EN needs to be set to 1.

7. When step 6 is configured, the boot process begins. Software needs to poll the data buffer ready status to read the data 
from the buffer in time. If there is a boot timeout (ack data timeout in 50ms or data timeout in 1s), the host sends out 
the interrupt and the software needs to send CMD0 with reset and then configure the boot enable bit to 0 to stop this 
process.
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8. If there is no time out, the software needs to decide when to stop the boot process, and send out the CMD0 with reset 
and then after the command is completed, configure the eMMC Boot Register bit 6 to stop the process. After 8 clocks 
from the command completion, the slave (card) is ready for the identification step.

9. You must reset the host and begin the normal process.

73.5.6.3 Fast boot application case (in DMA mode)
In the boot application case, because the image destination and the image size are contained in the beginning of the image, it 
is necessary to switch DMA parameters on the fly during eMMC fast boot.

In fast boot, the host can use Advanced DMA2 (ADMA2) with two destinations.

The detailed flow is described below:

1. The software needs to configure INIT_ACTIVE bit (system control register bit 27) to make sure that 74 card clocks are 
finished.

2. The software needs to configure the eMMC Boot Register (offset 0xc4) bit 6 to 1 (enable boot); and bit 5 to 0 (normal 
fast boot) or 1 (alternative boot); and bit 4 to select the ack mode. In DMA mode, configure bit 7 to 1 to enable the 
automatic stop at block gap feature. Also configure bits[31-16] to set the (BLK_CNT - VALUE1). Here VALUE1 is the 
value of the block count that needs to transfer the first time, so that the host stops at the block gap when the uSDHC 
controller gets VAULE1 blocks from the device. Also, configure bits[3-0] to select the ack timeout value according to the 
SD clock frequency.

3. The software then needs to configure the Block Attributes Register to set block size and count. If in DDR fast boot 
mode, the block size only can be configured to 512 bytes. In DMA mode, it is recommended to set the block count 
(BLK_CNT) to the max value (16'hffff).

4. The software needs to configure Protocol Control Register to set DTW (data transfer width). If in DDR fast boot mode, 
the DTW only can be configured to 4-bit/8-bit dataline mode.

5. Software enable ADMA2 by configuring Protocol Control Register bits [9-8].

6. The software needs to set at least three pairs of ADMA2 descriptor in boot memory (that is, in IRAM, at least six words). 
The first pair descriptor defines the start address (that is, IRAM) and data length (that is,512byte*VALUE1) of the first 
part boot code. The software also needs to set the second pair descriptor, the second start address (any value that 
is writable), and data length is suggested to set 1~2word (record as VALUE2). Note that the second couple desc also 
transfers useful data even at lease 1 word, because our ADMA2 cannot support 0 data_length data transfer descriptor.

7. The software needs to configure Command Argument Register to set argument to 0xFFFFFFFA in alternative fast boot 
and do not need to be set in normal fast boot.

8. The software needs to configure Transfer Type Register to start the boot process. CMDINX, CMDTYP, RSPTYP, 
CICEN, CCCEN, AC12EN, BCEN, and DMAEN retain the default value. DPSEL bit is set to 1, DTDSEL is set to 1, and 
MSBSEL is set to 1. DMAEN is configured as 1 in the DMA mode. And, if BCEN is configured as 1, then configure blk 
no in Bock Attributes Register to the max value. And, if in the DDR fast boot mode, DDR_EN needs to be set to 1.

9. When step 8 is configured, boot process begins, the first VALUE1 block number data gets transferred. The software 
needs to poll the TC bit (bit1 in Interrupt Status Register) to determine first transfer is ended. Also, the software needs to 
polling the BGE bit (bit2 in Interrupt Status Register) to determine if the first transfer stops at the block gap.

10. When TC and BGE bits are set to 1, the software can analyze the first code of VALUE1 block, initializes the new 
memory device, if required, and sets the third pair of descriptors to define the start address and length of the remaining 
part of the boot code (VALUE3, the remain boot code block). Remember to set the last descriptor with END.

11. The software needs to configure the eMMC Boot Register (offset 0xc4) again. Set bit 6 to 1 (enable boot); and bit 5 
to 0 (normal fast boot), to 1 (alternative boot); and bit 4 to select the ack mode or not. In the DMA mode, configure 
bit 7 to 1 for enabling the automatically stop at block gap feature. Also, configure bit31-bit16 to set the (BLK_CNT - 
(VALUE1+1+VALUE3)), that host stops at block gap when the uSDHC controller gets (VALUE1+1+VALUE3)) blocks 
from device totally include the blocks received in step 9. And need to configure bit 3-bit0 to select the ack timeout value 
according to the sd clk frequency. Note that the software does not need to configure the BLK_CNT again, because it is 
counted down automatically by the uSDHC controller.
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12. The software needs to clear the TC and BGE bits and the software needs to clear SABGREQ (bit 16 in the Protocol 
control register) and set CREQ (bit17 in the Protocol control register) to 1 to resume the data transfer. Host transfers 
the VALUE2 and VALUE3 data to the destination that is set by descriptor.

13. The software needs to do poll BGE bit to determine if the fast boot is over.

Note:

• When ADMA boot flow starts, for uSDHC, it is like a normal ADMA read operation. So, set ADMA2 descriptor as the 
normal ADMA2 transfer.

• Need a few words length memory to keep descriptor.

• For the 1~2-word data in second descriptor setting, it is a useful data, so the software needs to deal the data because of 
the application case.

73.6 uSDHC memory map and register definition

73.6.1 uSDHC register descriptions
This section includes the module memory map and detailed descriptions of all registers.

See the table below for the register memory map of uSDHC. All these registers only support 32-bit accesses.

 
The uSDHC registers are 32-bit wide and only support 32-bit access.

  NOTE  

73.6.1.1 uSDHC memory map

uSDHC0 base address: 298D_0000h

uSDHC1 base address: 298E_0000h

uSDHC2 base address: 298F_0000h

Offset Register Width

(In bits)

Access Reset value

0h DMA System Address (DS_ADDR) 32 RW 0000_0000h

4h Block Attributes (BLK_ATT) 32 RW 0001_0000h

8h Command Argument (CMD_ARG) 32 RW 0000_0000h

Ch Command Transfer Type (CMD_XFR_TYP) 32 RW 0000_0000h

10h Command Response0 (CMD_RSP0) 32 R 0000_0000h

14h Command Response1 (CMD_RSP1) 32 R 0000_0000h

18h Command Response2 (CMD_RSP2) 32 R 0000_0000h

1Ch Command Response3 (CMD_RSP3) 32 R 0000_0000h

20h Data Buffer Access Port (DATA_BUFF_ACC_PORT) 32 RW 0000_0000h

24h Present State (PRES_STATE) 32 R See section

28h Protocol Control (PROT_CTRL) 32 RW 0880_0020h

2Ch System Control (SYS_CTRL) 32 RW 0080_800Fh

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

30h Interrupt Status (INT_STATUS) 32 RW 0000_0000h

34h Interrupt Status Enable (INT_STATUS_EN) 32 RW 0000_0000h

38h Interrupt Signal Enable (INT_SIGNAL_EN) 32 RW 0000_0000h

3Ch Auto CMD12 Error Status (AUTOCMD12_ERR_STATUS) 32 RW 0000_0000h

40h Host Controller Capabilities (HOST_CTRL_CAP) 32 RW 03F3_B407h

44h Watermark Level (WTMK_LVL) 32 RW 0810_0810h

48h Mixer Control (MIX_CTRL) 32 RW 8000_0000h

50h Force Event (FORCE_EVENT) 32 RW 0000_0000h

54h ADMA Error Status (ADMA_ERR_STATUS) 32 R 0000_0000h

58h ADMA System Address (ADMA_SYS_ADDR) 32 RW 0000_0000h

60h DLL (Delay Line) Control (DLL_CTRL) 32 RW 0000_0000h

64h DLL Status (DLL_STATUS) 32 R 0000_0200h

68h CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS) 32 RW 0000_0000h

70h Strobe DLL control (STROBE_DLL_CTRL) 32 RW 0000_0000h

74h Strobe DLL status (STROBE_DLL_STATUS) 32 R 0000_0200h

C0h Vendor Specific Register (VEND_SPEC) 32 RW 3000_7809h

C4h eMMC Boot (MMC_BOOT) 32 RW 0000_0000h

C8h Vendor Specific 2 Register (VEND_SPEC2) 32 RW 0001_9006h

CCh Tuning Control (TUNING_CTRL) 32 RW 0021_2800h

73.6.1.2 DMA System Address (DS_ADDR)

Offset

Register Offset

DS_ADDR 0h

Function

This register contains the physical system memory address used for DMA transfers.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DS_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DS_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DS_ADDR

System address

DMA system address / argument 2

When ACMD23_ARGU2_EN is set to 0, SDMA uses this register as system address and supports only 
32-bit addressing mode. Auto CMD23 cannot be used with SDMA. When ACMD23_ARGU2_EN is set to 1, 
SDMA uses ADMA System Address register (05Fh – 058h) instead of this register to support both ADMA1 
and ADMA2. This register is used only for Argument2 and SDMA may use Auto CMD23.

1. SDMA system address

Because the address must be word (4 bytes) aligned, the least two bits are reserved and always 
set to 0. When uSDHC stops a DMA transfer, this register points out the system address of the next 
contiguous data position. It can be accessed only when no transaction is executing (that is, after 
a transaction has stopped). Read operation during transfers may return an invalid value. The host 
driver initializes this register before starting a DMA transaction. After DMA has stopped, the system 
address of the next contiguous data position can be read from this register.

This register is protected during a data transfer. When data lines are active, write to this register is 
ignored. The host driver waits until the DLA field in the Present State register is cleared, before writing 
to this register.

The uSDHC internal DMA does not support a virtual memory system. It only supports continuous 
physical memory access.

Because this register supports dynamic address reflecting, when TC field is set, it automatically alters 
the value of internal address counter, so the software cannot change this register when TC field is 
set. Such restriction is also listed in Software restrictions.

2. Argument 2

This register is used with the Auto CMD23 to set a 32-bit block count value to the argument of the 
CMD23 while executing Auto CMD23.

If Auto CMD23 is used with ADMA, the full 32-bit block count value can be used. If Auto CMD23 is 
used without ADMA, the available block count value is limited by the Block Count register. 65535 
blocks is the maximum value in this case.
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73.6.1.3 Block Attributes (BLK_ATT)

Offset

Register Offset

BLK_ATT 4h

Function

This register is used to configure the number of data blocks and the number of bytes in each block.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BLKCNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
BLKSIZE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

BLKCNT

Blocks count for current transfer

This field is enabled when the Block Count Enable field in the Transfer Mode register is set to 1 and is valid 
only for multiple block transfers. For single block transfer, this field always reads as 1. The host driver sets 
this field to a value between 1 and the maximum block count. The uSDHC module decrements the block 
count after each block transfer and stops when the count reaches zero. Setting the block count to zero 
results in no data blocks being transferred.

This field should be accessed only when no transaction is executing (that is, after transactions are 
stopped). During data transfer, read operations on this field may return an invalid value and write operations 
are ignored.

When saving transfer content because of a Suspend command, the number of blocks yet to be transferred 
can be determined by reading this field. The reading of this field should be applied after transfer is paused 
by stop at block gap operation and before sending the command marked as suspend. This is because when 
the Suspend command is sent out, uSDHC treats the current transfer as aborted and change the BLKCNT 
field back to its original value instead of keeping the dynamical indicator of the remaining block count.

When restoring transfer content prior to issuing a Resume command, the host driver restores the previously 
saved block count.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
Although the BLKCNT field is 0 after reset, the read of reset value is 0x1. This is because 
when MSBSEL field is indicating a single block transfer, the read value of BLKCNT is 
always 1.

  NOTE  

0000_0000_0000_0000b - Stop count

0000_0000_0000_0001b - 1 block

0000_0000_0000_0010b - 2 blocks

1111_1111_1111_1111b - 65535 blocks

15-13

—

Reserved

12-0

BLKSIZE

Transfer block size

This field specifies the block size for block data transfers. Values ranging from 1 byte up to the 
maximum buffer size can be set. It can be accessed only when no transaction is executing (that is, 
after a transaction has stopped). Read operations during transfers may return an invalid value, and write 
operations are ignored.

0_0000_0000_0000b - No data transfer

0_0000_0000_0001b - 1 byte

0_0000_0000_0010b - 2 bytes

0_0000_0000_0011b - 3 bytes

0_0000_0000_0100b - 4 bytes

0_0001_1111_1111b - 511 bytes

0_0010_0000_0000b - 512 bytes

0_1000_0000_0000b - 2048 bytes

1_0000_0000_0000b - 4096 bytes

73.6.1.4 Command Argument (CMD_ARG)

Offset

Register Offset

CMD_ARG 8h

Function

This register contains the SD/eMMC command argument.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CMDARG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CMDARG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CMDARG

Command argument

The SD/eMMC command argument is specified as bits 39-8 of the command format in the SD or eMMC 
specification. This field is write protected when the Command Inhibit (CMD) field in the Present State 
register is set.

73.6.1.5 Command Transfer Type (CMD_XFR_TYP)

Offset

Register Offset

CMD_XFR_TYP Ch

Function

This register is used to control the operation of data transfers. The host driver sets this register before issuing a command followed 
by a data transfer or before issuing a Resume command. To prevent data loss, uSDHC prevents writing to the bits, which are 
involved in the data transfer of this register, when data transfer is active. These fields are DPSEL, MBSEL, DTDSEL, AC12EN, 
BCEN, and DMAEN.

The host driver checks the Command Inhibit DAT field (PRES_STATE[CDIHB]) and the Command Inhibit CMD field 
(PRES_STATE[CIHB]) in the Present State register before writing to this register. When the CDIHB field in the Present 
State register is set, any attempt to send a command with data by writing to this register is ignored; when the CIHB field is set, 
any write to this register is ignored.

On sending commands with data transfer involved, it is mandatory that the block size is non-zero. Block count must also be 
non-zero, or indicated as a single block transfer (bit 5 of this register is '0' when written), or block count is disabled (bit 1 of this 
register is '0' when written), otherwise uSDHC ignores the sending of this command and do nothing. For write command, with all 
above restrictions, it is also mandatory that the write protect switch is not active (PRES_STATE[WPSPL] field of Present State 
register is '1'); otherwise, uSDHC also ignores the command.

If the commands with data transfer do not receive the response in 64 clock cycles, that is, if response time-out happens, uSDHC 
treats the external device, does not accept the command, and aborts the data transfer. In this scenario, the driver should issue 
the command again to retry the transfer. It is also possible that for some reason the card responds to the command but uSDHC 
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does not receive the response, and if it is internal DMA (either simple DMA or ADMA) read operation, the external system memory 
is over-written by the internal DMA with data sent back from the card.

The table below shows the summary of how register settings determine the type of data transfer.

Table 617. Transfer type register setting for various transfer types

Multi/single block select Block count enable Block count Function

0 Do not care Do not care Single transfer

1 0 Do not care Infinite transfer

1 1 Positive number Multiple transfer

1 1 Zero No data transfer

The table below shows the relationship between the Command Index Check Enable and the Command CRC Check Enable, 
regarding the Response Type bits as well as the name of the response type.

Table 618. Relationship between parameters and the name of the response type

Response type Index check enable CRC check enable Name of response type

00 0 0 No response

01 0 1 R2

10 0 0 R3, R4

10 1 1 R1, R5, R6

11 1 1 R1b,R5b

• In the SDIO specification, response type notation for R5b is not defined. R5 includes R5b in the SDIO specification, but 
R5b is defined in this specification to specify that uSDHC checks the busy status after receiving a response. For example, 
usually CMD52 is used with R5, but the I/O abort command is used with R5b.

• The CRC fields for R3 and R4 are expected to be all 1 bits. The CRC check is disabled for these response types.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
CMDINX CMDTYP 

DPSE
L 

CICEN 
CCCE

N 
Reserv

ed 
RSPTYP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AC23E

N 
NIBBL
E_...

MSBS
EL 

DTDS
EL 

DDR_
EN 

AC12E
N 

BCEN 
DMAE

N 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

—

Reserved

29-24

CMDINX

Command index

These fields are set to the command number that is specified in bits 45-40 of the command-format in the SD 
Memory Card Physical Layer Specification and SDIO Specification.

23-22

CMDTYP

Command type

There are three types of special commands: Suspend, Resume, and Abort. These fields are set to 00b for 
all other commands.

• Suspend command: If the Suspend command succeeds, uSDHC assumes that the card bus has 
been released and that it is possible to issue the next command that uses the DATA line. Because 
uSDHC does not monitor the content of command response, it does not know if the Suspend 
command succeeded or not. It is the host driver's responsibility to check the status of the Suspend 
command and send another command marked as Suspend to inform uSDHC that a Suspend 
command was successfully issued. See Suspend Resume for more details. After the end bit of 
command is sent, uSDHC deasserts Read Wait for read transactions and stops checking busy for 
write transactions. In a 4-bit mode, the interrupt cycle starts. If the Suspend command fails, uSDHC 
maintains its current state, and the host driver restarts the transfer by setting the Continue Request 
field in the Protocol Control register.

• Resume command: The host driver re-starts the data transfer by restoring the registers saved before 
sending the Suspend command and then sends the Resume command. The uSDHC module checks 
for a pending busy state before starting write transfers.

• Abort command: If this command is set when executing a read transfer, uSDHC stops reads to the 
buffer. If this command is set when executing a write transfer, uSDHC stops driving the DATA line. 
After issuing the Abort command, the host driver should issue a software reset (Abort Transaction).

00b - Normal other commands

01b - Suspend CMD52 for writing bus suspend in CCCR

10b - Resume CMD52 for writing function select in CCCR

11b - Abort CMD12, CMD52 for writing I/O Abort in CCCR

21

DPSEL

Data present select

This field is set to 1 to indicate that data is present and is transferred using the DATA line. It is set to 0 for 
the following:

• Commands using only the CMD line (for example, CMD52)

• Commands with no data transfer, but using the busy signal on DATA0 line (R1b or R5b (for 
example, CMD38))

 
In resume command, this field is set, and other bits in this register is set the same as when 
the transfer was initially launched. When the write protect switch is on, (that is, the WPSPL 
field is active as '0'), any command with a write operation ignored. When this field is set, 
while the DTDSEL field is 0, writes to the register Transfer Type are ignored.

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No data present

1b - Data present

20

CICEN

Command index check enable

If this field is set to 1, uSDHC checks the Index field in the response to see if it has the same value as the 
command index. If it is not, it is reported as a Command Index Error. If this field is set to 0, the Index field 
is not checked.

0b - Disable command index check

1b - Enables command index check

19

CCCEN

Command CRC check enable

If this field is set to 1, uSDHC checks the CRC field in the response. If an error is detected, it is reported as 
a Command CRC Error. If this field is set to 0, the CRC field is not checked. The number of bits checked 
by the CRC field value changes according to the length of the response. See RSPTYP[1:0] and Command 
Transfer Type (CMD_XFR_TYP).

0b - Disables command CRC check

1b - Enables command CRC check

18

—

Reserved

17-16

RSPTYP

Response type select

00b - No response

01b - Response length 136

10b - Response length 48

11b - Response length 48, check busy after response

15-8

—

Reserved

7

AC23EN

AC23EN

This field is read when VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is tied to '0'. When 
this field is set to 1, the host controller issues a CMD23 automatically before issuing a command specified 
in the Command Register.

0b - Disable

1b - Enable

6

NIBBLE_POS

NIBBLE_POS

This field indicates the nibble position in the DDR 4-bit mode. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is read-only. 0- the sequence is 'odd 
high nibble -> even high nibble -> odd low nibble -> even low nibble'; 1- the sequence is 'odd high nibble -> 
odd low nibble -> even high nibble -> even low nibble'.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

5

MSBSEL

MSBSEL

This field enables multiple block DATA line data transfers. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is read-only. For any other commands, this 
field can be set to 0. If this field is 0, it is not necessary to set the Block Count register. See Command 
Transfer Type (CMD_XFR_TYP).

0b - Disable

1b - Enable

4

DTDSEL

DTDSEL

This field defines the direction of DATA line data transfers. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is read-only. The field is set to 1 by 
the host driver to transfer data from the SD card to uSDHC and is set to 0 for all other commands.

If a CMD with the response data size cannot be divided by 64 bytes, is given without a STOP CMD, and is 
followed by a software reset, then you must write a 0 to DTDSEL before inserting a software reset. This is 
necessary to avoid any issue during the SD card reinitialization. Read multiple blocks will not be affected as 
it is required to have a STOP CMD.

0b - Disable

1b - Enable

3

DDR_EN

DDR_EN

Dual data rate mode selection. This field is read/write when VEND_SPEC[CMD_BYTE_EN] is enabled; 
otherwise, this field is read-only.

0b - Disable

1b - Enable

2

AC12EN

AC12EN

Multiple block transfers for memory require a CMD12 to stop the transaction. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is read-only. When this field is set to 1, 
uSDHC issues a CMD12 automatically when the last block transfer has completed. The host driver is not set 
this field to issue commands that do not require CMD12 to stop a multiple block data transfer. In particular, 
secure commands defined in File Security Specification (see reference list) do not require CMD12. In single 
block transfer, uSDHC ignores this field no matter it is set or not.

0b - Disable

1b - Enable

1

BCEN

BCEN

This field is used to enable the Block Count register, which is only relevant for multiple block transfers. This 
field is read/write when VEND_SPEC[CMD_BYTE_EN] is enabled; otherwise, this field is read-only. When 
this field is 0, the internal counter for block is disabled, which is useful in executing an infinite transfer.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

0

DMAEN

DMAEN

This field enables DMA functionality. This field is read/write when VEND_SPEC[CMD_BYTE_EN] is 
enabled; otherwise, this field is read-only. If this field is set to 1, a DMA operation begins when the host driver 
sets the DPSEL field of this register. Whether the simple DMA or the advanced DMA is active depends on 
the DMA Select field of the Protocol Control register.

0b - Disable

1b - Enable

73.6.1.6 Command Response0 (CMD_RSP0)

Offset

Register Offset

CMD_RSP0 10h

Function

This register is used to store part 0 of the response bits from the card.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMDRSP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CMDRSP0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CMDRSP0

Command response 0

See Command Response3 (CMD_RSP3) for the mapping of command responses from the SD bus to this 
field for each response type.
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73.6.1.7 Command Response1 (CMD_RSP1)

Offset

Register Offset

CMD_RSP1 14h

Function

This register is used to store part 1 of the response bits from the card.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMDRSP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CMDRSP1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CMDRSP1

Command response 1

See Command Response3 (CMD_RSP3) for the mapping of command responses from the SD bus to this 
field for each response type.

73.6.1.8 Command Response2 (CMD_RSP2)

Offset

Register Offset

CMD_RSP2 18h

Function

This register is used to store part 2 of the response bits from the card.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMDRSP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CMDRSP2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CMDRSP2

Command response 2

See Command Response3 (CMD_RSP3) for the mapping of command responses from the SD bus to this 
field for each response type.

73.6.1.9 Command Response3 (CMD_RSP3)

Offset

Register Offset

CMD_RSP3 1Ch

Function

This register is used to store part 3 of the response bits from the card.

The table below describes the mapping of command responses from the SD bus to Command Response registers for each 
response type. In this table, R[ ] refers to a bit range within the response data as transmitted on the SD bus.

Table 619. Response bit definition for each response type

Response type Meaning of response Response field Response register

R1,R1b (normal response) Card status R[39:8] CMDRSP0

R1b (auto CMD12 response) Card status for auto CMD12 R[39:8] CMDRSP3

R2 (CID, CSD register) CID/CSD register [127:8] R[127:8] {CMDRSP3[23:0],

CMDRSP2,

CMDRSP1,

CMDRSP0}

Table continues on the next page...
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Table 619. Response bit definition for each response type (continued)

Response type Meaning of response Response field Response register

R3 (OCR register) OCR register for memory R[39:8] CMDRSP0

R4 (OCR register) OCR register for I/O etc. R[39:8] CMDRSP0

R5, R5b SDIO response R[39:8] CMDRSP0

R6 (publish RCA) New published RCA[31:16] 
and card status[15:0]

R[39:9] CMDRSP0

This table shows that most responses with a length of 48 (R[47:0]) have 32-bits of the response data (R[39:8]) stored in the 
CMDRSP0 register. Responses of type R1b (Auto CMD12 responses) have response data bits (R[39:8]) stored in the CMDRSP3 
register. Responses with length 136 (R[135:0]) have 120-bits of the response data (R[127:8]) stored in the CMDRSP0, 1, 2, and 
3 registers.

To be able to read the response status efficiently, uSDHC only stores part of the response data in the Command Response 
registers. This enables the host driver to efficiently read 32-bits of response data in one read cycle on a 32-bit bus system. Parts 
of the response, the Index field and the CRC, are checked by uSDHC (as specified by the Command Index Check Enable and the 
Command CRC Check Enable bits in the Transfer Type register) and generate an error interrupt if any error is detected. The bit 
range for the CRC check depends on the response length. If the response length is 48, uSDHC checks R[47:1], and if the response 
length is 136 the uSDHC checks R[119:1].

Because uSDHC may have a multiple block data transfer executing concurrently with a CMD_wo_DAT command, uSDHC stores 
the Auto CMD12 response in the CMDRSP3 register. The CMD_wo_DAT response is stored in CMDRSP0. This allows uSDHC to 
avoid overwriting the Auto CMD12 response with the CMD_wo_DAT and vice versa. When uSDHC modifies part of the Command 
Response registers, as shown in the table above, it preserves the unmodified bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMDRSP3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CMDRSP3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

CMDRSP3

Command response 3

See Command Response3 (CMD_RSP3) for the mapping of command responses from the SD bus to this 
field for each response type.
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73.6.1.10 Data Buffer Access Port (DATA_BUFF_ACC_PORT)

Offset

Register Offset

DATA_BUFF_ACC_POR
T

20h

Function

The Buffer Data Port register is for 32-bit data access by the Arm platform. When the internal DMA is enabled, any write to this 
field is ignored, and any read from this field always yields 0s.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DATCONT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DATCONT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DATCONT

Data content

This field is used to access the internal buffer.

73.6.1.11 Present State (PRES_STATE)

Offset

Register Offset

PRES_STATE 24h

Function

The host driver can get status of uSDHC from this 32-bit read only register.

The host driver can issue CMD0, CMD12, CMD13 (for memory) and CMD52 (for SDIO) when the DATA lines are busy during a 
data transfer. These commands can be issued when Command Inhibit (CMD) is set to zero. Other commands are issued when 
Command Inhibit (DATA) is set to zero. Possible changes to the SD Physical Specification may add other commands to this list 
in the future.
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The reset value of Present State register depends on board connectivity.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DLSL CLSL 0
WPSP

L 
CDPL 0 CINST 

W

Reset u u u u u u u u u 0 0 0 u u 0 u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R TSCD 0 RTR BREN BWEN RTA WTA Reserved 
SDST

B 
DLA CDIHB CIHB 

W

Reset 1 0 0 0 0 0 0 0 1 0 0 0 u 0 0 0

Fields

Field Function

31-24

DLSL

DATA[7:0] line signal level

This field is used to check the DATA line level to recover from errors, and for debugging. This is especially 
useful in detecting the busy signal level from DATA0. The reset value is affected by the external pull-up / 
pull-down resistors. By default, the read value of this field after reset is 8'b11110111, when DATA3 is pulled 
down and the other lines are pulled up.

0000_0000b - Data 0 line signal level

0000_0001b - Data 1 line signal level

0000_0010b - Data 2 line signal level

0000_0011b - Data 3 line signal level

0000_0100b - Data 4 line signal level

0000_0101b - Data 5 line signal level

0000_0110b - Data 6 line signal level

0000_0111b - Data 7 line signal level

23

CLSL

CMD line signal level

This field is used to check the CMD line level to recover from errors, and for debugging. The reset value is 
affected by the external pull-up / pull-down resistor, by default, the read value of this field after reset is 1'b1, 
when the command line is pulled up.

22-20

—

Reserved

19 Write protect switch pin level

Table continues on the next page...
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Table continued from the previous page...

Field Function

WPSPL The Write Protect switch is supported for memory and combo cards. This field reflects the inverted value of 
the WP pin of the card socket. A software reset does not affect this field. The reset value is affected by the 
external write protect switch. If the WP pin is not used, it should be tied low, so that the reset value of this 
field is high and write is enabled.

0b - Write protected (WP = 1)

1b - Write enabled (WP = 0)

18

CDPL

Card detect pin level

This field reflects the inverse value of the CD_B pin for the card socket. Debouncing is not performed on this 
field. This field may be valid, but is not guaranteed, because of propagation delay. Use of this field is limited 
to testing because it must be debounced by software. A software reset does not affect this field. A write to 
the Force Event Register does not affect this field. The reset value is affected by the external card detection 
pin. This field shows the value on the CD_B pin (that is, when a card is inserted in the socket, it is 0 on the 
CD_B input, and consequently, the CDPL reads 1.

0b - No card present (CD_B = 1)

1b - Card present (CD_B = 0)

17

—

Reserved

16

CINST

Card inserted

This field indicates whether a card has been inserted. The uSDHC module debounces this signal so that 
the host driver does not need to wait for it to stabilize. Changing from a 0 to 1 generates a Card Insertion 
interrupt in the Interrupt Status register. Changing from a 1 to 0 generates a Card Removal interrupt in the 
Interrupt Status register. A write to the Force Event Register does not affect this field.

The Software Reset For All in the System Control register does not affect this field. A software reset does 
not affect this field.

0b - Power on reset or no card

1b - Card inserted

15

TSCD

Tap select change done

This field indicates the delay setting is effective after write CLK_TUNE_CTRL_STATUS register.

0b - Delay cell select change is not finished.

1b - Delay cell select change is finished.

14-13

—

Reserved

12

RTR

Re-Tuning Request (only for SD3.0 SDR104 mode, and eMMC HS200 mode)

Host controller may request host driver to execute re-tuning sequence by setting this field when the data 
window is shifted by temperature drift and a tuned sampling point does not have a good margin to receive 
correct data.

Table continues on the next page...
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Table continued from the previous page...

Field Function

This field is cleared when a command is issued with setting Execute Tuning field in MIX_CTRL register.

Changing of this field from 0 to 1 generates Re-Tuning Event. See Interrupt status registers for more detail.

This field isn't set to 1 if Sampling Clock Select in the MIX_CTRL register is set to 0 (using fixed 
sampling clock).

0b - Fixed or well tuned sampling clock

1b - Sampling clock needs re-tuning

11

BREN

Buffer read enable

This status field is used for non-DMA read transfers. The uSDHC module implements an internal buffer to 
transfer data efficiently. This read only flag indicates that valid data exists in the host side buffer. If this field 
is high, valid data greater than the watermark level exist in the buffer. A change of this field from 1 to 0 occurs 
when some reads from the buffer (read DATPORT (Base + 0x20)) are made and the buffer hasn't valid data 
greater than the watermark level. A change of this field from 0 to1 occurs when there is enough valid data 
ready in the buffer and the Buffer Read Ready interrupt has been generated and enabled.

0b - Read disable

1b - Read enable

10

BWEN

Buffer write enable

This status field is used for non-DMA write transfers. The uSDHC module implements an internal buffer to 
transfer data efficiently. This read only flag indicates if space is available for write data. If this field is 1, valid 
data greater than the watermark level can be written to the buffer. A change of this field from 1 to 0 occurs 
when some writes to the buffer (write DATPORT (Base + 0x20)) are made and the buffer hasn't valid space 
greater than the watermark level. A change of this field from 0 to 1 occurs when the buffer can hold valid 
data greater than the write watermark level and the Buffer Write Ready interrupt is generated and enabled.

0b - Write disable

1b - Write enable

9

RTA

Read transfer active

This status field is used for detecting completion of a read transfer.

This field is set for either of the following conditions:

• After the end field of the read command

• When writing a 1 to the Continue Request field in the Protocol Control register to restart a read 
transfer

A transfer complete interrupt is generated when this field changes to 0. This field is cleared for either of the 
following conditions:

• When the last data block as specified by block length is transferred to the System, that is, all data 
are read away from uSDHC internal buffer.

• When all valid data blocks have been transferred from uSDHC internal buffer to the System and no 
current block transfers are being sent because of the Stop At Block Gap Request being set to 1.

0b - No valid data

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Transferring data

8

WTA

Write transfer active

This status field indicates a write transfer is active. If this field is 0, it means no valid write data exists 
in uSDHC.

This field is set in either of the following cases:

• After the end field of the write command

• When writing 1 to the Continue Request field in the Protocol Control register to restart a write 
transfer

This field is cleared in either of the following cases:

• After getting the CRC status of the last data block as specified by the transfer count (Single and 
Multiple)

• After getting the CRC status of any block where data transmission is about to be stopped by a Stop 
At Block Gap Request

During a write transaction, a Block Gap Event interrupt is generated when this field is changed to 0, as result 
of the Stop At Block Gap Request being set. This status is useful for the host driver in determining when to 
issue commands during Write Busy state.

0b - No valid data

1b - Transferring data

7-4

—

Reserved

3

SDSTB

SD clock stable

This status field indicates that the internal card clock is stable. This field is for the host driver to poll clock 
status when changing the clock frequency. It is recommended to clear FRC_SDCLK_ON field in System 
Control register to remove glitches on the card clock when the frequency is changing.

Before changing clock divisor value (SDCLKFS or DVS), host driver should make sure the SDSTB field 
is high.

0b - Clock is changing frequency and not stable.

1b - Clock is stable.

2

DLA

Data line active

This status field indicates whether one of the DATA lines on the SD bus is in use.

In the case of read transactions:

This status indicates if a read transfer is executing on the SD bus. Changes in this value from 1 to 0, between 
data blocks, generates a Block Gap Event interrupt in the Interrupt Status register.

This field is set in either of the following cases:

• After the end field of the read command

Table continues on the next page...
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Table continued from the previous page...

Field Function

• When writing a 1 to the Continue Request field in the Protocol Control register to restart a read 
transfer

This field is cleared in either of the following cases:

• When the end field of the last data block is sent from the SD bus to uSDHC.

• When the Read Wait state is stopped by a Suspend command and the DATA2 line is released.

The uSDHC module waits at the next block gap by driving Read Wait at the start of the interrupt cycle. If the 
Read Wait signal is already driven (data buffer cannot receive data), uSDHC can wait for a current block 
gap by continuing to drive the Read Wait signal. It is necessary to support Read Wait to use the suspend / 
resume function. This field remains 1 during Read Wait.

In the case of write transactions:

This status indicates that a write transfer is executing on the SD bus. Changes in this value from 1 to 0 
generate a Transfer Complete interrupt in the Interrupt Status register.

This field is set in either of the following cases:

• After the end field of the write command

• When writing to 1 to the Continue Request field in the Protocol Control register to continue a write 
transfer

This field is cleared in either of the following cases:

• When the SD card releases Write Busy of the last data block, uSDHC also detects if the output is 
not busy. If the SD card does not drive the busy signal after the CRC status is received, uSDHC 
assumes the card drive "Not Busy".

• When the SD card releases write busy, prior to waiting for write transfer, and because of a Stop At 
Block Gap Request.

In the case of command with busy pending:

This status indicates that a busy state follows the command and the data line is in use. This field is cleared 
when the DATA0 line is released.

0b - DATA line inactive

1b - DATA line active

1

CDIHB

Command Inhibit Data (DATA)

This status field is generated if either the DAT Line Active or the Read Transfer Active is set to 1. If this 
field is 0, it indicates that uSDHC can issue the next SD / eMMC Command. Commands with a busy signal 
belong to Command Inhibit (DATA) (for example. R1b, R5b type). Changing from 1 to 0 generates a Transfer 
Complete interrupt in the Interrupt Status register.

 
The SD host driver can save registers for a suspend transaction after this field has changed 
from 1 to 0.

  NOTE  

0b - Can issue command that uses the DATA line

1b - Cannot issue command that uses the DATA line

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

CIHB

Command inhibit (CMD)

If this status bit is 0, it indicates that the CMD line is not in use and uSDHC can issue a SD / eMMC command 
using the CMD line.

This field is set also immediately after the Transfer Type register is written. This field is cleared when the 
command response is received. Even if the Command Inhibit (DATA) is set to 1, commands using only the 
CMD line can be issued if this field is 0. Changing from 1 to 0 generates a Command Complete interrupt in 
the Interrupt Status register. If uSDHC cannot issue the command because of a command conflict error (see 
Command CRC Error) or because of a Command Not Issued By Auto CMD12 Error, this field remains 1 and 
the Command Complete is not set. The Status of issuing an auto CMD12 does not show on this field.

0b - Can issue command using only CMD line

1b - Cannot issue command

73.6.1.12 Protocol Control (PROT_CTRL)

Offset

Register Offset

PROT_CTRL 28h

Function

This register controls three cases to restart the transfer after stop at the block gap. Which case is appropriate depends on whether 
uSDHC issues a Suspend command or the SD card accepts the Suspend command.

• If the host driver does not issue a Suspend command, the Continue request is used to restart the transfer.

• If the host driver issues a Suspend command and the SD card accepts it, a Resume command is used to restart the 
transfer.

• If the host driver issues a Suspend command and the SD card does not accept it, the Continue request is used to restart 
the transfer.

Any time stop at block gap request stops the data transfer, the host driver waits for a Transfer Complete (in the Interrupt Status 
register), before attempting to restart the transfer. When restarting the data transfer by Continue Request, the host driver clears 
the Stop At Block Gap Request before or simultaneously.

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4844 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

NON_
EXA...

Reserved 
WECR

M 
WECI

NS 
WECI

NT 
Reserved 

RD_D
ONE...

IABG 
RWCT

L 
CREQ 

SABG
REQ W

Reset 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
DMASEL CDSS CDTL EMODE D3CD DTW 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Fields

Field Function

31

—

Reserved

Always write as 0

30

NON_EXACT_B
LK_RD

Non-exact block read

Current block read is non-exact block read. It is only used for SDIO.

0b - The block read is exact block read. Host driver does not need to issue abort command to 
terminate this multi-block read.

1b - The block read is non-exact block read. Host driver needs to issue abort command to 
terminate this multi-block read.

29-27

—

Reserved

26

WECRM

Wakeup event enable on SD card removal

This field enables a wakeup event, via a card removal, in the Interrupt Status register. FN_WUS (Wakeup 
Support) in CIS does not affect this field. When this field is set, the Card Removal Status and uSDHC 
interrupt can be asserted without CLK toggling. When the wakeup feature is not enabled, the CLK must be 
active to assert the Card Removal Status and uSDHC interrupt.

0b - Disables wakeup event enable on SD card removal

1b - Enables wakeup event enable on SD card removal

25

WECINS

Wakeup event enable on SD card insertion

This field enables a wakeup event, via a card insertion, in the Interrupt Status register. FN_WUS (Wakeup 
Support) in CIS does not affect this field. When this field is set, the Card Insertion Status and uSDHC 
interrupt can be asserted without CLK toggling. When the wakeup feature is not enabled, the CLK must be 
active to assert the Card Insertion Status and uSDHC interrupt.

0b - Disable wakeup event enable on SD card insertion

1b - Enable wakeup event enable on SD card insertion

Table continues on the next page...
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Field Function

24

WECINT

Wakeup event enable on card interrupt

This field enables a wakeup event, via a card interrupt, in the Interrupt Status register. This field can be set 
to 1 if FN_WUS (Wakeup Support) in CIS is set to 1. When this field is set, the Card Interrupt Status and 
uSDHC interrupt can be asserted without CLK toggling. When the wakeup feature is not enabled, the CLK 
must be active to assert the Card Interrupt Status and uSDHC interrupt.

0b - Disables wakeup event enable on card interrupt

1b - Enables wakeup event enable on card interrupt

23-21

—

Reserved

Always write as 3'b100

20

RD_DONE_NO
_8CLK

Read performed number 8 clock

According to the SD/eMMC spec, for read data transaction, 8 clocks are needed after the end field of the 
last data block. So, by default(RD_DONE_NO_8CLK=0), eight clocks are active after the end field of the last 
read data transaction.

However, these 8 clocks should not be active if user wants to use stop at block gap (include the auto stop at 
block gap in boot mode) feature for read and the RWCTL field (bit18) is not enabled. In this case, software 
should set RD_DONE_NO_8CLK to avoid these 8 clocks. Otherwise, the device might send extra data to 
uSDHC while uSDHC ignores these data.

In a summary, this field should be set only if the use case needs to use stop at block gap feature while the 
device can't support the read wait feature.

19

IABG

Interrupt at block gap

This field is valid only in 4-bit mode, of SDIO, and selects a sample point in the interrupt cycle. Setting to 
1 enables interrupt detection at the block gap for a multiple block transfer. Setting to 0 disables interrupt 
detection during a multiple block transfer. If SDIO cannot signal an interrupt during a multiple block transfer, 
this field should be set to 0 to avoid an inadvertent interrupt. When the host driver detects an SDIO insertion, 
it sets this field according to the CCCR of the card.

0b - Disables interrupt at block gap

1b - Enables interrupt at block gap

18

RWCTL

Read wait control

The read wait function provided by this field is optional for SDIO. If the card supports read wait, set this field 
to enable use of the read wait protocol to stop read data using the DATA2 line. Otherwise, uSDHC has to 
stop the SD clock to hold read data, which restricts commands generation. When the host driver detects an 
SDIO insertion, it sets this field according to the CCCR of the card. If the card does not support read wait, this 
field should never be set to 1; otherwise, DATA line conflicts might occur. If this field is set to 0, stop at block 
gap during read operation is also supported, but uSDHC stops the SD clock to pause reading operation.

0b - Disables read wait control and stop SD clock at block gap when SABGREQ field is set

1b - Enables read wait control and assert read wait without stopping SD clock at block gap when 
SABGREQ field is set

17 Continue request
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Field Function

CREQ This field is used to restart a transaction which was stopped using the stop at block gap request. When a 
suspend operation is not accepted by the card, it is also by setting this field to restart the paused transfer. To 
cancel stop at the block gap, set stop at block gap request to 0 and set this field to 1 to restart the transfer.

The uSDHC module automatically clears this field, therefore it is not necessary for the host driver to set this 
field to 0. If both stop at block gap request and this field are 1, the continue request is ignored.

0b - No effect

1b - Restart

16

SABGREQ

Stop at block gap request

This field is used to stop executing a transaction at the next block gap for both DMA and non-DMA transfers. 
Until the transfer complete is set to 1, indicating a transfer completion, the host driver leaves this field set 
to 1. Clearing both the stop at block gap request and continue request does not cause the transaction to 
restart. Read Wait is used to stop the read transaction at the block gap. The uSDHC module supports the 
stop at block gap request for write transfers, but for read transfers it requires that SDIO support read wait. 
Therefore, the host driver does not set this field during read transfers unless SDIO supports Read Wait and 
has set the read wait control to 1; otherwise, uSDHC stops the SD bus clock to pause the read operation 
during block gap. In the case of write transfers in which the host driver writes data to the Data Port register, 
the host driver sets this field after all block data is written. If this field is set to 1, the host driver does not 
write data to the Data Port register after a block is sent. Once this field is set, the host driver does not clear 
this field before the Transfer Complete field in Interrupt Status register is set, otherwise uSDHC's behavior 
is undefined.

This field effects read transfer active, write transfer active, DATA Line Active and Command Inhibit (DATA) 
in the Present State register.

0b - Transfer

1b - Stop

15-10

—

Reserved

9-8

DMASEL

DMA select

This field is valid while DMA (SDMA or ADMA) is enabled and selects the DMA operation.

00b - No DMA or simple DMA is selected.

01b - ADMA1 is selected.

10b - ADMA2 is selected.

11b - Reserved

7

CDSS

Card detect signal selection

This field selects the source for the card detection.

0b - Card detection level is selected (for normal purpose).

1b - Card detection test level is selected (for test purpose).

6 Card detect test level
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Field Function

CDTL This field is enabled while the card detection signal selection is set to 1 and it indicates card insertion.

0b - Card detect test level is 0, no card inserted

1b - Card detect test level is 1, card inserted

5-4

EMODE

Endian mode

This field supports all three endian modes in data transfer. See Data buffer for more details.

00b - Big endian mode

01b - Half word big endian mode

10b - Little endian mode

11b - Reserved

3

D3CD

DATA3 as card detection pin

If this field is set, DATA3 should be pulled down to act as a card detection pin. Be cautious when using this 
feature, because DATA3 is also a chip-select for the SPI mode. A pull-down on this pin and CMD0 might 
set the card into the SPI mode, which uSDHC does not support.

0b - DATA3 does not monitor card insertion

1b - DATA3 as card detection pin

2-1

DTW

Data transfer width

This field selects the data width of the SD bus for a data transfer. The host driver sets it to match the data 
width of the card. Possible data transfer width is 1-bit, 4-bits or 8-bits.

00b - 1-bit mode

01b - 4-bit mode

10b - 8-bit mode

11b - Reserved

0

—

Reserved

73.6.1.13 System Control (SYS_CTRL)

Offset

Register Offset

SYS_CTRL 2Ch

Function
This register provides control of the system. See detail in the field description.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
RSTT INITA RSTD RSTC RSTA 

IPP_R
ST...

Reserv
ed Reserv

ed 

0
DTOCV 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SDCLKFS DVS Reserved 

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

Fields

Field Function

31-29

—

Reserved

28

RSTT

Reset tuning

When set this field to 1, it resets tuning circuit. After tuning circuits are reset, bit value is 0. Clearing 
execute_tuning field in AUTOCMD12_ERR_STATUS also sets this field to 1 to reset tuning circuit

27

INITA

Initialization active

When this field is set, 80 SD-clocks are sent to the card. After the 80 clocks are sent, this field is self cleared. 
This field is very useful during the card power-up period when 74 SD-clocks are needed and the clock auto 
gating feature is enabled. Writing 1 to this bit when this field is already 1 has no effect. Writing 0 to this field 
at any time has no effect. When either of the CIHB and CDIHB fields in the Present State register are set, 
writing 1 to this field is ignored (that is, when command line or data lines are active, write to this field is not 
allowed). On the other-hand, when this field is set, that is, during initialization active period, it is allowed to 
issue command, and the command bit stream appears on the CMD pad after all 80 clock cycles are done. 
So, when this command ends, the driver can make sure the 80 clock cycles are sent out. This is very useful 
when the driver needs to send 80 cycles to the card and does not want to wait till this field is self cleared.

26

RSTD

Software reset for data line

Only part of the data circuit is reset. DMA circuit is also reset. After this field is set, the software waits 
for self-clear.

The following registers and bits are cleared by this field:

• Data Port register

— Buffer is cleared and initialized

• Present State register

— Buffer read enable

— Buffer write enable

Table continues on the next page...
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Field Function

— Read transfer active

— Write transfer active

— DATA line active

— Command Inhibit (DATA)

• Protocol Control register

— Continue request

• Interrupt Status register

— Buffer read ready

— Buffer write ready

— DMA interrupt

— Block gap event

— Transfer complete

 
When reset, the software must make sure there is no incomplete data transferring. If there 
is data transfer going on, the software needs to wait TC or DC INT_STATUS register is set.

  NOTE  

0b - No reset

1b - Reset

25

RSTC

Software reset for CMD line

Only part of the command circuit is reset. After this field is set, the software waits for self-clear.

The following registers and bits are cleared by this field:

• Present State Register

— Command Inhibit (CMD)

• Interrupt Status Register

— Command Complete

0b - No reset

1b - Reset

24

RSTA

Software reset for all

This reset affects the entire host controller except for the card detection circuit. RSTA resets all the registers 
that can be reset by RSTC/RSTD. During its initialization, the host driver is set this field to 1 to reset uSDHC. 
The uSDHC module resets this field to 0 when the capabilities registers are valid and the host driver can 
read them. Additional use of Software Reset For All does not affect the value of the capabilities registers. 
After this field is set, it is recommended that the host driver reset the external card and re-initialize it. After 
this field is set, the software should wait for self-clear.

In tuning process, after every CMD19 is finished, this field is set to retest uSDHC.

Table continues on the next page...
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Field Function

 
When reset, the software must make sure there is no incomplete data transferring. If there 
is data transfer going on, the software needs to wait TC or DC INT_STATUS register is set.

  NOTE  

0b - No reset

1b - Reset

23

IPP_RST_N

Hardware reset

This field's value is output to card through pad directly to hardware reset pin of the card if the card supports 
this feature.

22

—

Reserved

21

—

Reserved

20

—

Reserved

19-16

DTOCV

Data timeout counter value

This value determines the interval by which DAT line timeouts are detected. See the Data Timeout Error 
field in the Interrupt Status register for information on factors that dictate time-out generation. Time-out clock 
frequency is generated by dividing the base clock SDCLK value by this value.

The host driver can clear the Data Timeout Error Status Enable (in the Interrupt Status Enable register) to 
prevent inadvertent time-out events.

0000b - SDCLK x 2 32

0001b - SDCLK x 2 33

0010b - SDCLK x 2 18

0011b - SDCLK x 2 19

1101b - SDCLK x 2 29 recommend to use for other speed mode except HS200, HS400, SDR104 
mode

1110b - SDCLK x 2 30 recommend to use for HS200 and SDR104 mode

1111b - SDCLK x 2 31 recommend to use for HS400 mode

15-8

SDCLKFS

SDCLK frequency select

This field is used to select the frequency of the SDCLK pin. The frequency is not programmed directly, 
rather this field holds the prescaler (of this register) and divisor (next register) of the Base Clock 
Frequency register.

In Single Data Rate mode (DDR_EN field of MIXERCTRL is '0')

Only the following settings are allowed:

Table continues on the next page...
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Field Function

80h) Base clock divided by 256

40h) Base clock divided by 128

20h) Base clock divided by 64

10h) Base clock divided by 32

08h) Base clock divided by 16

04h) Base clock divided by 8

02h) Base clock divided by 4

01h) Base clock divided by 2

00h) Base clock divided by 1

While in Dual Data Rate mode (DDR_EN field of MIXERCTRL is '1')

Only the following settings are allowed:

80h) Base clock divided by 512

40h) Base clock divided by 256

20h) Base clock divided by 128

10h) Base clock divided by 64

08h) Base clock divided by 32

04h) Base clock divided by 16

02h) Base clock divided by 8

01h) Base clock divided by 4

00h) Base clock divided by 2

When the software changes the DDR_EN field, SDCLKFS might need to be changed also.

In Single Data Rate mode, setting 00h bypasses the frequency prescaler of the SD clock.

Multiple bits must not be set, or the behavior of this prescaler is undefined. The two default divider values 
can be calculated by the frequency of ipg_perclk and the following Divisor bits.

The frequency of SDCLK is set by the following formula:

Clock Frequency = (Base Clock) / (prescaler x divisor)

For example, in Single Data Rate mode, if the Base Clock Frequency is 96 MHz, and the target frequency is 
25 MHz, then choosing the prescaler value of 01h and divisor value of 1h yields 24 MHz, which is the nearest 
frequency less than or equal to the target. Similarly, to approach a clock value of 400 kHz, the prescaler 
value of 08h and divisor value of eh yields the exact clock value of 400 kHz.

The reset value of this field is 80h, so if the input Base Clock (ipg_perclk) is about 96 MHz, the default SD 
clock after reset is 375 kHz.

Before changing clock divisor value (SDCLKFS or DVS), host driver should make sure the SDSTB field 
is high.

If setting SDCLKFS and DVS can generate the same clock frequency,(for example, in SDR mode, 
SDCLKFS = 01h is same as DVS = 01h.), SDCLKFS is highly recommended.

Table continues on the next page...
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Field Function

For HS400 mode, SDCLKFS must be used so that REF_CLK, generated for STROBE DLL, is at the same 
frequency as STROBE clock.

For HS200 mode, if DLL is to be used, make sure SDCLKFS is used so that REF_CLK, generated for 
PARTS DLL, is at the same frequency as SD_CLK.

For SDR104 mode, if DLL is to be used, make sure SDCLKFS is used so that REF_CLK, generated for 
PARTS DLL, is at the same frequency as SD_CLK.

7-4

DVS

Divisor

This field is used to provide a more exact divisor to generate the desired SD clock frequency. Note the 
divider can even support odd divisors without deterioration of duty cycle.

Before changing clock divisor value (SDCLKFS or DVS), Host driver should make sure the SDSTB field 
is high.

The settings are as follows:

0000b - Divide-by-1

0001b - Divide-by-2

1110b - Divide-by-15

1111b - Divide-by-16

3-0

—

Reserved

Always write as 1.

73.6.1.14 Interrupt Status (INT_STATUS)

Offset

Register Offset

INT_STATUS 30h

Function

An interrupt is generated when the normal interrupt signal enable is enabled and at least one of the status fields is set to 1. For all 
fields, writing 1 to a bit clears it; writing to 0 keeps the bit unchanged. More than one status can be cleared with a single register 
write. For card interrupt, before writing 1 to clear, it is required that the card stops asserting the interrupt, meaning that when the 
card driver services the interrupt condition; otherwise, the CINT field is asserted again.

The table below shows the relationship between the command timeout error and the command complete.

Table 620. uSDHC status for command timeout error/command complete bit combinations

Command complete Command timeout error Meaning of the status

0 0 X

Table continues on the next page...
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Table 620. uSDHC status for command timeout error/command complete bit combinations (continued)

Command complete Command timeout error Meaning of the status

X 1 Response not received within 64 SDCLK cycles

1 0 Response received

The table below shows the relationship between the transfer complete and the data timeout error.

Table 621. uSDHC status for data timeout error/transfer complete bit combinations

Transfer complete Data timeout error Meaning of the status

0 0 X

0 1 Timeout occurred during transfer

1 X Data transfer complete

The table below shows the relationship between the command CRC error and command timeout error.

Table 622. uSDHC status for command CRC error/command timeout error bit combinations

Command CRC error Command timeout error Meaning of the status

0 0 No error

0 1 Response timeout error

1 0 Response CRC error

1 1 CMD line conflict

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 DMAE 0 TNE 0 AC12E 0 DEBE DCE DTOE CIE CEBE CCE CTOE 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ERR_I
NT...

CQI TP RTE 0 0 CINT CRM CINS BRR BWR DINT BGE TC CC 

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30-29

—

Reserved

28

DMAE

DMA error

Occurs when an Internal DMA transfer has failed. This field is set to 1, when some error occurs in the data 
transfer. This error can be caused by either simple DMA or ADMA, depending on which DMA is in use. 
The value in DMA System Address register is the next fetch address where the error occurs. Because any 
error corrupts the whole data block, the host driver restarts the transfer from the corrupted block boundary. 
The address of the block boundary can be calculated either from the current DS_ADDR value or from the 
remaining number of blocks and the block size.

0b - No error

1b - Error

27

—

Reserved

26

TNE

Tuning error: (only for SD3.0 SDR104 mode and eMMC HS200 mode)

This field is set when an unrecoverable error is detected in a tuning circuit. By detecting Tuning Error, host 
driver needs to abort a command executing and perform tuning. This field is relevant in combination with the 
bus error only and must be cleared prior to all the write and read transactions.

25

—

Reserved

24

AC12E

Auto CMD12 error

Occurs when detecting that one of the fields in the Auto CMD12 Error Status register has changed from 0 
to 1. This field is set to 1, not only when the errors in Auto CMD12 occur, but also, when the Auto CMD12 
is not executed due to the previous command error.

0b - No error

1b - Error

23

—

Reserved

22

DEBE

Data end bit error

Occurs either when detecting 0 at the end field position of read data that uses the DATA line, or at the end 
field position of the CRC.

This field is not asserted in tuning process.

Table continues on the next page...
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Field Function

0b - No error

1b - Error

21

DCE

Data CRC error

Occurs when detecting a CRC error when transferring read data that uses the DATA line, or when detecting 
the Write CRC status having a value other than 010.

This field is not asserted in tuning process.

0b - No error

1b - Error

20

DTOE

Data timeout error

Occurs when detecting one of following time-out conditions.

• Busy time-out for R1b, R5b type

• Busy time-out after Write CRC status

• Read Data time-out.

This field is not asserted in tuning process.

0b - No error

1b - Time out

19

CIE

Command index error

Occurs if a command index error occurs in the command response.

This field is not asserted in tuning process.

0b - No error

1b - Error

18

CEBE

Command end bit error

Occurs when detecting that the end field of a command response is 0.

This field is not asserted in tuning process.

0b - No error

1b - End bit error generated

17

CCE

Command CRC error

Command CRC Error is generated in two cases.

• If a response is returned and the Command Timeout Error is set to 0 (indicating no time-out), this 
field is set when detecting a CRC error in the command response.

• The uSDHC module detects a CMD line conflict by monitoring the CMD line when a command is 
issued. If uSDHC drives the CMD line to 1, but detects 0 on the CMD line at the next SDCLK edge, 
then uSDHC aborts the command (Stop driving CMD line) and set this bit to 1. The Command 
Timeout Error should also be set to 1 to distinguish CMD line conflict.
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Field Function

This field is not asserted in tuning process.

0b - No error

1b - CRC error generated

16

CTOE

Command timeout error

Occurs only if no response is returned within 64 SDCLK cycles from the end field of the command. If uSDHC 
detects a CMD line conflict, in which case a Command CRC Error is also be set (as shown in Interrupt 
Status (INT_STATUS)), this field is set without waiting for 64 SDCLK cycles. This is because the command 
is aborted by uSDHC.

This field is not asserted in tuning process.

0b - No error

1b - Time out

15

ERR_INT_STA
TUS

Error Interrupt Status

This bit is set when any of the error status bit DMAE, AC12E, DEBE, DCE, DTOE, CIE, CEBE, CCE and 
CTOE is set.

14

CQI

Command queuing interrupt

This interrupt is asserted when at least one of the bits in CQIS register is set. This interrupt is cleared only 
by clearing the source interrupt in CQIS register.

13

TP

Tuning pass:(only for SD3.0 SDR104 mode and eMMC HS200 mode)

Current CMD19 transfer is done successfully. That is, current sampling point is correct.

12

RTE

Re-tuning event: (only for SD3.0 SDR104 mode and eMMC HS200 mode)

This status is set if Re-Tuning Request in the Present State register changes from 0 to 1. host controller 
requests host driver to perform re-tuning for next data transfer. Current data transfer (not large block count) 
can be completed without re-tuning.

0b - Re-tuning is not required.

1b - Re-tuning should be performed.

11

—

Reserved

10-9

—

Reserved

8

CINT

Card interrupt

This status field is set when an interrupt signal is detected from the external card. In 1-bit mode, uSDHC 
detects the Card Interrupt without the SD clock to support wakeup. In 4-bit mode, the card interrupt signal 
is sampled during the interrupt cycle, so the interrupt from card can only be sampled during interrupt cycle, 
introducing some delay between the interrupt signal from SDIO and the interrupt to the host system. Writing 
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Field Function

this field to 1 can clear this field, but as the interrupt source from SDIO does not clear, this field is set again. 
to clear this field, it is required to reset the interrupt source from the external card followed by a writing 1 to 
this field.

When this status has been set, and the host driver needs to service this interrupt, the Card Interrupt Signal 
Enable in the Interrupt Signal Enable register should be 0 to stop driving the interrupt signal to the host 
system. After completion of the card interrupt service (It should reset the interrupt sources in SDIO and the 
interrupt signal might not be asserted), write 1 to clear this field, set the Card Interrupt Signal Enable to 1, 
and start sampling the interrupt signal again.

0b - No card interrupt

1b - Generate card interrupt

7

CRM

Card removal

This status field is set if the Card Inserted field in the Present State register changes from 1 to 0. When the 
host driver writes this field to 1 to clear this status, the status of the Card Inserted in the Present State register 
should be confirmed. Because the card state might possibly be changed when the host driver clears this field 
and the interrupt event might not be generated. When this field is cleared, it is set again if no card is inserted. 
to leave it cleared, clear the Card Removal Status Enable field in Interrupt Status Enable register.

0b - Card state unstable or inserted

1b - Card removed

6

CINS

Card insertion

This status field is set if the Card Inserted field in the Present State register changes from 0 to 1. When the 
host driver writes this field to 1 to clear this status, the status of the Card Inserted in the Present State register 
should be confirmed. Because the card state might possibly be changed when the host driver clears this field 
and the interrupt event might not be generated. When this field is cleared, it is set again if a card is inserted. 
to leave it cleared, clear the Card Inserted Status Enable field in Interrupt Status Enable register.

0b - Card state unstable or removed

1b - Card inserted

5

BRR

Buffer read ready

This status field is set if the Buffer Read Enable field, in the Present State register, changes from 0 to 1. See 
the Buffer Read Enable field in the Present State register for additional information.

This field indicates that cmd19 is finished in tuning process.

0b - Not ready to read buffer

1b - Ready to read buffer

4

BWR

Buffer write ready

This status field is set if the Buffer Write Enable field, in the Present State register, changes from 0 to 1. See 
the Buffer Write Enable field in the Present State register for additional information.

0b - Not ready to write buffer

1b - Ready to write buffer
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Field Function

3

DINT

DMA interrupt

Occurs only when the internal DMA finishes the data transfer successfully. Whenever errors occur during 
data transfer, this field does not be set. Instead, the DMAE field is set. Either Simple DMA or ADMA finishes 
data transferring, this field is set.

0b - No DMA interrupt

1b - DMA interrupt is generated.

2

BGE

Block gap event

If the Stop At Block Gap Request field in the Protocol Control register is set, this field is set when a read or 
write transaction is stopped at a block gap. If Stop At Block Gap Request is not set to 1, this field is not set 
to 1.

In the case of a Read Transaction: This field is set at the falling edge of the DATA Line Active Status (When 
the transaction is stopped at SD bus timing). The Read Wait must be supported to use this function.

In the case of Write Transaction: This field is set at the falling edge of Write Transfer Active Status (After 
getting CRC status at SD Bus timing).

0b - No block gap event

1b - Transaction stopped at block gap

1

TC

Transfer complete

This field is set when a read or write transfer is completed.

In the case of a Read Transaction: This field is set at the falling edge of the Read Transfer Active Status. 
There are two cases in which this interrupt is generated. The first is when a data transfer is completed as 
specified by the data length (after the last data has been read to the host system). The second is when data 
has stopped at the block gap and completed the data transfer by setting the Stop At Block Gap Request field 
in the Protocol Control register (after valid data has been read to the host system).

In the case of a Write Transaction: This field is set at the falling edge of the DATA Line Active Status. There 
are two cases in which this interrupt is generated. The first is when the last data is written to the SD card as 
specified by the data length and the busy signal is released. The second is when data transfers are stopped 
at the block gap, by setting the Stop At Block Gap Request field in the Protocol Control register, and the data 
transfers are completed. (after valid data is written to the SD card and the busy signal released).

In the case of a command with busy, this field is set when busy is deasserted.

This field is not asserted in tuning process.

0b - Transfer does not complete

1b - Transfer complete

0

CC

Command complete

This field is set when you receive the end field of the command response (except auto CMD12). See the 
Command Inhibit (CMD) in the Present State register.

This field is not asserted in tuning process.

0b - Command not complete

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Command complete

73.6.1.15 Interrupt Status Enable (INT_STATUS_EN)

Offset

Register Offset

INT_STATUS_EN 34h

Function

Setting any bit in this register to 1 enables the corresponding interrupt status be requested to the system. If any bit is set to 0, the 
corresponding interrupt request gets blocked.

• Depending on IABG field setting, uSDHC might be programmed to sample the card interrupt signal during the interrupt 
period and hold its value in the flip-flop. There are some delays on the Card Interrupt, asserted from the card, to the time 
the host system is informed.

• To detect a CMD line conflict, the host driver must set both Command Timeout Error Status Enable and Command CRC 
Error Status Enable to 1.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Reserved 

DMAE
SEN 

0 TNES
EN 

0 AC12E
SEN 

0 DEBE
SEN 

DCES
EN 

DTOE
SEN 

CIESE
N 

CEBE
SEN 

CCES
EN 

CTOE
SEN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 Reserv
ed 

TPSE
N 

RTES
EN 

0
Reserved 

CINTS
EN 

CRMS
EN 

CINSS
EN 

BRRS
EN 

BWRS
EN 

DINTS
EN 

BGES
EN 

TCSE
N 

CCSE
N W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28

DMAESEN

DMA error status enable

0b - Masked

1b - Enabled

27

—

Reserved

26

TNESEN

Tuning error status enable

0b - Masked

1b - Enabled

25

—

Reserved

24

AC12ESEN

Auto CMD12 error status enable

0b - Masked

1b - Enabled

23

—

Reserved

22

DEBESEN

Data end bit error status enable

0b - Masked

1b - Enabled

21

DCESEN

Data CRC error status enable

0b - Masked

1b - Enabled

20

DTOESEN

Data timeout error status enable

0b - Masked

1b - Enabled

19

CIESEN

Command index error status enable

0b - Masked

1b - Enabled

18

CEBESEN

Command end bit error status enable

0b - Masked

1b - Enabled

17 Command CRC error status enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

CCESEN 0b - Masked

1b - Enabled

16

CTOESEN

Command timeout error status enable

0b - Masked

1b - Enabled

15

—

Reserved

14

—

Reserved

13

TPSEN

Tuning pass status enable

0b - Masked

1b - Enabled

12

RTESEN

Re-tuning event status enable

0b - Masked

1b - Enabled

11

—

Reserved

10-9

—

Reserved

8

CINTSEN

Card interrupt status enable

If this field is set to 0, uSDHC clears the interrupt request to the system. The Card Interrupt detection is 
stopped when this field is cleared and restarted when this field is set to 1. The host driver should clear 
the Card Interrupt Status Enable before servicing the Card Interrupt and should set this field again after all 
interrupt requests from the card are cleared to prevent inadvertent interrupts.

0b - Masked

1b - Enabled

7

CRMSEN

Card removal status enable

0b - Masked

1b - Enabled

6

CINSSEN

Card insertion status enable

0b - Masked

1b - Enabled

Table continues on the next page...
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Table continued from the previous page...

Field Function

5

BRRSEN

Buffer read ready status enable

0b - Masked

1b - Enabled

4

BWRSEN

Buffer write ready status enable

0b - Masked

1b - Enabled

3

DINTSEN

DMA interrupt status enable

0b - Masked

1b - Enabled

2

BGESEN

Block gap event status enable

0b - Masked

1b - Enabled

1

TCSEN

Transfer complete status enable

0b - Masked

1b - Enabled

0

CCSEN

Command complete status enable

0b - Masked

1b - Enabled

73.6.1.16 Interrupt Signal Enable (INT_SIGNAL_EN)

Offset

Register Offset

INT_SIGNAL_EN 38h

Function

This register is used to select which interrupt status is indicated to the host system as the interrupt. These status fields all share 
the same interrupt lines. Setting any of these fields to 1 enables interrupt generation. The corresponding Status register field 
generates an interrupt when the corresponding interrupt signal enable field is set.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Reserved 

DMAEI
EN 

0 TNEIE
N 

0 AC12E
IEN 

0 DEBEI
EN 

DCEIE
N 

DTOEI
EN 

CIEIE
N 

CEBEI
EN 

CCEIE
N 

CTOEI
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CQIIE
N 

TPIEN 
RTEIE

N 

0
Reserved 

CINTI
EN 

CRMI
EN 

CINSI
EN 

BRRIE
N 

BWRI
EN 

DINTI
EN 

BGEIE
N 

TCIEN CCIEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-29

—

Reserved

28

DMAEIEN

DMA error interrupt enable

0b - Masked

1b - Enable

27

—

Reserved

26

TNEIEN

Tuning error interrupt enable

0b - Masked

1b - Enabled

25

—

Reserved

24

AC12EIEN

Auto CMD12 error interrupt enable

0b - Masked

1b - Enabled

23

—

Reserved

22

DEBEIEN

Data end bit error interrupt enable

0b - Masked

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Enabled

21

DCEIEN

Data CRC error interrupt enable

0b - Masked

1b - Enabled

20

DTOEIEN

Data timeout error interrupt enable

0b - Masked

1b - Enabled

19

CIEIEN

Command index error interrupt enable

0b - Masked

1b - Enabled

18

CEBEIEN

Command end bit error interrupt enable

0b - Masked

1b - Enabled

17

CCEIEN

Command CRC error interrupt enable

0b - Masked

1b - Enabled

16

CTOEIEN

Command timeout error interrupt enable

0b - Masked

1b - Enabled

15

—

Reserved

14

CQIIEN

Command queuing signal enable

0b - Masked

1b - Enabled

13

TPIEN

Tuning pass interrupt enable

0b - Masked

1b - Enabled

12

RTEIEN

Re-tuning event interrupt enable

0b - Masked

1b - Enabled

11 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

10-9

—

Reserved

8

CINTIEN

Card interrupt enable

0b - Masked

1b - Enabled

7

CRMIEN

Card removal interrupt enable

0b - Masked

1b - Enabled

6

CINSIEN

Card insertion interrupt enable

0b - Masked

1b - Enabled

5

BRRIEN

Buffer read ready interrupt enable

0b - Masked

1b - Enabled

4

BWRIEN

Buffer write ready interrupt enable

0b - Masked

1b - Enabled

3

DINTIEN

DMA interrupt enable

0b - Masked

1b - Enabled

2

BGEIEN

Block gap event interrupt enable

0b - Masked

1b - Enabled

1

TCIEN

Transfer complete interrupt enable

0b - Masked

1b - Enabled

0

CCIEN

Command complete interrupt enable

0b - Masked

1b - Enabled
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73.6.1.17 Auto CMD12 Error Status (AUTOCMD12_ERR_STATUS)

Offset

Register Offset

AUTOCMD12_ERR_STA
TUS

3Ch

Function

When the Auto CMD12 Error Status field in the Status register is set, the host driver checks this register to identify what kind of 
error the Auto CMD12 / CMD 23 indicated. Auto CMD23 errors are indicated in field 04-01. This register is valid only when the 
Auto CMD12 Error status field is set.

The table below shows the relationship between the Auto CMGD12 CRC Error and the Auto CMD12 Command Timeout Error.

Table 623. Relationship between command CRC error and command timeout error for auto CMD12

Auto CMD12 CRC error Auto CMD12 timeout error Type of error

0 0 No error

0 1 Response timeout error

1 0 Response CRC error

1 1 CMD line conflict

Changes in Auto CMD12 Error Status register can be classified in three scenarios:

• When uSDHC is going to issue an Auto CMD12

— Set field 0 to 1 if the Auto CMD12 cannot be issued due to an error in the previous command

— Set field 0 to 0 if the Auto CMD12 is issued

• At the end field of an Auto CMD12 response

— Check errors correspond to fields 1-4

— Set fields 1-4 corresponding to detected errors

— Clear fields 1-4 corresponding to detected errors

• Before reading the Auto CMD12 Error Status field 7

— Set field 7 to 1 if there is a command that can't be issued

— Clear field 7 if there is no command to issue

The timing for generating the Auto CMD12 Error and writing to the Command register are asynchronous. After that, field 7 is 
sampled when the driver is not writing to the Command register. So, it is suggested to read this register only when the AC12E field 
in Interrupt Status register is set. An Auto CMD12 Error Interrupt is generated when one of the error fields (0-4) is set to 1. The 
Command Not Issued By Auto CMD12 Error does not generate an interrupt.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 SMP_
CLK...

EXEC
UTE...

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
CNIBA
C1...

0
AC12I

E 
AC12E

BE 
AC12C

E 
AC12T

OE 
AC12N

E 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23

SMP_CLK_SEL

Sample clock select

This field is used to select sampling clock to receive CMD and DATA. This field is functional 
only when TUNING_CTRL[STD_TUNING_EN] is set. Otherwise, this field is reserved. This 
field is controlled by re-tuning procedure and is valid after the tuning procedure is complete 
(AUTOCMD12_ERR_STATUS[EXECUTE_TUNING]=0). A value of '1' means that tuning has been 
completed successfully and a value of '0' implies the tuning has failed. Writing '1' to this field is meaningless 
and ignored when the tuning has failed. The tuning circuit is reset by writing '0' to this field. This field can be 
cleared by setting AUTOCMD12_ERR_STATUS[EXECUTE_TUNING]=1. Once the tuning circuit is reset, 
it takes time to complete tuning sequence. Therefore, host driver should keep this field as 1 to perform 
the re-tuning sequence in a short time. This field cannot be changed while the Host controller is receiving 
response or a read data block.

0b - Fixed clock is used to sample data

1b - Tuned clock is used to sample data

22

EXECUTE_TU
NING

Execute tuning

This field is used to start the tuning procedure. This field is functional only when 
TUNING_CTRL[STD_TUNING_EN] is set. Otherwise, this field is reserved. This field is set to start tuning 
procedure and automatically cleared when tuning procedure is completed. The result of tuning is indicated 
to AUTOCMD12_ERR_STATUS[SMP_CLK_SEL].

0b - Tuning procedure is aborted

1b - Start tuning procedure

21-8

—

Reserved

7 Command not issued by Auto CMD12 error

Table continues on the next page...
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Table continued from the previous page...

Field Function

CNIBAC12E Setting this field to 1 means CMD_wo_DAT is not executed due to an Auto CMD12 error (D04-D01) in 
this register.

0b - No error

1b - Not issued

6-5

—

Reserved

4

AC12IE

Auto CMD12 / 23 index error

Occurs if the command index error occurs in response to a command.

0b - No error

1b - Error, the CMD index in response is not CMD12/23

3

AC12EBE

Auto CMD12 / 23 end bit error

Occurs when detecting that the end field of command response is 0 which should be 1.

0b - No error

1b - End bit error generated

2

AC12CE

Auto CMD12 / 23 CRC error

Occurs when detecting a CRC error in the command response.

0b - No CRC error

1b - CRC error met in Auto CMD12/23 response

1

AC12TOE

Auto CMD12 / 23 timeout error

Occurs if no response is returned within 64 SDCLK cycles from the end field of the command. If this field is 
set to1, the other error status fields (2-4) have no meaning.

0b - No error

1b - Time out

0

AC12NE

Auto CMD12 not executed

If memory multiple block data transfer is not started, due to a command error, this field is not set because it is 
not necessary to issue an Auto CMD12. Setting this field to 1 means uSDHC cannot issue the Auto CMD12 
to stop a memory multiple block data transfer due to some error. If this field is set to 1, other error status fields 
(1-4) have no meaning.

0b - Executed

1b - Not executed
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73.6.1.18 Host Controller Capabilities (HOST_CTRL_CAP)

Offset

Register Offset

HOST_CTRL_CAP 40h

Function

This register provides the host driver with information specific to uSDHC implementation. The value in this register is the 
power-on-reset value and does not change with a software reset.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Reserv

ed 
VS30 VS33 SRS DMAS HSS 

ADMA
S 

0 MBL 

W

Reset 0 0 0 0 0 0 1 1 1 1 1 1 0 0 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

USE_T
UN...

Reserv
ed Reserved 

Reserved 
DDR5
0_S...

SDR10
4_...

SDR50
_S...

W

Reset 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1

Fields

Field Function

31-27

—

Reserved

26

—

Reserved

25

VS30

Voltage support 3.0 V

This field depends on the host system ability.

0b - 3.0 V not supported

1b - 3.0 V supported

24

VS33

Voltage support 3.3 V

This field depends on the host system ability.

0b - 3.3 V not supported

1b - 3.3 V supported

Table continues on the next page...
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Table continued from the previous page...

Field Function

23

SRS

Suspend / resume support

This field indicates whether uSDHC supports Suspend / Resume functionality. If this field is 0, the Suspend 
and Resume mechanism, as well as the read wait, are not supported, and the host driver does not issue 
either Suspend or Resume commands.

0b - Not supported

1b - Supported

22

DMAS

DMA support

This field indicates whether uSDHC can use the internal DMA to transfer data between system memory and 
the data buffer directly.

0b - DMA not supported

1b - DMA supported

21

HSS

High speed support

This field indicates whether uSDHC supports High Speed mode and the host system can supply a SD clock 
frequency from 25 MHz to 50 MHz.

0b - High speed not supported

1b - High speed supported

20

ADMAS

ADMA support

This field indicates whether uSDHC supports the ADMA feature.

0b - Advanced DMA not supported

1b - Advanced DMA supported

19

—

Reserved

18-16

MBL

Max block length

This field indicates the maximum block size that the host driver can read and write to the buffer in uSDHC. 
The buffer transfers block size without wait cycles.

000b - 512 bytes

001b - 1024 bytes

010b - 2048 bytes

011b - 4096 bytes

15-14

—

Reserved

13 Use Tuning for SDR50

This field is used to enable tuning for SDR50 mode

Table continues on the next page...
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Table continued from the previous page...

Field Function

USE_TUNING_
SDR50

0b - SDR50 does not support tuning

1b - SDR50 supports tuning

12

—

Reserved

11-8

—

Reserved

7-3

—

Reserved

2

DDR50_SUPP
ORT

DDR50 support

This field indicates support of DDR50 mode.

1

SDR104_SUPP
ORT

SDR104 support

This field indicates support of SDR104 mode.

0

SDR50_SUPPO
RT

SDR50 support

This field indicates support of SDR50 mode.

73.6.1.19 Watermark Level (WTMK_LVL)

Offset

Register Offset

WTMK_LVL 44h

Function

This register indicates configurability of write and read watermark levels (FIFO threshold). Their value can range from 1 to 
128 words.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
Reserved WR_WML 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
Reserved RD_WML 

W

Reset 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

—

Reserved

23-16

WR_WML

Write watermark level

This field indicates the number of words used as the watermark level (FIFO threshold) in a DMA write 
operation. Also, the number of words as a sequence of write bursts in back-to-back mode. The maximum 
legal value for the write watermark level is 128.When using internal DMA, WR_WML can be set any value 
between 1 and 128. To get max AXI throughput, we recommend to use integer multiple of 16.

15-13

—

Reserved

12-8

—

Reserved

7-0

RD_WML

Read watermark level

This field indicates the number of words used as the watermark level (FIFO threshold) in a DMA read 
operation. Also, the number of words as a sequence of read bursts in back-to-back mode. The maximum 
legal value for the read water mark level is 128.When using internal DMA mode, RD_WML must be set to 
the value less than 16. To get max AXI throughput, recommend to use 16.

73.6.1.20 Mixer Control (MIX_CTRL)

Offset

Register Offset

MIX_CTRL 48h
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Function

This register is used to DMA and data transfer. To prevent data loss, the software should check if data transfer is active before 
writing this register. These fields are DPSEL, MBSEL, DTDSEL, AC12EN, BCEN, and DMAEN.

Table 624. Transfer type register setting for various transfer types

Multi/single block select Block count enable Block count Function

0 Do not care Do not care Single transfer

1 0 Do not care Infinite transfer

1 1 Positive number Multiple transfer

1 1 Zero No data transfer

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

Reserv
ed 

Reserv
ed 

0 EN_H
S40...

HS400
_M...

FBCLK
_S...

AUTO
_TU...

SMP_
CLK...

EXE_
TUNE 

0

W

Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 AC23E
N 

NIBBL
E_...

MSBS
EL 

DTDS
EL 

DDR_
EN 

AC12E
N 

BCEN 
DMAE

N W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

Always write as 1.

30

—

Reserved

Always write as 0.

29

—

Reserved

Always write as 0.

28

—

Reserved

27

EN_HS400_MO
DE

Enable enhance HS400 mode

Enhance HS400 enable

Table continues on the next page...

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4874 / 5781



Table continued from the previous page...

Field Function

26

HS400_MODE

Enable HS400 mode

HS400 Enable

25

FBCLK_SEL

Feedback clock source selection (Only used for SD3.0, SDR104 mode and eMMC HS200 mode)

0b - Feedback clock comes from the loopback CLK

1b - Feedback clock comes from the ipp_card_clk_out

24

AUTO_TUNE_E
N

Auto tuning enable (Only used for SD3.0, SDR104 mode and eMMC HS200 mode)

0b - Disable auto tuning

1b - Enable auto tuning

23

SMP_CLK_SEL

Clock selection

When TUNING_CTRL[STD_TUNING_EN] is 0, this field is used to select Tuned clock or Fixed clock to 
sample data / cmd (Only used for SD3.0, SDR104 mode and eMMC HS200 mode)

0b - Fixed clock is used to sample data / cmd

1b - Tuned clock is used to sample data / cmd

22

EXE_TUNE

Execute tuning: (Only used for SD3.0, SDR104 mode and eMMC HS200 mode)

When TUNING_CTRL[STD_TUNING_EN] is 0, this field is set to 1 to indicate the host driver is starting 
tuning procedure. Tuning procedure is aborted by writing 0.

0b - Not tuned or tuning completed

1b - Execute tuning

21-8

—

Reserved

7

AC23EN

Auto CMD23 enable

This field is read/write when VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. 
When this field is set to 1, the host controller issues a CMD23 automatically before issuing a command 
specified in the Command Register.

6

NIBBLE_POS

Nibble position indication

This field indicates the nibble position in the DDR 4-bit mode. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. 0- the sequence is 'odd 
high nibble -> even high nibble -> odd low nibble -> even low nibble'; 1- the sequence is 'odd high nibble -> 
odd low nibble -> even high nibble -> even low nibble'.

5

MSBSEL

Multi / Single block select

This field enables multiple block DATA line data transfers. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. For any other commands, this 
field can be set to 0. If this field is 0, it is not necessary to set the Block Count register. See Command 
Transfer Type (CMD_XFR_TYP).

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Single block

1b - Multiple blocks

4

DTDSEL

Data transfer direction select

This field defines the direction of DATA line data transfers. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. The field is set to 1 by 
the host driver to transfer data from the SD card to uSDHC and is set to 0 for all other commands.

If a CMD with the response data size cannot be divided by 64 bytes, is given without a STOP CMD, and is 
followed by a software reset, then you must write a 0 to DTDSEL before inserting a software reset. This is 
necessary to avoid any issue during the SD card reinitialization. Read multiple blocks will not be affected as 
it is required to have a STOP CMD.

0b - Write (Host to card)

1b - Read (Card to host)

3

DDR_EN

Dual data rate mode selection

This field is read/write when VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only.

2

AC12EN

Auto CMD12 enable

Multiple block transfers for memory require a CMD12 to stop the transaction. This field is read/write when 
VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. When this field is set to 1, 
uSDHC issues a CMD12 automatically when the last block transfer has completed. The host driver is not set 
this field to issue commands that do not require CMD12 to stop a multiple block data transfer. In particular, 
secure commands defined in File Security Specification (see reference list) do not require CMD12. In single 
block transfer, uSDHC ignores this field no matter it is set or not.

0b - Disable

1b - Enable

1

BCEN

Block count enable

This field is used to enable the Block Count register, which is only relevant for multiple block transfers. This 
field is read/write when VEND_SPEC[CMD_BYTE_EN] is disabled; otherwise, this field is read-only. When 
this field is 0, the internal counter for block is disabled, which is useful in executing an infinite transfer.

0b - Disable

1b - Enable

0

DMAEN

DMA enable

This field enables DMA functionality. This field is read/write when VEND_SPEC[CMD_BYTE_EN] is 
disabled; otherwise, this field is read-only. If this field is set to 1, a DMA operation begins when the host driver 
sets the DPSEL field of this register. Whether the simple DMA or the advanced DMA is active depends on 
the DMA Select field of the Protocol Control register.

0b - Disable

1b - Enable
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73.6.1.21 Force Event (FORCE_EVENT)

Offset

Register Offset

FORCE_EVENT 50h

Function

This register is not a physically implemented register. Rather, it is an address at which the Interrupt Status register can be written 
if the corresponding field of the Interrupt Status Enable Register is set. This register is a write only register and writing 0 to it has 
no effect. Writing 1 to this register sets the corresponding field of Interrupt Status register. A read from this register always results 
in 0's. to change the corresponding status fields in the Interrupt Status register, make sure to set IPGEN field in System Control 
Register so that peripheral clock is always active.

Forcing a card interrupt generates a short pulse on the DATA1 line, and the driver might treat this interrupt as a normal interrupt. 
The interrupt service routine might skip polling the card interrupt factor as the interrupt is self cleared.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
FEVT
CINT 

FEVT
DMAE 

FEVTT
NE 

FEVT
AC1...

FEVT
DEBE 

FEVT
DCE 

FEVT
DTOE 

FEVT
CIE 

FEVT
CEBE 

FEVT
CCE 

FEVT
CTOE 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W
FEVT
CNI...

FEVTA
C1...

FEVTA
C1...

FEVTA
C1...

FEVTA
C1...

FEVTA
C1...

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

FEVTCINT

Force event card interrupt

Writing 1 to this field generates a short low-level pulse on the internal DATA1 line, as if a self-clearing 
interrupt was received from the external card. If enabled, the CINT field is set and the interrupt service 
routine might treat this interrupt as a normal interrupt from the external card.

30-29

—

Reserved

28

FEVTDMAE

Force event DMA error

Forces the DMAE field of Interrupt Status register to be set

27 Reserved

Table continues on the next page...

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4877 / 5781



Table continued from the previous page...

Field Function

—

26

FEVTTNE

Force tuning error

Forces the TNE field of Interrupt Status register to be set

25

—

Reserved

24

FEVTAC12E

Force event Auto Command 12 error

Forces the AC12E field of Interrupt Status register to be set

23

—

Reserved

22

FEVTDEBE

Force event data end bit error

Forces the DEBE field of Interrupt Status register to be set

21

FEVTDCE

Force event data CRC error

Forces the DCE field of Interrupt Status register to be set

20

FEVTDTOE

Force event data time out error

Force the DTOE field of Interrupt Status register to be set

19

FEVTCIE

Force event command index error

Forces the CCE field of Interrupt Status register to be set

18

FEVTCEBE

Force event command end bit error

Forces the CEBE field of Interrupt Status register to be set

17

FEVTCCE

Force event command CRC error

Forces the CCE field of Interrupt Status register to be set

16

FEVTCTOE

Force event command time out error

Forces the CTOE field of Interrupt Status register to be set

15-8

—

Reserved

7

FEVTCNIBAC1
2E

Force event command not executed by Auto Command 12 error

Forces the CNIBAC12E field in the Auto Command12 Error Status register to be set

6-5 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

4

FEVTAC12IE

Force event Auto Command 12 index error

Forces the AC12IE field in the Auto Command12 Error Status register to be set

3

FEVTAC12EBE

Force event Auto Command 12 end bit error

Forces the AC12EBE field in the Auto Command12 Error Status register to be set

2

FEVTAC12CE

Force event auto command 12 CRC error

Forces the AC12CE field in the Auto Command12 Error Status register to be set

1

FEVTAC12TOE

Force event auto command 12 time out error

Forces the AC12TOE field in the Auto Command12 Error Status register to be set

0

FEVTAC12NE

Force event auto command 12 not executed

Forces the AC12NE field in the Auto Command12 Error Status register to be set

73.6.1.22 ADMA Error Status (ADMA_ERR_STATUS)

Offset

Register Offset

ADMA_ERR_STATUS 54h

Function

When an ADMA Error Interrupt has occurred, the ADMA error sates field in this register holds the ADMA state and the ADMA 
System Address register holds the address around the error descriptor.

For recovering from this error, the host driver requires the ADMA state to identify the error descriptor address as follows:

• ST_STOP: Previous location set in the ADMA System Address register is the error descriptor address.

• ST_FDS: Current location set in the ADMA System Address register is the error descriptor address.

• ST_CADR: This state is never set because it only increments the descriptor pointer and does not generate an ADMA 
error.

• ST_TFR: Previous location set in the ADMA System Address register is the error descriptor address.

In case of a write operation, the host driver should use the ACMD22 to get the number of the written block, rather than using this 
information, because unwritten data might exist in the host controller.

The host controller generates the ADMA Error Interrupt when it detects invalid descriptor data (Valid=0) in the ST_FDS state. The 
host driver can distinguish this error by reading the Valid field of the error descriptor.
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Table 625. ADMA error state coding

D01-D00 ADMA error state (when error 
has occurred)

Contents of ADMA System 
Address register 

00 ST_STOP (Stop DMA) Holds the address of the next executable 
descriptor command

01 ST_FDS (Fetch descriptor) Holds the valid descriptor address

10 ST_CADR (Change address) No ADMA error is generated

11 ST_TFR (Transfer data) Holds the address of the next executable 
descriptor command

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ADMA
DCE 

ADMA
LME 

ADMAES 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

ADMADCE

ADMA descriptor error

This error occurs when invalid descriptor fetched by ADMA.

0b - No error

1b - Error

2

ADMALME

ADMA length mismatch error

This error occurs in the following two cases:

• While the block count enable is being set, the total data length specified by the descriptor table is 
different from that specified by the block count and block length.

• Total data length cannot be divided by the block length.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No error

1b - Error

1-0

ADMAES

ADMA error state (when ADMA error is occurred)

This field indicates the state of the ADMA when an error has occurred during an ADMA data transfer. See 
ADMA Error Status (ADMA_ERR_STATUS) for more details.

73.6.1.23 ADMA System Address (ADMA_SYS_ADDR)

Offset

Register Offset

ADMA_SYS_ADDR 58h

Function

This register holds the word address of the executing command in the Descriptor table. At the start of ADMA, the host driver 
sets the start address of the Descriptor table. The ADMA engine increments this register address whenever fetching a Descriptor 
command. When the ADMA is stopped at the Block Gap, this register indicates the address of the next executable Descriptor 
command. When the ADMA Error Interrupt is generated, this register holds the valid Descriptor address depending on the ADMA 
state. The lower 2 bits of this register is tied to '0' so the ADMA address is always word aligned.

Because this register supports dynamic address reflecting, when TC field is set, it automatically alters the value of internal address 
counter, so the software cannot change this register when TC field is set. Such restriction is also listed in Software restrictions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
ADS_ADDR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ADS_ADDR 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-2 ADMA system address

Table continues on the next page...

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4881 / 5781



Table continued from the previous page...

Field Function

ADS_ADDR This field contains the physical system memory address used for ADMA transfers.

1-0

—

Reserved

73.6.1.24 DLL (Delay Line) Control (DLL_CTRL)

Offset

Register Offset

DLL_CTRL 60h

Function

This register contains control fields for DLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLL_CTRL_REF_UPDATE_INT DLL_CTRL_SLV_UPDATE_INT 

0 DLL_CTRL_SLV_DLY_T
ARGET1 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLL_CTRL_SLV_OVERRIDE_VAL 

DLL_C
TR...

DLL_C
TR...

DLL_CTRL_SLV_DLY_TARGET0 
DLL_C
TR...

DLL_C
TR...

DLL_C
TR...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

DLL_CTRL_RE
F_UPDATE_IN

T

DLL control loop update interval

The interval cycle is (2 + REF_UPDATE_INT) * REF_CLOCK. By default, the DLL control loop updates every 
two REF_CLOCK cycles. It should be noted that increasing the reference delay-line update interval reduces 
the ability of the DLL to adjust to fast changes in conditions that might effect the delay (such as voltage 
and temperature)

27-20 Slave delay line update interval

If default 0 is used, it means 256 cycles of REF_CLOCK. A value of 0x0f results in 15 cycles and so on. Note 
that software can always cause an update of the slave-delay line using the SLV_FORCE_UPDATE register. 

Table continues on the next page...
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Table continued from the previous page...

Field Function

DLL_CTRL_SL
V_UPDATE_IN

T

Note that the slave delay line also updates automatically when the reference DLL transitions to a locked 
state (from an un-locked state).

19

—

Reserved

18-16

DLL_CTRL_SL
V_DLY_TARGE

T1

DLL slave delay target1

See DLL_CTRL_SLV_DLY_TARGET0 below.

15-9

DLL_CTRL_SL
V_OVERRIDE_

VAL

DLL slave override val

When SLV_OVERRIDE = 1, this field is used to select 1 of 128 physical taps manually. A value of 0 selects 
tap 1, and a value of 0x7f selects tap 128.

8

DLL_CTRL_SL
V_OVERRIDE

DLL slave override

Set this field to 1 to Enable manual override for slave delay chain using SLV_OVERRIDE_VAL; to set 0 to 
disable manual override. This feature does not require the DLL to be enabled using the ENABLE field. In 
fact to reduce power, if SLV_OVERRIDE is used, it is recommended to disable the DLL with ENABLE = 0

7

DLL_CTRL_GA
TE_UPDATE

DLL gate update

Set this field to 1 to prevent the DLL from updating (because when clock_in exists, glitches might appear 
during DLL updates). This field might be used by software if such a condition occurs. Clear the bit to 0 to 
allow the DLL to update automatically.

6-3

DLL_CTRL_SL
V_DLY_TARGE

T0

DLL slave delay target0

The delay target for uSDHC loopback read clock can be programmed in 1/16th increments of an 
ref_clock half-period. The delay is (({DLL_CTRL_SLV_DLY_TARGET1,DLL_CTRL_SLV_DLY_TARGET0} 
+1)* REF_CLOCK / 2) / 16 So the input read-clock can be delayed relative input data from (REF_CLOCK / 
2) / 16 to REF_CLOCK * 4.

 
For the restrictions of delay cell implementation, the delay target must be set between 
REF_CLOCK/16 and REF_CLOCK*2 when REF_CLOCK is running at 200 MHz. When 
REF_CLOCK frequency is slower than 100 MHz, the maximum delay target might not 
reach REF_CLOCK*2.

  NOTE  

2

DLL_CTRL_SL
V_FORCE_UP

D

DLL slave delay line

Setting this field to 1, forces the slave delay line to update to the DLL calibrated value immediately. The slave 
delay line updates automatically based on the SLV_UPDATE_INT interval or when a DLL lock condition is 
sensed. Subsequent forcing of the slave-line update can only occur if SLV_FORCE_UP is set back to 0 and 
then asserted again (edge triggered). Be sure to use it when uSDHC is idle. This function might not work 
when uSDHC is working on data / cmd / response.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

DLL_CTRL_RE
SET

DLL reset

Setting this field to 1 force a reset on DLL. This causes the DLL to lose lock and re-calibrate to detect 
an REF_CLOCK half period phase shift. This signal is used by the DLL as edge-sensitive, so to create a 
subsequent reset, RESET must be taken low and then asserted again.

0

DLL_CTRL_EN
ABLE

DLL and delay chain

Set this field to 1 to enable the DLL and delay chain; otherwise; set to 0 to bypasses DLL. Note that using the 
slave delay line override feature with SLV_OVERRIDE and SLV_OVERRIDE VAL, the DLL does not need 
to be enabled.

73.6.1.25 DLL Status (DLL_STATUS)

Offset

Register Offset

DLL_STATUS 64h

Function

This register contains the DLL status information. All fields are read only and reads the same as the power-reset value.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DLL_STS_REF_SEL DLL_STS_SLV_SEL 
DLL_S
TS...

DLL_S
TS...

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-9 Reference delay line select taps

Table continues on the next page...
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Table continued from the previous page...

Field Function

DLL_STS_REF
_SEL

This is encoded by 7 fields for 127 taps.

8-2

DLL_STS_SLV_
SEL

Slave delay line select status

This is the instant value generated from reference chain. Because the reference chain can only be updated 
when REF_CLOCK is detected, this value should be the right value to be updated when the reference 
is locked.

1

DLL_STS_REF
_LOCK

Reference DLL lock status

This signifies that the DLL has detected and locked to a half-phase ref_clock shift, allowing the slave 
delay-line to perform programmed clock delays

0

DLL_STS_SLV_
LOCK

Slave delay-line lock status

This signifies that a valid calibration has been set to the slave-delay line and that the slave-delay line is 
implementing the programmed delay value

73.6.1.26 CLK Tuning Control and Status (CLK_TUNE_CTRL_STATUS)

Offset

Register Offset

CLK_TUNE_CTRL_STA
TUS

68h

Function

This register contains the Clock Tuning Control status information. This register is added to support SD3.0 UHS-I SDR104 mode 
and eMMC HS200 mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PRE_
ERR 

TAP_SEL_PRE TAP_SEL_OUT TAP_SEL_POST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NXT_
ERR DLY_CELL_SET_PRE DLY_CELL_SET_OUT DLY_CELL_SET_POST 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4885 / 5781



Fields

Field Function

31

PRE_ERR

PRE error

PRE error which means the number of delay cells added on the feedback clock is too small. It is valid only 
when SMP_CLK_SEL of Mix control register (bit23 of 0x48) is enabled.

30-24

TAP_SEL_PRE

TAP_SEL_PRE

Reflects the number of delay cells added on the feedback clock between the feedback clock and CLK_PRE.

When AUTO_TUNE_EN (bit24 of 0x48) is disabled, TAP_SEL_PRE is always equal 
to DLY_CELL_SET_PRE.

When AUTO_TUNE_EN (bit24 of 0x48) is enabled, TAP_SEL_PRE is updated automatically according to 
the status of the auto tuning circuit to adjust the sample clock phase.

23-20

TAP_SEL_OUT

Delay cells added on the feedback clock between CLK_PRE and CLK_OUT

Reflects the number of delay cells added on the feedback clock between CLK_PRE and CLK_OUT.

19-16

TAP_SEL_POS
T

Delay cells added on the feedback clock between CLK_OUT and CLK_POST

Reflects the number of delay cells added on the feedback clock between CLK_OUT and CLK_POST.

15

NXT_ERR

NXT error

NXT error which means the number of delay cells added on the feedback clock is too large. It's valid only 
when SMP_CLK_SEL of Mix control register (bit23 of 0x48) is enabled.

14-8

DLY_CELL_SE
T_PRE

delay cells on the feedback clock between the feedback clock and CLK_PRE

Set the number of delay cells on the feedback clock between the feedback clock and CLK_PRE.

7-4

DLY_CELL_SE
T_OUT

Delay cells on the feedback clock between CLK_PRE and CLK_OUT

Set the number of delay cells on the feedback clock between CLK_PRE and CLK_OUT.

3-0

DLY_CELL_SE
T_POST

Delay cells on the feedback clock between CLK_OUT and CLK_POST

Set the number of delay cells on the feedback clock between CLK_OUT and CLK_POST.

73.6.1.27 Strobe DLL control (STROBE_DLL_CTRL)

Offset

Register Offset

STROBE_DLL_CTRL 70h

Function

This register contains the strobe DLL control information.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R STROBE_DLL_CTRL_REF_UPDA
TE_INT 

STROBE_DLL_CTRL_SLV_UPDATE_INT 
0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
STROBE_DLL_CTRL_SLV_OVERRIDE_VAL 

STRO
BE_...

STRO
BE_...

STROBE_DLL_CTRL_SLV_DLY_
TARGET 

STRO
BE_...

STRO
BE_...

STRO
BE_...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

STROBE_DLL_
CTRL_REF_UP

DATE_INT

Strobe DLL control reference update interval

The interval cycle is (2 + STROBE_REF_UPDATE_INT) * STROBE_REF_CLOCK. By default, the DLL 
control loop updates every two STROBE_REF_CLOCK cycles.

 
Increasing the reference delay-line update interval reduces the ability of the DLL to adjust 
to fast changes in conditions that might effect the delay (such as voltage and temperature)

  NOTE  

27-20

STROBE_DLL_
CTRL_SLV_UP

DATE_INT

Strobe DLL control slave update interval

Slave delay line update interval. If default 0 is used, it means 256 cycles of STROBE_REF_CLOCK. A value 
of 0x0F results in 15 cycles and so on.

 
software can always cause an update of the slave-delay line using the 
STROBE_SLV_FORCE_UPDATE register. The slave delay line also updates automatically 
when the reference DLL transitions to a locked state (from an un-locked state).

  NOTE  

19-16

—

This field is reserved.

This read-only field is reserved and always has the value 0.

15-9

STROBE_DLL_
CTRL_SLV_OV
ERRIDE_VAL

Strobe DLL control slave Override value

When STROBE_SLV_OVERRIDE = 1, this field is used to manually select one of 128 physical taps. A value 
of 0 selects tap 1, and a value of 0x7F selects tap 128.

8

STROBE_DLL_
CTRL_SLV_OV

ERRIDE

Strobe DLL control slave override

Set this field to 1 to Enable manual override for slave delay chain using STROBE_SLV_OVERRIDE_VAL; 
set this field to 0 to disable manual override. This feature does not require the DLL to be enabled using the 
ENABLE field. In fact to reduce power, if STROBE_SLV_OVERRIDE is used, it is recommended to disable 
the DLL with ENABLE = 0.

Table continues on the next page...
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Field Function

7

STROBE_DLL_
CTRL_GATE_U

PDATE

Strobe DLL control gate update

Set this field to 1 to prevent the DLL from updating (because when STROBE_CLOCK_IN exists, glitches 
might appear during DLL updates). This field can be used by software if such a condition occurs. Clear the 
field to 0 to allow the DLL to update automatically.

6-3

STROBE_DLL_
CTRL_SLV_DL

Y_TARGET

Strobe DLL Control Slave Delay Target

The delay target for uSDHC loopback read clock can be programmed in 1/16th increments of an 
STROBE_REF_CLOCK half-period. The delay is ((STROBE_DLL_CTRL_SLV_DLY_TARGET + 1) * 
STROBE_REF_CLOCK / 2) / 16, So, the input read-clock can be delayed relative input data from 
(STROBE_REF_CLOCK / 2) / 16 to (STROBE_REF_CLOCK *8)/16.

 
For the restrictions of delay cell implementation, the minimum delay target that can be set 
is REF_CLOCK/16.

  NOTE  

2

STROBE_DLL_
CTRL_SLV_FO

RCE_UPD

Strobe DLL control slave force updated

Setting this field to 1, forces the slave delay line to update to the DLL calibrated value immediately. 
The slave delay line should automatically update the STROBE_SLV_UPDATE_INT interval or when 
a DLL lock condition is sensed. Subsequent forcing of the slave-line update can only occur if 
STROBE_SLV_FORCE_UP is set back to 0 and then asserted again (edge triggered). Be sure to use it 
when uSDHC is idle. This function might not work when uSDHC is working on data / cmd / response.

1

STROBE_DLL_
CTRL_RESET

Strobe DLL control reset

Setting this field to 1 to force a reset on DLL. This causes the DLL to lose lock and re-calibrate to detect 
an REF_CLOCK half period phase shift. This signal is used by the DLL as edge-sensitive, to create a 
subsequent reset, RESET must be taken low and then asserted again.

0

STROBE_DLL_
CTRL_ENABLE

Strobe DLL control enable

Set this field to 1 to enable the DLL and delay chain; otherwise, set to 0 to bypasses DLL.

 
Using the slave delay line override feature with STROBE_SLV_OVERRIDE and 
STROBE_SLV_OVERRIDE VAL, the DLL does not need to be enabled.

  NOTE  

73.6.1.28 Strobe DLL status (STROBE_DLL_STATUS)

Offset

Register Offset

STROBE_DLL_STATUS 74h

Function

This register contains the strobe DLL status information. All fields are read only and read the same as the power-reset value.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R STROBE_DLL_STS_REF_SEL STROBE_DLL_STS_SLV_SEL 
STRO
BE_...

STRO
BE_...

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

This field is reserved.

This read-only field is reserved and always has the value 0.

15-9

STROBE_DLL_
STS_REF_SEL

Strobe DLL status reference select

Reference delay line select taps. This is encoded by 7 fields for 127 taps.

8-2

STROBE_DLL_
STS_SLV_SEL

Strobe DLL status slave select

Slave delay line select status. This is the instant value generated from reference chain. Because the 
reference chain can only be updated when STROBE_REF_CLOCK is detected, this value can be updated 
with the right value when the reference is locked.

1

STROBE_DLL_
STS_REF_LOC

K

Strobe DLL status reference lock

This signifies that the DLL has detected and locked to a half-phase REF_CLOCK shift, it allows the slave 
delay-line to perform programmed clock delays.

0

STROBE_DLL_
STS_SLV_LOC

K

Strobe DLL status slave lock

Slave delay-line lock status. This signifies that a valid calibration has been set to the slave-delay line, and 
the slave-delay line is implementing the programmed delay value.

73.6.1.29 Vendor Specific Register (VEND_SPEC)

Offset

Register Offset

VEND_SPEC C0h
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Function

This register contains the vendor specific control/status register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMD_
BYT...

Reserv
ed 

Reserv
ed 

Reserv
ed 

Reserved 
Reserved 

W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CRC_
CHK...

0
Reserv

ed Reserv
ed 

FRC_
SDC...

0 Reserv
ed 

Reserv
ed 

0 AC12_
WR...

Reserv
ed 

VSEL
ECT 

Reserv
ed 

W

Reset 0 1 1 1 1 0 0 0 0 0 0 0 1 0 0 1

Fields

Field Function

31

CMD_BYTE_E
N

Register byte access for CMD_XFR_TYP

This field controls the register byte access for Command Transfer Type (CMD_XFR_TYP). If this field is 
enabled, the register can be configured through byte write enable. IPS_bus can write only one byte once for 
one write operation.

0b - Disable. MIX_CTRL[7:0] is read/write and CMD_XFR_TYP[7:0] is read-only.

1b - Enable. MIX_CTRL[7:0] is read-only and CMD_XFR_TYP[7:0] is read/write.

30

—

Reserved

Always write as 0.

29

—

Reserved

Always write as 1

28

—

Reserved

Always write as 0.

27-24

—

Reserved

Always write as 4'b0000.

23-16

—

Reserved

Always write as 8'h00.

15

CRC_CHK_DIS

CRC Check Disable

0b - Check CRC16 for every read data packet and check CRC fields for every write data packet

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Ignore CRC16 check for every read data packet and ignore CRC fields check for every write 
data packet

14-11

—

Reserved

Reserved

10

—

Reserved

Always write as 0.

9

—

Reserved

Always write as 0.

8

FRC_SDCLK_O
N

Force CLK

Force CLK output active

Do not set this bit to 1 unless it is necessary. Also, make sure that this bit is cleared when uSDHC’s clock 
is about to be changed (frequency change, clock source change, or delay chain tuning).

0b - CLK active or inactive is fully controlled by the hardware.

1b - Force CLK active

7

—

Reserved

6

—

Reserved

5

—

Reserved

4

—

Reserved

3

AC12_WR_CH
KBUSY_EN

Check busy enable

Check busy enable after auto CMD12 for write data packet

0b - Do not check busy after auto CMD12 for write data packet

1b - Check busy after auto CMD12 for write data packet

2

—

Reserved

1

VSELECT

Voltage selection

Change the value of output signal VSELECT to control the voltage on pads for external card. There must 
be a control circuit out of uSDHC to change the voltage on pads.

Table continues on the next page...

NXP Semiconductors
Ultra Secured Digital Host Controller (uSDHC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4891 / 5781



Table continued from the previous page...

Field Function

0b - Change the voltage to high voltage range, around 3.0 V

1b - Change the voltage to low voltage range

0

—

Reserved

Always write as 0.

73.6.1.30 eMMC Boot (MMC_BOOT)

Offset

Register Offset

MMC_BOOT C4h

Function

This register contains the eMMC Fast Boot control register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
BOOT_BLK_CNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DISAB
LE...

AUTO
_SA...

BOOT
_EN 

BOOT
_MO...

BOOT
_ACK 

DTOCV_ACK 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

BOOT_BLK_CN
T

Stop At Block Gap value of automatic mode

The value defines the Stop At Block Gap value of automatic mode. When received, card block cnt is equal 
to (BLK_CNT - BOOT_BLK_CNT) and AUTO_SABG_EN is 1, then Stop At Block Gap.

Here, BLK_CNT is defined in the Block Attributes Register, field 31 - 16 of 0x04.

15-9

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

8

DISABLE_TIME
_OUT

Time out

 
When this field is set, there is no timeout check no matter whether BOOT_EN is set or not.

  NOTE  

0b - Enable time out

1b - Disable time out

7

AUTO_SABG_E
N

Auto stop at block gap

During boot, enable auto stop at block gap function. This function is triggered, and host stops at block gap 
when received card block cnt is equal to (BLK_CNT - BOOT_BLK_CNT).

6

BOOT_EN

Boot enable

Boot mode enable

0b - Fast boot disable

1b - Fast boot enable

5

BOOT_MODE

Boot mode

Boot mode select

0b - Normal boot

1b - Alternative boot

4

BOOT_ACK

BOOT ACK

Boot ACK mode select

0b - No ack

1b - Ack

3-0

DTOCV_ACK

DTOCV_ACK

Boot ACK time out counter value

0000b - SDCLK x 2^32

0001b - SDCLK x 2^33

0010b - SDCLK x 2^18

0011b - SDCLK x 2^19

0100b - SDCLK x 2^20

0101b - SDCLK x 2^21

0110b - SDCLK x 2^22

0111b - SDCLK x 2^23

1110b - SDCLK x 2^30

1111b - SDCLK x 2^31
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73.6.1.31 Vendor Specific 2 Register (VEND_SPEC2)

Offset

Register Offset

VEND_SPEC2 C8h

Function

This register contains the vendor specific control 2 register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
FBCLK_TAP_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R EN_32
K_...

Reserv
ed 

Reserv
ed 

ACMD
23_...

HS400
_R...

HS400
_W...

0 0 TUNIN
G_...

TUNING_BIT_E
N 

CARD
_IN...

0

W

Reset 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0

Fields

Field Function

31-16

FBCLK_TAP_S
EL

Enable extra delay on internal feedback clock

It is a hot code. The default value is 16'h0001 that means the length of feedback delay chain is 1. The 
value of 16'h8000 means the length of feedback delay chain is 16.

15

EN_32K_CLK

Enable 32 kHz clock for card detection

Use 32 kHz clock for card detection

14

—

Reserved

13

—

Reserved

12

ACMD23_ARG
U2_EN

Argument2 register enable for ACMD23

0b - Disable

1b - Argument2 register enable for ACMD23 sharing with SDMA system address register. Default 
is enabled.

11 HS400 read clock stop enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

HS400_RD_CL
K_STOP_EN

Only stop clock at read block gap.

10

HS400_WR_CL
K_STOP_EN

HS400 write clock stop enable

Only stop clock at write block gap.

9

—

Reserved

8-7

—

Reserved

6

TUNING_CMD_
EN

Tuning command enable

Enable the auto tuning circuit to check the CMD line.

0b - Auto tuning circuit does not check the CMD line.

1b - Auto tuning circuit checks the CMD line.

5-4

TUNING_BIT_E
N

Tuning bit enable

Enable the auto tuning circuit to check the DATA[7:0]. The value option is as the list below.

 
In SDIO mode, auto-tuning only supports 1-bit (i.e. DATA[0]) tuning, and the 4-bit (i.e. 
DATA[3:0]) auto tuning is not supported for SDIO mode. SD mode supports 1-bit/4-bit 
(DATA[0] and DATA[3:0]) auto tuning. eMMC mode supports 1-bit/4-bit/8-bit (DATA[0], 
DATA[3:0] and DATA[7:0]) auto tuning.

  NOTE  

00b - Enable Tuning circuit for DATA[3:0]

01b - Enable Tuning circuit for DATA[7:0]

10b - Enable Tuning circuit for DATA[0]

11b - Invalid

3

CARD_INT_D3_
TEST

Card interrupt detection test

This field is used only for debugging.

0b - Check the card interrupt only when DATA3 is high.

1b - Check the card interrupt by ignoring the status of DATA3.

2-0

—

Reserved
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73.6.1.32 Tuning Control (TUNING_CTRL)

Offset

Register Offset

TUNING_CTRL CCh

Function
The register contains configuration of tuning circuit.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved STD_T
UN...

Reserv
ed TUNING_WINDOW 

Reserv
ed TUNING_STEP 

W

Reset 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TUNING_COUNTER 

DIS_C
MD...

TUNING_START_TAP 
W

Reset 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

STD_TUNING_
EN

Standard tuning circuit and procedure enable

This field is used to enable standard tuning circuit and procedure.

23

—

Reserved

22-20

TUNING_WIND
OW

Data window

Select data window value for auto tuning

19

—

Reserved

18-16 TUNING_STEP

Table continues on the next page...
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Table continued from the previous page...

Field Function

TUNING_STEP The increasing delay cell steps in tuning procedure.

15-8

TUNING_COU
NTER

Tuning counter

The MAX repeat CMD19 times in tuning procedure.

7

DIS_CMD_CHK
_FOR_STD_TU

NING

Disable command check for standard tuning

Writing 1 to this field disables command check (command CRC, CMD end bit error, and CMD index error 
or CMD timeout error) for standard tuning flow after each tuning command is sent.

6-0

TUNING_STAR
T_TAP

Tuning start

The start delay cell point when send first CMD19 in tuning procedure.
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Chapter 74
Flexible Serial Peripheral Inerface (FlexSPI)
74.1 Chip-specific FlexSPI information
Table 626. Reference links to related information

Topic Related module Reference

Full description FlexSPI FlexSPI

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

74.1.1 Module instances
This device has three instances of the FlexSPI module: FlexSPI0, FlexSPI1, and FlexSPI2.

FlexSPI0 in RTD targeted mainly to Serial NOR Flash:

• 1024-byte AHB RX Buffer

• 128x64-bit RX FIFO

• 128x64-bit TX FIFO

• Support On-The-Fly AES Decryption (OTFAD) with 4 keys

FlexSPI1 in RTD targeted mainly to Serial pSRAM:

• 2048-byte AHB RX Buffer

• 128x64-bit RX FIFO

• 128x64-bit TX FIFO

FlexSPI2 in APD

• 2048-byte AHB RX Buffer

• 128x64-bit RX FIFO

• 128x64-bit TX FIFO

Common to all 3 instances:

• 64-bit AHB master port

• DQS line supported

• Data learning enabled for DDR feature

74.2 Overview
FlexSPI supports two SPI channels and up to four external devices. Each channel supports Single/Dual/Quad/Octal mode data 
transfer (1/2/4/8 bidirectional data lines).

The FlexSPI configuration depends on the chip configuration. See the system-level section for boot information and pinmux for 
chip-specific information regarding the modes and number of devices supported.
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FlexSPI supports communication with both serial flash memory and serial RAM devices. While many of the descriptions, registers, 
and fields specifically reference flash memory, almost all information can also be applied to serial RAM. Flash memory is used as 
an example in the tables and figures in this chapter.

 
Terminology in this chapter has been updated to align with JEDEC standard EXpanded Serial Peripheral Interface 
(xSPI) for Non Volatile Memory Devices, Version 1.0.

Table 627. Updated terms

Updated term Deprecated term

Controller Master

Target Slave

  NOTE  

74.2.1 Block diagram

AHB_CTL

AHB_RX_BUF

ARB_CTL
(arbitrator)

SEQ_CTL
(sequence)

A_SS0_B

A_SCLK
A_DATAn
A_DQS

SPI bus
A port

IO_CTL

Data
AHB bus

64-bit

AHB_CMD
ARB_CMD

IP_CMD

Data

Data

DataAHB_TX_BUF

IP_CTL

RX_FIFO
ASYNC

TX_FIFO
ASYNC

SYNC

IP_RX_FIFO
IPRXFCR

Data
IPS bus
32-bit

Data

Data

Data

Data

Data

SEQ_CMD

Data

Data

Data

Data

IP_TX_FIFO
IPTXFCR

B_SS0_B
B_SS1_B
B_SCLK
B_DATAn
B_DQS

SPI bus
B port

A_SS1_B

Figure 480. Block diagram

74.2.2 Features
FlexSPI supports:

• Flexible sequence engine (lookup table) to support various vendor devices

— Serial NOR flash memory and other devices with SPI protocol similar to serial NOR flash memory

— Serial NAND flash memory

— HyperBus devices (HyperFlash/HyperRAM)

— XCCELA devices

— FPGA devices

• Flash memory access modes

— Single, Dual, Quad, Octal mode

— Single Data Transfer Rate (SDR) and Double Data Transfer Rate (DDR) mode

— Individual/Parallel mode

• Sampling clock mode

— Internal dummy read strobe looped back internally

— Internal dummy read strobe looped back from pad
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— Flash-memory-provided read strobe

• Automatic data learning to select the correct sample clock phase

• Memory mapped read and write access by AHB bus

— AHB receive buffer implemented to reduce read latency. See the chip-specific section for AHB buffer size.

— 16 AHB controllers with programmable priority for read access from each

— 8 flexible and configurable buffers in AHB receive buffer

— AHB transmit buffer implemented to buffer all write data from one AHB burst. See the chip-specific section for AHB 
buffer size.

 
All AHB controllers share this AHB transmit buffer. There is no AHB controller number limitation for write access.

  NOTE  

• Software-triggered flash memory read and write access by IP bus

— IP receive FIFO implemented to buffer all read data from external devices. FIFO size: 1024 bytes

— IP transmit FIFO implemented to buffer all write data to external devices. FIFO size: 1024 bytes

— DMA support to read IP receive FIFO

— DMA support to fill IP transmit FIFO

— SCLK stops when IP receive FIFO is full during reading flash memory data

— SCLK stops when IP transmit FIFO is empty during writing flash memory data

74.3 Functional description

74.3.1 Flash connection
There are two FlexSPI interface ports (port A and port B). Each port supports up to two flash devices by providing two chip 
select outputs.

 
FlexSPI configuration depends on the chip configuration. See the chip-specific FlexSPI information regarding the 
number of devices supported.

  NOTE  

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4900 / 5781



Flash memory A1

Flash memory A2

A_SS0_B

FlexSPI

A_SCLK
A_DATA n

A_SS1_B

Flash memory B1

Flash memory B2

B_SS0_B
B_SCLK
B_DATA n

B_SS1_B

Figure 481. FlexSPI connection diagram with four devices.

 
• Flash A1 and Flash A2 can be two flash chip packages or two flash dies in the same package. There is no 

difference to FlexSPI. This statement is also true for Flash B1 and Flash B2.

• Flash A1 and Flash B1 can be accessed in parallel, using parallel mode. FlexSPI merges or splits the flash 
read and program data automatically. This statement is also true for Flash A2 and Flash B2.

• In parallel mode, Flash A1 and Flash A2 cannot be accessed at the same time. This statement is also true for 
Flash B1 and Flash B2.

• In individual mode, flash devices cannot be accessed at the same time. But these four devices can be 
accessed separately.

  NOTE  

There is a combination mode (MCR0[COMBINATIONEN] = 1) used to provide octal flash memory support by combining Port A 
(A_DATA[3:0]) and Port B (B_DATA[3:0]) together. Normal mode can also support Octal mode by using all eight data lines from 
Port A or Port B. Figure 482 shows the connection diagram for combination mode.
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[4]

SS_B

Flash memory A1

SCLK
DATA0
DATA1
DATA2
DATA3
DATA4
DATA5
DATA6
DATA7

SCLK

Flash memory A2

DATA0
DATA1
DATA2
DATA3
DATA4
DATA5
DATA6
DATA7

SS_B

A_SS0_B

FlexSPI

A_SCLK
A_DATA0
A_DATA1
A_DATA2
A_DATA3
B_DATA0
B_DATA1
B_DATA2
B_DATA3

A_SS1_B

Figure 482. FlexSPI connection diagram for combination mode

74.3.2 Flash memory access mode

74.3.2.1 SPI clock mode

FlexSPI only supports SPI clock mode 0: clock polarity (CPOL) = 0 and clock phase (CPHA) = 0. When the SPI bus is idle, SCLK 
stays at a logic low state.

74.3.2.2 Individual mode and Parallel mode

In individual mode, read and write data are received and transmitted on port A or port B.

In parallel mode, read and write data are received and transmitted on port A and port B in parallel. FlexSPI merges or splits the 
read and program data automatically (READ/WRITE instruction). Only read and program data is merged or split (READ/WRITE 
instruction). For other instructions (such as Command, Address, Mode, and Data size), the same associated information is 
transmitted to the devices connected to port A and port B. For more details, see Executing instructions on SPI interface.

IPCR1[IPAREN] (for IP command) or AHBCR[APAREN] (for AHB command) statistically determines Individual and 
Parallel mode.

 
FlexSPI does not support 16-bit read and write for the SPI interface.

  NOTE  

74.3.2.3 SDR mode and DDR mode

In SDR mode, flash memory receives data on the rising edge of SCLK and transmits data on the falling edge of SCLK.

In DDR mode, flash memory receives and transmits data on both the rising and falling edges of SCLK.

[4] Parallel mode access is not available in combination mode.
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The instruction (opcode) in the LUT sequence dynamically determines SDR and DDR modes. There is no static configuration 
register field setting for SDR and DDR modes. See FlexSPI input timing and FlexSPI output timing for details about input and 
output timing.

74.3.2.4 Single, Dual, Quad, and Octal mode

In Single mode, FlexSPI transmits and receives data on one data pin (DATA0 for transmitting, DATA1 for receiving).

In Dual mode, FlexSPI transmits and receives data on two data pins (DATA0–DATA1 for both transmitting and receiving).

In Quad mode, FlexSPI transmits and receives data on four data pins (DATA0–DATA3 for both transmitting and receiving).

In Octal mode, FlexSPI transmits and receives data on eight data pins (DATA0–DATA7 for both transmitting and receiving).

Instruction (num_pads) in the LUT sequence dynamically determine Single, Dual, Quad, and Octal modes. There is no static 
configuration register field setting for Single, Dual, Quad, and Octal modes.

74.3.3 Modes of operation

FlexSPI operates with these modes.

Table 628. Operating modes

Mode Description

Module Disable This mode is a low-power mode for FlexSPI.

In Module Disable mode, the AHB clock and serial clock domains are gated off internally, but the 
IPS bus clock domain is not gated off. Read and write access to the control and status register are 
available, but the LUT, IP receive FIFO, and IP transmit FIFO cannot be accessed. Serial memory 
access is also not available.

Write 1 to MCR0[MDIS] to enter this mode. Write 0 to MCR0[MDIS] to exit this mode.

Doze This mode is a low-power mode for the chip.

When the chip requires FlexSPI to enter Doze mode and MCR0[DOZEEN] = 1, FlexSPI enters Doze 
mode after all transactions are completed (STS0[ARBIDLE] = 1). In Doze mode, the AHB clock and 
serial clock domains are gated off internally, but the IPS bus clock is not gated off. Read and write 
access to the control and status register are available, but the LUT, IP receive FIFO, the IP transmit 
FIFO cannot be accessed. Serial memory access is also not available.

This mode is entered via system request, and exited by deasserting this system request.

Stop This mode is a low-power mode for the chip.

When the chip requires the FlexSPI to enter Stop mode, FlexSPI waits for all transactions to complete 
(STS0[ARBIDLE] = 1) and return ACK handshake to the system. After the ACK handshake is returned, 
FlexSPI gates off the AHB clock and serial clock domains internally. The system can gate off the AHB 
bus clock, IPS bus clock, and serial clock at the system level.

This mode is entered via system request. This mode is exited by deasserting this system request, and 
the ACK handshake message is also deasserted immediately.

Normal No clock is gated off internally. Normal register access and serial memory access are available.

74.3.4 AHB access memory map
FlexSPI allocates AHB memory space for each memory device starting from the FlexSPI region base address of the system 
memory map. The FLSHxCR0[FLSHSZ] field determines the amount of memory allocated for each memory device in KB, 
Fx_SIZE. The memory is then allocated sequentially and contiguously.
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See the chip-specific section for the maximum flash size supported.

  NOTE  

When MCR2[SAMEDEVICEEN] = 1:

• FA1_SIZE = FLSHA1CR0[FLSHSZ] × 1 KB

• FA2_SIZE = FLSHA1CR0[FLSHSZ] × 1 KB

• FB1_SIZE = FLSHA1CR0[FLSHSZ] × 1 KB

• FB2_SIZE = FLSHA1CR0[FLSHSZ] × 1 KB

When MCR2[SAMEDEVICEEN] = 0:

• FA1_SIZE = FLSHSZ × 1 KB

• FA2_SIZE = FLSHA2CR0[FLSHSZ] × 1 KB

• FB1_SIZE = FLSHB1CR0[FLSHSZ] × 1 KB

• FB2_SIZE = FLSHB2CR0[FLSHSZ] × 1 KB

Flash B1 and Flash B2 size settings are ignored in parallel mode (FLSHB1CR0[FLSHSZ], FLSHB2CR0[FLSHSZ]). To execute 
in parallel mode, Flash B1 should be the same device as Flash A1, and Flash B2 should be the same device as Flash A2.

Flash memory A1

0h

Individual mode

Flash memory A2

Flash memory B1

Flash memory B2

FA1_SIZE

FA2_SIZE

FB1_SIZE

FB2_SIZE

Flash memories
A1 + B1

0h

Parallel mode

Flash memories
A2 + B2

FA2_SIZE×2

FA2_SIZE×2

Figure 483. AHB access memory map in individual and parallel mode

AHB access memory map in individual mode:

• Flash A1 address range: 0000_0000h to FA1_SIZE

• Flash A2 address range: FA1_SIZE to (FA1_SIZE + FA2_SIZE)

• Flash B1 address range: (FA1_SIZE + FA2_SIZE) to (FA1_SIZE + FA2_SIZE + FB1_SIZE)

• Flash B2 address range: (FA1_SIZE + FA2_SIZE + FB1_SIZE) to (FA1_SIZE + FA2_SIZE + FB1_SIZE + FB2_SIZE)

AHB access memory map in parallel mode:

• Flash A1+B1 address range: 0000_0000h to FA1_SIZE × 2

• Flash A2+B2 address range: FA1_SIZE × 2 to (FA1_SIZE × 2 + FA2_SIZE × 2)

 
The address used in Figure 483 and equations in this topic is the address presented to the memory. The base 
address for FlexSPI in the system memory map has already been removed, so it not used or shown here.

  NOTE  
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74.3.4.1 Flash address sent to flash memory devices

The AHB address (AHB command) or IPCR0[SFAR] (IP command) determines the flash memory access start address. See Flash 
memory access via AHB command and Flash memory access via IP command for more details.

For AHB commands, the FlexSPI controller removes the flash memory base address automatically when sending flash addresses 
to flash devices. The flash address is sent to devices in two parts: row address and column address. For flash devices that do not 
support the column address, set FLSHxCR1[CAS] to 0. This setting causes all flash address bits to be sent to flash devices as 
row addresses.

For word-addressable flash devices, the last bit of the address is not needed, because flash memory is read and programmed in 
terms of two bytes. For parallel mode, Flash A1 and Flash B1 (or Flash A2 and Flash B2) are accessed in parallel. As a result, the 
flash memory address sent to flash devices should be divided by 2. Table 629 indicates the relationship of row address, column 
address, and flash address (FA).

Table 629. Flash address, row address, and column address

Parallel mode Word-addressable Row address Column address Comment

0 0 FA[31:CAS] FA[CAS-1:0] There is no limitation 
on FA and data size 
alignment.

0 1 FA[31:CAS+1] FA[CAS:1] FA and data size 
should be two-byte 
aligned.

1 0 FA[31:CAS+1] FA[CAS:1] FA and data size 
should be two-byte 
aligned.

1 1 FA[31:CAS+2] FA[CAS+1:2] FA and data size 
should be four-byte 
aligned.

 
• FA is the flash address without base address.

• If the bit number of the row or column flash address is more than the valid value, the high position 
bits are supplemented with zero. See Programmable sequence engine for details about row or column 
address instructions.

  NOTE  

When parallel mode is enabled or word-addressable flash memory is used, there are limitations on the flash memory start address 
and data size. You can address this requirement by aligning the AHB bus access address (for AHB command) or IP command 
address IPCR0[SFAR] (for IP command) in software. There are two ways to avoid these limitations in the specified case.

1. For AHB Read Command only:

When AHBCR[READADDROPT] and AHBCR[PREFETCHEN] are both 1, or OTFAD is enabled, FlexSPI guarantees the 
start address and data size for the flash memory access are eight-byte aligned by hardware.

When AHBCR[READADDROPT] is 1, or OTFAD is enabled, FlexSPI fetches redundant data to guarantee the flash 
memory start address is eight-byte aligned. When prefetch is enabled (AHBCR[PREFETCHEN] is 1), the size of the 
eight-byte-aligned AHB receive buffer determines the flash memory read data size.

2. For AHB Write Command and Individual Mode only:

By default, FlexSPI guarantees the flash memory write access start address and data size are two-byte aligned when using 
DQS as write mask (FLSHCR4[WMENB or WMENA] = 1).

This feature is not applied in parallel mode and must be used if the external device supports write mask feature.
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74.3.5 Lookup table (LUT)
The LUT is an internal memory that preserves a number of preprogrammed sequences. Each sequence consists of up to eight 
instructions which are executed sequentially. When an IP command or an AHB command triggers a flash memory access, the 
FlexSPI controller:

1. Fetches the sequence from LUT (sequence index or number).

2. Executes the flash memory access to generate a valid flash transaction on the SPI interface.

Figure 484 shows the LUT structures, sequences, and instructions.

Sequence 0

Sequence 1

0h
Address offsetLookup table (LUT) Sequence

10h

20h

30h

40h

10h × n

Sequence 2

Sequence 3

Sequence n

Instr1

Instr3

0h
Address offset

4h

8h

Ch

31 16 15 0 Bit offset

Instr5

Instr7

Instr0

Instr2

Instr4

Instr6

Instruction

Opcode

15 10 9 0Bit offset

num_pads Operand

8 7

Figure 484. LUT structure, sequences, and instructions

 
If the number of instructions needed for a flash transaction is less than eight, the STOP instruction (code 
0000_0000h) must be programmed for unneeded instructions.

  NOTE  

For IP and AHB write commands, the FlexSPI controller always executes from instruction pointer 0. For AHB read commands, 
the FlexSPI controller executes from a saved instruction start pointer. The FlexSPI controller saves the instruction start pointers 
separately for each flash device. All these saved instruction pointers are zero before the JMP_ON_CS instruction is executed. 
When the JMP_ON_CS instruction is executed, the operand in the JMP_ON_CS instruction is saved as instruction start pointer. 
See Execute-In-Place (XIP) enhanced mode.

The reset value of the LUT is unknown because it is implemented as internal memory. The LUT must be programmed according 
to the connected device. To protect its contents during a code runover, the LUT can be locked or unlocked to prevent unwanted 
changes after the LUT has been configured. The key to lock or unlock the LUT is 5AF05AF0h.

To lock the LUT:

1. Write the key (5AF05AF0h) to LUT Key (LUTKEY).

2. Write 1 to LUTCR[LOCK] and write 0 to LUTCR[UNLOCK]. When there is another register write access to FlexSPI 
between these two write accesses, this LUT is not successfully locked.

To unlock the LUT:

1. Write the key (5AF05AF0h) to the LUT Key Register LUT Key (LUTKEY).

2. Write 0 to LUTCR[LOCK] and write 1 to LUTCR[UNLOCK]. When there is another register write access to FlexSPI 
between these two write accesses, this LUT is not successfully locked.

The lock status of the LUT can be read from LUTCR[LOCK] and LUTCR[UNLOCK].
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74.3.6 Programmable sequence engine
The FlexSPI controller implements a programmable sequence engine that executes the sequence from the LUT. The FlexSPI 
controller executes the instructions sequentially, and generates flash transactions on the SPI interface accordingly. Table 630 is 
a complete list of the supported instructions.

Table 630. Instruction set

Name Opcode num_pads Action on SPI 
interface

Transmit data Bits/bytes/cycle number

CMD_SDR 00_0001h 00h - one pad 
(Single mode)

01h - two pads 
(Dual mode)

02h - four pads 
(Quad mode)

03h - eight pads 
(Octal mode)

Transmit command 
code to 
flash memory

Command code:

Operand[7:0]

Bit number: 8

CMD_DDR 00_0021h

RADDR_SDR 00_0002h Transmit row 
address to 
flash memory

See Flash address 
sent to flash 
memory devices

Row_Address[31:0
]

Row_Address 
comes from 
AHB bus 
(AHB command) 
or IPCR0[SFAR] 
(IP command).

Bit number: operand[7:0]

Value of operand determines 
number of bits sent 
in Row_Address.

RADDR_DDR 00_0022h

CADDR_SDR 00_0003h Transmit column 
address to flash 
memory. See 
Flash address sent 
to flash memory 
devices.

Column_Address[3
1:0]

Column_Address 
comes from 
AHB bus 
(AHB command) 
or IPCR0[SFAR] 
(IP command).

Bit number: operand[7:0]

Value of operand determines 
number of bits sent 
in Column_Address.

CADDR_DDR 00_0023h

MODE1_SDR 00_0004h Transmit mode bits 
to flash memory

Mode bits:

Operand[0]

Bit number: 1

MODE1_DDR 00_0024h

MODE2_SDR 00_0005h Mode bits:

Operand[1:0]

Bit number: 2

MODE2_DDR 00_0025h

MODE4_SDR 00_0006h Mode bits:

Operand[3:0]

Bit number: 4

MODE4_DDR 00_0026h

MODE8_SDR 00_0007h Mode bits:

Operand[7:0]

Bit number: 8

MODE8_DDR 00_0027h

WRITE_SDR 00_0008h Transmit program 
data to flash device

Program data in 
IP_TX_FIFO or 
AHB_TX_BUF

AHB burst size and 
burst type (AHB command) 
or IPCR1[IDATSZ] (IP 
command) determines byte 
number (data size). For 
details about flash read or 
program data size, see Flash 
memory access via AHB 

WRITE_DDR 00_0028h

READ_SDR 00_0009h Receive read data 
from flash device

-

READ_DDR 00_0029h

Table continues on the next page...
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Table 630. Instruction set (continued)

Name Opcode num_pads Action on SPI 
interface

Transmit data Bits/bytes/cycle number

Read data is put 
into AHB_RX_BUF 
or IP_RX_FIFO.

command and Flash memory 
access via IP command.

DATSZ_SDR 00_000Bh Transmit read or 
program data size 
(byte number) to 
flash device

Internal logic

Read or program 
data size for current 
command 
sequence

Bit number: operand[7:0]

Never set operand to zero 
or greater than 64 for 
DATSZ instruction.

DATSZ_DDR 00_002Bh

DUMMY_SDR 00_000Ch Leave data lines 
undriven by 
FlexSPI controller. 
Turnaround cycles 
are provided 
from host 
driving to device 
driving. num_pads 
determines number 
of pads in 
input mode.

- Dummy cycle number 
(in serial root clock): 
Operand[7:0]

Dummy cycle (N), described in 
data sheet of flash device, is in 
number of SCLK cycles. This 
number may be configurable.

In SDR mode, SCLK cycle 
is same as serial root clock. 
Operand value must be set 
to N.

In DDR mode, SCLK cycle 
is double serial root clock 
cycle. Operand value must 
be set to 2N, 2N-1 or 
2N+1 depending on definition 
of dummy in data sheet 
of flash device. See Flash 
memory access sequence 
examples and dummy cycle 
definition in data sheet of 
external memory.

DUMMY_DDR 00_002Ch

DUMMY_RWDS_S
DR

00_000Dh Similar 
to DUMMY_SDR/
DUMMY_DDR 
instruction. 
Difference is 
in dummy 
cycle number.

DQS pin is called 
RWDS in HyperBus 
specification. See 
Dummy instruction 
for details.

- For read command, dummy 
cycle number (in serial 
root clock):

(operand[7:0] × 4 - 1) if RWDS 
(DQS pin) is high;

(operand[7:0] × 2 - 1) if RWDS 
(DQS pin) is low;

For write command, dummy 
cycle number (in serial 
root clock):

(operand[7:0] × 4 - 2) if RWDS 
(DQS pin) is high;

DUMMY_RWDS_D
DR

00_002Dh

Table continues on the next page...
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Table 630. Instruction set (continued)

Name Opcode num_pads Action on SPI 
interface

Transmit data Bits/bytes/cycle number

Set operand to 
"Latency count" for 
HyperBus devices.

(operand[7:0] × 2 - 2) if RWDS 
(DQS pin) is low;

LEARN_SDR 00_000Ah 00h - one pad 
(Single mode)

01h - two pads 
(Dual mode)

02h - four pads 
(Quad mode)

03h - eight pads 
(Octal mode)

Receive read data 
or preamble bit 
from flash device

FlexSPI controller 
compares data 
line bits with 
the DLPR register 
to determine a 
correct sampling 
clock phase.

- Bit number: operand[7:0]

Never set operand to zero for 
LEARN instruction. Value of 
operand indicates number of 
bits to receive and compare 
to DLPR value. For example, 
8-bit pattern 5Ah on each data 
line must set operand to 8.

LEARN_DDR 00_002Ah

JMP_ON_CS 00_001Fh Num_pads 
setting ignored.

Stop execution, 
deassert CS and 
save operand[7:0] 
as instruction 
start pointer for 
next sequence.

Normally this 
instruction is 
used to support 
Execute-In-Place 
enhanced mode. 
See Execute-In-
Place (XIP) 
enhanced mode.

This instruction is 
only allowed for 
AHB read 
commands. When 
using this 
instruction in IP 
command or AHB 
write command, 
interrupt status flag 
set 
(INTR[IPCMDERR] 
or 
INTR[AHBCMDER
R]).

- No transaction on SPI 
interface.

STOP 00_0000h Stop execution 
and deassert CS. 
Next command 

-

Table continues on the next page...
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Table 630. Instruction set (continued)

Name Opcode num_pads Action on SPI 
interface

Transmit data Bits/bytes/cycle number

sequence (to same 
flash device) starts 
from instruction 
pointer 0.

The programmable sequence engine allows configuration of the LUT according to the connected external serial device. The 
flexible LUT structure easily adapts to new command or protocol changes from different vendors.

The DDR sequence is a flash memory access sequence that contains DDR instructions other than DUMMY_DDR, and may 
contain SDR instructions. The output and input timing on FlexSPI differs for SDR and DDR sequences. When included as part of 
a DDR sequence, SDR instructions execute differently from SDR instructions in an SDR sequence. See FlexSPI input timing and 
FlexSPI output timing.

74.3.6.1 Executing instructions on SPI interface

This section describes the execution of instructions on the SPI interface. For all instructions that receive bits from or transmit bits 
to flash devices:

• The bit order in one byte is higher on DATA7 than DATA0.

• The bit order is higher on port B than port A.

This order is shown in Figure 485.

DATA 0

Low
address

High
address

0

LE
Address

DATA 1

1

DATA 2

2

DATA 3

3

DATA 4

4

DATA 5

5

DATA 6

6

DATA 7

7

Figure 485. Bus bit order

Table 631. SPI instructions

Instructions Description

Command

(CMD_SDR, CMD_DDR)

Normally used to transmit a command code to the external device. The command code is the 
8-bit operand in the instructions. Command code is sent to both port A and port B in parallel 
mode. See Flash memory access sequence examples.

Address

(RADDR_SDR, 
RADDR_DDR, 
CADDR_SDR, CADDR_DDR)

Normally used to send the flash memory access start address (row address or column address) 
to an external device. FlexSPI determines the bits of the row address or column address 
according to the AHB access address or IP command address. See Flash address sent to flash 
memory devices.

The operand value in the instruction code represents the number of address bits to send. The 
bits in the row address or column address are sent to both port A and port B in parallel mode. 
For example, when NUM_PADSn = 8, a memory reading the flash memory address on four 
SCK edges requires the sum of bits in CADDR and RADDR instructions to be 32. Otherwise, 
FlexSPI does not generate four SCK edges of address phase. See Flash memory access 
sequence examples.

Table continues on the next page...
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Table 631. SPI instructions (continued)

Instructions Description

Mode

(MODEx_SDR, 
MODEx_DDR)

Normally used to send mode bits to external devices. Mode bits are the lower bits of an operand. 
For example, the bit number is 1 for MODE1_SDR and MODE1_DDR, 2 for MODE2_SDR 
and MODE2_DDR, 4 for MODE4_SDR and MODE4_DDR, and 8 for MODE8_SDR and 
MODE8_DDR. The pad number should not be greater than the mode bit number. For example, 
you cannot set NUM_PADSn to 11b (Octal mode) for MODE4_* instructions. Mode bits are sent 
to both port A and port B in parallel mode. See Flash memory access sequence examples for 
more details.

Data Size

(DATSZ_SDR, DATSZ_DDR)

Used to send the size of program data or read data (byte number) to external devices. This 
instruction is normally used in FPGA applications where the memory space in external device 
acts like a FIFO. The external device requires data size information to determine how much 
data are popped from or pushed into the internal FIFO. The operation value in the data size 
instructions is the bit number. Data size is sent to both port A and port B in parallel mode. See 
Flash memory access sequence examples.

Write

(WRITE_SDR, WRITE_DDR)

Normally used to send program data to external device. Programming data is fetched from 
IP_TX_FIFO (IP Command) or AHB_TX_Buffer (AHB command). For details about flash 
program data size, see Flash memory access via AHB command and Flash memory access via 
IP command. The byte order for program data is always from low to high. Odd bytes are sent on 
port A and even bytes are sent on port B in parallel mode. See Flash memory access sequence 
examples for more details.

Read

(READ_SDR, READ_DDR)

Normally used to receive flash memory data from external devices. Received data is put into 
IP_RX_FIFO (IP Command) or AHB_RX_Buffer (AHB command). For information about flash 
memory read data size, see Flash memory access via AHB command and Flash memory 
access via IP command. The byte order for reading data is always from low to high. Odd bytes 
are received from port A and even bytes are received from port B in parallel mode. See Flash 
memory access sequence examples.

Dummy

(DUMMY_SDR, 
DUMMY_DDR, 
DUMMY_RWDS_SDR, 
DUMMY_RWDS_DDR)

Used to provide turnaround cycles on the SPI interface. During dummy instruction, the FlexSPI 
controller and external devices do not drive the SPI interface. See Programmable sequence 
engine for details about dummy cycle number.

DUMMY_RWDS_DDR can be used for a HyperBus device that uses RWDS pin to indicate 
whether extra latency is needed. DUMMY_RWDS_SDR is reserved. The FlexSPI controller 
checks the DQS pin input level at the fourth cycle after SCLK output toggling is enabled. 
The DQS pin is called RWDS in HyperBus specification. See Flash memory access 
sequence examples.

 
FlexSPI releases the bus after at least one cycle. To avoid data contention, the 
NUM_PADSn value for the dummy commands should be configured to match 
the number of data lines used for the external memory.

  NOTE  

Learn

(LEARN_SDR, LEARN_DDR)

Used to determine the correct sample clock phase for flash memory read data sampling. 
External device drives read data (or data learning pattern) bits on the FlexSPI interface. The 
FlexSPI controller compares the data line bits to the DLPR register to determine a correct 
sampling clock phase.

Table continues on the next page...
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Table 631. SPI instructions (continued)

Instructions Description

Clock phase selection is automatically updated after executing learn instructions. See Data 
learning for more details. The operand value in learn instructions is the byte number. FlexSPI 
checks the same data pattern on each data line.

The byte order is byte 0, byte 1, byte 2, byte 3, byte0, byte 1, and so on.

• Byte 0 is DLPR register bits 7–0.

• Byte 1 is DLPR register bits 15–8.

• Byte 2 is DLPR register bits 23–16.

• Byte 3 is DLPR register bit 31–24.

The bit order is from high to low in each byte. See Flash memory access sequence examples.

74.3.6.2 Flash memory access sequence examples

Diagrams below all assume MCR0[SERCLKDIV] = 0.

Figure 486 shows an example SDR single I/O read sequence (Cypress Serial Nor Flash S25FS512S) in individual mode.

A_DATA0

A_SCLK

Operand value NA Operand value is 24
Operand
value NA

MODE8_SDR
PAD_1X

RADDR_SDR
PAD_1X

CMD_SDR
PAD_1X

Serial root clock
ipg_clk_sfck

2 1 0 7 6... ... 0

Dummy cycle is 5

Operand value NA

READ_SDR
PAD_1X

Operand value is 5

DUMMY_SDR
PAD_1X

23 22 214 3 2 1 057 6 24

6 5 4 3 2 1 07A_DATA1

A_SS0_B

Figure 486. Flash memory access sequence example (SDR single I/O read sequence)

 
• FlexSPI dummy instruction starts and ends at the rising edge of serial root clock.

• Device dummy cycle starts and ends at the falling edge of SCLK (on Cypress S25FS512S data sheet).

  NOTE  

Figure 487 shows an example SDR quad I/O read sequence (Cypress Serial Nor Flash S25FS512S) in individual mode.
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A_DATA0

A_SCLK

Operand value NA Operand value is 32
Operand
value NA

MODE8_SDR
PAD_4X

RADDR_SDR
PAD_4X

CMD_SDR
PAD_1X

ipg_clk_sfck

8 4 0 4 012 0 4 0 4 0 4 04

Dummy cycle is 7

Operand value NA

READ_SDR
PAD_4X

Operand value is 7

DUMMY_SDR
PAD_4X

24 20 164 3 2 1 057 6 28

9 5 1 5 113 1 5 1 5 1 5 1525 21 1729A_DATA1

A_DATA2

A_DATA3

Byte 0 Byte 1 Byte 2 Byte 3Byte 3 Byte 2 Byte 1 Byte 0

10 6 2 6 214 2 6 2 6 2 6 2626 22 1830

11 7 3 7 315 3 7 3 7 3 7 3727 23 1931

A_SS0_B

Figure 487. Flash memory access sequence example (SDR quad I/O read sequence)

 
• FlexSPI dummy instruction starts and ends at the rising edge of serial root clock.

• Device dummy cycle starts and ends at the falling edge of SCLK (on Cypress S25FS512S data sheet).

  NOTE  

Figure 488 shows an example DDR quad I/O read sequence (Cypress Serial Nor Flash S25FS512S) in parallel mode.

A_DATA0

A_SCLK/B_SCLK

Operand value NA Operand value is 32
Operand
value NA

MODE8_DDR
PAD_4X

RADDR_DDR
PAD_4X

CMD_DDR
PAD_1X

ipg_clk_sfck

8 4 0 4 012 0 4 0 4 0 4 04

Byte 0

Dummy cycle is 4

Operand value NA

READ_DDR
PAD_4X

Operand value is 8

DUMMY_DDR
PAD_4X

24 20 162801234567

9 5 1 5 113 1 5 1 5 1 5 1525 21 1729A_DATA1

A_DATA2

A_DATA3

Byte 2 Byte 4 Byte 6

10 6 2 6 214 2 6 2 6 2 6 2626 22 1830

11 7 3 7 315 3 7 3 7 3 7 3727 23 1931

B_DATA0 8 4 0 4 012 0 4 0 4 0 4 04

Byte 1

24 20 162801234567

9 5 1 5 113 1 5 1 5 1 5 1525 21 1729B_DATA1

B_DATA2

B_DATA3

Byte 3 Byte 5 Byte 7

10 6 2 6 214 2 6 2 6 2 6 2626 22 1830

11 7 3 7 315 3 7 3 7 3 7 3727 23 1931

B_SS0_B

A_SS0_B

Figure 488. Flash memory access sequence example (DDR quad I/O read sequence)

Figure 489 shows an example learn instruction (not for a specified flash device) in individual mode.
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A_DATA0

A_SCLK/B_SCLK

Operand value NA Operand value is 32
Operand value

NA

MODE4_DDR
PAD_4X

RADDR_DDR
PAD_4X

CMD_SDR
PAD_1X

ipg_clk_sfck

8 4 0 012 6 5 4 3 2 1 07

DLR Byte 0

Dummy cycle is 4

Operand value is ≥ 16

LEARN_DDR
PAD_4X

Operand value NA

READ_DDR
PAD_4X

Operand value is 9

DUMMY_DDR
PAD_4X

22 21 20 19 18 17 162314 13 12 11 10 9 815 0 4 0 4 0 4 0430 29 28 27 26 25 243124 20 162801234567

9 5 1 11325 21 1729A_DATA1

A_DATA2

A_DATA3

 DLPR Byte 3 DLPR Byte 2DLPR Byte 1

6 5 4 3 2 1 07 22 21 20 19 18 17 162314 13 12 11 10 9 815 1 5 1 5 1 5 1530 29 28 27 26 25 2431

6 5 4 3 2 1 07 22 21 20 19 18 17 162314 13 12 11 10 9 815 2 6 2 6 2 6 2630 29 28 27 26 25 2431

6 5 4 3 2 1 07 22 21 20 19 18 17 162314 13 12 11 10 9 815 3 7 3 7 3 7 3730 29 28 27 26 25 2431

10 6 2 21426 22 1830

11 7 3 31527 23 1931

A_SS0_B

Figure 489. Flash memory access sequence example (data learning)

 
• FlexSPI dummy instruction starts and ends at the rising edge of serial root clock.

• Device dummy cycle starts and ends at the falling edge of SCLK.

• The operand value of DUMMY_DDR instruction is odd because the total cycle number before DUMMY_DDR 
cycle is odd.

  NOTE  

Figure 490 shows an example HyperBus device read transaction (single latency count) in individual mode.
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A_DATA0

A_DQS (RWDS)

A_SCLK

Operand value is 7

Operand
value
is 24

Operand
value
is 16 Operand value NA

Operand
value
NA

CMD_DDR
PAD_8X

DUMMY_DDR
PAD_8X

READ_DDR
PAD_8X

RADDR_DDR
PAD_8X CADDR_DDR

PAD_8X

ipg_clk_sfck

16 8 0 8 00 0 0 0 0 0 0 0

1 2 3 4 5 6 70Byte

A_DATA1 17 9 1 9 11 1 1 1 1 1 1 11

A_DATA2 18 10 2 10 22 2 2 2 2 2 2 22

A_DATA3 19 11 3 11 33 3 3 3 3 3 3 33

A_DATA4 20 12 4 12 44 4 4 4 4 4 4 44

A_DATA5 21 13 5 13 55 5 5 5 5 5 5 55

A_DATA6 22 14 6 14 66 6 6 6 6 6 6 66

A_DATA7 23 15 7 15 77 7 7 7 7 7 7 77

Latency count N is 4 (in SCLK cycle)

Internal dummy cycle is 7 (2*N-1) in FlexSPI

0

A_SS0_BA_CS0_B

A_SS0_B

Figure 490. HyperBus device read transaction with single latency count

 
FlexSPI continues to drive the clock until it has latched all of the read data it is expecting. On-chip delay for the data 
to reach FlexSPI can increase the number of SCK clock pulses.

  NOTE  

Figure 491 shows an example HyperBus device read transaction (additional latency count) in individual mode.
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A_DATA0

A_DQS (RWDS)

A_SCLK

Additional Latency count

Operand value is 15

Operand
value
is 24

Operand
value
is 16 Operand value NA

Operand
value
NA

CMD_DDR
PAD_8X

DUMMY_DDR
PAD_8X

READ_DDR
PAD_8X

RADDR_DDR
PAD_8X CADDR_DDR

PAD_8X

ipg_clk_sfck

16 8 0 8 00 0 0 0 0 0 0 00

1 2 3 4 5 6 70Byte

A_DATA1 17 9 1 9 11 1 1 1 1 1 1 11

A_DATA2 18 10 2 10 22 2 2 2 2 2 2 22

A_DATA3 19 11 3 11 33 3 3 3 3 3 3 33

A_DATA4 20 12 4 12 44 4 4 4 4 4 4 44

A_DATA5 21 13 5 13 55 5 5 5 5 5 5 55

A_DATA6 22 14 6 14 66 6 6 6 6 6 6 66

A_DATA7 23 15 7 15 77 7 7 7 7 7 7 77

Latency count N is 4 (in SCLK cycle)

Internal dummy cycle is 15 (4*N-1) in FlexSPI

A_SS0_B

Figure 491. HyperBus device read transaction with additional latency count

Figure 492 shows an example HyperBus device write transaction (single latency count) in individual mode.
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A_DATA0

A_DQS (RWDS)

A_SCLK

Operand value is 6

Operand
value
is 24

Operand
value
is 16 Operand value NA

Operand
value
NA

CMD_DDR
PAD_8X

DUMMY_DDR
PAD_8X

WRITE_DDR
PAD_8X

RADDR_DDR
PAD_8X

CADDR_DDR
PAD_8X

ipg_clk_sfck

16 8 0 8 00 0 0 0 0 0 0 00

1 2 3 4 5 6 70Byte

A_DATA1 17 9 1 9 11 1 1 1 1 1 1 11

A_DATA2 18 10 2 10 22 2 2 2 2 2 2 22

A_DATA3 19 11 3 11 33 3 3 3 3 3 3 33

A_DATA4 20 12 4 12 44 4 4 4 4 4 4 44

A_DATA5 21 13 5 13 55 5 5 5 5 5 5 55

A_DATA6 22 14 6 14 66 6 6 6 6 6 6 66

A_DATA7 23 15 7 15 77 7 7 7 7 7 7 77

Latency count N is 4 (in SCLK cycle)

Internal dummy cycle is 6 (2*N-2) in FlexSPI

A_SS0_B

Figure 492. HyperBus device write transaction with single latency count

Figure 493 shows an example HyperBus device write transaction (additional latency count) in individual mode.
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Additional Latency count

Operand value is 14
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is 24

Operand
value
is 16 Operand value NA

Operand
value
NA

CMD_DDR
PAD_8X

DUMMY_DDR
PAD_8X

WRITE_DDR
PAD_8X

RADDR_DDR
PAD_8X

CADDR_DDR
PAD_8X

ipg_clk_sfck

16 8 0 8 00 0 0 0 0 0 0 00

1 2 3 4 5 6 70Byte

A_DATA1 17 9 1 9 11 1 1 1 1 1 1 11

A_DATA2 18 10 2 10 22 2 2 2 2 2 2 22

A_DATA3 19 11 3 11 33 3 3 3 3 3 3 33

A_DATA4 20 12 4 12 44 4 4 4 4 4 4 44

A_DATA5 21 13 5 13 55 5 5 5 5 5 5 55

A_DATA6 22 14 6 14 66 6 6 6 6 6 6 66

A_DATA7 23 15 7 15 77 7 7 7 7 7 7 77

Latency count N is 4 (in SCLK cycle)

Internal dummy cycle is 14 (4*N-2) in FlexSPI

A_SS0_B

Figure 493. HyperBus device write transaction with additional latency count

74.3.7 Clocking

This section describes FlexSPI clocks and special clocking requirements.

Table 632. Clock usage

Clock name Description Comment

serial clock root (ipg_clk_sfck) Root clock for Serial domain FlexSPI core clock, used to generate the 
serial clock output.

The clock is optionally divided using 
MCR0[SERCLKDIV] to obtain the SCLK.

Table continues on the next page...
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Table 632. Clock usage (continued)

Clock name Description Comment

Its frequency is same as SPI 
SCK frequency in SDR mode if 
MCR0[SERCLKDIV] = 0.

ahb clock (hclk) AHB bus clock hclk frequency is higher than 1/4 of 
serial root clock, so internal async FIFO 
is never full. This clock is used for 
internal logic in FlexSPI.

ipg clock (ipg_clk) IPS bus clock Register access clock. ipg_clk must be 
equal to hclk or an integer division of 
hclk. For example, ipg_clk = hclk/2.

SCLK FlexSPI serial clock. Output clock on 
SCLK pin

Half clock frequency of serial clock root 
in DDR mode, and same frequency as 
serial clock root in SDR mode. Clock 
output toggles during the entire flash 
memory access sequence.

DQS_OUT Dummy Read Strobe output Same frequency as SCLK. Clock output 
toggles during READ and LEARN 
instructions.

The DQS ensures that the data can be 
strobed correctly. It is only used for data 
strobe, instead of command or address 
strobe. The data includes useful read 
data and data learning patterns.

DQS_IN Sample clock for receive data Same frequency as SCLK. Sample 
clock comes from looped-back dummy 
read strobe, looped-back SCLK, or 
flash-memory-provided read strobe.

74.3.8 Interrupts
Table 633 describes all interrupts that FlexSPI generates.

Table 633. Flash memory address, row address, and column address

Interrupt Enable Condition

IP command done INTEN[IPCMDDONEEN] An IP command is finished.

IP command grant error INTEN[IPCMDGEEN] An IP command grant timeout 
occurs (bus not granted after 
MCR0[IPGRANTWAIT] × 1024 AHB 
clock cycles). See Overview of error 
categories, flags, and triggered sources.

AHB command grant error INTEN[AHBCMDGEEN] An AHB command grant timeout 
occurs (bus not granted after 
MCR0[AHBGRANTWAIT] × 1024 AHB 

Table continues on the next page...
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Table 633. Flash memory address, row address, and column address (continued)

clock cycles). See Overview of error 
categories, flags, and triggered sources.

IP command error INTEN[IPCMDERREN] A command check error or a 
command execution error for an IP 
command occurs. See Overview of error 
categories, flags, and triggered sources.

AHB command error INTEN[AHBCMDERREN] A command check error or a 
command execution error for AHB 
command occurs. See Overview of error 
categories, flags, and triggered sources.

IP_RX_FIFO watermark available INTEN[IPRXWAEN] The fill level of IP_RX_FIFO reaches the 
watermark level (IPRXFCR[RXWMRK]).

IP_TX_FIFO watermark empty INTEN[IPTXWEEN] The empty level of IP_TX_FIFO 
reaches the watermark level 
(IPTXFCR[TXWMRK]).

Data learning failed INTEN[DATALEARNFAILEN] No valid sample clock phase found after 
LEARN instruction is executed. See 
Overview of error categories, flags, and 
triggered sources.

Sequence execution timeout INTEN[SEQTIMEOUTEN] A sequence execution time exceeds the 
timeout wait time (MCR1[SEQWAIT]).

For example, the following flash memory 
read command sequence lasts about 
800_0000h cycles (ipg_clk_sfck). If 
SEQWAIT is set to FFFFh, a sequence 
timeout interrupt is generated.

• IP command triggers timeout.

• Flash memory read data size is 
100_0000h bytes.

• Flash memory accesses in single 
mode and SDR mode.

AHB bus error INTEN[AHBBUSERROREN] AHB bus response timeout occurs, 
or AHB read access occurs while 
OTFAD is enabled and FlexSPI is still 
fetching the key blob. For example, 
AHB read sequence is not configured 
properly in LUT (such as without a 
READ instruction). No data is read 
from the external device. As a result, 
FlexSPI cannot reach the read data 
in AHB_RX_Buffers for the AHB read 
command.

Write command stops SCLK INTEN[SCKSTOPBYWREN] IP_TX_FIFO is empty while executing 
a write command sequence. FlexSPI 

Table continues on the next page...
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Table 633. Flash memory address, row address, and column address (continued)

stops SCLK output clock toggling and 
waits for write data filling.

Read command stops SCLK INTEN[SCKSTOPBYRDEN] IP_RX_FIFO is full while executing 
a read command sequence. FlexSPI 
stops SCLK output clock toggling 
and waits to read the data from 
IP_RX_FIFO.

Key done INTEN[KEYDONEEN] OTFAD is enabled and key blob 
processing is enabled, key blob 
processing is done, and no error is 
detected.

Key error INTEN[KEYERROREN] OTFAD is enabled and key blob 
processing is enabled, and an error 
occurs during key blob processing. 
Once this interrupt is set, only reset can 
clear it.

74.3.9 On-The-Fly AES Decryption (OTFAD) support

After power-up, if OTFAD and key fetches are enabled in the system, FlexSPI automatically starts fetching the key blobs from 
location 0 of flash A1. The key fetches continue until OTFAD receives and processes all key blobs. During the fetch operation, 
any AHB access causes an error response, and INTR[AHBBUSERROR] is set. No IPS access is allowed during the fetching of 
key blobs. INTR[KEYDONE] or INTR[KEYERROR] represents the key blob processing result.

After OTFAD processes all key blobs, the OTFAD engine decrypts any reads from FlexSPI and returns them on the AHB bus. 
When OTFAD is enabled, FlexSPI always enables prefetch; only AHBCR[READSZALIGN] can disable the prefetch. The Read 
Resume function is also disabled. All read access addresses are eight-byte-aligned automatically, regardless the setting of 
AHBCR[READADDROPT]. If OTFAD is enabled, the prefetch never crosses the 1 KB boundary.

74.3.10 Flash memory access via IP command
Follow these steps to trigger a flash memory access via IP command.

1. If this command is a programing command, fill the IP transmit FIFO with programming data (for instance, programming 
flash data and flash memory status registers.)

2. Write the flash memory access start address to IPCR0[SFAR].

3. Write the read or program data size to IPCR1[IDATSZ]. Write the sequence index to IPCR1[ISEQID]. Write the 
sequence number to IPCR1[ISEQNUM].

4. Write 1 to IPCMD[TRG] to trigger a flash memory access command.

5. Wait for the INTR[IPCMDDONE] flag to set or for the IP command done interrupt to fire, indicating the command has 
completed on the FlexSPI interface.
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• The IP transmit FIFO can be filled before or after writing the IPCR0, IPCR1, and IPCMD registers. If the 

SFM command starts with the IP transmit FIFO empty, FlexSPI stops SCLK toggling to wait for transmit data 
ready automatically.

• The IPCMD register must be written after writing the IPCR0 and IPCR1 registers.

• One IP command can issue up to eight command sequences.

• You cannot issue another IP command before the previous IP command is finished. Performing this action 
results in unknown behavior.

  NOTE  

If this command is a read command, all read data from flash memory is put into the IP receive FIFO. Software must read data from 
the IP receive FIFO via AHB bus or IP bus. When the IP receive FIFO is full and the flash device still contains data to read, FlexSPI 
stops SCLK toggling until the FIFO has free space. See SCLK stop.

A triggered serial flash command contains:

• A flash memory access start address. IPCR0[SFAR] determines this address.

• A flash chip select. The flash memory access address and flash memory size setting (FLSHxCR0[FLSHSZ]) determine 
the chip select.

• A flash command sequence index and sequence number. FlexSPI sequentially executes the sequences indexed from 
IPCR1[ISEQID] to (IPCR1[ISEQID] + IPCR1[ISEQNUM]) in LUT.

• Flash individual/parallel memory access mode:

Determined by IPCR1[IPAREN].

• The flash memory read or program data size, in bytes.

— If the value of IPCR1[IDATSZ] is nonzero, the data size is IPCR1[IDATSZ].

— If the value of IPCR1[IDATSZ] is zero, the operand value in the read or write instruction determines the data size.

 
• Software must ensure that the last sequence index never exceeds the LUT sequence number. That is, 

IPCR1[ISEQID] + IPCR1[ISEQNUM] must be less than 16.

• For sequence numbers greater than one, the data size is applied to every command sequence.

• If there is no write or read instruction in the command sequence, the data size is ignored.

  NOTE  

The IP command request is sent to the arbitrator after software triggers it. It is not executed on the FlexSPI interface until the 
arbitrator grants it. See Command arbitration.

74.3.10.1 Reading data from IP receive FIFO

FlexSPI puts read data from the external device into the IP receive FIFO for IP commands.

The data stored in the IP receive FIFO can be read using IPS and register or system and AHB bus transactions:

• Via IP bus

• Via AHB bus

If MCR0[ARDFEN] = 1, only the AHB bus can read the read data in the IP receive FIFO. Read access to the IP receive FIFO using 
IP bus always returns with data zero, and no bus error occurs.

If MCR0[ARDFEN] = 0, only the IPS bus can read the read data in the IP receive FIFO. Read access to the IP receive FIFO using 
the AHB bus triggers a bus error.

FlexSPI pushes read data into the IP receive FIFO in sets of 64 bits each time it receives 64 bits of data from an external device. 
When the number of read data bits is not 64-bit-aligned, FlexSPI pushes additional zero bits into the IP receive FIFO for the 
last push.

The processor or DMA can read the IP receive FIFO.
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74.3.10.1.1 Reading via processor

To read data from the IP receive FIFO via processor, configure the items below.

• Write 0 to IPRXFCR[RXDMAEN].

• Write the watermark level to IPRXFCR[RXWMRK]. The watermark level is (IPRXFCR[RXWMRK] + 1) × 8 bytes.

• Write 1 to INTEN[IPRXWAEN] to enable the IP receive FIFO watermark available interrupt (optional).

The processor must poll INTR[IPRXWA] or wait for the IP receive FIFO watermark available interrupt before reading data from 
the FIFO. Waiting ensures that a watermark level amount of data is filled in the IP receive FIFO before reading.

After reading a watermark level amount of data from the FIFO, software must set the INTR[IPRXWA] flag to pop that data from 
the FIFO.

Figure 494 shows the reading flow from the IP receive FIFO via processor.

IP_CMD_Start

IP_CMD_Finish

INTR[IPRXWA]

Reading access to IP RX FIFO

Write 1 to INTR[IPRXWA]

A watermark
level read data
received from
flash memory

Reading a
watermark
level data from
IP RX FIFO

Reading a
watermark
level data from
IP RX FIFO

Reading a
watermark
level data from
IP RX FIFO

Reading a
watermark
level data from
IP RX FIFO

Another watermark
level read data
received from
flash memory

Fill level is less than
a watermark level

Figure 494. Reading IP receive FIFO via processor

 
• The processor must read a watermark level of data from the IP receive FIFO before setting the 

INTR[IPRXWA] flag.

• The total flash read or program data size is not required to be a multiple of the watermark level. When 
the reading data size from the FIFO is less than a watermark level for the last time, software polls 
IPRXFSTS[FILL], not INTR[IPRXWA]. After all data from the FIFO are copied and all command sequences to 
flash memory are finished (INTR[IPCMDDONE] = 1), software sets IPRXFCR[CLRIPRXF] to clear the FIFO. 
If the FIFO is not cleared, the reading data will be incorrect for the next reading command to flash memory.

• Setting the INTR[IPRXWA] flag pops the IP receive FIFO data. Each read access to the FIFO does not pop 
the data.

  NOTE  

74.3.10.1.2 Reading via DMA

To read data from the IP receive FIFO via DMA, configure the items below.

• Write 1 to IPRXFCR[RXDMAEN].

• Write the watermark level to IPRXFCR[RXWMRK]. The watermark level is (IPRXFCR[RXWMRK] + 1) × 8 bytes.
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• Configure the DMA transfer minor loop size to match the watermark level.

IP_CMD_Start

IP_CMD_Finish

DMA request

Reading access to IP RX FIFO

DMA done handshake

A watermark
level read data
received from
flash memory

Reading a
watermark
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Reading a
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IP RX FIFO

Reading a
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level data from
IP RX FIFO

Reading a
watermark
level data from
IP RX FIFO

Another watermark
level read data
received from
flash memory

Fill level is less than
a watermark level

Figure 495. Reading from IP receive FIFO via DMA

 
• When the fill level of the FIFO meets or exceeds the watermark level, a DMA request is generated. This 

request is level-valid, not pulse-valid.

• DMA reads a watermark level amount of data from the IP receive FIFO each time. (Configure the minor loop 
size to match the watermark level).

• DMA must return a done handshake (pulse valid) to FlexSPI each time it finishes reading a watermark level 
amount of data.

• The DMA done handshake (not each read access) pops the IP receive FIFO data.

• The total read and write data size (major loop size) must be a multiple of the watermark level. The DMA does 
not know when the data is ready for the last reading. When the data size is not a multiple of the watermark 
level, it is too complex for the DMA driver to poll IPRXFSTS[FILL].

  NOTE  

74.3.10.2 Writing data to IP transmit FIFO

The programming data is put into the IP transmit FIFO, then FlexSPI transmits it to the flash memory. IPS or AHB access can 
write it:

• Via IP bus

• Via AHB bus

To write the programming data into the IP transmit FIFO via AHB bus, write 1 to MCR0[ATDFEN]. The IP bus write access to the 
FIFO is ignored, but no bus error occurs.

To write the programming data into the IP transmit FIFO via IP bus, write 0 to MCR0[ATDFEN]. The AHB bus write access to the 
FIFO returns a bus error.

When FlexSPI fetches data to transmit, 64 bits of data from the IP transmit FIFO are popped. If the programming data size is not 
a multiple of 64 bits, the number of last popped valid bits is less than 64 bits. No error occurs; these invalid bits are not transmitted 
to the flash memory.

The processor or DMA can fill the IP transmit FIFO with programming data.
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74.3.10.2.1 Writing via processor

To write data into the IP transmit FIFO via processor, configure the items below.

• Write 0 to IPTXFCR[TXDMAEN].

• Write the watermark level to IPTXFCR[TXWMRK]. The watermark level is (IPTXFCR[TXWMRK] + 1) × 8 bytes.

• Write 1 to INTEN[IPTXWEEN] to enable the IP transmit FIFO watermark available interrupt (optional).

The processor must poll INTR[IPTXWE] or wait for the IP transmit FIFO watermark empty interrupt before writing data to the FIFO. 
Waiting ensures that a watermark level amount of data is available in the IP transmit FIFO before writing.

After writing a watermark level amount of data to the FIFO, software must set the INTR[IPTXWE] flag to push that data into the 
FIFO. (The write pointer is incremented.)

 
Setting the INTR[IPTXWE] flag pushes the IP transmit FIFO data. Each write access to the FIFO does not push 
the data.

  NOTE  

Figure 496 shows the writing flow to the IP transmit FIFO via processor.
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Figure 496. Writing to IP transmit FIFO via processor

 
• The processor must write a watermark level amount of data into the IP transmit FIFO each time.

• The total flash write data size is not required to be a multiple of the watermark level. In this case, the writing 
data size to the FIFO is less than a watermark level for the last time. After all data to the FIFO are written 
and all command sequences to flash memory are finished (INTR[IPCMDDONE] = 1), the processor sets 
IPTXFCR[CLRIPTXF] to clear the FIFO. If the FIFO is not cleared, the programming data will be incorrect for 
the next programming command to flash memory.

  NOTE  

74.3.10.2.2 Writing via DMA

To write data into the IP transmit FIFO via DMA, configure the items below.

• Write 1 to IPTXFCR[TXDMAEN].

• Write the watermark level to IPTXFCR[TXWMRK]. The watermark level is (IPTXFCR[TXWMRK] + 1) × 8 bytes.
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• Configure the DMA transfer minor loop size to match the watermark level.
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Figure 497. Writing into IP transfer FIFO via DMA

 
• When there is empty space in the IP transmit FIFO greater than the watermark level, a DMA request is 

generated. This request is level-valid, not pulse-valid.

• DMA writes a watermark level amount of data into the FIFO each time. (Configure the minor loop size to match 
the watermark level.

• DMA returns a done handshake (pulse valid) to FlexSPI each time it finishes writing a watermark level amount 
of data.

• The DMA done handshake (not each write access) pushes the IP transmit FIFO data.

• The total program data size (major loop size) is not required to be a multiple of the watermark level. 
After writing all data into the IP transmit FIFO and all command sequences to flash memory are finished 
(INTR[IPCMDDONE] = 1), write 1 to IPTXFCR[CLRIPTXF] to clear the FIFO. Failure to clear the FIFO results 
in incorrect programming data for the next programming command to flash memory.

  NOTE  

74.3.11 Flash memory access via AHB command
Flash memory can be accessed via AHB bus directly on the AHB address space. This address space is mapped to serial flash 
memory in FlexSPI. AHB bus accesses to this address space trigger flash memory access command sequences as needed.

For AHB read access to serial flash memory, FlexSPI fetches data from flash memory into the AHB receive buffer, then returns 
the data on the AHB bus. For AHB write access to serial flash memory, FlexSPI buffers AHB bus write data into the AHB transmit 
buffer, then transmits the data to serial flash memory.

No software configuration or polling is needed for AHB commands, except for FlexSPI initialization. As with a normal AHB target, 
the AHB controller accesses the external flash device transparently.

AHB commands are normally used to access serial flash memory space. IP commands must be used to access the control and 
status registers or other spaces, such as a one-time programmable (OTP) space in an external flash device.

The AHB commands for read and write access are discussed in detail below.
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74.3.11.1 AHB write access to flash memory

For AHB write access to flash memory, FlexSPI buffers the write data from the AHB bus into the internal AHB transmit buffer. 
FlexSPI then transmits the data to flash memory. FlexSPI only buffers write data for one AHB burst. Figure 498 shows the 
hardware operation in response to an AHB write access to flash memory.

AHB bus idle

AHB write access to SFM

No

Return a status of
"AHB bus ready"

Yes

AHB_TX_BUF is full or
this is the last beat in AHB burst?

No

Flush all data in AHB_TX_BUF
if this is a new burst with
AHB_TX_BUF not empty

Wait for all pending AHB write
command done and for

AHB_TX_BUF to become empty

Wait for arbitrator to grant the
AHB write command
or granted timeout

Wait for one of the following:
• AHB write command granted
• AHB write command finished

• Granted timeout
• Transfer error

Write AHB bus data into
AHB_TX_BUF

Trigger a new AHB write
command

Wait for timer AWRWAIT
finished

Yes

AHB burst is bufferable and
AHB bufferable enabled

(AHBCR[BUFFERABLEEN]=1)?

Figure 498. Hardware operation in response to AHB write access to flash memory
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1. If previous AHB burst is INCR write burst, AHB transmit buffer may not be empty when AHB bus is idle or 

new burst arrives. A new AHB write command is triggered to flush all data in AHB transmit buffer to external 
flash device. The new burst is held until this AHB write command finishes.

2. If the current access is bufferable, when the AHB write command is triggered, AHB ready is returned after 
the write command is granted. If the current access is non-bufferable, AHB ready is returned after the write 
command finishes.

  NOTE  

FlexSPI triggers a new AHB write command in these cases:

• This beat is the last one in the current AHB burst, for any burst type except INCR.

• AHB transmit buffer is full after the current beat data is buffered.

• AHB bus becomes idle or a new burst arrives with the AHB transmit buffer not empty.

Table 634 describes the details of a triggered AHB write command.

Table 634. Triggered AHB write command

Item Description

Flash memory access start address Determined by AHB burst address. FlexSPI records the start address for the data in 
AHB transmit buffer, which is used as flash memory access start address.

Flash memory chip select FlexSPI uses the settings of the flash memory access start address and flash 
memory size to determine the chip selection.

Flash memory command sequence 
index

Determined by FLSHxCR2[AWRSEQID].

Flash memory command sequence 
number

Determined by FLSHxCR2[AWRSEQNUM]. If AWRSEQNUM is not zero, multiple 
flash memory access command sequences are triggered every time for an AHB 
write command. The sequences indexed from AWRSEQID to (AWRSEQID + 
AWRSEQNUM) in LUT are executed sequentially.

Flash memory access mode (Individual/
Parallel)

Determined by AHBCR[APAREN].

Flash memory data size Determined by byte number of buffered data in AHB transmit buffer.

The following examples indicate internal logic for AHB write access to flash memory, where AHB_TX_BUF is 64 bytes :

• AHB INCR 64-bit bufferable burst with address sequence 8h, 10h, 18h, 20h, ..., 50h (10 beats total).

Two AHB write commands are triggered: the first command with flash memory start address 8h and data size 40h; the second 
command with flash memory start address 48h and data size 10h. See Figure 499.
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 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 

0x8 0x10 0x40 0x48 0x50...

0x2 0x3 0x3...

...

...

...

0x3 0x3 0x0

0x8 0x48

0x40 0x10

hclk

haddr

htrans

hwdata

hready_out

ahb_tx_buf_wr_en

ahb_tx_buf_ful

ahb_wr_cmd_req_set

ahb_wr_cmd_flash_addr

ahb_wr_cmd_data_size

ahb_wr_cmd_req_flush

ahb_wr_cmd_granted

ahb_wr_cmd_finished

Figure 499. AHB write access (INCR, 64-bit, bufferable)

• AHB WRAP8 64-bit bufferable burst with address sequence 28h, 30h, 38h, 0h, 8h, 10h, 18h, 20h.

One AHB write command is triggered with flash memory start address 0h and data size 40h. See Figure 500.
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hclk
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

hready_out

haddr 28h 30h 38h 00h 08h 10h 18h 20h

htrans 2h 3h 3h

ahb_wr_cmd_flash_addr 00h

ahb_wr_cmd_data_size 40h

3h 3h 3h 3h 3h

hwdata

ahb_tx_buf_wr_en

ahb_wr_cmd_req_set

ahb_wr_cmd_granted

ahb_wr_cmd_finished

ahb_tx_buf_ful

Figure 500. AHB write access (WRAP8, 64-bit, bufferable)

• AHB WRAP8 64-bit non-bufferable burst with address sequence 28h, 30h, 38h, 0h, 8h, 10h, 18h, 20h.

One AHB write command is triggered with flash memory start address 0h and data size 40h.
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hclk
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

hready_out

haddr 28h 30h 38h 00h 08h 10h 18h 20h

htrans 2h 3h 3h

ahb_wr_cmd_flash_addr 00h

ahb_wr_cmd_data_size 40h

3h 3h 3h 3h 3h

hwdata

ahb_tx_buf_wr_en

ahb_wr_cmd_req_set

ahb_wr_cmd_granted

ahb_wr_cmd_finished

ahb_tx_buf_ful

Figure 501. AHB write access (WRAP8, 64-bit, non-bufferable)

 
If the burst data size (in bytes) is greater than the AHB transmit buffer size, wrapper burst is not supported. For 
example, if AHB_TX_BUF is 64 bytes, AHB WRAP16 (16 × 64 bits = 128 bytes) write burst access is not supported.

  NOTE  

74.3.11.2 AHB read access to flash memory

For AHB read access to flash memory, FlexSPI checks the burst access type and register setting to determine whether to access 
these locations:

• The AHB transmit buffer

• The AHB receive buffer

• A pending AHB read command

If all of these options are missed, FlexSPI triggers a new AHB read command to fetch data from flash memory. Figure 502 shows 
the hardware operation in response to AHB read access to flash memory.
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AHB bus idle

Cacheable access,
cacheable access enabled

(AHBCR[CACHEABLEEN]=1)
and hit AHB_TX_BUF?

AHB read access to SFM

No

Yes

No

Return a status of "bus ready"
and read data

AHB prefetch enabled1

or not the first beat (htrans=SEQ),
hit AHB_RX_BUF and the data is

coherent to external SFM2?

No

Hit pending AHB read command
and the prefetching is for

current AHB controller?

Abort the pending command
if FlexSPI is in AHB prefetching

Yes

Wait for arbitrator idle
(no command in execution)

Start a new AHB read
command

Wait for read data written
into AHB_RX_BUF

AHB prefetch is enabled when both AHBCR[PREFETCHEN]=1 and AHBRXBUFxCR0[PREFETCHEN]=1 (x is the AHB RX buffer
ID for the current AHB controller) or OTFAD is enabled.
The AHB RX buffer holds the data read from flash memory. This data may become incoherent if AHB writes to the same
flash-memory address.

Notes:
1) 

2)

Read data from AHB_RX_BUF

Yes

Read data from AHB_TX_BUF

Figure 502. Hardware operation in response to AHB read access to flash memory

Table 635 describes the details of a triggered AHB read command.
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Table 635. Triggered AHB read command

Item Description

Flash memory access start address and 
data size

Determined by AHB address, burst type, and burst size. FlexSPI fetches read data 
from the start address for the current burst or beat.

See Table 636 for details.

Flash memory chip select FlexSPI uses the settings of the flash memory access start address and flash 
memory size to determine the chip select.

Flash memory command sequence 
index

Determined by FLSHxCR2[AWRSEQID].

Flash memory command sequence 
number

Determined by FLSHxCR2[AWRSEQNUM]. If AWRSEQNUM is not zero, multiple 
flash memory access command sequences are triggered every time for an AHB 
read command. The sequences indexed from AWRSEQID to (AWRSEQID + 
AWRSEQNUM) in LUT are executed sequentially.

Flash memory access mode (Individual/
Parallel)

Determined by AHBCR[APAREN].

 
• FlexSPI automatically determines which ARDSEQNUM and ARDSEQID fields that the flash device uses as 

sequence ID for chip selection. See MCR2[SAMEDEVICEEN].

• FlexSPI determines which AHB receive buffer to use for the current AHB read access by controller ID. For 
details about the AHB receive buffer ID and AHB controller ID mapping, see AHB receive buffer management.

• You cannot allocate the size of the AHB receive buffer to be less than the AHB Burst size. This allocation 
results in unknown behavior.

  NOTE  

Table 636. AHB read command flash memory start address and data size

Prefetch enable Cross flash boundary Burst type Flash memory start 
address

[26:0]

Data size

0 Never cross flash 
boundary, because 
AHB burst never 
crosses 1 KB 
boundary.

SINGLE, INCR4, 
INCR8, INCR16

hbeat_start_address (hburst_end_address-
hbeat_start_address)

INCR hbeat_start_address byte size of current 
beat

For INCR burst with 
prefetch disabled, each 
beat is handled same as 
SINGLE burst.

WRAP4, WRAP8, 
WRAP16

hburst_start_address (hburst_end_address-
hburst_start_address)

1 No INCR, SINGLE, 
INCR4, INCR8, 
INCR16

hbeat_start_address ahb_rx_buf_sz

No WRAP4, WRAP8, 
WRAP16

hburst_start_address ahb_rx_buf_sz

Table continues on the next page...
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Table 636. AHB read command flash memory start address and data size (continued)

Prefetch enable Cross flash boundary Burst type Flash memory start 
address

[26:0]

Data size

Yes INCR, SINGLE, 
INCR4, INCR8, 
INCR16

hbeat_start_address (flash_top_address-
hbeat_start_address)

Yes WRAP4, WRAP8, 
WRAP16

hburst_start_address (flash_top_address-
hburst_start_address)

 
• hbeat_start_address is HADDR input from the AHB controller for current beat.

• hburst_start_address (for example 00h) is the lowest address for current burst. hburst_end_address (for 
example 10h) is the highest address in current burst plus 1. For example, WRAP4 burst with HADDR 8h, Ch, 
0h, 4h.

• ahb_rx_buf_sz is the buffer size in bytes of AHB receive buffer that the current AHB controller uses.

• flash_top_address is the top address of currently accessed flash memory.

  NOTE  

74.3.11.3 AHB receive buffer management

There are 8 buffers (Buffer 0–7) in the AHB receive buffer. These buffers are transparent to AHB controllers. FlexSPI fetches flash 
memory data and returns it on the AHB bus automatically. No status register polling is needed for AHB read access to Serial Flash 
Memory (SFM).

See the chip-specific section for AHB buffer size.Use AHBRXBUF0CR0[BUFSZ]–AHBRXBUFCR7[BUFSZ] to configure the 
buffer size of each AHB receive buffer. The buffer size for Buffer 0 to Buffer 7 could be set to 0. If the buffer size is set to 0, 
FlexSPI ignores the related setting of AHBRXBUFxCR0[MSTRID]. Buffer 7 is used for all AHB controllers not assigned to Buffer 
0–6. FlexSPI ignores the Buffer 7 size setting field (AHBRXBUF7CR0[BUFSZ]). Its buffer size is: (AHB receive buffer total size) 
- (the sum of the sizes of Buffer 0–6).

When an AHB read access to serial flash memory occurs, FlexSPI determines which buffer to use via this method:

1. If the controller ID equals AHBRXBUF0CR0[MSTRID] and AHBRXBUF0CR0[BUFSZ] is not zero, Buffer 0 is used.

2. If the controller ID equals AHBRXBUF1CR0[MSTRID] and AHBRXBUF1CR0[BUFSZ] is not zero, Buffer 1 is used.

3. If the controller ID equals AHBRXBUF2CR0[MSTRID] and AHBRXBUF2CR0[BUFSZ] is not zero, Buffer 2 is used.

4. If the controller ID equals AHBRXBUF3CR0[MSTRID] and AHBRXBUF3CR0[BUFSZ] is not zero, Buffer 3 is used.

5. If the controller ID equals AHBRXBUF4CR0[MSTRID] and AHBRXBUF4CR0[BUFSZ] is not zero, Buffer 4 is used.

6. If the controller ID equals AHBRXBUF5CR0[MSTRID] and AHBRXBUF5CR0[BUFSZ] is not zero, Buffer 5 is used.

7. If the controller ID equals AHBRXBUF6CR0[MSTRID] and AHBRXBUF6CR0[BUFSZ] is not zero, Buffer 6 is used.

8. If all the above cases are not met, Buffer 7 is used.
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• Software must ensure that the size of each buffer is not less than the maximum burst size of an AHB read 

access from the AHB controller using this buffer. Otherwise, the behavior is undefined. The minimum buffer 
size request depends on the chip implementation. For example, if the capability of the chip to send out a 
maximum burst is 64 bytes, the minimum AHB receive buffer is 64 bytes.

• Assigning multiple buffers to a single AHB controller is not supported, unless the prefetch buffer enhancement 
feature is being used.

• When AHB read prefetch is enabled (AHBCR[PREFETCHEN] = 1), the size of the buffer determines the 
prefetch data size. If it does not cross the flash boundary, FlexSPI fetches data from the external flash device 
with that buffer size.

• The priority setting of AHB controller (AHBRXBUFxCR0[PRIORITY] = 1) is used only for suspending control 
of AHB prefetching. See Command abort and suspend.

  NOTE  

74.3.11.4 AHB controller ID remapping

The AHB controller uses AHB user bits instead of HMASTER to support multiple AHB receive buffers on one AHB controller. For 
example, a single AHB controller with two sub threads can be distinguished by using different AHB user bits to access FLEXSPI. 
The controller ID remapping feature is designed to support such user cases.

The related AHB user bits mask and expected controller value are defined in HMSTRnCR0-7. The function enable 
is AHBCR[HMSTRIDREMAP]

When there is an AHB read access to serial flash memory, FlexSPI remaps the controller ID as shown below.

1. If AHBCR[HMSTRIDREMAP] = 0, the remapping function is disabled and bus signal HMASTER[3:0] is used directly.

2. If AHBCR[HMSTRIDREMAP] = 1, AHB user bits [15:0] are ANDed with HMSTRCR0~7's bits [15:0], which is a masking 
field. This combining results in eight new user bits (for example, masked_user[15:0]_0-7_).

3. If masked_user[15:0]_0_ = HMSTRCR0[31:16], controller ID is mapped to 0h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

4. If masked_user[15:0]_1_ = HMSTRCR1[31:16], controller ID is mapped to 1h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

5. If masked_user[15:0]_2_ = HMSTRCR2[31:16], controller ID is mapped to 2h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

6. If masked_user[15:0]_3_ = HMSTRCR3[31:16], controller ID is mapped to 3h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

7. If masked_user[15:0]_4_ = HMSTRCR4[31:16], controller ID is mapped to 4h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

8. If masked_user[15:0]_5_ = HMSTRCR5[31:16], controller ID is mapped to 5h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

9. If masked_user[15:0]_6_ = HMSTRCR6[31:16], controller ID is mapped to 6h internally, which is compared to 
AHBRXBUFxCR0[MSTRID].

10. If none of the above listed cases are met, Buffer 7 is used.

74.3.12 Command arbitration
There are four flash memory access command sources:

1. AHB command, that AHB write access to serial flash memory space triggers

2. AHB command, that AHB read access to serial flash memory space triggers

3. IP command, that writing IPCMD[TRG] triggers

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4935 / 5781



4. Suspended command, an AHB read prefetch sequence which is suspended

An AHB bus access never triggers a write command and a read command at the same time.

The AHB prefetch sequence is an AHB command sequence triggered via AHB read access when AHB prefetch is enabled. After 
all read data is fetched for the current AHB read burst, FlexSPI prefetches more data to reduce read latency for the next AHB 
read access. An AHB command for a read operation is never aborted while fetching read data for the current AHB read burst. 
However, a new IP command or AHB command request while prefetching data (not for the current read burst) can abort an AHB 
read command.

When the arbitrator is idle (STS0[ARBIDLE] = 1), the granted priority of these command sources is:

1. AHB command (read or write)

2. IP command

3. Suspended command

 
When the arbitrator is idle and there is no AHB or IP command request, a suspended command is not 
granted immediately. The arbitrator waits MCR2[RESUMEWAIT] AHB clock cycle idle states before resuming the 
suspended command to avoid AHB prefetch sequence being resumed and suspended frequently.

  NOTE  

If the arbitrator is busy executing AHB or IP commands (not suspended commands), no new command requests are granted. If 
the grant times out, an AHB or IP command granted error occurs.

If a new AHB or IP command request comes while arbitrator is executing AHB read prefetch sequence, AHB read prefetch 
sequence is aborted (but not immediately). Arbitrator grants the AHB or IP command request after AHB read prefetch sequence 
is aborted on the FlexSPI interface and saved all internal data pointers.

74.3.12.1 Command abort and suspend

Table 637 describes the command abort and suspend mechanism.

Table 637. Command abort and suspend

Action Description

Aborting a command As mentioned above, if a new AHB or IP command request arrives, an AHB read 
prefetch sequence can be aborted.

Suspending a command When an AHB read prefetch sequence is aborted on the FlexSPI interface, FlexSPI 
saves this suspended sequence in the cases listed below. FlexSPI resumes this 
sequence after the arbitrator has been idle for enough time.

• There is no valid suspended command (AHBSPNDSTS[ACTIVE] = 0). This 
condition can occur when no command is suspended or when the suspended 
command is resumed.

• The priority of aborted AHB read prefetch sequence is higher than the active 
suspend sequence.

 
FlexSPI ignores and never resumes the original 
suspended sequence.

  NOTE  

Activating a suspended command The suspended command (internal status) becomes active when an AHB prefetch 
command is aborted and suspended. It becomes inactive in the following cases:

• The arbitrator resumes the suspended command.

Table continues on the next page...
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Table 637. Command abort and suspend (continued)

Action Description

• The AHB controller triggers a new AHB read command request using the 
same AHB receive buffer (buffer ID).

Figure 503 shows an example of the flow of command abort, suspend, or resume.

IDLE AHB_READProcessing command AHB_WRITE IDLE SUSPENDED IP IDLE

IP or AHB command request

Command abort

Command suspended

Command resumed

SUSPENDED

Figure 503. Command instruction execution on FlexSPI interface

 
• The AHB prefetch sequence is aborted, suspended, or resumed twice in Figure 503. A new AHB write 

command request aborts the sequence the first time, and a new IP command request aborts the sequence 
the second time.

• The suspended sequence is resumed after a wait time of idle state. If there are frequent IP or AHB 
command requests and the wait time is not set reasonably, the suspend and resume activities may be 
triggered frequently.

  NOTE  

74.3.13 SCLK stop
FlexSPI stops SCLK output toggling:

• When programming data is not ready for a programming command sequence.

• When an internal FIFO has no space to receive data for reading command sequence.

Certain devices may not support the stopping of SCLK during a command sequence (chip select is valid). SCLK stopping can be 
avoided via the methods described below.

• For flash memory reading that an IP command triggers:

— Never trigger a read command with data size larger than IP receive FIFO size.

— Internal asynchronous FIFO for flash memory reading should never be full.

FlexSPI pops 64 bits of data per AHB clock cycle from this FIFO, and receives data from FlexSPI interface on the 
serial root clock. The flash memory access mode (Single, Dual, Quad, or Octal mode and Individual or Parallel mode) 
determines the receiving speed. For example, in Octal mode and Parallel mode, FlexSPI receives 16 bits per serial root 
clock cycle. If the AHB clock frequency is faster than 1/4 of the serial root clock, this asynchronous FIFO is never full.

• For flash memory programming that an IP command triggers:

— Never trigger a program command with data size larger than the IP transmit FIFO size. Write all programming data 
into the IP transmit FIFO before triggering the IP command.

— The internal asynchronous FIFO for flash memory programming must never be empty.

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4937 / 5781



FlexSPI fetches 64 bits of programming data per AHB clock cycle into this FIFO, and transmits data to the FlexSPI 
interface on the serial root clock. The flash memory access mode (Single, Dual, Quad, or Octal mode and Individual or 
Parallel mode) determines the transmitting speed. For example, in Octal mode and Parallel mode, FlexSPI transmits 16 
bits per serial root clock cycle. If the AHB clock frequency is faster than 1/4 of the serial root clock, this asynchronous 
FIFO is never empty.

• For flash memory reading or programming that an AHB command triggers:

— The internal asynchronous FIFO for flash memory reading and programming must never be full or empty. The 
frequency ratio limitation is same as it is for flash memory reading or flash memory programming that an IP 
command triggers.

 
— FlexSPI never triggers an AHB read command with data size larger than the internal AHB receive buffer size.

— FlexSPI never triggers an AHB program command with data size larger than the internal AHB transmit 
buffer size.

— All programming data is buffered into the AHB transmit buffer before triggering an AHB program command 
in FlexSPI.

  NOTE  

74.3.14 FlexSPI output timing

74.3.14.1 Output timing between data and SCLK

This section describes the output timing relationship of data (on A_DATA and B_DATA) and SCLK. There are three cases.

• SDR instruction in SDR sequence

An SDR sequence contains only SDR instructions. In this case, all data bits last one serial root clock cycle on the FlexSPI 
interface. Figure 504 shows the relationship between the serial root clock, data, and SCLK:

Setup Hold Setup Hold

Serial root clock

A_DATA/B_DATA

SCLK

Figure 504. SDR instruction in SDR sequence

• SDR instructions in a DDR sequence

A DDR sequence is a flash memory access command sequence that contains DDR instructions other than DUMMY_DDR. 
It may contain SDR instructions. If there are SDR instructions in a DDR sequence, all data bits last for two serial root clock 
cycles on the FlexSPI interface. Figure 505 shows the relationships between the serial root clock, data, and SCLK.

Setup Hold

Serial root clock

A_DATA/B_DATA

SCLK

Figure 505. SDR instruction in DDR sequence
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• DDR instructions in a DDR sequence

For DDR instructions in a DDR sequence, all data bits last one serial root clock cycle on the FlexSPI interface. Figure 506 
shows the relationships between the serial root clock, data, and SCLK.

Setup Hold Setup Hold

Serial root clock

A_DATA/B_DATA

SCLK

Figure 506. DDR instruction in DDR sequence

74.3.14.2 Output timing between chip select and SCLK

This section describes the output timing relationship between chip select (on A_SS0_B , A_SS1_B, B_SS0_B, and B_SS1_B) and 
SCLK. The timing relationship for the SDR sequence differs a little from the timing relationship for the DDR sequence.

• Chip select timing in SDR sequence

For an SDR sequence, the delay from chip select assertion to the SCLK rising edge is (FLSHxCR1[TCSS] + 0.5) cycles of 
the serial root clock. The delay from SCLK falling edge to chip select deassertion is FLSHxCR1[TCSH] cycles of serial root 
clock. Figure 507 shows the timing relationship between the chip select and SCLK.

Serial root clock

A_DATA/B_DATA

SCLK

Setup time Hold time

A_SS0_B/A_SS1_B/
B_SS0_B/B_SS1_B

Figure 507. Chip select output timing for SDR sequence

• Chip select timing in DDR sequence

For a DDR sequence, the delay from chip select assertion to the SCLK rising edge is (FLSHxCR1[TCSS] + 0.5) cycles of the 
serial root clock. The delay from the SCLK falling edge to chip select deassertion is (FLSHxCR1[TCSH] + 0.5) cycles of serial 
root clock.

 
When AHB receive prefetch is enabled, and prefetch can be aborted, configure TCSH to 1 or greater. Configuring 
TCSH in this way guarantees a positive chip select hold time after the SCLK falling edge.

  NOTE  

Figure 508 shows the timing relationship between chip select and SCLK.
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Serial root clock

A_DATA/B_DATA

SCLK

Setup time Hold time

A_SS0_B/A_SS1_B/
B_SS0_B/B_SS1_B

Figure 508. Chip select output timing for DDR sequence

For devices such as an FPGA device, a minimum chip select negation time (time between two chip select assertions) may be 
required. If the value of FLSHxCR1[CSINTERVAL] is nonzero, FlexSPI ensures a delay between chip select valid assertions. The 
delay time is CSINTERVAL × 256 cycles of serial root clock for an SDR or DDR sequence. If the external device has no limitation, 
configure the value of this field to zero. Figure 509 shows the timing of the chip select interval.

Serial root clock

Chip selection interval
A_SS0_B/A_SS1_B/
B_SS0_B/B_SS1_B

Figure 509. Chip select valid interval

74.3.15 FlexSPI input timing
This section describes the input timing of FlexSPI.

74.3.15.1 Receiving block

This section describes the receiving block in FlexSPI.

FlexSPI decodes instruction code to determine SDR mode or DDR mode. It also determines whether both the rising and falling 
edges are used for flash data sampling. FlexSPI samples the data line for learn instructions and read instructions.

MCR0[RXCLKSRC] selects the clock source from these four sources for the sampling clock:

• Internal dummy read strobe and looped back internally

• Internal dummy read strobe and looped back from DQS pad

• SCK output and looped back from SCK pad

• Flash-memory-provided read strobe

For details about DLL configuration, see DLL configuration for sampling.

Figure 510 shows the sampling block in FlexSPI.

FlexSPI uses both rising and falling edges to sample data from flash_A and flash_B. Two muxes with four clock source inputs 
generate the signals ipp_ind_io_fa, ipp_ind_io_fb. See Receive clock source features. ipp_ind_io_fa_int and ipp_ind_io_fb_int are 
reversed from ipp_ind_io_fa and ipp_ind_io_fb. Both sampling flip-flops are used when FlexSPI is in DDR mode. Only the falling 
edge sampling flip-flop is used in SDR mode.
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Sample
FF

Buffer

ipp_ind_io_fa/b[*]

Sampling block

u_io_ctl

ipp_ind_dqs_fa/b_int[x]

u_txrx_block

Async FIFO

wr_clk_rd_clk
ser_clk

pop_pos

Sample
FF

Buffer

Async FIFO

wr_clk_rd_clk
ser_clk

pop_neg

Figure 510. Sampling block in FlexSPI

Figure 511 is the receiving block diagram for data learning.

There are 16 clock phases for sampling data. An internal delay chain delays the clock phases.

See Data learning.

Sampling
block 0

ipp_ind_io_fa/b

ipp_ind_dqs_fa/b_int[0]

u_seq_ctl

Sampling
block 1

ipp_ind_io_fa/b

ipp_ind_dqs_fa/b_int[1]

Sampling
block 15

ipp_ind_io_fa/b

ipp_ind_dqs_fa/b_int[15]

Figure 511. Sampling blocks for data learning

FlexSPI does not support read operations with a zero-turnaround cycle for direction switching on I/O pins. This read operation 
often occurs in QuadSPI configuration register reads. In Figure 512 and Figure 513, SIO[3:0] is an output from FlexSPI in the CMD 
phase, and is an input to FlexSPI in the DATA phase. No time remains for FlexSPI to switch the direction. This kind of read is not 
supported. FlexSPI and flash memory drive the I/O pins at the same time, which may cause a problem. To avoid this behavior on 
I/O pins, using SPI mode or reading with dummy cycles is required.

 
The cycle numbers are not accurate in the examples below. See the device spec for accurate cycle numbers.

  NOTE  
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COMMAND READ-DATA

CS#

SCK

SIO[3:0]

Figure 512. Unsupported read behavior

COMMAND&ADDR DUMMY&MODE

CS#

SCK

SIO[3:0]

COMMAND&ADDR

CS#

SCK

MOSI

MISO

READ-DATA

READ-DATA

Read behavior supported

READ-DATA

Figure 513. Supported read behavior

74.3.15.2 Receive clock source features

FlexSPI uses a read strobe to sample incoming data. There are several options for generating the read clock strobe that 
MCR0[RXCLKSRC] selects. Using the receive clock source method has implications for the board connections and can affect the 
maximum frequency that the interface supports. See the device data sheet for details on the maximum frequency supported for 
each RXCLKSRC option.

Table 638. RXCLKSRC options

MCR0[RXCLKS
RC]

Description Board connection Max Frequency

0 Internal dummy read strobe and internal 
loopback

DQS pin is not used. The DQS pin can be 
configured for an alternate signal function.

Lowest

1 Internal dummy read strobe and loopback 
from DQS pad

FlexSPI uses the DQS pin, and it must 
be configured for its FlexSPI function. The 
internally generated read strobe is sent to 
the DQS pin and is sampled at the pin to 
match more closely the data pin timings. 
The DQS pin is typically left floating. 
External capacitance can be added to 
adjust timing.

Medium

3 Flash-memory-provided read strobe DQS pin is connected to the DQS or 
RWDS signal that the memory provides.

Highest
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74.3.15.3 Input timing for sampling with dummy read strobe

This section describes the input timing when sampling with the internal dummy read strobe (MCR0[RXCLKSRC] = 0 or 1). The 
timing for sampling with an internal dummy read strobe loopback is very similar to the timing for loopback from pad. Sampling with 
a dummy read strobe loopback from the DQS pad can achieve a higher read frequency. It compensates for the delay of the SCLK 
output path and data pin input path.

The input timing is different for SDR mode and DDR mode.

• Input timing for sampling with dummy read strobe in SDR mode

For SDR read or learn instructions, FlexSPI samples input data pins with the falling edge of the dummy read strobe. Figure 
514 shows the input timing for sampling with dummy read strobe in SDR mode.

A_SCLK/B_SCLK

Serial root clock

A_DATA/B_DATA

A_DQS/B_DQS
(Internal dummy

read strobe)

Tdqv is the setup time from SCLK to the next valid data.
Tdqx is the hold time from SCLK to the current valid data.

Tdqv

Tdqx

Figure 514. Input timing for sampling with dummy read strobe in SDR mode

• Input timing for sampling with dummy read strobe in DDR mode

For DDR read or learn instructions, FlexSPI samples input data pins on rising and falling edges of the dummy read strobe. 
Figure 515 shows the input timing for sampling with dummy read strobe in DDR mode.

A_DQS/B_DQS
(Internal dummy

read strobe)

Serial root clock

A_DATA/B_DATA

A_SCLK/B_SCLK

Tdqv

Tdqx

Tdqv

Tdqx

Figure 515. Input timing for sampling with dummy read strobe in DDR mode

74.3.15.4 Input timing for sampling with flash-memory-provided read strobe

This section describes the input timing when sampling with flash-memory-provided read strobe (MCR0[RXCLKSRC] = 3). The 
input timing is different for SDR mode and DDR mode.
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There are no known devices that provide a read strobe and support SDR mode operation.

  NOTE  

• Flash-memory-provided read strobe with SCLK

Certain flash devices provide both read data and read strobes with SCLK. Then the read strobe edge is aligned with the read 
data change. The FlexSPI controller delays the read strobe for one half cycle of the serial root clock (with DLL), then samples 
read data with the delayed strobe. See DLL configuration for sampling. Figure 516 and Figure 517 show the input timing for 
sampling with flash memory read strobe in SDR mode and DDR mode.

Internal sample
clock (delayed half cycle

of serial root clock)

A_DATA/B_DATA

A_DQS/B_DQS
(flash memory provided

a read strobe)

Setup
Hold

Figure 516. Input timing 2 for flash-memory-provided read strobe in SDR mode

A_DATA/B_DATA

A_SCLK/B_SCLK

Serial root clock

A_DQS/B_DQS
(flash memory provided

a read strobe)

Internal sample clock
(delayed half cycle of

serial root clock by DLL)

Setup Hold Setup Hold

Figure 517. Input timing 2 for flash-memory-provided read strobe in DDR mode

74.3.15.5 DLL configuration for sampling

For the four sampling clock sources described previously, the input timing differs depending on the DLLxCR register configuration, 
according to the sampling clock source mode. The DLL is a delay-line chain that can be set to a fixed number of delay cells. It can 
also be auto-adjusted to lock on a certain phase delay to the reference clock.

• DLLxCR must be set to 0000_0100h (one fixed delay cell in DLL delay chain) in the following cases:

— Sampling data with dummy read strobe looped back internally (MCR0[RXCLKSRC] = 0h)

— Sampling data with dummy read strobe looped back from DQS pad (MCR0[RXCLKSRC] = 1h)

• When data is sampled with a flash-memory-provided read strobe (MCR0[RXCLKSRC] = 3h) and flash memory provides 
the read strobe with SCLK, DLL must be configured as follows. These settings ensure a lock of the reference clock (serial 
root clock).

— DLLxCR[SLVDLYTARGET] is up to flash parameters used.

— DLLxCR[REFPHASEGAP] = 2h
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— DLLxCR[DLLEN] = 1h

— DLLxCR[OVRDEN] = 0h

— Other fields in DLLxCR must be kept at their reset values (all zeroes).

 
If the serial root clock is slower than 100 MHz, DLL cannot lock on a half cycle of serial root clock. The delay cell 
number is limited in the delay chain. DLL must be configured as follows instead:

— DLLxCR[OVRDEN] = 1

— DLLxCR[OVRDVAL] = N

Each delay cell in DLL is about 75 ps to 225 ps. The delay of DLL delay chain is (N × Delay_cell_delay). 
N is set based on the maximum DDR frequency (N ≤ equation). This value is calculated based on the 
MAX_DDR_FREQ parameter. N = 18. This value is a recommended value. If a failure occurs, the value might 
require adjustment in a real application.

You can calculate the delay of one delay cell and obtain the value of N. If the serial root clock is lower 
than 100 MHz, the delay chain can't lock with DLLxCR[SLVDLYTARGET] = 0xF (half cycle of root clock 
delay). You need to set DLLxCR[SLVDLYTARGET] as 0xE (15/32 cycle delay) or less. When DLL is 
locked (read STS2[AREFLOCK] and STS2[ASLVLOCK]), the delay cell number = STS2[ASLVSEL] +1 and 
the delay value (one delay cell) = (total delay)/(delay cell number). Based on delay value, the N can be 
easily calculated.

— Other fields in DLLxCR must be kept at their reset values (all zeroes).

  NOTE  

74.3.16 Data learning
The FlexSPI controller generates 16 clock phases (Phase 0–15) via delay cell line (DCL) with the selected sample clock. Clock 
phase 0 is the selected sample clock (DQS_IN) with no delay cell. 16 sampling blocks are implemented for both Port A and 16 
sampling blocks are implemented for Port B.

During a learn instruction, FlexSPI compares the sampled data bits with the internal data learn pattern in the Data Learning Pattern 
(DLPR) register and determines the correct sampling clock phase. The phase selection is automatically updated after a learn 
instruction and applied to subsequent read instructions or sequences.

When data learning is disabled (MCR0[LEARNEN] = 0), FlexSPI always uses clock phase 0 to sample FlexSPI data lines. 
Attempting to execute a learn instruction results in an error flag (INTR[IPCMDERR] or INTR[AHBCMDERR]).

FlexSPI supports data learning in both SDR mode and DDR mode. Data learning is not supported if the sampling clock source is 
a flash-memory-provided read strobe (MCR0[RXCLKSRC] = 3h).

Data learning can achieve high read frequency, but the flash memory input timing still limits the highest frequency. Flash memory 
must receive the command code and flash address bits.

When data learning is enabled, FlexSPI uses clock phase 0 after reset and before executing a learn instruction. The clock 
phase selection is updated after FlexSPI executes the learn instruction. The selected sample clock phase can be polled 
via STS0[DATALEARNPHASEA] and STS0[DATALEARNPHASEB]. When data learning fails, the INTR[DATALEARNFAIL] 
interrupt flag is set, and the previous clock phase selection is kept. You can write 1 to MCR2[CLRLEARNPHASE] to reset the 
internal clock phase selection to clock phase 0.

74.3.16.1 Data learning with flash-memory-provided preamble bit

Certain flash devices support driving with preamble bits before driving read data in each read command sequence. Preamble bits 
are also called the data-learning pattern (DLP). The DLP is programmable via configuration register in the flash device.

For the specified read command sequence, flash memory returns preamble bits after dummy cycles and before returning 
read data.

For these flash devices, the operation flow with data learning is:

1. Configure the data learning pattern in Data Learning Pattern (DLPR) register.
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2. Configure the same data learning pattern in the flash device by triggering an IP command.

3. Enable data learning in the flash device by triggering an IP command.

4. Configure LUT sequence with valid read command sequence containing the learn instruction.

5. Trigger a flash memory read command via AHB or IP command as normal.

 
The first four steps are executed only once. They are not needed for every flash memory read command.

  NOTE  

CMD ADDR

Normal flash-memory read address

LEARN instruction
(FlexSPI determines

the correct sample phase)
Flash memory returns a DATA LEARN

pattern after the dummy cycle and
before reading data

A_DATA/B_DATA MODE DUMMY LEARN READ

New sample phase applied

Figure 518. Data learning flow with flash-memory-provided preamble bit

74.3.16.2 Data learning without flash-memory-provided preamble bit

For flash devices that do not provide a preamble bit, the DLP cannot be returned automatically for each read command sequence. 
For these flash devices, the data learning sequence is:

1. Set data learning pattern in Data Learning Pattern (DLPR) register.

2. Reserve a certain flash memory area and program data (according to data learning pattern and flash memory access 
mode) to this area via IP command.

3. Configure LUT sequence with read sequence using a learn instruction instead of a read instruction. Trigger the read 
sequence to the reserved flash memory area via IP command.

4. Trigger the flash memory read command via AHB or IP command as normal. No learn instruction is needed in this read 
sequence.

 
• The first three steps are executed only once. They are not needed for every flash memory read command.

• Step 4 should be executed with a certain interval to ensure that the internal sampling clock phase is adjusted 
in time.

  NOTE  

DUMMY LEARN

LEARN instruction
(FlexSPI determines the

correct sample clock phase)

Reserved flash-memory area
(preserving data learning pattern)

Normal flash-memory read
with new sample point applied

MODEADDRCMDA_DATA/B_DATA DUMMY READMODEADDRCMD

Figure 519. Data learning flow without flash-memory-provided preamble bit
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• For flash devices that do not provide a preamble bit, software overhead is required to read the reserved flash 

memory area at the interval.

  NOTE  

These items determine the preprogramming data:

• Data Learning Pattern (DLPR register setting)

• DLP bit length

• Individual or Parallel mode for read command

• Octal, Quad, Dual, or Single mode for read command

Figure 520 shows a preprogramming data example where the DLPR value is 43h, eight bits, and flash memory is read in Quad 
mode and Parallel mode.

A_SCLK/B_SCLK

0

A_DATA3

1 2

DUMMY_DDR
PAD_4X

READ_DDR
PAD_4X

3 4 5 6 7DLPR bit

0 1 2 3 4 5 6 7
00h FFh 00h 00h 00h 00h FFh FFh

Preprogramming data byte

A_DATA2

A_DATA1

A_DATA0

B_DATA3

B_DATA2

B_DATA1

B_DATA0

Figure 520. Preprogramming data for data learning

74.3.17 Execute-In-Place (XIP) enhanced mode
FlexSPI always supports XIP, regardless of whether external devices provide XIP enhanced mode. To support XIP, put program 
codes on an external device, then read or execute these codes directly via AHB read access to serial flash memory space. There 
is no configuration or status polling needed during AHB read access to the memory of the external device. The AHB receive buffer 
is fully transparent to software.

Certain devices provide XIP enhanced mode to improve code execution. In this mode, the command code is only sent in the first 
read instruction. It saves many cycles for command instructions and improves code execution. Devices enter or exit XIP enhanced 
mode via a special sequence that external devices specify. See the external device data sheet for more details.

Normally, a device enters XIP enhanced mode via this sequence:

1. Enable XIP enhanced mode in external flash device via IP command.
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2. Send the first read sequence to external flash device with correct mode bits. Command code is included in this read 
sequence.

3. Send the subsequent read sequences to external flash device with correct mode bits. Command code is not included in 
these read sequences. Mode bits must be sent according to the flash specified; otherwise, the flash exits XIP enhanced 
mode.

The instruction JMP_ON_CS in FlexSPI must be used to support XIP enhanced mode in external devices. This instruction is only 
allowed in the AHB read command; otherwise, the instruction generates an IPCMDERR or AHBCDMERR interrupt (when the 
interrupt is enabled). When external devices do not support XIP enhanced mode, JMP_ON_CS must never be used. To support 
XIP enhanced mode:

• The first instruction in the read sequence must be the command instruction.

• The last valid instruction must be JMP_ON_CS (with operand 1h).

For the first AHB read command triggered, FlexSPI executes the instructions from the instruction pointer 0 in the sequence (which 
is the command instruction). After this sequence is executed, FlexSPI saves the operand in the JMP_ON_CS instruction as the 
start pointer for the next command to current device internally. For the next AHB read command triggered, FlexSPI executes from 
the instruction pointer 1h, bypassing the command instruction.

After XIP enhanced mode is started, it is possible to access flash via other commands like program commands. You must, 
however, use a special sequence to exit enhanced XIP mode before you can run a different command. Figure 521 indicates XIP 
operation with Flash XIP enhanced mode.

DUMMY READMODE8RADDRCMDDATA

SS_B

DUMMY READMODE8RADDR DUMMY READMODE8RADDR

Figure 521. XIP Enhanced Mode Operation

74.4 External signals
This section provides the external signal information for the FlexSPI module.

Table 639. External Signal List

Signal name Function Direction Description

A_SS0_B Peripheral Chip Select Flash A1 O Chip select for the serial flash device A1

A_SS1_B Peripheral Chip Select Flash A2 O Chip select for the serial flash device A2

B_SS0_B Peripheral Chip Select Flash B1 O Chip select for the serial flash device B1

B_SS1_B Peripheral Chip Select Flash B2 O Chip select for the serial flash device B2

A_SCLK Serial Clock Flash A O Serial clock output to the serial flash device A.

This clock runs at half the frequency of serial 
clock root in DDR mode, and at the same 
frequency as serial clock root in SDR mode. Clock 
output toggles during the entire flash memory 
access sequence.

B_SCLK Serial Clock Flash B O Serial clock output to the serial flash device B.

Table continues on the next page...
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Table 639. External Signal List (continued)

Signal name Function Direction Description

This clock runs at half the frequency of serial 
clock root in DDR mode, and at the same 
frequency as serial clock root in SDR mode. Clock 
output toggles during the entire flash memory 
access sequence.

 
B_SCLK may be used as 
the differential clock output 
of A_SCLK by writing 1 to 
MCR2[SCKBDIFFOPT].

  NOTE  

A_DATAn Serial I/O Flash A I/O Data I/O lines to and from the serial flash device A

B_DATAn Serial I/O Flash B I/O Data I/O lines to and from the serial flash device B

A_DQS Data Strobe Signal Flash A I/O Data strobe signal for port A.

This signal has three functions:

• Driven with read strobe by external device. 
Some flash devices provide the read strobe 
signal together with read data. In this case, 
if the external device drives this pad only 
when reading flash memory data, this pad 
may require a pull-down resistor.

• Driven with latency information by external 
device. Some devices use this pin to 
indicate the dummy cycles needed (before 
program or read data transfer) such as 
HyperRAM or HyperFlash.

• Loopback dummy read strobe. The FlexSPI 
controller provides internal dummy read 
strobe for flash memory read data. Higher 
read frequency can be achieved by looping 
back this dummy read strobe from the pad. 
This pin can be floated or have some 
capacitive load added at the board level 
to compensate for load on DATA or SCLK 
pins.

B_DQS Data Strobe Signal Flash B I/O Similar to A_DQS

74.5 Initialization
The FlexSPI controller initialization sequence is:

1. Enable controller clocks (AHB clock, IP bus clock, or serial root clock) at system level.

2. To enter module stop mode, write 1 to MCR0[MDIS].

3. Configure module control registers: MCR0, MCR1, and MCR2. Do not change MCR0[MDIS].
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4. When AHB commands are used, configure AHB Bus Control (AHBCR) and AHB Receive Buffer Control 
(AHBRXBUFxCR0) registers.

5. Configure flash control registers (FLSHxCR0, FLSHxCR1, or FLSHxCR2) according to external device type.

6. Configure DLL control register (DLLxCR) according to sample clock source selection.

7. To exit module stop mode, write 0 to MCR0[MDIS].

8. Configure LUT as needed for AHB command or IP command.

9. Optionally, to reset controller, write 1 to MCR0[SWRESET].

External devices must be configured via IP command normally after initialization. For example, the WRITE STATUS command 
performs device configuration for most serial NOR flash memory.

74.6 Application information
This section describes applications that FlexSPI supports.

74.6.1 Application on serial NOR flash device
This section provides the example LUT instruction sequences for serial NOR flash device (Cypress Flash S25FS128S).

74.6.1.1 Write enable command

Table 640 shows the WRITE ENABLE command sequence.

Table 640. WRITE ENABLE command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h 06h Command name: WREN

1-7 STOP (00h) 0h 00h

74.6.1.2 Write registers command

Table 641 shows the Write Registers command sequence.

Table 641. Write Registers command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 01h Command name: WRR

1 WRITE_SDR 0h (Single) 1h or 2h Data size is 1 byte or 2 bytes.

Byte 0 is write data for Status Register 1;

Byte 1 is write data for Configuration 
Register 1.

IPCR1[IDATSZ] can override this value.

2-7 STOP (00h) 0h 00h

74.6.1.3 Page Program command

Table 642 shows Page Program command sequence.
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Table 642. PAGE PROGRAM command (Cypress serial NOR flash)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 02h or 12h Command name: PP or 4PP

PP is 3-byte address mode.

4PP is 4-byte address mode.

1 ADDR_SDR 0h (Single) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 WRITE_SDR 0h (Single) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default 
programming data size. This value is 
ignored for AHB command.

3-7 STOP (00h) 0h 00h

Table 643 shows Page Program command sequence (QPI mode).

Table 643. PAGE PROGRAM (QPI mode) command (Cypress serial NOR flash)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 2h (Quad) 02h or 12h Command name: PP or 4PP

PP is 3-byte address mode.

4PP is 4-byte address mode.

1 ADDR_SDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 WRITE_SDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default 
programming data size. This value is 
ignored for AHB command.

3-7 STOP (00h) 0h 00h

74.6.1.4 Read Status 1 command

Table 644 shows READ STATUS 1 command sequence.

Table 644. READ STATUS 1 command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 05h Command name: RDSR1

1 READ_SDR 0h (Single) 1h 1 byte for Status register 1

2-7 STOP (00h) 0h 00h
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74.6.1.5 Read command

Table 645 shows READ command sequence.

Table 645. READ command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 03h or 13h Command name: READ or 4READ

READ is 3-byte address mode.

4READ is 4-byte address mode.

1 ADDR_SDR 0h (Single) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 READ_SDR 0h (Single) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

3-7 STOP (00h) 0h 00h

74.6.1.6 Fast Read command

Table 646 shows Fast Read command sequence. This table shows Cypress SPI Configuration Register bits CR2V[7] = 0, 
CR2V[3:0] = 8h.

Table 646. FAST_READ command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 0Bh or 0Ch Command name: FAST_READ or 
4FAST_READ

FAST_READ is 3-byte address mode.

4FAST_READ is 4-byte address mode.

1 ADDR_SDR 0h (Single) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 DUMMY_SDR 0h (Single) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

3 READ_SDR 0h (Single) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

4-7 STOP (00h) 0h 00h

74.6.1.7 Dual IO Fast Read command

Table 647 shows Dual IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[3:0] = 8h, Continuous Read mode.
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Table 647. Dual IO FAST_READ command (Continuous Read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) BBh or BCh Command name: DIOR or 4DIOR

DIOR is 3-byte address mode.

4DIOR is 4-byte address mode.

1 ADDR_SDR 1h (Dual) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_SDR 1h (Dual) Axh Enter continuous read mode or remain 
in continuous read mode.

3 DUMMY_SDR 1h (Dual) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 READ_SDR 1h (Dual) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

5 JMP_ON_CS 0h (or Don't care) 01h CMD instruction is bypassed after the 
first read access.

6-7 STOP (00h) 0h 00h

Table 648 shows Dual IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[3:0] = 8h, Noncontinuous Read mode.

Table 648. Dual IO FAST_READ command (Noncontinuous Read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) BBh or BCh Command name: DIOR or 4DIOR

DIOR is 3-byte address mode.

4DIOR is 4-byte address mode.

1 ADDR_SDR 1h (Dual) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_SDR 1h (Dual) Any value other 
than Axh

Exit continuous read mode or remain in 
noncontinuous read mode.

3 DUMMY_SDR 1h (Dual) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 READ_SDR 1h (Dual) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

5-7 STOP (00h) 0h 00h
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74.6.1.8 Quad IO Fast Read command

Table 649 shows Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[6] = 0, CR2V[3:0] = 8h, Non-QPI mode, Noncontinuous read mode.

Table 649. Quad IO FAST_READ command (Non-QPI mode, Noncontinuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) EBh or ECh Command name: QIOR or 4QIOR

QIOR is 3-byte address mode.

4QIOR is 4-byte address mode.

1 ADDR_SDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_SDR 2h (Quad) Any value other 
than Axh

Exit continuous read mode or remain in 
noncontinuous read mode.

3 DUMMY_SDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 READ_SDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

5-7 STOP (00h) 0h 00h

Table 650 shows Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[6] = 0, CR2V[3:0] = 8h, Non-QPI mode, Continuous read mode.

Table 650. Quad IO FAST_READ command (Non-QPI mode, Continuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) EBh or ECh Command name: QIOR or 4QIOR

QIOR is 3-byte address mode.

4QIOR is 4-byte address mode.

1 ADDR_SDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_SDR 2h (Quad) A0h Enter continuous read mode or remain 
in continuous read mode.

3 DUMMY_SDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 READ_SDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

Table continues on the next page...
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Table 650. Quad IO FAST_READ command (Non-QPI mode, Continuous read mode) (continued)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

5 JMP_ON_CS 0h (or Don't care) 01h CMD instruction is bypassed after the 
first read access.

6-7 STOP (00h) 0h 00h

Table 651 shows Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[6] = 1, CR2V[3:0] = 8h, QPI mode, Continuous read mode.

Table 651. Quad IO FAST_READ command (QPI mode, Continuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 2h (Quad) EBh or ECh Command name: QIOR or 4QIOR

QIOR is 3-byte address mode.

4QIOR is 4-byte address mode.

1 ADDR_SDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_SDR 2h (Quad) A0h Enter continuous read mode or remain 
in continuous read mode.

3 DUMMY_SDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 READ_SDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

5 JMP_ON_CS 0h (or Don't care) 01h CMD instruction is bypassed after the 
first read access.

6-7 STOP (00h) 0h 00h

74.6.1.9 DDR Quad IO Fast Read command

Table 652 shows DDR Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[6] = 0, CR2V[3:0] = 8h, Non-QPI mode, Non-continuous read mode.

Table 652. DDR Quad IO FAST_READ command (Non-QPI mode, Noncontinuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) EDh or EEh Command name: QIOR_DDR or 
4QIOR_DDR

QIOR_DDR is 3-byte address mode.

4QIOR_DDR is 4-byte address mode.

Table continues on the next page...
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Table 652. DDR Quad IO FAST_READ command (Non-QPI mode, Noncontinuous read mode) (continued)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

1 ADDR_DDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_DDR 2h (Quad) Any value other 
than Axh

Exit continuous read mode or keep in 
noncontinuous read mode.

3 DUMMY_DDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 LEARN_DDR 2h (Quad) 1h DLP is 8 bits.

5 READ_DDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

6-7 STOP (00h) 0h 00h

Table 653 shows DDR Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration register bits 
CR2V[7] = 0, CR2V[6] = 0, CR2V[3:0] = 8h, Non-QPI mode, Continuous read mode.

Table 653. DDR Quad IO FAST_READ command (Non-QPI mode, Continuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) EDh or EEh Command name: QIOR_DDR or 
4QIOR_DDR

QIOR_DDR is 3-byte address mode.

4QIOR_DDR is 4-byte address mode.

1 ADDR_DDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_DDR 2h (Quad) A0h Enter continuous read mode or remain 
in continuous read mode.

3 DUMMY_DDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 LEARN_DDR 2h (Quad) 1h DLP is 8 bits.

5 READ_DDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

6 JMP_ON_CS 0h (or Don't care) 01h CMD instruction is bypassed after the 
first read access.

7 STOP (00h) 0h 00h

Table 654 shows DDR Quad IO FAST_READ command sequence. This table shows Cypress SPI Configuration Register bits 
CR2V[7] = 0, CR2V[6] = 1, CR2V[3:0] = 8h, QPI mode, Continuous read mode.
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Table 654. DDR Quad IO FAST_READ command (QPI mode, Continuous read mode)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 2h (Quad) EDh or EEh Command name: QIOR_DDR or 
4QIOR_DDR

QIOR_DDR is 3-byte address mode.

4QIOR_DDR is 4-byte address mode.

1 ADDR_DDR 2h (Quad) 18h or 20h Address bit number (operand value) 
should be 24 in 3-byte address mode 
and 32 in 4-byte address mode.

2 MODE8_DDR 2h (Quad) A0h Enter continuous read mode or remain 
in continuous read mode.

3 DUMMY_DDR 2h (Quad) 08h Dummy cycle is 8 (in serial root clock) 
as CR2V[3:0] = 8h.

4 LEARN_DDR 2h (Quad) 1h DLP is 8 bits.

5 READ_DDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size. This value is ignored for AHB 
command.

6 JMP_ON_CS 0h (or Don't care) 01h CMD instruction is bypassed after the 
first read access.

7 STOP (00h) 0h 00h

74.6.2 Application on HyperBus device
This section provides the example LUT instruction sequences for HyperBus device (Cypress RPC flash, HyperRam, 
or HyperFlash).

74.6.2.1 HyperFlash

This section provides example sequences for HyperFlash devices (Cypress S26KS series).

Table 655 shows the read status command sequence.

Table 655. Read status command

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0

(Write - 
Addr = 555h, 
Data = 70h)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W# = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 0000AAh (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) AAh

Table continues on the next page...
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Table 655. Read status command (continued)

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

4 CMD_DDR 3h (Octal) 00h Column Address: 05h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 05h

6 CMD_DDR 3h (Octal) 00h Write Data: 0070h

7 CMD_DDR 3h (Octal) 70h

1

(Read - 
Addr = xxx, 
Data = Status 
register data)

0 CMD_DDR 3h (Octal) A0h CA bit 47: (R/W#) = 1h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: 24 bits

2 CADDR_DDR 3h (Octal) 10h Column Address: (13 zero bits + 3 
valid bits)

3 DUMMY_RWD
S_DDR

3h (Octal) 0Bh When latency count = 11

4 READ_DDR 0h (Octal) 4h 4-Byte read

5-7 STOP (00h) 0h 00h

Table 656 shows the read (memory) command sequence.

Table 656. Read (memory) command

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0

(Read - 
Addr = xxx, 
Data = memory 
data)

0 CMD_DDR 3h (Octal) A0h CA bit 47: (R/W#) = 1h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: 24 bits

2 CADDR_DDR 3h (Octal) 10h Column Address: (13 zero bits + 3 
valid bits)

3 DUMMY_RWD
S_DDR

3h (Octal) 0Bh When latency count = 11

4 READ_DDR 3h (Octal) Any nonzero 
value

If IPCR1[IDATSZ] is zero, this 
operand value can be used 
as default reading data size. 
This value is ignored for AHB 
command.

5-7 STOP (00h) 0h 00h

Table 657 shows the word program command sequence.
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Table 657. Word program command

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0

(Write - 
Addr = 555h, 
Data = AAh)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 0000AAh (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) AAh

4 CMD_DDR 3h (Octal) 00h Column Address: 05h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 05h

6 CMD_DDR 3h (Octal) 00h Write Data: 00AAh

7 CMD_DDR 3h (Octal) AAh

1

(Write - 
Addr = 2AAh, 
Data = 55h)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 000055h (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) 55h

4 CMD_DDR 3h (Octal) 00h Column Address: 02h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 02h

6 CMD_DDR 3h (Octal) 00h Write Data: 0055h

7 CMD_DDR 3h (Octal) 55h

2

(Write - 
Addr = 555h, 
Data = A0h)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 0000AAh (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) AAh

4 CMD_DDR 3h (Octal) 00h Column Address: 05h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 55h

6 CMD_DDR 3h (Octal) 00h Write Data: 00A0h

Table continues on the next page...
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Table 657. Word program command (continued)

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

7 CMD_DDR 3h (Octal) A0h

3

(Word Program)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: 24 bits

2 CADDR_DDR 3h (Octal) 10h Column Address: (13 zero bits + 3 
valid bits)

3 WRITE_DDR 3h (Octal) 02h 2-Byte written data

4-7 STOP (0h) 0h 00h

Table 658 shows Write-to-Buffer and Program-Buffer-to-Flash command sequence.

Table 658. Write-to-Buffer and Program-Buffer-to-Flash command

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0

(Write - 
Addr = 555h, 
Data = AAh)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 0000AAh (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) AAh

4 CMD_DDR 3h (Octal) 00h Column Address: 05h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 05h

6 CMD_DDR 3h (Octal) 00h Write Data: 00AAh

7 CMD_DDR 3h (Octal) AAh

1

(Write - 
Addr = 2AAh, 
Data = 55h)

0 CMD_DDR 0h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 CMD_DDR 3h (Octal) 00h Row Address: 000055h (24 bit)

2 CMD_DDR 3h (Octal) 00h

3 CMD_DDR 3h (Octal) 55h

Table continues on the next page...
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Table 658. Write-to-Buffer and Program-Buffer-to-Flash command (continued)

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

4 CMD_DDR 3h (Octal) 00h Column Address: 02h (13 zero 
bits + 3 valid bits)

5 CMD_DDR 3h (Octal) 02h

6 CMD_DDR 3h (Octal) 00h Write Data: 0055h

7 CMD_DDR 3h (Octal) 55h

2

(Write - 
Addr = SA, 
Data = 25h)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: SA (24 bit)

SA is sector address. Write SA 
to IPCR0[SFAR].

2 CADDR_DDR 3h (Octal) 10h Column Address: 13 zero bits + 3 
valid bits

3 CMD_DDR 3h (Octal) 00h Write Data: 0025h

4 CMD_DDR 3h (Octal) 25h

2

(Write - 
Addr = SA, 
Data = WC)

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: SA (24 bit)

SA is sector address. Write SA 
to IPCR0[SFAR].

2 CADDR_DDR 3h (Octal) 10h Column Address: 13 zero bits + 3 
valid bits

3 CMD_DDR 3h (Octal) WC Write Data: WC

WC is word count.4 CMD_DDR 3h (Octal)

3 - N

(Write - 
Addr = WBL, 
Data = PD)

N is the word 
count + 2

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved  = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: WBL (24 bit)

WBL is write buffer location. Write 
WBL to IPCR0[SFAR].

Table continues on the next page...
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Table 658. Write-to-Buffer and Program-Buffer-to-Flash command (continued)

Seq num Instruction 
number

Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

2 CADDR_DDR 3h (Octal) 10h Column Address: 13 zero bits + 3 
valid bits

3 WRITE_DDR 3h (Octal) 02h 2-Byte write data

4-7 STOP (0h) 0h 00h

N + 1

(Write - 
Addr = SA, 
Data = 29)

Program Buffer 
to Flash

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: SA (24 bit)

SA is sector address. Write SA 
to IPCR0[SFAR].

2 CADDR_DDR 3h (Octal) 10h Column Address: 13 zero bits + 3 
valid bits

3 CMD_DDR 3h (Octal) 00h Write Data: 29h

4 CMD_DDR 3h (Octal) 29h

5-7 STOP (0h) 0h 00h

74.6.2.2 HyperRAM

This section provides example sequences for HyperRAM (Cypress S27KL series).

The Read (memory) command sequence is same as HyperFlash. Table 659 shows the Write (memory) command sequence.

Table 659. Write (memory) command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_DDR 3h (Octal) 20h CA bit 47: (R/W#) = 0h

CA bit 46: (Target) = 0h

CA bit 45: (Burst Type) = 1h

CA bit 44-40: All reserved = 0h

1 RADDR_DDR 3h (Octal) 18h Row Address: 24 bits

2 CADDR_DDR 3h (Octal) 10h Column Address: (13 zero bits + 3 valid 
bits)

3 DUMMY_RWDS_D
DR

3h (Octal) 0Bh When latency count = 11

4 WRITE_DDR 3h (Octal) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default writing 

Table continues on the next page...
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Table 659. Write (memory) command (continued)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

data size. This value is ignored for AHB 
command.

5-7 STOP (00h) 0h 00h

74.6.3 Application on Serial NAND flash device
This section provides example LUT instruction sequences for serial NAND flash device (Micron Flash MT29 series). The operation 
of serial NAND flash is similar to serial NOR flash.

The read operation sequence is:

• Page read. Transfer the data from the NAND flash array to the cache register.

• Get feature to read the status.

• Random data read

Table 660 shows the page read command sequence.

Table 660. Page Read command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 1h (Single) 13h Command code: 13h

1 RADDR_SDR 1h (Single) 18h Row address: 24 bit

2-7 STOP (0h) 0h 00h

Table 661 shows Get Feature command sequence.

Table 661. Get Feature command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 0h (Single) 0Fh Command code: 0Fh

1 CMD_SDR 1h (Single) C0h Status register address (C0h)

2 READ_SDR 0x1 (Single) 02h 2 bytes read data

3-7 STOP (0h) 0h 00h

Table 662 shows Random Data Read command sequence.

Table 662. Read from Cache x4 command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 1h (Single) 6Bh Command code: 6Bh

1 MODE4_SDR 1h (Single) 0h or 1h If plane selection is one, software 
should decode the flash address and 
write 1h to mode bits. If plane selection 

Table continues on the next page...
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Table 662. Read from Cache x4 command (continued)

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

is zero, software should write 0h to 
mode bits.

Plane selection bit is 18th bit of flash 
address. If NAND flash size is less than 4 
Gbit, plane selection is always zero.

2 CADDR_SDR 1h (Single) 0Ch Column address: 12 bit

3 DUMMY_SDR 2h (Quad) 08h Dummy cycle number: 8 (serial root 
clock)

4 READ_SDR 2h (Quad) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default reading 
data size.

5-7 STOP (0x0) 0x0 0x00

The program operation sequence is:

• Write enable

• Program Load. Transfer the write data to the cache register.

• Program Execute

• Get Feature to read the status.

Table 663 shows Program Load command sequence.

Table 663. Program Load command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 1h (Single) 02h Command code: 02h

1 MODE4_SDR 1h (Single) 0h or 1h If plane selection is one, software 
should decode the flash address and 
write 1h to mode bits. If plane selection 
is zero, software should write 0h to 
mode bits.

Plane selection bit is 18th bit of flash 
address. If NAND flash size is less than 4 
Gbit, plane selection is always zero.

2 CADDR_SDR 1h (Single) 0Ch Column address: 12 bit

3 WRITE_SDR 1h (Single) Any nonzero value If IPCR1[IDATSZ] is zero, this operand 
value can be used as default writing 
data size.

4-7 STOP (0h) 0h 00h

Table 664 shows Program Execute command sequence.
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Table 664. Program Execute command

Instruction number Instruction 
opcode[5:0]

Instruction 
num_pads[1:0]

Instruction 
operand[7:0]

Comment

0 CMD_SDR 1h (Single) 10h Command code: 10h

1 RADDR_SDR 1h (Single) 18h Row Address: 24 bit

2-7 STOP (0h) 0h 00h

74.6.4 Application on FPGA device
An FPGA device can be accessed via both AHB and IP commands. All AHB accesses to FPGA are transparent to the software 
driver (no software intervention). An FPGA device may have some special requirements.

Table 665. Special requirements for FPGA devices

Condition How to manage the condition

Device type may be different 
on A1, A2, B1, or B2.

Write 0 to MCR2[SAMEDEVICEEN] and configure the FLSHxCR0 and FLSHxCR1 registers 
separately for up to four external devices.

Device requires different wait 
cycle for programming.

The AHB write wait cycle number can be set separately for these four external devices (via 
FLSHxCR2[AWRWAIT]). Software can configure the sequences in LUT with different dummy 
instructions (operand determines dummy cycle). FlexSPI holds the AHB bus ready for this 
wait time; AHB bus performance may decrease when this wait time is very long.

Device requires different wait 
cycle for reading.

The AHB read sequence index and sequence number can be set separately for these four 
external devices (via FLSHxCR2[ARDSEQID] and FLSHxCR2[ARDSEQNUM]). Software 
can configure the sequences in LUT with different dummy instructions (operand determines 
dummy cycle).

Device may be sensitive to 
read instruction clock cycle 
number.

If its internal memory is implemented similar to a FIFO, the device is sensitive to the read 
instruction clock cycle number. Software can send the data size information to the external 
device via DATSZ instruction. The FPGA device decodes the data size information and 
determines how many data bytes must be popped.

Device may require interval 
time between chip select 
valid.

This interval can be managed via FLSHxCR1[CSINTERVAL].

Device may use SCLK as 
reference clock for its internal 
PLL.

SCLK must be free-running and the clock frequency must be stable. To achieve this 
configuration, write 1 to MCR0[SCKFREERUNEN] and only use SDR sequences.

74.6.5 Overview of error categories, flags, and triggered sources
Table 666 provides an overview of the categories, flags, and triggered sources of errors in FlexSPI.

Table 666. Error category, triggered sources, and flags

Error Category Triggered Sources Description Error Flags

Command grant error AHB write command Command grant timeout INTR[AHBCMDGE] is 
set.

AHB bus 
error response

Table continues on the next page...
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Table 666. Error category, triggered sources, and flags (continued)

Error Category Triggered Sources Description Error Flags

AHB read command INTR[AHBCMDGE] is 
set.

AHB bus 
error response

IP command INTR[IPCMDGE] is 
set.

Command check error AHB write command • AHB write command with JMP_ON_CS 
instruction used in the sequence

• Unknown instruction opcode in the 
sequence.

• Instruction DUMMY_SDR or 
DUMMY_RWDS_SDR used in DDR 
sequence.

• Instruction DUMMY_DDR or 
DUMMY_RWDS_DDR used in SDR 
sequence.

INTR[AHBCMDERR] is 
set.

Command is not 
executed when an 
error is detected in 
command check

AHB read command • Unknown instruction opcode in the 
sequence.

• Instruction DUMMY_SDR or 
DUMMY_RWDS_SDR used in DDR 
sequence.

• Instruction DUMMY_DDR or 
DUMMY_RWDS_DDR used in SDR 
sequence.

INTR[AHBCMDERR] is 
set.

Command is not 
executed when an 
error is detected in 
command check

IP command • IP command with JMP_ON_CS instruction 
used in the sequence.

• Unknown instruction opcode in the 
sequence

• Instruction DUMMY_SDR or 
DUMMY_RWDS_SDR used in DDR 
sequence.

• Instruction DUMMY_DDR or 
DUMMY_RWDS_DDR used in SDR 
sequence.

• Flash boundary across

INTR[IPCMDERR] is 
set.

Command is not 
executed when an 
error is detected in 
command check.

Command execution 
error

AHB write command Command timeout during execution INTR[AHBCMDERR] is 
set.

INTR[SEQTIMEOUT] 
is set.

Table continues on the next page...

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4966 / 5781



Table 666. Error category, triggered sources, and flags (continued)

Error Category Triggered Sources Description Error Flags

An AHB bus 
error response 
occurs, except in 
following cases:

• Flush triggers AHB 
write command 
(INCR burst ended 
with AHB_TX_BUF 
not empty).

• AHB bufferable 
write access and 
bufferable enabled 
(AHBCR[BUFFER
ABLEEN] = 1).

AHB read command INTR[AHBCMDERR] 
is set.

INTR[SEQTIMEOUT] 
is set.

AHB bus 
error response

IP command INTR[IPCMDERR] 
is set.

INTR[SEQTIMEOUT] 
is set.

AHB bus timeout AHB write command AHB bus timeout (no bus ready return) AHB bus 
error responseAHB read command

Data learning failed Any command No valid sample clock phase found after learn 
instruction is executed.

INTR[DATALEARNFAI
L] is set.

74.7 Memory map and register definition
This section includes the FlexSPI module memory map and detailed descriptions of all registers.

74.7.1 Register access
All registers can be accessed with 8-bit, 16-bit, and 32-bit width operations. Never change the values of reserved fields in control 
registers. Changing the values of reserved fields may impact the normal functioning of the controller.

74.7.2 FlexSPI register descriptions

74.7.2.1 FlexSPI memory map

FLEXSPI0 base address: 2803_9000h
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Offset Register Width

(In bits)

Access Reset value

0h Module Control 0 (MCR0) 32 RW FFFF_80C2h

4h Module Control 1 (MCR1) 32 RW FFFF_FFFFh

8h Module Control 2 (MCR2) 32 RW 2000_81F7h

Ch AHB Bus Control (AHBCR) 32 RW 0000_0018h

10h Interrupt Enable (INTEN) 32 RW 0000_0000h

14h Interrupt (INTR) 32 RW 0000_0000h

18h LUT Key (LUTKEY) 32 RW 5AF0_5AF0h

1Ch LUT Control (LUTCR) 32 RW 0000_0002h

20h AHB Receive Buffer 0 Control 0 (AHBRXBUF0CR0) 32 RW 8000_0010h

24h AHB Receive Buffer 1 Control 0 (AHBRXBUF1CR0) 32 RW 8001_0010h

28h AHB Receive Buffer 2 Control 0 (AHBRXBUF2CR0) 32 RW 8002_0010h

2Ch AHB Receive Buffer 3 Control 0 (AHBRXBUF3CR0) 32 RW 8003_0010h

30h AHB Receive Buffer 4 Control 0 (AHBRXBUF4CR0) 32 RW 8004_0010h

34h AHB Receive Buffer 5 Control 0 (AHBRXBUF5CR0) 32 RW 8005_0010h

38h AHB Receive Buffer 6 Control 0 (AHBRXBUF6CR0) 32 RW 8006_0010h

3Ch AHB Receive Buffer 7 Control 0 (AHBRXBUF7CR0) 32 RW 8007_0010h

60h Flash Control 0 (FLSHA1CR0) 32 RW 0001_0000h

64h Flash Control 0 (FLSHA2CR0) 32 RW 0001_0000h

68h Flash Control 0 (FLSHB1CR0) 32 RW 0001_0000h

6Ch Flash Control 0 (FLSHB2CR0) 32 RW 0001_0000h

70h Flash Control 1 (FLSHA1CR1) 32 RW 0000_0063h

74h Flash Control 1 (FLSHA2CR1) 32 RW 0000_0063h

78h Flash Control 1 (FLSHB1CR1) 32 RW 0000_0063h

7Ch Flash Control 1 (FLSHB2CR1) 32 RW 0000_0063h

80h Flash Control 2 (FLSHA1CR2) 32 RW 0000_0000h

84h Flash Control 2 (FLSHA2CR2) 32 RW 0000_0000h

88h Flash Control 2 (FLSHB1CR2) 32 RW 0000_0000h

8Ch Flash Control 2 (FLSHB2CR2) 32 RW 0000_0000h

94h Flash Control 4 (FLSHCR4) 32 RW 0000_00C3h

A0h IP Control 0 (IPCR0) 32 RW 0000_0000h

A4h IP Control 1 (IPCR1) 32 RW 0000_0000h

B0h IP Command (IPCMD) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

B4h Data Learning Pattern (DLPR) 32 RW 0000_0000h

B8h IP Receive FIFO Control (IPRXFCR) 32 RW 0000_0000h

BCh IP Transmit FIFO Control (IPTXFCR) 32 RW 0000_0000h

C0h DLL Control 0 (DLLACR) 32 RW 0000_0100h

C4h DLL Control 0 (DLLBCR) 32 RW 0000_0100h

E0h Status 0 (STS0) 32 R 0000_0002h

E4h Status 1 (STS1) 32 R 0000_0000h

E8h Status 2 (STS2) 32 R 0100_0100h

ECh AHB Suspend Status (AHBSPNDSTS) 32 R 0000_0000h

F0h IP Receive FIFO Status (IPRXFSTS) 32 R 0000_0000h

F4h IP Transmit FIFO Status (IPTXFSTS) 32 R 0000_0000h

100h - 17Ch IP Receive FIFO Data a (RFDR0 - RFDR31) 32 R 0000_0000h

180h - 1FCh IP TX FIFO Data a (TFDR0 - TFDR31) 32 W 0000_0000h

200h - 2FCh Lookup Table a (LUT0 - LUT63) 32 RW See section

400h AHB Controller ID 0 Control (HMSTR0CR) 32 RW 0000_0000h

404h AHB Controller ID 1 Control (HMSTR1CR) 32 RW 0000_0000h

408h AHB Controller ID 2 Control (HMSTR2CR) 32 RW 0000_0000h

40Ch AHB Controller ID 3 Control (HMSTR3CR) 32 RW 0000_0000h

410h AHB Controller ID 4 Control (HMSTR4CR) 32 RW 0000_0000h

414h AHB Controller ID 5 Control (HMSTR5CR) 32 RW 0000_0000h

418h AHB Controller ID 6 Control (HMSTR6CR) 32 RW 0000_0000h

41Ch AHB Controller ID 7 Control (HMSTR7CR) 32 RW 0000_0000h

74.7.2.2 Module Control 0 (MCR0)

Offset

Register Offset

MCR0 0h

Function
Controls basic functions of FlexSPI module
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AHBGRANTWAIT IPGRANTWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LEAR
NEN 

SCKF
REE...

COMB
INA...

DOZE
EN 

HSEN SERCLKDIV 
ATDF

EN 
ARDF

EN 
RXCLKSRC Reserved MDIS 

SWRE
SET W

Reset 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

Fields

Field Function

31-24

AHBGRANTWA
IT

Timeouts Wait Cycle for AHB command Grant

Sets duration of timeout wait cycle for AHB commands. If the arbitrator does not grant the AHB-triggered 
command, it times out after (AHBGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is IP-triggered and the read or write data size is too large, this grant timeout may 
occur. When an AHB command grant timeout occurs, an INTR[AHBCMDGE] interrupt is generated. 
When INTEN[AHBCMDGEEN] = 1, the arbitrator ignores AHB commands.

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

23-16

IPGRANTWAIT

Timeout Wait Cycle for IP Command Grant

Sets duration of timeout wait cycle for IP commands. If the arbitrator does not grant the IP-triggered 
command, it times out after (IPGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is AHB-triggered and the read or write data size is too large, this grant timeout 
may occur. When IP command grant timeout occurs, an INTR[IPCMDGE] interrupt is generated. When 
INTEN[IPCMDGEEN] = 1, the arbitrator ignores IP commands.

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

15

LEARNEN

Data Learning Enable

Enables data learning feature. When data learning is disabled, the sampling clock phase 0 is always 
used for receive data sampling, even when a learn instruction is correctly executed. See Data learning.

0b - Disable

1b - Enable

14

SCKFREERUN
EN

SCLK Free-running Enable

Enables free-running SCLK output. For FPGA applications, the external device may use SCLK as a 
reference clock to its internal PLL.

0b - Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Enable

13

COMBINATION
EN

Combination Mode Enable

Enables combination mode, which supports flash Octal mode access. When Port A and Port B data are 
four bits wide, this mode combines Port A and B Data pins (A_DATA[3:0] and B_DATA[3:0]). When Port 
A and Port B data are eight bits wide, combination mode is not supported; write 0 to this field in this 
case.

0b - Disable

1b - Enable

12

DOZEEN

Doze Mode Enable

Enables Doze mode. When enabled, AHB clock and serial clock are gated off when there is a Doze-
mode request from the system.

0b - Disable

1b - Enable

11

HSEN

Half Speed Serial Flash Memory Access Enable

Enables the clock divider to provide a half-speed clock to external serial flash devices (A_SCLK/
B_SCLK) for all commands in SDR and DDR mode. Write 1 to MCR0[MDIS] before changing the value 
of this field. Failure to do so may cause issues in the internal logic or state machine.

0b - Disable

1b - Enable

10-8

SERCLKDIV

Serial Root Clock Divider

Sets divider value for serial root clock.

The serial root clock can be divided inside FlexSPI . See Clocking.

 
Do not modify this field while FlexSPI is active (MCR0[MDIS] = 0).

  NOTE  

000b - Divided by 1

001b - Divided by 2

010b - Divided by 3

011b - Divided by 4

100b - Divided by 5

101b - Divided by 6

110b - Divided by 7

111b - Divided by 8

7

ATDFEN

AHB Write Access to IP Transmit FIFO Enable

Enables AHB write access to IP transmit FIFO. See Writing data to IP transmit FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - AHB write access disabled. IP bus writes to IP transmit FIFO. AHB bus write access to IP 
transmit FIFO memory space produces bus error.

1b - AHB write access enabled. AHB bus writes to IP transmit FIFO. IP Bus write access to IP 
transmit FIFO memory space is ignored and causes no bus error.

6

ARDFEN

AHB Read Access to IP Receive FIFO Enable

Enables AHB read access to IP receive FIFO. See Reading data from IP receive FIFO.

0b - AHB read access disabled. IP bus reads IP receive FIFO. AHB Bus read access to IP receive 
FIFO memory space produces bus error.

1b - AHB read access enabled. AHB bus reads IP receive FIFO. IP Bus read access to IP receive 
FIFO memory space returns data zero and causes no bus error.

5-4

RXCLKSRC

Sample Clock Source for Flash Reading

Selects sampling clock source for flash memory reading. See Receive clock source features.

00b - Dummy Read strobe that FlexSPI generates, looped back internally

01b - Dummy Read strobe that FlexSPI generates, looped back from DQS pad

10b - Reserved

11b - Flash-memory-provided read strobe and input from DQS pad

3-2

—

Reserved

1

MDIS

Module Disable

Disables FlexSPI module. When the module is disabled, AHB and serial clock are gated off internally to 
save power. Only register access is allowed, except for the LUT, IP receive FIFO, and IP transmit FIFO.

0b - No impact

1b - Module disable

0

SWRESET

Software Reset

Resets the internal FlexSPI state machine and aborts any transactions in progress. Hardware automatically 
writes 0 to this field after software reset is done.

Configuration registers are not reset.

0b - No impact

1b - Software reset
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74.7.2.3 Module Control 1 (MCR1)

Offset

Register Offset

MCR1 4h

Function
Controls basic functions of FlexSPI module

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SEQWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AHBBUSWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-16

SEQWAIT

Command Sequence Wait

Sets wait time for command sequence. Command sequence execution times out and aborts after 
(SEQWAIT × 1024) serial root clock cycles. When this timeout occurs, if the interrupt is enabled 
(INTEN[SEQTIMEOUTEN] = 1), an INTR[SEQTIMEOUT] interrupt is generated. Also, the arbitrator 
ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  

15-0

AHBBUSWAIT

AHB Bus Wait

Sets wait time for AHB bus. When data is not received from or transmitted to serial flash memory space 
after (AHBBUSWAIT × 1024) AHB clock cycles, the read or write access times out. When this timeout 
occurs, the AHB bus receives an error response, and an interrupt is generated AHBBUSERROREN. 
When INTR[AHBBUSERROREN] = 1, the arbitrator ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  
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74.7.2.4 Module Control 2 (MCR2)

Offset

Register Offset

MCR2 8h

Function
Controls basic functions of FlexSPI module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RESUMEWAIT Reserved 

Reserv
ed 

SCKB
DIF...

Reserved 
Reserv

ed W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SAME
DEV...

0
Reserv

ed 
Reserv

ed 
CLRA
HBB...

Reserved Reserved 
W

CLRLE
AR...

Reset 1 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1

Fields

Field Function

31-24

RESUMEWAIT

Resume Wait Duration

Determines duration (in AHB clock cycles) to remain in idle state before suspended command sequence 
is resumed. See Command abort and suspend.

23-21

—

Reserved

20

—

Reserved

19

SCKBDIFFOPT

SCLK Port B Differential Output

Controls whether to use B_SCLK pad as the Port B SCLK output. Alternatively, B_SCLK pad can be used 
as A_SCLK differential clock output (inverted clock to A_SCLK).

Before changing the value of this field, write 1 to MCR0[MDIS]. After changing the value of this field, write 
1 to MCR0[SWRESET].

0b - Use B_SCLK pad as port B SCLK clock output. Port B flash memory access is available.

1b - Use B_SCLK pad as port A SCLK inverted clock output (Differential clock to A_SCLK). Port B 
flash memory access is not available.

Table continues on the next page...
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Table continued from the previous page...

Field Function

18-17

—

Reserved

16

—

Reserved

15

SAMEDEVICEE
N

Same Device Enable

Sets all external devices (A1, A2, B1, and B2) to be the same devices (in type and in size).

0b - In Individual mode, FLSHA1CRx and FLSHA2CRx, FLSHB1CRx and FLSHB2CRx settings 
are applied to Flash A1, A2, B1, B2 separately. In Parallel mode, FLSHA1CRx register setting 
is applied to Flash A1 and B1, FLSHA2CRx register setting is applied to Flash A2 and B2. 
FLSHB1CRx and FLSHB2CRx register settings are ignored.

1b - FLSHA1CR0, FLSHA1CR1, and FLSHA1CR2 register settings are applied to Flash A1, A2, 
B1, B2. FLSHA2CRx, FLSHB1CRx, and FLSHB2CRx settings are ignored.

14

CLRLEARNPH
ASE

Clear Learn Phase Selection

Resets the sampling clock phase selection to 0. When 1 is written to this field, it becomes 0 again 
immediately.

0b - No impact

1b - Reset sample clock phase selection to 0

13

—

Reserved

12

—

Reserved

11

CLRAHBBUFO
PT

Clear AHB Buffer

Determines whether AHB receive and transmit buffers are cleared automatically when FlexSPI returns 
Stop mode ACK. If an AHB receive buffer or transmit buffer will be powered off in Stop mode, software 
should write 1 to this field. Otherwise, an AHB read access after exiting Stop mode may hit either buffer, 
but their data entries are invalid.

0b - Not cleared automatically

1b - Cleared automatically

10-9

—

Reserved

8-0

—

Reserved
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74.7.2.5 AHB Bus Control (AHBCR)

Offset

Register Offset

AHBCR Ch

Function
Controls AHB bus interface functions.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AFLASHBASE Reserved Reserved 

Reserv
ed 

HMST
RID...

Reserv
ed 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
READ
SZA...

Reserv
ed 

Reserv
ed 

RESU
MED...

READ
ADD...

PREF
ETC...

BUFF
ERA...

CACH
ABL...

CLRA
HBT...

Reserv
ed 

APAR
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Fields

Field Function

31-27

AFLASHBASE

AHB Memory-Mapped Flash Base Address

26-22

—

Reserved

21-20

—

Reserved

19

—

Reserved

18

HMSTRIDREM
AP

AHB Controller ID Remapping Enable

Enables AHB controller ID remapping. See AHB controller ID remapping.

0b - Disable

1b - Enable

17 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

16

—

Reserved

15

—

Reserved

14-13

—

Reserved

12

—

Reserved

11

—

Reserved

10

READSZALIGN

AHB Read Size Alignment

Configures how AHB read size is determined. See Table 636.

 
When 1, data prefetching is disabled regardless of other field settings such as 
PREFETCH_EN and OTFAD_EN. Read size is rounded up to the nearest eight-byte 
multiple. For example, if current AHB read size is 12 bytes, it is aligned to 16 bytes. When 
the fetch size must be eight-byte aligned but no speculative fetching is wanted, write 1 to 
this field.

  NOTE  

0b - Register settings such as PREFETCH_EN and OTFAD_EN determine AHB read size.

1b - AHB read size to up size to 8 bytes aligned, no prefetching

9

—

Reserved

8

—

Reserved

7

RESUMEDISA
BLE

AHB Read Resume Disable

Disables the resumption of AHB read prefetch.

 
When OTFAD is enabled, this field does not affect the resume function; AHB read resume is 
always disabled. When OTFAD is disabled, suspended AHB read prefetch resumes based 
on the values of this field and MCR2[RESUMEWAIT].

  NOTE  

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Suspended AHB read prefetch resumes when AHB is IDLE.

1b - Suspended AHB read prefetch does not resume once aborted,

6

READADDROP
T

AHB Read Address Option

Removes AHB burst start address alignment limitation. When the FlexSPI controller is used for FPGA 
application, this field may be required for FlexSPI to fetch the exact byte number as an AHB burst. In this 
case, FPGA device should be non-word-addressable and this field must be 0.

 
When OTFAD is enabled, FlexSPI functions as it does when READADDROPT = 1 
regardless the value of this field.

  NOTE  

0b - AHB read burst start address alignment is limited when flash memory is accessed in parallel 
mode or flash is word-addressable.

1b - AHB read burst start address alignment is not limited. FlexSPI fetches more data than the 
AHB burst requires for address alignment.

5

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch. When enabled, FlexSPI fetches more flash read data than the current AHB 
burst requires. This action reduces the read latency for next AHB read access.

 
When OTFAD is enabled, the AHB prefetch function is enabled regardless of the value of 
this field.

  NOTE  

 
AHB read prefetch is enabled only when both this field and 
AHBRXBUFnCR0[PREFETCHEN] are 1.

  NOTE  

0b - Disable

1b - Enable

4

BUFFERABLEE
N

Bufferable Write Access Enable

Enables AHB bus bufferable write access. This field affects the last beat of an AHB write access. See 
AHB write access to flash memory.

0b - Disabled. For all AHB write accesses (bufferable or nonbufferable), FlexSPI returns AHB Bus 
Ready after transmitting all data and finishing command.

1b - Enabled. For AHB bufferable write access, FlexSPI returns AHB Bus Ready when the 
arbitrator grants the AHB command. FlexSPI does not wait for the AHB command to finish.

3

CACHABLEEN

Cacheable Read Access Enable

Enables AHB bus cacheable read access.

0b - Disabled. When an AHB bus cacheable read access occurs, FlexSPI does not check whether 
it hit the AHB transmit buffer.

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Enabled. When an AHB bus cacheable read access occurs, FlexSPI first checks whether the 
access hit the AHB transmit buffer.

2

CLRAHBTXBU
F

Clear AHB Transmit Buffer

Clears status and pointers of AHB transmit buffer. When the clear operation completes, this field clears 
automatically, so it always reads as 0.

0b - No impact.

1b - Enable clear operation.

1

—

Reserved

0

APAREN

AHB Parallel Mode Enable

Enables Parallel mode for AHB-triggered read and write commands.

0b - Flash is accessed in Individual mode.

1b - Flash is accessed in Parallel mode.

74.7.2.6 Interrupt Enable (INTEN)

Offset

Register Offset

INTEN 10h

Function
Includes AHB error response, IPS error response, and ECC error interrupt enables. See Interrupts.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

KEYE
RRO...

KEYD
ONE...

SEQTI
ME...

AHBB
USE...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
EEN 

IPRX
WAEN 

AHBC
MDE...

IPCM
DER...

AHBC
MDG...

IPCM
DGE...

IPCM
DDO...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13

KEYERROREN

OTFAD Key Blob Processing Error Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

12

KEYDONEEN

OTFAD Key Blob Processing Done Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

11

SEQTIMEOUT
EN

Sequence execution Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

10

AHBBUSERRO
REN

AHB Bus Error Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

9

SCKSTOPBYW
REN

SCLK Stopped By Write Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
transmit FIFO is empty.

0b - Disable interrupt or no impact

1b - Enable interrupt

8

SCKSTOPBYR
DEN

SCLK Stopped By Read Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
receive FIFO is full.

0b - Disable interrupt or no impact

1b - Enable interrupt

7

DATALEARNF
AILEN

Data Learning Failed Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

6 IP Transmit FIFO Watermark Empty Interrupt Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

IPTXWEEN Enables interrupt that indicates IP transmit FIFO contains more empty space than watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

5

IPRXWAEN

IP Receive FIFO Watermark Available Interrupt Enable

Enables interrupt that indicates IP receive FIFO contains more valid data than the watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

4

AHBCMDERRE
N

AHB-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

3

IPCMDERREN

IP-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

2

AHBCMDGEEN

AHB-Triggered Command Sequences Grant Timeout Interrupt Enable.

0b - Disable interrupt or no impact

1b - Enable interrupt

1

IPCMDGEEN

IP-Triggered Command Sequences Grant Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

0

IPCMDDONEE
N

IP-Triggered Command Sequences Execution Finished Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

74.7.2.7 Interrupt (INTR)

Offset

Register Offset

INTR 14h

Function
Includes AHB error response, IPS error response, and ECC error interrupts. See Interrupts.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

KEYE
RROR 

KEYD
ONE 

SEQTI
ME...

AHBB
USE...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
E 

IPRX
WA 

AHBC
MDE...

IPCM
DERR 

AHBC
MDGE 

IPCM
DGE 

IPCM
DDO...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13

KEYERROR

OTFAD Key Blob Processing Error

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

12

KEYDONE

OTFAD key blob processing done interrupt.

11

SEQTIMEOUT

Sequence Execution Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

10

AHBBUSERRO
R

AHB Bus Error

Generated upon an AHB bus timeout or an AHB bus illegal access to flash during OTFAD key blob 
processing.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

9

SCKSTOPBYW
R

SCLK Stopped Due To Empty Transmit FIFO

Generated when SCLK is stopped during command sequence because the asynchronous transmit FIFO 
is empty.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

8

SCKSTOPBYR
D

SCLK Stopped Due To Full Receive FIFO

Generated when SCLK is stopped during command sequence because the asynchronous receive FIFO 
is full.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

7

DATALEARNF
AIL

Data Learning Failed

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

6

IPTXWE

IP Transmit FIFO Watermark Empty

Generated when the IP transmit FIFO contains more empty space than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

5

IPRXWA

IP Receive FIFO Watermark Available

Generated when the IP receive FIFO contains more valid data than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - No effect

1b - Clear the flag

4

AHBCMDERR

AHB-Triggered Command Sequences Error

Generated upon an AHB-triggered command sequence error. When an error is detected for an AHB 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

3

IPCMDERR

IP-Triggered Command Sequences Error

Generated upon an IP-triggered command sequence error. When an error is detected for an IP 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

2

AHBCMDGE

AHB-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

1

IPCMDGE

IP-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

0

IPCMDDONE

IP-Triggered Command Sequences Execution Finished

Generated upon completion of an IP-triggered command sequence. Also generated when IPCMDGE or 
IPCMDERR interrupt is generated

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

74.7.2.8 LUT Key (LUTKEY)

Offset

Register Offset

LUTKEY 18h

Function
Contains the key to lock and unlock LUT. See Lookup table (LUT).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Fields

Field Function

31-0

KEY

LUT Key

Contains key to lock or unlock LUT. The key is 5AF05AF0h. Read value is always 5AF05AF0h.

74.7.2.9 LUT Control (LUTCR)

Offset

Register Offset

LUTCR 1Ch

Function
Used with LUTKEY register to lock or unlock LUT. For the lock or unlock operation to be successful, this register must be 
written immediately after writing 5AF05AF0h to the LUTKEY register. See Lookup table (LUT) for details on locking and 
unlocking LUT. You cannot write 00 or 11 to the LOCK and UNLOCK fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

UNLO
CK 

LOCK 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-3

—

Reserved

2

—

Reserved

1

UNLOCK

Unlock LUT

0b - LUT is locked (LUTCR[LOCK] must be 1)

1b - LUT is unlocked and can be written

0

LOCK

Lock LUT

0b - LUT is unlocked (LUTCR[UNLOCK] must be 1)

1b - LUT is locked and cannot be written

74.7.2.10 AHB Receive Buffer n Control 0 (AHBRXBUF0CR0 - AHBRXBUF7CR0)

Offset

For n = 0 to 7:

Register Offset

AHBRXBUFnCR0 20h + (n × 4h)

Function
Stores the read data from the SPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREF
ETC...

Reserv
ed 

Reserved PRIORITY Reserved MSTRID 
W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved BUFSZ 

W

Reset See Register reset values.
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Register reset values

Register Reset value

AHBRXBUF0CR0 8000_0010h

AHBRXBUF1CR0 8001_0010h

AHBRXBUF2CR0 8002_0010h

AHBRXBUF3CR0 8003_0010h

AHBRXBUF4CR0 8004_0010h

AHBRXBUF5CR0 8005_0010h

AHBRXBUF6CR0 8006_0010h

AHBRXBUF7CR0 8007_0010h

Fields

Field Function

31

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch for the controller corresponding to the current AHB receive buffer. The 
prefetch feature is disabled when AHBCR[PREFETCHEN] is 0. You can use this field to enable or 
disable prefetch separately for each controller.

0b - Disabled

1b - Enabled when AHBCR[PREFETCHEN] is enabled.

30

—

Reserved

29-27

—

Reserved

26-24

PRIORITY

AHB Controller Read Priority

Configure the priority for the AHB Controller Read to which this AHB receive buffer is assigned. 7 is the 
highest priority, 0 the lowest. See Command abort and suspend.

23-20

—

Reserved

19-16

MSTRID

AHB Controller ID

Configures the ID of the AHB controller to which this AHB receive buffer is assigned. See AHB receive 
buffer management.

15-8

—

Reserved

7-0 AHB Receive Buffer Size

Table continues on the next page...
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Table continued from the previous page...

Field Function

BUFSZ Configures the size of the AHB receive buffer in multiples of 64 bits. See AHB receive buffer 
management.

74.7.2.11 Flash Control 0 (FLSHA1CR0 - FLSHB2CR0)

Offset

Register Offset

FLSHA1CR0 60h

FLSHA2CR0 64h

FLSHB1CR0 68h

FLSHB2CR0 6Ch

Function
Contains flash memory size setting. FlexSPI determines which device is accessed (Chip Select) via this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed 

Reserved FLSHSZ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FLSHSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29

—

Reserved

28-23

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

22-0

FLSHSZ

Flash Size in KB

Configures the maximum flash memory size.

See the chip-specific section for the maximum flash size supported.

When the value of this field is greater than the maximum size, the device flash size is interpreted as 
the maximum. The maximum flash size is the largest flash size supported for a single device. It is also 
the maximum total flash size supported for all devices (up to four). If the total flash size is larger than 
the maximum size, only the maximum flash size address space is accessible. For IPS access, The 
maximum flash size supported for each device is 4 GB. When the value of this field is greater than 
400000h, the device flash size is taken as 4 GB. The max total flash size supported (for all 4 devices) is 
also 4 GB. If the total flash size is larger than 4 GB, only 4 GB of address space is accessible.

74.7.2.12 Flash Control 1 (FLSHA1CR1 - FLSHB2CR1)

Offset

Register Offset

FLSHA1CR1 70h

FLSHA2CR1 74h

FLSHB1CR1 78h

FLSHB2CR1 7Ch

Function
Contains settings for flash device-specific timings and flash internal address space.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CSINTERVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CSINT
ER...

CAS WA TCSH TCSS 
W

Reset 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1
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Fields

Field Function

31-16

CSINTERVAL

Chip Select Interval

Configures the minimum interval between flash device chip select deassertion and chip select assertion. If 
the external flash device has a limitation on the interval between command sequences, configure this field 
accordingly. If there is no limitation, write 0h to this field.

When CSINTERVALUNIT = 0, the chip select invalid interval is: CSINTERVAL × 1 serial clock cycle; When 
CSINTERVALUNIT = 1, the chip select invalid interval is: CSINTERVAL × 256 serial clock cycles.

 
The minimum chip select interval is 2 cycles, even when the value of CSINTERVAL is less 
than 2.

  NOTE  

15

CSINTERVALU
NIT

Chip Select Interval Unit

Configures the interval unit for chip select.

0b - 1 serial clock cycle

1b - 256 serial clock cycles

14-11

CAS

Column Address Size

When external flash memory has a separate address field for rows and columns, this field configures the 
flash column address bit width. FlexSPI automatically splits a flash-mapped address into row address and 
column address according to the values of this field and the WA field.

When the external flash memory does not support column address, write 0 to this field. FlexSPI transmits 
all flash address bits as Row address.

For flash address mapping, see Flash address sent to flash memory devices.

10

WA

Word-Addressable

Configures whether external flash memory is word-addressable or byte-addressable. If flash memory is 
word-addressable, it should be accessed in multiples of 16 bits. Currently, FlexSPI does not transmit 
flash address bit 0 to external flash memory. For flash address mapping, see Flash address sent to flash 
memory devices.

0b - Byte-addressable

1b - Word-addressable

9-5

TCSH

Serial Flash CS Hold Time

Used to meet flash TCSH timing requirement. Serial flash CS Hold time that FlexSPI promises is: 
(TCSH + 1/2) serial clock cycles for DDR mode, and TCSH serial clock cycles for SDR mode. See 
Output timing between chip select and SCLK.

4-0

TCSS

Serial Flash CS Setup Time

Used to meet flash TCSS timing requirement. Serial flash CS Setup time that FlexSPI promises is: 
(TCSS + 1/2) serial root clock cycles for SDR and DDR mode. See Output timing between chip select 
and SCLK.
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74.7.2.13 Flash Control 2 (FLSHA1CR2 - FLSHB2CR2)

Offset

Register Offset

FLSHA1CR2 80h

FLSHA2CR2 84h

FLSHB1CR2 88h

FLSHB2CR2 8Ch

Function
Contains fields to configure AHB bus access. If the four external devices are different types, AHB read and write commands 
may use different command sequences; AHB bus ready wait time may also differ.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
AWRWAITUNIT AWRWAIT 

W
CLRIN
ST...

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AWRSEQNUM 

Reserv
ed 

AWRSEQID ARDSEQNUM 
Reserv

ed 
ARDSEQID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CLRINSTRPTR

Clear Instruction Pointer

Clears the instruction pointer, which is the pointer that JMP_ON_CS saves internally. See Programmable 
sequence engine.

This field is used for AHB read access to external flash memory supporting Execute-In-Place (XIP) mode.

30-28

AWRWAITUNIT

AWRWAIT Unit

Configures the unit of AHB write wait time, as the value of AWRWAIT determines, in terms of AHB clock 
cycles.

000b - 2

001b - 8

010b - 32

Table continues on the next page...
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Table continued from the previous page...

Field Function

011b - 128

100b - 512

101b - 2048

110b - 8192

111b - 32768

27-16

AWRWAIT

AHB Write Wait

Configures AHB write wait time, with the AWRWAITUNIT field. Certain devices (such as FPGA) 
require time to write data into internal memory after the command sequences finished on the FlexSPI 
interface. If another read command sequence arrives before the current programming finishes internally, 
the read data may be wrong. This field is used to hold the AHB bus ready for AHB write access, 
waiting until the programming is finished in the external device. This hold ensures that no AHB read 
command is triggered before the programming finishes in the external device. The wait cycle between 
an AHB-triggered command sequence finishing on FlexSPI and the AHB return bus being ready is: 
AWRWAIT × AWRWAITUNIT.

15-13

AWRSEQNUM

Sequence Number for AHB Write-Triggered Command

Configures the sequence number of an AHB read-triggered command. For certain flash devices (for 
example, HyperFlash, HyperRam, and Serial NAND flash), a flash programming access is done via several 
command sequences. An AHB write command triggers (AWRSEQNUM + 1) command sequences to 
external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: AWRSEQID + AWRSEQNUM < 16

• Software must ensure that the AWRSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

12

—

Reserved

11-8

AWRSEQID

Sequence Index for AHB Write-Triggered Command

7-5

ARDSEQNUM

Sequence Number for AHB Read-Triggered Command

Configures the sequence number of an AHB read-triggered command in the lookup table. For certain flash 
devices (for example, HyperFlash, HyperRam, and Serial NAND flash), a flash read access is done via 
several command sequences. An AHB read command triggers (ARDSEQNUM + 1) command sequences 
to external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: ARDSEQID + ARDSEQNUM ≤ 16.

• Software must ensure that the ARDSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

4

—

Reserved

3-0

ARDSEQID

Sequence Index for AHB Read-Triggered Command in LUT

74.7.2.14 Flash Control 4 (FLSHCR4)

Offset

Register Offset

FLSHCR4 94h

Function
Provides configuration for all external devices.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

Reserv
ed 

Reserv
ed 

WMEN
B 

WMEN
A 

WMOP
T2 

WMOP
T1 W

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

Fields

Field Function

31-12 Reserved

Table continues on the next page...
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Field Function

—

11-9

—

Reserved

8-6

—

Reserved

5

—

Reserved

4

—

Reserved

3

WMENB

Write Mask Enable for Port B

Enables write mask for flash device on port B.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

2

WMENA

Write Mask Enable for Port A

Enables write mask for flash device on port A.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

1

WMOPT2

Write Mask Option 2

When using AP memory, used to remove AHB or IP write burst minimum length limitation. When using 
this field, FLSHCR4[WMOPT1] should be 1.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst length is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst length is limited. The minimum write burst 
length should be 4.

0

WMOPT1

Write Mask Option 1

Used to remove AHB and IP write burst start address alignment limitation.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst start address alignment is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst start address alignment is limited.
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74.7.2.15 IP Control 0 (IPCR0)

Offset

Register Offset

IPCR0 A0h

Function
Provides all configuration required for IP commands. Provides the start address for the flash device, instead of the chip 
address, to be accessed for IP command. FlexSPI determines the chip select automatically according to this start address.

 
• You cannot issue an IP command that crosses flash device boundaries. If you do so, it generates an 

IPCMDERR interrupt.

• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SFAR

Serial Flash Address

Configures the serial flash address for IP commands. The address should be the address of the flash 
device without the base address.

74.7.2.16 IP Control 1 (IPCR1)

Offset

Register Offset

IPCR1 A4h
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Function
Provides all configuration required for IP commands. Provides the flash read and program data size, sequence index in LUT, 
sequence number and individual/parallel mode settings for IP commands.

 
• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R IPARE
N 

Reserved ISEQNUM Reserved ISEQID 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IDATSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

IPAREN

Parallel Mode Enable for IP Commands

0b - Disabled. Flash memory is accessed in Individual mode.

1b - Enabled. Flash memory is accessed in Parallel mode.

30-27

—

Reserved

26-24

ISEQNUM

Sequence Number for IP command: ISEQNUM+1.

23-20

—

Reserved

19-16

ISEQID

Sequence Index in LUT for IP command.

15-0

IDATSZ

Flash Read/Program Data Size (in bytes) for IP command.
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74.7.2.17 IP Command (IPCMD)

Offset

Register Offset

IPCMD B0h

Function
Used to trigger an IP command to access external flash device. When the arbitrator grants the IP command, the command is 
executed on the FlexSPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

0

W TRG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

TRG

Command Trigger

Triggers an IP command. This field clears automatically after it has been written and always reads as 0.

 
You cannot trigger another IP command before the previous IP command finishes on the 
FlexSPI interface. Software must poll INTR[IPCMDDONE] or wait for this interrupt.

  NOTE  

0b - No action

1b - Start the IP command that the IPCR0 and IPCR1 registers define.

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 4999 / 5781



74.7.2.18 Data Learning Pattern (DLPR)

Offset

Register Offset

DLPR B4h

Function
Provides the pattern to be used during Data Learning in FlexSPI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DLP

Data Learning Pattern

The operand in the LEARN_SDR or LEARN_DDR instruction code determines the data learning pattern bit 
number. This number never exceeds 32 bits. If the operand in the instruction code is greater than 32, a 32-bit 
pattern is used. See Data learning.

74.7.2.19 IP Receive FIFO Control (IPRXFCR)

Offset

Register Offset

IPRXFCR B8h

Function
Provides the configuration fields for IP receive FIFO management.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXWMRK 

RXDM
AEN 

0

W
CLRIP
RXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

RXWMRK

IP Receive FIFO Watermark Level

Configures the watermark level for the IP receive FIFO. The watermark level is (RXWMRK + 1) × 64 bits.

The INTR[IPRXWA] interrupt is set when FlexSPI fills the IP receive FIFO ≥ the watermark level. A DMA 
request occurs when the fill level is ≥ the watermark level and IPRXFCR[RXDMAEN] = 1. When the fill level 
is ≥ the watermark level and INTEN[IPRXWAEN] = 1, an INTR[IPRXWA] interrupt is generated.

 
After writing 1 to INTR[IPRXWA] to clear it, the read address should be rolled back to the 
start address (memory mapped). If the IP bus reads the IP receive FIFO, the read address 
should roll back to RFDR0. If the AHB bus reads the IP receive FIFO, the read address 
should roll back to ARDF_BASE.

  NOTE  

1

RXDMAEN

IP Receive FIFO Reading by DMA Enable

0b - Disabled. The processor reads the FIFO.

1b - Enabled. DMA reads the FIFO.

0

CLRIPRXF

Clear IP Receive FIFO

Clears all valid data entries in IP receive FIFO. Resets the read and write pointers in IP receive FIFO.

0b - No function

1b - A clock cycle pulse clears all valid data entries in IP receive FIFO.
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74.7.2.20 IP Transmit FIFO Control (IPTXFCR)

Offset

Register Offset

IPTXFCR BCh

Function
Provides the configuration fields for IP transmit FIFO management.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TXWMRK 

TXDM
AEN 

0

W
CLRIP
TXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

TXWMRK

Transmit Watermark Level

Sets the transmit watermark level. The watermark level is (TXWMRK + 1) × 64 bits. INTR[IPTXWE] is set 
when FlexSPI empties the IP transmit FIFO ≥ the watermark level. When the empty level ≥ the watermark 
level and IPTXFCR[TXDMAEN] = 1, a DMA request occurs. When the empty level ≥ the watermark level 
and INTEN[IPTXWEEN] = 1, an INTR[IPTXWE] interrupt is generated.

 
• The watermark level should not be larger than the write window.

• The watermark level should not be larger than the IP transmit FIFO size.

• The write address to the IP receive FIFO should roll back to the start address of the 
write window. After pushing the IP transmit fifo, you should write 1 to INTR[IPTXWE] 
to clear it, which will perform the rollback.

  NOTE  

1

TXDMAEN

Transmit FIFO DMA Enable

Selects whether DMA or processor fills IP transmit FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Processor

1b - DMA

0

CLRIPTXF

Clear IP Transmit FIFO

Clears all valid data entries in IP transmit FIFO. The read and write pointers in IP transmit FIFO are 
reset.

0b - No function

1b - A clock cycle pulse clears all valid data entries in the IP transmit FIFO.

74.7.2.21 DLL Control 0 (DLLACR - DLLBCR)

Offset

Register Offset

DLLACR C0h

DLLBCR C4h

Function
Configures Flash A and B sample clock DLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

REFP
HAS...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R REFP
HAS...

OVRDVAL 
OVRD

EN 
Reserv

ed 
SLVDLYTARGET 

Reserv
ed 

DLLRE
SET 

DLLEN 
W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-17 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

16-15

REFPHASEGA
P

Reference Clock Delay Line Phase Adjust Gap. REFPHASEGAP setting of 2h is recommended if 
DLLEN is set.

14-9

OVRDVAL

Target Clock Delay Line Override Value

Configures the override value for the target clock line delay cell number. When OVRDEN = 1, the delay 
cell number in DLL is OVRDVAL + 1. See DLL configuration for sampling.

8

OVRDEN

Target Clock Delay Line Override Value Enable

Enables the override value for the target clock line delay cell number.

0b - Disable

1b - Enable

7

—

Reserved

6-3

SLVDLYTARG
ET

Target Delay Line

Configures the target delay line for the target. The delay target for target delay line is: 
((SLVDLYTARGET+1) × 1/32 × clock cycle of reference clock (serial root clock). If serial root clock 
is ≥ 100 MHz, DLLEN is set to 1, OVRDEN is set to 0, then SLVDLYTARGET setting is up to flash 
parameters used.

2

—

Reserved

1

DLLRESET

DLL reset

Forces a DLL reset. The forced reset causes the DLL to lose lock and recalibrate to detect a ref_clock 
half-period phase shift. The reset action is edge-triggered, so software must write 0 to this field after 
writing 1 to it (no delay limitation).

0b - No function

1b - Force DLL reset.

0

DLLEN

DLL Calibration Enable

Enables DLL calibration. When DLL calibration is disabled, the delay cell number in the target delay line 
is always 1. When DLLxCR[OVRDEN] = 1, the target delay line is overridden and this field is ignored.

0b - Disable

1b - Enable
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74.7.2.22 Status 0 (STS0)

Offset

Register Offset

STS0 E0h

Function
Indicates the status of the internal state machine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved DATALEARNPHASEB DATALEARNPHASEA ARBCMDSRC 
ARBID

LE 
SEQID

LE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-12

—

Reserved

11-8

DATALEARNP
HASEB

Data Learning Phase Selection on Port B

Indicates the sampling clock phase selection on Port B after data learning. This field is similar to 
STS0[DATALEARNPHASEA]. The sampling clock phase is chosen separately for Port A and Port B.

7-4

DATALEARNP
HASEA

Data Learning Phase Selection on Port A

Indicates the sampling clock phase selection on Port A after data learning. There are 16 clock phases 
for the sampling clock that the delay cell line generates. When data learning is not enabled, the default 
clock phase 0 is used to sample flash read data. When data learning is enabled and a LEARN_SDR or 
LEARN_DDR instruction has executed correctly, FlexSPI determines the correct clock phase to sample 
read data. See Data learning.

3-2

ARBCMDSRC

ARB Command Source

Indicates the trigger source of current command sequence that the arbitrator has granted. When 
ARB_CTL is not busy (STS0[ARBIDLE] = 1), the value of this field does not matter.

00b - Trigger source is AHB read command.

Table continues on the next page...

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5005 / 5781



Table continued from the previous page...

Field Function

01b - Trigger source is AHB write command.

10b - Trigger source is IP command (by writing 1 to IPCMD[TRG]).

11b - Trigger source is a suspended command that has resumed.

1

ARBIDLE

ARB_CTL State Machine Idle

Indicates whether the state machine in ARB_CTL is idle, or a command sequence that the arbitrator 
granted has not finished on the FlexSPI interface. When idle, no transaction is occurring on the FlexSPI 
interface (STS0[SEQIDLE] = 1). When waiting for the FlexSPI controller to become idle, poll this field 
instead of STS0[SEQIDLE].

0b - Not idle

1b - Idle

0

SEQIDLE

SEQ_CTL State Machine Idle

Indicates whether the state machine in SEQ_CTL is idle, or a command sequence is executing on the 
FlexSPI interface.

0b - Not idle

1b - Idle

74.7.2.23 Status 1 (STS1)

Offset

Register Offset

STS1 E4h

Function
Indicates the error code of the AHB or IPS interface error response.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved IPCMDERRCODE Reserved IPCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AHBCMDERRCODE Reserved AHBCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

IPCMDERRCO
DE

IP Command Error Code

When an IP command Error is detected, indicates the error code. This field returns to zero when 
INTR[IPCMDERR] is cleared.

0000b - No error

0010b - IP command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

0110b - Flash memory access start address exceeds entire flash address range (A1, A2, B1, and 
B2)

1110b - Sequence execution timeout

1111b - Flash boundary crossed

23-20

—

Reserved

19-16

IPCMDERRID

IP Command Error ID

When an IP command error is detected, indicates the sequence index. This field returns to zero when 
INTR[IPCMDERR] is cleared.

15-12

—

Reserved

11-8

AHBCMDERRC
ODE

AHB Command Error Code

Contains the error code when an AHB command error is detected. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

0000b - No error

0010b - AHB Write command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

1110b - Sequence execution timeout

7-4

—

Reserved

3-0 AHB Command Error ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

AHBCMDERRI
D

When an AHB command error is detected, indicates the sequence index. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

74.7.2.24 Status 2 (STS2)

Offset

Register Offset

STS2 E8h

Function
Indicates the status of Flash A and B sample clock DLLs.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved BREFSEL BSLVSEL 
BREFL
OCK 

BSLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AREFSEL ASLVSEL 
AREFL
OCK 

ASLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

BREFSEL

Flash B Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash B. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

23-18

BSLVSEL

Flash B Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash B. There are 0-63 phases.

Table continues on the next page...
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Field Function

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

17

BREFLOCK

Flash B Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

16

BSLVLOCK

Flash B Sample Target Reference Delay Line Locked

0b - Not locked

1b - Locked

15-14

—

Reserved

13-8

AREFSEL

Flash A Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

7-2

ASLVSEL

Flash A Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

1

AREFLOCK

Flash A Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

0

ASLVLOCK

Flash A Sample Target Delay Line Locked

0b - Not locked

1b - Locked

74.7.2.25 AHB Suspend Status (AHBSPNDSTS)

Offset

Register Offset

AHBSPNDSTS ECh
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Function
Indicates the status of suspended AHB read prefetch command sequence. When an IP or AHB command is triggered while 
the arbitrator processes an AHB read sequence (prefetching additional data not for current AHB burst), the prefetch sequence 
is suspended. When there are no longer transactions on FlexSPI, the prefetch sequence may be resumed. FlexSPI saves only 
one AHB prefetch sequence. When a new prefetch sequence is suspended with an active sequence already suspended, the 
previous suspended sequence is removed and never resumed. See Command abort and suspend.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATLFT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved BUFID 
ACTIV

E 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

DATLFT

Data Left

Contains the data size remaining (in bytes) for a suspended command sequence.

15-4

—

Reserved

3-1

BUFID

AHB Receive Buffer ID for Suspended Command Sequence

0

ACTIVE

Active AHB Read Prefetch Suspended

Indicates whether an AHB read prefetch command sequence has been suspended.

0b - No suspended AHB read prefetch command.

1b - An AHB read prefetch command sequence has been suspended.

74.7.2.26 IP Receive FIFO Status (IPRXFSTS)

Offset

Register Offset

IPRXFSTS F0h
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Function
Indicates the status of IP receive FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RDCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RDCNTR

Read Data Counter

Contains counter for total data read. The data read is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Receive FIFO

Indicates how full the IP receive FIFO is. The fill level is the value of this field × 64 bits.

74.7.2.27 IP Transmit FIFO Status (IPTXFSTS)

Offset

Register Offset

IPTXFSTS F4h

Function
Indicates the status of IP transmit FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R WRCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

WRCNTR

Write Data Counter

Contains counter for total data written. The data written is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Transmit FIFO

Indicates how full the IP transmit FIFO is. The fill level is the value of this field × 64 bits.

74.7.2.28 IP Receive FIFO Data a (RFDR0 - RFDR31)

Offset

For a = 0 to 31:

Register Offset

RFDRa 100h + (a × 4h)

Function

Provides read access to IP receive FIFO via IPS bus. The read value is unknown for read access to invalid entries in the IP 
receive FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RXDATA

Receive Data

Contains receive data. See Reading data from IP receive FIFO.

74.7.2.29 IP TX FIFO Data a (TFDR0 - TFDR31)

Offset

For a = 0 to 31:

Register Offset

TFDRa 180h + (a × 4h)

Function

Provides write access to IP transmit FIFO via IPS bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TXDATA

Transmit Data

Contains transmit data. See Writing data to IP transmit FIFO.

74.7.2.30 Lookup Table a (LUT0 - LUT63)

Offset

For a = 0 to 63:

Register Offset

LUTa 200h + (a × 4h)

Function

Contains a lookup table for command sequences. Software should set the sequence index before triggering an IP command 
or AHB command. FlexSPI fetches the command sequence from LUT when an IP or AHB command is triggered. There are 16 
command sequences in LUT. See Lookup table (LUT) and Programmable sequence engine.

 
LUT is implemented as memory, so the reset value is unknown.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OPCODE1 NUM_PADS1 OPERAND1 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OPCODE0 NUM_PADS0 OPERAND0 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-26

OPCODE1

OPCODE1

25-24

NUM_PADS1

NUM_PADS1

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-16

OPERAND1

OPERAND1

15-10

OPCODE0

OPCODE

9-8

NUM_PADS0

NUM_PADS0

7-0

OPERAND0

OPERAND0

74.7.2.31 AHB Controller ID n Control (HMSTR0CR - HMSTR7CR)

Offset

For n = 0 to 7:

Register Offset

HMSTRnCR 400h + (n × 4h)

Function
Contains the expected controller ID and the ID mask.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MSTRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Controller ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

MSTRID Contains the controller ID. This field is compared with the value of MASTER_ID ANDed with the MASK 
field. When there is a bit-by-bit match, the values are considered a match.

15-0

MASK

Mask bits for AHB Controller ID.

Contains the mask for the AHB controller ID. This field is ANDed with the incoming controller ID on AHB 
user bits.

0000_0000_0000_0000b - Mask

0000_0000_0000_0001b - Unmask

74.7.3 FlexSPI register descriptions

74.7.3.1 FlexSPI memory map

FLEXSPI1 base address: 2809_2000h

Offset Register Width

(In bits)

Access Reset value

0h Module Control 0 (MCR0) 32 RW FFFF_80C2h

4h Module Control 1 (MCR1) 32 RW FFFF_FFFFh

8h Module Control 2 (MCR2) 32 RW 2000_81F7h

Ch AHB Bus Control (AHBCR) 32 RW 0000_0018h

10h Interrupt Enable (INTEN) 32 RW 0000_0000h

14h Interrupt (INTR) 32 RW 0000_0000h

18h LUT Key (LUTKEY) 32 RW 5AF0_5AF0h

1Ch LUT Control (LUTCR) 32 RW 0000_0002h

20h AHB Receive Buffer 0 Control 0 (AHBRXBUF0CR0) 32 RW 8000_0020h

24h AHB Receive Buffer 1 Control 0 (AHBRXBUF1CR0) 32 RW 8001_0020h

28h AHB Receive Buffer 2 Control 0 (AHBRXBUF2CR0) 32 RW 8002_0020h

2Ch AHB Receive Buffer 3 Control 0 (AHBRXBUF3CR0) 32 RW 8003_0020h

30h AHB Receive Buffer 4 Control 0 (AHBRXBUF4CR0) 32 RW 8004_0020h

34h AHB Receive Buffer 5 Control 0 (AHBRXBUF5CR0) 32 RW 8005_0020h

38h AHB Receive Buffer 6 Control 0 (AHBRXBUF6CR0) 32 RW 8006_0020h

3Ch AHB Receive Buffer 7 Control 0 (AHBRXBUF7CR0) 32 RW 8007_0020h

60h Flash Control 0 (FLSHA1CR0) 32 RW 0001_0000h

64h Flash Control 0 (FLSHA2CR0) 32 RW 0001_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

68h Flash Control 0 (FLSHB1CR0) 32 RW 0001_0000h

6Ch Flash Control 0 (FLSHB2CR0) 32 RW 0001_0000h

70h Flash Control 1 (FLSHA1CR1) 32 RW 0000_0063h

74h Flash Control 1 (FLSHA2CR1) 32 RW 0000_0063h

78h Flash Control 1 (FLSHB1CR1) 32 RW 0000_0063h

7Ch Flash Control 1 (FLSHB2CR1) 32 RW 0000_0063h

80h Flash Control 2 (FLSHA1CR2) 32 RW 0000_0000h

84h Flash Control 2 (FLSHA2CR2) 32 RW 0000_0000h

88h Flash Control 2 (FLSHB1CR2) 32 RW 0000_0000h

8Ch Flash Control 2 (FLSHB2CR2) 32 RW 0000_0000h

94h Flash Control 4 (FLSHCR4) 32 RW 0000_00C3h

A0h IP Control 0 (IPCR0) 32 RW 0000_0000h

A4h IP Control 1 (IPCR1) 32 RW 0000_0000h

B0h IP Command (IPCMD) 32 RW 0000_0000h

B4h Data Learning Pattern (DLPR) 32 RW 0000_0000h

B8h IP Receive FIFO Control (IPRXFCR) 32 RW 0000_0000h

BCh IP Transmit FIFO Control (IPTXFCR) 32 RW 0000_0000h

C0h DLL Control 0 (DLLACR) 32 RW 0000_0100h

C4h DLL Control 0 (DLLBCR) 32 RW 0000_0100h

E0h Status 0 (STS0) 32 R 0000_0002h

E4h Status 1 (STS1) 32 R 0000_0000h

E8h Status 2 (STS2) 32 R 0100_0100h

ECh AHB Suspend Status (AHBSPNDSTS) 32 R 0000_0000h

F0h IP Receive FIFO Status (IPRXFSTS) 32 R 0000_0000h

F4h IP Transmit FIFO Status (IPTXFSTS) 32 R 0000_0000h

100h - 17Ch IP Receive FIFO Data a (RFDR0 - RFDR31) 32 R 0000_0000h

180h - 1FCh IP TX FIFO Data a (TFDR0 - TFDR31) 32 W 0000_0000h

200h - 2FCh Lookup Table a (LUT0 - LUT63) 32 RW See section

400h AHB Controller ID 0 Control (HMSTR0CR) 32 RW 0000_0000h

404h AHB Controller ID 1 Control (HMSTR1CR) 32 RW 0000_0000h

408h AHB Controller ID 2 Control (HMSTR2CR) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

40Ch AHB Controller ID 3 Control (HMSTR3CR) 32 RW 0000_0000h

410h AHB Controller ID 4 Control (HMSTR4CR) 32 RW 0000_0000h

414h AHB Controller ID 5 Control (HMSTR5CR) 32 RW 0000_0000h

418h AHB Controller ID 6 Control (HMSTR6CR) 32 RW 0000_0000h

41Ch AHB Controller ID 7 Control (HMSTR7CR) 32 RW 0000_0000h

74.7.3.2 Module Control 0 (MCR0)

Offset

Register Offset

MCR0 0h

Function
Controls basic functions of FlexSPI module

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AHBGRANTWAIT IPGRANTWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LEAR
NEN 

SCKF
REE...

COMB
INA...

DOZE
EN 

HSEN SERCLKDIV 
ATDF

EN 
ARDF

EN 
RXCLKSRC Reserved MDIS 

SWRE
SET W

Reset 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

Fields

Field Function

31-24

AHBGRANTWA
IT

Timeouts Wait Cycle for AHB command Grant

Sets duration of timeout wait cycle for AHB commands. If the arbitrator does not grant the AHB-triggered 
command, it times out after (AHBGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is IP-triggered and the read or write data size is too large, this grant timeout may 
occur. When an AHB command grant timeout occurs, an INTR[AHBCMDGE] interrupt is generated. 
When INTEN[AHBCMDGEEN] = 1, the arbitrator ignores AHB commands.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

23-16

IPGRANTWAIT

Timeout Wait Cycle for IP Command Grant

Sets duration of timeout wait cycle for IP commands. If the arbitrator does not grant the IP-triggered 
command, it times out after (IPGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is AHB-triggered and the read or write data size is too large, this grant timeout 
may occur. When IP command grant timeout occurs, an INTR[IPCMDGE] interrupt is generated. When 
INTEN[IPCMDGEEN] = 1, the arbitrator ignores IP commands.

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

15

LEARNEN

Data Learning Enable

Enables data learning feature. When data learning is disabled, the sampling clock phase 0 is always 
used for receive data sampling, even when a learn instruction is correctly executed. See Data learning.

0b - Disable

1b - Enable

14

SCKFREERUN
EN

SCLK Free-running Enable

Enables free-running SCLK output. For FPGA applications, the external device may use SCLK as a 
reference clock to its internal PLL.

0b - Disable

1b - Enable

13

COMBINATION
EN

Combination Mode Enable

Enables combination mode, which supports flash Octal mode access. When Port A and Port B data are 
four bits wide, this mode combines Port A and B Data pins (A_DATA[3:0] and B_DATA[3:0]). When Port 
A and Port B data are eight bits wide, combination mode is not supported; write 0 to this field in this 
case.

0b - Disable

1b - Enable

12

DOZEEN

Doze Mode Enable

Enables Doze mode. When enabled, AHB clock and serial clock are gated off when there is a Doze-
mode request from the system.

0b - Disable

1b - Enable

11

HSEN

Half Speed Serial Flash Memory Access Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

Enables the clock divider to provide a half-speed clock to external serial flash devices (A_SCLK/
B_SCLK) for all commands in SDR and DDR mode. Write 1 to MCR0[MDIS] before changing the value 
of this field. Failure to do so may cause issues in the internal logic or state machine.

0b - Disable

1b - Enable

10-8

SERCLKDIV

Serial Root Clock Divider

Sets divider value for serial root clock.

The serial root clock can be divided inside FlexSPI . See Clocking.

 
Do not modify this field while FlexSPI is active (MCR0[MDIS] = 0).

  NOTE  

000b - Divided by 1

001b - Divided by 2

010b - Divided by 3

011b - Divided by 4

100b - Divided by 5

101b - Divided by 6

110b - Divided by 7

111b - Divided by 8

7

ATDFEN

AHB Write Access to IP Transmit FIFO Enable

Enables AHB write access to IP transmit FIFO. See Writing data to IP transmit FIFO.

0b - AHB write access disabled. IP bus writes to IP transmit FIFO. AHB bus write access to IP 
transmit FIFO memory space produces bus error.

1b - AHB write access enabled. AHB bus writes to IP transmit FIFO. IP Bus write access to IP 
transmit FIFO memory space is ignored and causes no bus error.

6

ARDFEN

AHB Read Access to IP Receive FIFO Enable

Enables AHB read access to IP receive FIFO. See Reading data from IP receive FIFO.

0b - AHB read access disabled. IP bus reads IP receive FIFO. AHB Bus read access to IP receive 
FIFO memory space produces bus error.

1b - AHB read access enabled. AHB bus reads IP receive FIFO. IP Bus read access to IP receive 
FIFO memory space returns data zero and causes no bus error.

5-4

RXCLKSRC

Sample Clock Source for Flash Reading

Selects sampling clock source for flash memory reading. See Receive clock source features.

00b - Dummy Read strobe that FlexSPI generates, looped back internally

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Dummy Read strobe that FlexSPI generates, looped back from DQS pad

10b - Reserved

11b - Flash-memory-provided read strobe and input from DQS pad

3-2

—

Reserved

1

MDIS

Module Disable

Disables FlexSPI module. When the module is disabled, AHB and serial clock are gated off internally to 
save power. Only register access is allowed, except for the LUT, IP receive FIFO, and IP transmit FIFO.

0b - No impact

1b - Module disable

0

SWRESET

Software Reset

Resets the internal FlexSPI state machine and aborts any transactions in progress. Hardware automatically 
writes 0 to this field after software reset is done.

Configuration registers are not reset.

0b - No impact

1b - Software reset

74.7.3.3 Module Control 1 (MCR1)

Offset

Register Offset

MCR1 4h

Function
Controls basic functions of FlexSPI module
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SEQWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AHBBUSWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-16

SEQWAIT

Command Sequence Wait

Sets wait time for command sequence. Command sequence execution times out and aborts after 
(SEQWAIT × 1024) serial root clock cycles. When this timeout occurs, if the interrupt is enabled 
(INTEN[SEQTIMEOUTEN] = 1), an INTR[SEQTIMEOUT] interrupt is generated. Also, the arbitrator 
ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  

15-0

AHBBUSWAIT

AHB Bus Wait

Sets wait time for AHB bus. When data is not received from or transmitted to serial flash memory space 
after (AHBBUSWAIT × 1024) AHB clock cycles, the read or write access times out. When this timeout 
occurs, the AHB bus receives an error response, and an interrupt is generated AHBBUSERROREN. 
When INTR[AHBBUSERROREN] = 1, the arbitrator ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  

74.7.3.4 Module Control 2 (MCR2)

Offset

Register Offset

MCR2 8h

Function
Controls basic functions of FlexSPI module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RESUMEWAIT Reserved 

Reserv
ed 

SCKB
DIF...

Reserved 
Reserv

ed W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SAME
DEV...

0
Reserv

ed 
Reserv

ed 
CLRA
HBB...

Reserved Reserved 
W

CLRLE
AR...

Reset 1 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1

Fields

Field Function

31-24

RESUMEWAIT

Resume Wait Duration

Determines duration (in AHB clock cycles) to remain in idle state before suspended command sequence 
is resumed. See Command abort and suspend.

23-21

—

Reserved

20

—

Reserved

19

SCKBDIFFOPT

SCLK Port B Differential Output

Controls whether to use B_SCLK pad as the Port B SCLK output. Alternatively, B_SCLK pad can be used 
as A_SCLK differential clock output (inverted clock to A_SCLK).

Before changing the value of this field, write 1 to MCR0[MDIS]. After changing the value of this field, write 
1 to MCR0[SWRESET].

0b - Use B_SCLK pad as port B SCLK clock output. Port B flash memory access is available.

1b - Use B_SCLK pad as port A SCLK inverted clock output (Differential clock to A_SCLK). Port B 
flash memory access is not available.

18-17

—

Reserved

16

—

Reserved

15

SAMEDEVICEE
N

Same Device Enable

Sets all external devices (A1, A2, B1, and B2) to be the same devices (in type and in size).

Table continues on the next page...
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Field Function

0b - In Individual mode, FLSHA1CRx and FLSHA2CRx, FLSHB1CRx and FLSHB2CRx settings 
are applied to Flash A1, A2, B1, B2 separately. In Parallel mode, FLSHA1CRx register setting 
is applied to Flash A1 and B1, FLSHA2CRx register setting is applied to Flash A2 and B2. 
FLSHB1CRx and FLSHB2CRx register settings are ignored.

1b - FLSHA1CR0, FLSHA1CR1, and FLSHA1CR2 register settings are applied to Flash A1, A2, 
B1, B2. FLSHA2CRx, FLSHB1CRx, and FLSHB2CRx settings are ignored.

14

CLRLEARNPH
ASE

Clear Learn Phase Selection

Resets the sampling clock phase selection to 0. When 1 is written to this field, it becomes 0 again 
immediately.

0b - No impact

1b - Reset sample clock phase selection to 0

13

—

Reserved

12

—

Reserved

11

CLRAHBBUFO
PT

Clear AHB Buffer

Determines whether AHB receive and transmit buffers are cleared automatically when FlexSPI returns 
Stop mode ACK. If an AHB receive buffer or transmit buffer will be powered off in Stop mode, software 
should write 1 to this field. Otherwise, an AHB read access after exiting Stop mode may hit either buffer, 
but their data entries are invalid.

0b - Not cleared automatically

1b - Cleared automatically

10-9

—

Reserved

8-0

—

Reserved

74.7.3.5 AHB Bus Control (AHBCR)

Offset

Register Offset

AHBCR Ch

Function
Controls AHB bus interface functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AFLASHBASE Reserved Reserved 

Reserv
ed 

HMST
RID...

Reserv
ed 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
READ
SZA...

Reserv
ed 

Reserv
ed 

Reserv
ed 

READ
ADD...

PREF
ETC...

BUFF
ERA...

CACH
ABL...

CLRA
HBT...

Reserv
ed 

APAR
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Fields

Field Function

31-28

AFLASHBASE

AHB Memory-Mapped Flash Base Address

27-22

—

Reserved

21-20

—

Reserved

19

—

Reserved

18

HMSTRIDREM
AP

AHB Controller ID Remapping Enable

Enables AHB controller ID remapping. See AHB controller ID remapping.

0b - Disable

1b - Enable

17

—

Reserved

16

—

Reserved

15

—

Reserved

14-13

—

Reserved

12 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

11

—

Reserved

10

READSZALIGN

AHB Read Size Alignment

Configures how AHB read size is determined. See Table 636.

0b - Register settings such as PREFETCH_EN determine AHB read size.

1b - AHB read size to up size to 8 bytes aligned, no prefetching

9

—

Reserved

8

—

Reserved

7

—

Reserved

6

READADDROP
T

AHB Read Address Option

Removes AHB burst start address alignment limitation. When the FlexSPI controller is used for FPGA 
application, this field may be required for FlexSPI to fetch the exact byte number as an AHB burst. In this 
case, FPGA device should be non-word-addressable and this field must be 0.

0b - AHB read burst start address alignment is limited when flash memory is accessed in parallel 
mode or flash is word-addressable.

1b - AHB read burst start address alignment is not limited. FlexSPI fetches more data than the 
AHB burst requires for address alignment.

5

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch. When enabled, FlexSPI fetches more flash read data than the current AHB 
burst requires. This action reduces the read latency for next AHB read access.

 
AHB read prefetch is enabled only when both this field and 
AHBRXBUFnCR0[PREFETCHEN] are 1.

  NOTE  

0b - Disable

1b - Enable

4

BUFFERABLEE
N

Bufferable Write Access Enable

Enables AHB bus bufferable write access. This field affects the last beat of an AHB write access. See 
AHB write access to flash memory.
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Table continued from the previous page...

Field Function

0b - Disabled. For all AHB write accesses (bufferable or nonbufferable), FlexSPI returns AHB Bus 
Ready after transmitting all data and finishing command.

1b - Enabled. For AHB bufferable write access, FlexSPI returns AHB Bus Ready when the 
arbitrator grants the AHB command. FlexSPI does not wait for the AHB command to finish.

3

CACHABLEEN

Cacheable Read Access Enable

Enables AHB bus cacheable read access.

0b - Disabled. When an AHB bus cacheable read access occurs, FlexSPI does not check whether 
it hit the AHB transmit buffer.

1b - Enabled. When an AHB bus cacheable read access occurs, FlexSPI first checks whether the 
access hit the AHB transmit buffer.

2

CLRAHBTXBU
F

Clear AHB Transmit Buffer

Clears status and pointers of AHB transmit buffer. When the clear operation completes, this field clears 
automatically, so it always reads as 0.

0b - No impact.

1b - Enable clear operation.

1

—

Reserved

0

APAREN

AHB Parallel Mode Enable

Enables Parallel mode for AHB-triggered read and write commands.

0b - Flash is accessed in Individual mode.

1b - Flash is accessed in Parallel mode.

74.7.3.6 Interrupt Enable (INTEN)

Offset

Register Offset

INTEN 10h

Function
Includes AHB error response, IPS error response, and ECC error interrupt enables. See Interrupts.

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5027 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

SEQTI
ME...

AHBB
UST...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
EEN 

IPRX
WAEN 

AHBC
MDE...

IPCM
DER...

AHBC
MDG...

IPCM
DGE...

IPCM
DDO...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13-12

—

Reserved

11

SEQTIMEOUT
EN

Sequence execution Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

10

AHBBUSTIME
OUTEN

AHB Bus Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

9

SCKSTOPBYW
REN

SCLK Stopped By Write Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
transmit FIFO is empty.

0b - Disable interrupt or no impact

1b - Enable interrupt

8

SCKSTOPBYR
DEN

SCLK Stopped By Read Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
receive FIFO is full.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable interrupt or no impact

1b - Enable interrupt

7

DATALEARNF
AILEN

Data Learning Failed Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

6

IPTXWEEN

IP Transmit FIFO Watermark Empty Interrupt Enable

Enables interrupt that indicates IP transmit FIFO contains more empty space than watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

5

IPRXWAEN

IP Receive FIFO Watermark Available Interrupt Enable

Enables interrupt that indicates IP receive FIFO contains more valid data than the watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

4

AHBCMDERRE
N

AHB-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

3

IPCMDERREN

IP-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

2

AHBCMDGEEN

AHB-Triggered Command Sequences Grant Timeout Interrupt Enable.

0b - Disable interrupt or no impact

1b - Enable interrupt

1

IPCMDGEEN

IP-Triggered Command Sequences Grant Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

0

IPCMDDONEE
N

IP-Triggered Command Sequences Execution Finished Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt
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74.7.3.7 Interrupt (INTR)

Offset

Register Offset

INTR 14h

Function
Includes AHB error response, IPS error response, and ECC error interrupts. See Interrupts.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

SEQTI
ME...

AHBB
UST...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
E 

IPRX
WA 

AHBC
MDE...

IPCM
DERR 

AHBC
MDGE 

IPCM
DGE 

IPCM
DDO...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13-12

—

Reserved

11

SEQTIMEOUT

Sequence Execution Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Field Function

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

10

AHBBUSTIME
OUT

AHB Bus Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

9

SCKSTOPBYW
R

SCLK Stopped Due To Empty Transmit FIFO

Generated when SCLK is stopped during command sequence because the asynchronous transmit FIFO 
is empty.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

8

SCKSTOPBYR
D

SCLK Stopped Due To Full Receive FIFO

Generated when SCLK is stopped during command sequence because the asynchronous receive FIFO 
is full.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

7

DATALEARNF
AIL

Data Learning Failed

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

6

IPTXWE

IP Transmit FIFO Watermark Empty

Generated when the IP transmit FIFO contains more empty space than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

5

IPRXWA

IP Receive FIFO Watermark Available

Generated when the IP receive FIFO contains more valid data than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Clear the flag

4

AHBCMDERR

AHB-Triggered Command Sequences Error

Generated upon an AHB-triggered command sequence error. When an error is detected for an AHB 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

3

IPCMDERR

IP-Triggered Command Sequences Error

Generated upon an IP-triggered command sequence error. When an error is detected for an IP 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

2

AHBCMDGE

AHB-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

Table continues on the next page...

NXP Semiconductors
Flexible Serial Peripheral Inerface (FlexSPI)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5033 / 5781



Table continued from the previous page...

Field Function

1

IPCMDGE

IP-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

0

IPCMDDONE

IP-Triggered Command Sequences Execution Finished

Generated upon completion of an IP-triggered command sequence. Also generated when IPCMDGE or 
IPCMDERR interrupt is generated

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

74.7.3.8 LUT Key (LUTKEY)

Offset

Register Offset

LUTKEY 18h

Function
Contains the key to lock and unlock LUT. See Lookup table (LUT).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Fields

Field Function

31-0

KEY

LUT Key

Contains key to lock or unlock LUT. The key is 5AF05AF0h. Read value is always 5AF05AF0h.

74.7.3.9 LUT Control (LUTCR)

Offset

Register Offset

LUTCR 1Ch

Function
Used with LUTKEY register to lock or unlock LUT. For the lock or unlock operation to be successful, this register must be 
written immediately after writing 5AF05AF0h to the LUTKEY register. See Lookup table (LUT) for details on locking and 
unlocking LUT. You cannot write 00 or 11 to the LOCK and UNLOCK fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

UNLO
CK 

LOCK 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-3

—

Reserved

2

—

Reserved

1

UNLOCK

Unlock LUT

0b - LUT is locked (LUTCR[LOCK] must be 1)

1b - LUT is unlocked and can be written

0

LOCK

Lock LUT

0b - LUT is unlocked (LUTCR[UNLOCK] must be 1)

1b - LUT is locked and cannot be written

74.7.3.10 AHB Receive Buffer n Control 0 (AHBRXBUF0CR0 - AHBRXBUF7CR0)

Offset

For n = 0 to 7:

Register Offset

AHBRXBUFnCR0 20h + (n × 4h)

Function
Stores the read data from the SPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREF
ETC...

Reserv
ed 

Reserved PRIORITY Reserved MSTRID 
W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved BUFSZ 

W

Reset See Register reset values.
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Register reset values

Register Reset value

AHBRXBUF0CR0 8000_0020h

AHBRXBUF1CR0 8001_0020h

AHBRXBUF2CR0 8002_0020h

AHBRXBUF3CR0 8003_0020h

AHBRXBUF4CR0 8004_0020h

AHBRXBUF5CR0 8005_0020h

AHBRXBUF6CR0 8006_0020h

AHBRXBUF7CR0 8007_0020h

Fields

Field Function

31

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch for the controller corresponding to the current AHB receive buffer. The 
prefetch feature is disabled when AHBCR[PREFETCHEN] is 0. You can use this field to enable or 
disable prefetch separately for each controller.

0b - Disabled

1b - Enabled when AHBCR[PREFETCHEN] is enabled.

30

—

Reserved

29-27

—

Reserved

26-24

PRIORITY

AHB Controller Read Priority

Configure the priority for the AHB Controller Read to which this AHB receive buffer is assigned. 7 is the 
highest priority, 0 the lowest. See Command abort and suspend.

23-20

—

Reserved

19-16

MSTRID

AHB Controller ID

Configures the ID of the AHB controller to which this AHB receive buffer is assigned. See AHB receive 
buffer management.

15-9

—

Reserved

8-0 AHB Receive Buffer Size

Table continues on the next page...
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Table continued from the previous page...

Field Function

BUFSZ Configures the size of the AHB receive buffer in multiples of 64 bits. See AHB receive buffer 
management.

74.7.3.11 Flash Control 0 (FLSHA1CR0 - FLSHB2CR0)

Offset

Register Offset

FLSHA1CR0 60h

FLSHA2CR0 64h

FLSHB1CR0 68h

FLSHB2CR0 6Ch

Function
Contains flash memory size setting. FlexSPI determines which device is accessed (Chip Select) via this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed 

Reserved FLSHSZ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FLSHSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29

—

Reserved

28-23

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

22-0

FLSHSZ

Flash Size in KB

Configures the maximum flash memory size.

See the chip-specific section for the maximum flash size supported.

When the value of this field is greater than the maximum size, the device flash size is interpreted as 
the maximum. The maximum flash size is the largest flash size supported for a single device. It is also 
the maximum total flash size supported for all devices (up to four). If the total flash size is larger than 
the maximum size, only the maximum flash size address space is accessible. For IPS access, The 
maximum flash size supported for each device is 4 GB. When the value of this field is greater than 
400000h, the device flash size is taken as 4 GB. The max total flash size supported (for all 4 devices) is 
also 4 GB. If the total flash size is larger than 4 GB, only 4 GB of address space is accessible.

74.7.3.12 Flash Control 1 (FLSHA1CR1 - FLSHB2CR1)

Offset

Register Offset

FLSHA1CR1 70h

FLSHA2CR1 74h

FLSHB1CR1 78h

FLSHB2CR1 7Ch

Function
Contains settings for flash device-specific timings and flash internal address space.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CSINTERVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CSINT
ER...

CAS WA TCSH TCSS 
W

Reset 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1
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Fields

Field Function

31-16

CSINTERVAL

Chip Select Interval

Configures the minimum interval between flash device chip select deassertion and chip select assertion. If 
the external flash device has a limitation on the interval between command sequences, configure this field 
accordingly. If there is no limitation, write 0h to this field.

When CSINTERVALUNIT = 0, the chip select invalid interval is: CSINTERVAL × 1 serial clock cycle; When 
CSINTERVALUNIT = 1, the chip select invalid interval is: CSINTERVAL × 256 serial clock cycles.

 
The minimum chip select interval is 2 cycles, even when the value of CSINTERVAL is less 
than 2.

  NOTE  

15

CSINTERVALU
NIT

Chip Select Interval Unit

Configures the interval unit for chip select.

0b - 1 serial clock cycle

1b - 256 serial clock cycles

14-11

CAS

Column Address Size

When external flash memory has a separate address field for rows and columns, this field configures the 
flash column address bit width. FlexSPI automatically splits a flash-mapped address into row address and 
column address according to the values of this field and the WA field.

When the external flash memory does not support column address, write 0 to this field. FlexSPI transmits 
all flash address bits as Row address.

For flash address mapping, see Flash address sent to flash memory devices.

10

WA

Word-Addressable

Configures whether external flash memory is word-addressable or byte-addressable. If flash memory is 
word-addressable, it should be accessed in multiples of 16 bits. Currently, FlexSPI does not transmit 
flash address bit 0 to external flash memory. For flash address mapping, see Flash address sent to flash 
memory devices.

0b - Byte-addressable

1b - Word-addressable

9-5

TCSH

Serial Flash CS Hold Time

Used to meet flash TCSH timing requirement. Serial flash CS Hold time that FlexSPI promises is: 
(TCSH + 1/2) serial clock cycles for DDR mode, and TCSH serial clock cycles for SDR mode. See 
Output timing between chip select and SCLK.

4-0

TCSS

Serial Flash CS Setup Time

Used to meet flash TCSS timing requirement. Serial flash CS Setup time that FlexSPI promises is: 
(TCSS + 1/2) serial root clock cycles for SDR and DDR mode. See Output timing between chip select 
and SCLK.
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74.7.3.13 Flash Control 2 (FLSHA1CR2 - FLSHB2CR2)

Offset

Register Offset

FLSHA1CR2 80h

FLSHA2CR2 84h

FLSHB1CR2 88h

FLSHB2CR2 8Ch

Function
Contains fields to configure AHB bus access. If the four external devices are different types, AHB read and write commands 
may use different command sequences; AHB bus ready wait time may also differ.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
AWRWAITUNIT AWRWAIT 

W
CLRIN
ST...

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AWRSEQNUM 

Reserv
ed 

AWRSEQID ARDSEQNUM 
Reserv

ed 
ARDSEQID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CLRINSTRPTR

Clear Instruction Pointer

Clears the instruction pointer, which is the pointer that JMP_ON_CS saves internally. See Programmable 
sequence engine.

This field is used for AHB read access to external flash memory supporting Execute-In-Place (XIP) mode.

30-28

AWRWAITUNIT

AWRWAIT Unit

Configures the unit of AHB write wait time, as the value of AWRWAIT determines, in terms of AHB clock 
cycles.

000b - 2

001b - 8

010b - 32

Table continues on the next page...
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Table continued from the previous page...

Field Function

011b - 128

100b - 512

101b - 2048

110b - 8192

111b - 32768

27-16

AWRWAIT

AHB Write Wait

Configures AHB write wait time, with the AWRWAITUNIT field. Certain devices (such as FPGA) 
require time to write data into internal memory after the command sequences finished on the FlexSPI 
interface. If another read command sequence arrives before the current programming finishes internally, 
the read data may be wrong. This field is used to hold the AHB bus ready for AHB write access, 
waiting until the programming is finished in the external device. This hold ensures that no AHB read 
command is triggered before the programming finishes in the external device. The wait cycle between 
an AHB-triggered command sequence finishing on FlexSPI and the AHB return bus being ready is: 
AWRWAIT × AWRWAITUNIT.

15-13

AWRSEQNUM

Sequence Number for AHB Write-Triggered Command

Configures the sequence number of an AHB read-triggered command. For certain flash devices (for 
example, HyperFlash, HyperRam, and Serial NAND flash), a flash programming access is done via several 
command sequences. An AHB write command triggers (AWRSEQNUM + 1) command sequences to 
external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: AWRSEQID + AWRSEQNUM < 16

• Software must ensure that the AWRSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

12

—

Reserved

11-8

AWRSEQID

Sequence Index for AHB Write-Triggered Command

7-5

ARDSEQNUM

Sequence Number for AHB Read-Triggered Command

Configures the sequence number of an AHB read-triggered command in the lookup table. For certain flash 
devices (for example, HyperFlash, HyperRam, and Serial NAND flash), a flash read access is done via 
several command sequences. An AHB read command triggers (ARDSEQNUM + 1) command sequences 
to external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: ARDSEQID + ARDSEQNUM ≤ 16.

• Software must ensure that the ARDSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

4

—

Reserved

3-0

ARDSEQID

Sequence Index for AHB Read-Triggered Command in LUT

74.7.3.14 Flash Control 4 (FLSHCR4)

Offset

Register Offset

FLSHCR4 94h

Function
Provides configuration for all external devices.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

Reserv
ed 

Reserv
ed 

WMEN
B 

WMEN
A 

WMOP
T2 

WMOP
T1 W

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

Fields

Field Function

31-12 Reserved

Table continues on the next page...
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Field Function

—

11-9

—

Reserved

8-6

—

Reserved

5

—

Reserved

4

—

Reserved

3

WMENB

Write Mask Enable for Port B

Enables write mask for flash device on port B.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

2

WMENA

Write Mask Enable for Port A

Enables write mask for flash device on port A.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

1

WMOPT2

Write Mask Option 2

When using AP memory, used to remove AHB or IP write burst minimum length limitation. When using 
this field, FLSHCR4[WMOPT1] should be 1.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst length is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst length is limited. The minimum write burst 
length should be 4.

0

WMOPT1

Write Mask Option 1

Used to remove AHB and IP write burst start address alignment limitation.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst start address alignment is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst start address alignment is limited.
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74.7.3.15 IP Control 0 (IPCR0)

Offset

Register Offset

IPCR0 A0h

Function
Provides all configuration required for IP commands. Provides the start address for the flash device, instead of the chip 
address, to be accessed for IP command. FlexSPI determines the chip select automatically according to this start address.

 
• You cannot issue an IP command that crosses flash device boundaries. If you do so, it generates an 

IPCMDERR interrupt.

• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SFAR

Serial Flash Address

Configures the serial flash address for IP commands. The address should be the address of the flash 
device without the base address.

74.7.3.16 IP Control 1 (IPCR1)

Offset

Register Offset

IPCR1 A4h
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Function
Provides all configuration required for IP commands. Provides the flash read and program data size, sequence index in LUT, 
sequence number and individual/parallel mode settings for IP commands.

 
• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R IPARE
N 

Reserved ISEQNUM Reserved ISEQID 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IDATSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

IPAREN

Parallel Mode Enable for IP Commands

0b - Disabled. Flash memory is accessed in Individual mode.

1b - Enabled. Flash memory is accessed in Parallel mode.

30-27

—

Reserved

26-24

ISEQNUM

Sequence Number for IP command: ISEQNUM+1.

23-20

—

Reserved

19-16

ISEQID

Sequence Index in LUT for IP command.

15-0

IDATSZ

Flash Read/Program Data Size (in bytes) for IP command.
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74.7.3.17 IP Command (IPCMD)

Offset

Register Offset

IPCMD B0h

Function
Used to trigger an IP command to access external flash device. When the arbitrator grants the IP command, the command is 
executed on the FlexSPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

0

W TRG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

TRG

Command Trigger

Triggers an IP command. This field clears automatically after it has been written and always reads as 0.

 
You cannot trigger another IP command before the previous IP command finishes on the 
FlexSPI interface. Software must poll INTR[IPCMDDONE] or wait for this interrupt.

  NOTE  

0b - No action

1b - Start the IP command that the IPCR0 and IPCR1 registers define.
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74.7.3.18 Data Learning Pattern (DLPR)

Offset

Register Offset

DLPR B4h

Function
Provides the pattern to be used during Data Learning in FlexSPI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DLP

Data Learning Pattern

The operand in the LEARN_SDR or LEARN_DDR instruction code determines the data learning pattern bit 
number. This number never exceeds 32 bits. If the operand in the instruction code is greater than 32, a 32-bit 
pattern is used. See Data learning.

74.7.3.19 IP Receive FIFO Control (IPRXFCR)

Offset

Register Offset

IPRXFCR B8h

Function
Provides the configuration fields for IP receive FIFO management.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXWMRK 

RXDM
AEN 

0

W
CLRIP
RXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

RXWMRK

IP Receive FIFO Watermark Level

Configures the watermark level for the IP receive FIFO. The watermark level is (RXWMRK + 1) × 64 bits.

The INTR[IPRXWA] interrupt is set when FlexSPI fills the IP receive FIFO ≥ the watermark level. A DMA 
request occurs when the fill level is ≥ the watermark level and IPRXFCR[RXDMAEN] = 1. When the fill level 
is ≥ the watermark level and INTEN[IPRXWAEN] = 1, an INTR[IPRXWA] interrupt is generated.

 
After writing 1 to INTR[IPRXWA] to clear it, the read address should be rolled back to the 
start address (memory mapped). If the IP bus reads the IP receive FIFO, the read address 
should roll back to RFDR0. If the AHB bus reads the IP receive FIFO, the read address 
should roll back to ARDF_BASE.

  NOTE  

1

RXDMAEN

IP Receive FIFO Reading by DMA Enable

0b - Disabled. The processor reads the FIFO.

1b - Enabled. DMA reads the FIFO.

0

CLRIPRXF

Clear IP Receive FIFO

Clears all valid data entries in IP receive FIFO. Resets the read and write pointers in IP receive FIFO.

0b - No function

1b - A clock cycle pulse clears all valid data entries in IP receive FIFO.
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74.7.3.20 IP Transmit FIFO Control (IPTXFCR)

Offset

Register Offset

IPTXFCR BCh

Function
Provides the configuration fields for IP transmit FIFO management.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TXWMRK 

TXDM
AEN 

0

W
CLRIP
TXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

TXWMRK

Transmit Watermark Level

Sets the transmit watermark level. The watermark level is (TXWMRK + 1) × 64 bits. INTR[IPTXWE] is set 
when FlexSPI empties the IP transmit FIFO ≥ the watermark level. When the empty level ≥ the watermark 
level and IPTXFCR[TXDMAEN] = 1, a DMA request occurs. When the empty level ≥ the watermark level 
and INTEN[IPTXWEEN] = 1, an INTR[IPTXWE] interrupt is generated.

 
• The watermark level should not be larger than the write window.

• The watermark level should not be larger than the IP transmit FIFO size.

• The write address to the IP receive FIFO should roll back to the start address of the 
write window. After pushing the IP transmit fifo, you should write 1 to INTR[IPTXWE] 
to clear it, which will perform the rollback.

  NOTE  

1

TXDMAEN

Transmit FIFO DMA Enable

Selects whether DMA or processor fills IP transmit FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Processor

1b - DMA

0

CLRIPTXF

Clear IP Transmit FIFO

Clears all valid data entries in IP transmit FIFO. The read and write pointers in IP transmit FIFO are 
reset.

0b - No function

1b - A clock cycle pulse clears all valid data entries in the IP transmit FIFO.

74.7.3.21 DLL Control 0 (DLLACR - DLLBCR)

Offset

Register Offset

DLLACR C0h

DLLBCR C4h

Function
Configures Flash A and B sample clock DLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

REFP
HAS...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R REFP
HAS...

OVRDVAL 
OVRD

EN 
Reserv

ed 
SLVDLYTARGET 

Reserv
ed 

DLLRE
SET 

DLLEN 
W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-17 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

16-15

REFPHASEGA
P

Reference Clock Delay Line Phase Adjust Gap. REFPHASEGAP setting of 2h is recommended if 
DLLEN is set.

14-9

OVRDVAL

Target Clock Delay Line Override Value

Configures the override value for the target clock line delay cell number. When OVRDEN = 1, the delay 
cell number in DLL is OVRDVAL + 1. See DLL configuration for sampling.

8

OVRDEN

Target Clock Delay Line Override Value Enable

Enables the override value for the target clock line delay cell number.

0b - Disable

1b - Enable

7

—

Reserved

6-3

SLVDLYTARG
ET

Target Delay Line

Configures the target delay line for the target. The delay target for target delay line is: 
((SLVDLYTARGET+1) × 1/32 × clock cycle of reference clock (serial root clock). If serial root clock 
is ≥ 100 MHz, DLLEN is set to 1, OVRDEN is set to 0, then SLVDLYTARGET setting is up to flash 
parameters used.

2

—

Reserved

1

DLLRESET

DLL reset

Forces a DLL reset. The forced reset causes the DLL to lose lock and recalibrate to detect a ref_clock 
half-period phase shift. The reset action is edge-triggered, so software must write 0 to this field after 
writing 1 to it (no delay limitation).

0b - No function

1b - Force DLL reset.

0

DLLEN

DLL Calibration Enable

Enables DLL calibration. When DLL calibration is disabled, the delay cell number in the target delay line 
is always 1. When DLLxCR[OVRDEN] = 1, the target delay line is overridden and this field is ignored.

0b - Disable

1b - Enable
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74.7.3.22 Status 0 (STS0)

Offset

Register Offset

STS0 E0h

Function
Indicates the status of the internal state machine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved DATALEARNPHASEB DATALEARNPHASEA ARBCMDSRC 
ARBID

LE 
SEQID

LE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-12

—

Reserved

11-8

DATALEARNP
HASEB

Data Learning Phase Selection on Port B

Indicates the sampling clock phase selection on Port B after data learning. This field is similar to 
STS0[DATALEARNPHASEA]. The sampling clock phase is chosen separately for Port A and Port B.

7-4

DATALEARNP
HASEA

Data Learning Phase Selection on Port A

Indicates the sampling clock phase selection on Port A after data learning. There are 16 clock phases 
for the sampling clock that the delay cell line generates. When data learning is not enabled, the default 
clock phase 0 is used to sample flash read data. When data learning is enabled and a LEARN_SDR or 
LEARN_DDR instruction has executed correctly, FlexSPI determines the correct clock phase to sample 
read data. See Data learning.

3-2

ARBCMDSRC

ARB Command Source

Indicates the trigger source of current command sequence that the arbitrator has granted. When 
ARB_CTL is not busy (STS0[ARBIDLE] = 1), the value of this field does not matter.

00b - Trigger source is AHB read command.

Table continues on the next page...
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Field Function

01b - Trigger source is AHB write command.

10b - Trigger source is IP command (by writing 1 to IPCMD[TRG]).

11b - Trigger source is a suspended command that has resumed.

1

ARBIDLE

ARB_CTL State Machine Idle

Indicates whether the state machine in ARB_CTL is idle, or a command sequence that the arbitrator 
granted has not finished on the FlexSPI interface. When idle, no transaction is occurring on the FlexSPI 
interface (STS0[SEQIDLE] = 1). When waiting for the FlexSPI controller to become idle, poll this field 
instead of STS0[SEQIDLE].

0b - Not idle

1b - Idle

0

SEQIDLE

SEQ_CTL State Machine Idle

Indicates whether the state machine in SEQ_CTL is idle, or a command sequence is executing on the 
FlexSPI interface.

0b - Not idle

1b - Idle

74.7.3.23 Status 1 (STS1)

Offset

Register Offset

STS1 E4h

Function
Indicates the error code of the AHB or IPS interface error response.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved IPCMDERRCODE Reserved IPCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AHBCMDERRCODE Reserved AHBCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

IPCMDERRCO
DE

IP Command Error Code

When an IP command Error is detected, indicates the error code. This field returns to zero when 
INTR[IPCMDERR] is cleared.

0000b - No error

0010b - IP command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

0110b - Flash memory access start address exceeds entire flash address range (A1, A2, B1, and 
B2)

1110b - Sequence execution timeout

1111b - Flash boundary crossed

23-20

—

Reserved

19-16

IPCMDERRID

IP Command Error ID

When an IP command error is detected, indicates the sequence index. This field returns to zero when 
INTR[IPCMDERR] is cleared.

15-12

—

Reserved

11-8

AHBCMDERRC
ODE

AHB Command Error Code

Contains the error code when an AHB command error is detected. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

0000b - No error

0010b - AHB Write command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

1110b - Sequence execution timeout

7-4

—

Reserved

3-0 AHB Command Error ID

Table continues on the next page...
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Field Function

AHBCMDERRI
D

When an AHB command error is detected, indicates the sequence index. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

74.7.3.24 Status 2 (STS2)

Offset

Register Offset

STS2 E8h

Function
Indicates the status of Flash A and B sample clock DLLs.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved BREFSEL BSLVSEL 
BREFL
OCK 

BSLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AREFSEL ASLVSEL 
AREFL
OCK 

ASLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

BREFSEL

Flash B Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash B. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

23-18

BSLVSEL

Flash B Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash B. There are 0-63 phases.

Table continues on the next page...
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Field Function

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

17

BREFLOCK

Flash B Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

16

BSLVLOCK

Flash B Sample Target Reference Delay Line Locked

0b - Not locked

1b - Locked

15-14

—

Reserved

13-8

AREFSEL

Flash A Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

7-2

ASLVSEL

Flash A Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

1

AREFLOCK

Flash A Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

0

ASLVLOCK

Flash A Sample Target Delay Line Locked

0b - Not locked

1b - Locked

74.7.3.25 AHB Suspend Status (AHBSPNDSTS)

Offset

Register Offset

AHBSPNDSTS ECh
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Function
Indicates the status of suspended AHB read prefetch command sequence. When an IP or AHB command is triggered while 
the arbitrator processes an AHB read sequence (prefetching additional data not for current AHB burst), the prefetch sequence 
is suspended. When there are no longer transactions on FlexSPI, the prefetch sequence may be resumed. FlexSPI saves only 
one AHB prefetch sequence. When a new prefetch sequence is suspended with an active sequence already suspended, the 
previous suspended sequence is removed and never resumed. See Command abort and suspend.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATLFT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved BUFID 
ACTIV

E 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

DATLFT

Data Left

Contains the data size remaining (in bytes) for a suspended command sequence.

15-4

—

Reserved

3-1

BUFID

AHB Receive Buffer ID for Suspended Command Sequence

0

ACTIVE

Active AHB Read Prefetch Suspended

Indicates whether an AHB read prefetch command sequence has been suspended.

0b - No suspended AHB read prefetch command.

1b - An AHB read prefetch command sequence has been suspended.

74.7.3.26 IP Receive FIFO Status (IPRXFSTS)

Offset

Register Offset

IPRXFSTS F0h
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Function
Indicates the status of IP receive FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RDCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RDCNTR

Read Data Counter

Contains counter for total data read. The data read is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Receive FIFO

Indicates how full the IP receive FIFO is. The fill level is the value of this field × 64 bits.

74.7.3.27 IP Transmit FIFO Status (IPTXFSTS)

Offset

Register Offset

IPTXFSTS F4h

Function
Indicates the status of IP transmit FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R WRCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

WRCNTR

Write Data Counter

Contains counter for total data written. The data written is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Transmit FIFO

Indicates how full the IP transmit FIFO is. The fill level is the value of this field × 64 bits.

74.7.3.28 IP Receive FIFO Data a (RFDR0 - RFDR31)

Offset

For a = 0 to 31:

Register Offset

RFDRa 100h + (a × 4h)

Function

Provides read access to IP receive FIFO via IPS bus. The read value is unknown for read access to invalid entries in the IP 
receive FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RXDATA

Receive Data

Contains receive data. See Reading data from IP receive FIFO.

74.7.3.29 IP TX FIFO Data a (TFDR0 - TFDR31)

Offset

For a = 0 to 31:

Register Offset

TFDRa 180h + (a × 4h)

Function

Provides write access to IP transmit FIFO via IPS bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TXDATA

Transmit Data

Contains transmit data. See Writing data to IP transmit FIFO.

74.7.3.30 Lookup Table a (LUT0 - LUT63)

Offset

For a = 0 to 63:

Register Offset

LUTa 200h + (a × 4h)

Function

Contains a lookup table for command sequences. Software should set the sequence index before triggering an IP command 
or AHB command. FlexSPI fetches the command sequence from LUT when an IP or AHB command is triggered. There are 16 
command sequences in LUT. See Lookup table (LUT) and Programmable sequence engine.

 
LUT is implemented as memory, so the reset value is unknown.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OPCODE1 NUM_PADS1 OPERAND1 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OPCODE0 NUM_PADS0 OPERAND0 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-26

OPCODE1

OPCODE1

25-24

NUM_PADS1

NUM_PADS1

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-16

OPERAND1

OPERAND1

15-10

OPCODE0

OPCODE

9-8

NUM_PADS0

NUM_PADS0

7-0

OPERAND0

OPERAND0

74.7.3.31 AHB Controller ID n Control (HMSTR0CR - HMSTR7CR)

Offset

For n = 0 to 7:

Register Offset

HMSTRnCR 400h + (n × 4h)

Function
Contains the expected controller ID and the ID mask.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MSTRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Controller ID

Table continues on the next page...
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Field Function

MSTRID Contains the controller ID. This field is compared with the value of MASTER_ID ANDed with the MASK 
field. When there is a bit-by-bit match, the values are considered a match.

15-0

MASK

Mask bits for AHB Controller ID.

Contains the mask for the AHB controller ID. This field is ANDed with the incoming controller ID on AHB 
user bits.

0000_0000_0000_0000b - Mask

0000_0000_0000_0001b - Unmask

74.7.4 FlexSPI register descriptions

74.7.4.1 FlexSPI memory map

FLEXSPI2 base address: 2981_0000h

Offset Register Width

(In bits)

Access Reset value

0h Module Control 0 (MCR0) 32 RW FFFF_80C2h

4h Module Control 1 (MCR1) 32 RW FFFF_FFFFh

8h Module Control 2 (MCR2) 32 RW 2000_81F7h

Ch AHB Bus Control (AHBCR) 32 RW 0000_0018h

10h Interrupt Enable (INTEN) 32 RW 0000_0000h

14h Interrupt (INTR) 32 RW 0000_0000h

18h LUT Key (LUTKEY) 32 RW 5AF0_5AF0h

1Ch LUT Control (LUTCR) 32 RW 0000_0002h

20h AHB Receive Buffer 0 Control 0 (AHBRXBUF0CR0) 32 RW 8000_0020h

24h AHB Receive Buffer 1 Control 0 (AHBRXBUF1CR0) 32 RW 8001_0020h

28h AHB Receive Buffer 2 Control 0 (AHBRXBUF2CR0) 32 RW 8002_0020h

2Ch AHB Receive Buffer 3 Control 0 (AHBRXBUF3CR0) 32 RW 8003_0020h

30h AHB Receive Buffer 4 Control 0 (AHBRXBUF4CR0) 32 RW 8004_0020h

34h AHB Receive Buffer 5 Control 0 (AHBRXBUF5CR0) 32 RW 8005_0020h

38h AHB Receive Buffer 6 Control 0 (AHBRXBUF6CR0) 32 RW 8006_0020h

3Ch AHB Receive Buffer 7 Control 0 (AHBRXBUF7CR0) 32 RW 8007_0020h

60h Flash Control 0 (FLSHA1CR0) 32 RW 0001_0000h

64h Flash Control 0 (FLSHA2CR0) 32 RW 0001_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

68h Flash Control 0 (FLSHB1CR0) 32 RW 0001_0000h

6Ch Flash Control 0 (FLSHB2CR0) 32 RW 0001_0000h

70h Flash Control 1 (FLSHA1CR1) 32 RW 0000_0063h

74h Flash Control 1 (FLSHA2CR1) 32 RW 0000_0063h

78h Flash Control 1 (FLSHB1CR1) 32 RW 0000_0063h

7Ch Flash Control 1 (FLSHB2CR1) 32 RW 0000_0063h

80h Flash Control 2 (FLSHA1CR2) 32 RW 0000_0000h

84h Flash Control 2 (FLSHA2CR2) 32 RW 0000_0000h

88h Flash Control 2 (FLSHB1CR2) 32 RW 0000_0000h

8Ch Flash Control 2 (FLSHB2CR2) 32 RW 0000_0000h

94h Flash Control 4 (FLSHCR4) 32 RW 0000_00C3h

A0h IP Control 0 (IPCR0) 32 RW 0000_0000h

A4h IP Control 1 (IPCR1) 32 RW 0000_0000h

B0h IP Command (IPCMD) 32 RW 0000_0000h

B4h Data Learning Pattern (DLPR) 32 RW 0000_0000h

B8h IP Receive FIFO Control (IPRXFCR) 32 RW 0000_0000h

BCh IP Transmit FIFO Control (IPTXFCR) 32 RW 0000_0000h

C0h DLL Control 0 (DLLACR) 32 RW 0000_0100h

C4h DLL Control 0 (DLLBCR) 32 RW 0000_0100h

E0h Status 0 (STS0) 32 R 0000_0002h

E4h Status 1 (STS1) 32 R 0000_0000h

E8h Status 2 (STS2) 32 R 0100_0100h

ECh AHB Suspend Status (AHBSPNDSTS) 32 R 0000_0000h

F0h IP Receive FIFO Status (IPRXFSTS) 32 R 0000_0000h

F4h IP Transmit FIFO Status (IPTXFSTS) 32 R 0000_0000h

100h - 17Ch IP Receive FIFO Data a (RFDR0 - RFDR31) 32 R 0000_0000h

180h - 1FCh IP TX FIFO Data a (TFDR0 - TFDR31) 32 W 0000_0000h

200h - 2FCh Lookup Table a (LUT0 - LUT63) 32 RW See section

400h AHB Controller ID 0 Control (HMSTR0CR) 32 RW 0000_0000h

404h AHB Controller ID 1 Control (HMSTR1CR) 32 RW 0000_0000h

408h AHB Controller ID 2 Control (HMSTR2CR) 32 RW 0000_0000h
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Offset Register Width

(In bits)

Access Reset value

40Ch AHB Controller ID 3 Control (HMSTR3CR) 32 RW 0000_0000h

410h AHB Controller ID 4 Control (HMSTR4CR) 32 RW 0000_0000h

414h AHB Controller ID 5 Control (HMSTR5CR) 32 RW 0000_0000h

418h AHB Controller ID 6 Control (HMSTR6CR) 32 RW 0000_0000h

41Ch AHB Controller ID 7 Control (HMSTR7CR) 32 RW 0000_0000h

74.7.4.2 Module Control 0 (MCR0)

Offset

Register Offset

MCR0 0h

Function
Controls basic functions of FlexSPI module

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AHBGRANTWAIT IPGRANTWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R LEAR
NEN 

SCKF
REE...

COMB
INA...

DOZE
EN 

HSEN SERCLKDIV 
ATDF

EN 
ARDF

EN 
RXCLKSRC Reserved MDIS 

SWRE
SET W

Reset 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0

Fields

Field Function

31-24

AHBGRANTWA
IT

Timeouts Wait Cycle for AHB command Grant

Sets duration of timeout wait cycle for AHB commands. If the arbitrator does not grant the AHB-triggered 
command, it times out after (AHBGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is IP-triggered and the read or write data size is too large, this grant timeout may 
occur. When an AHB command grant timeout occurs, an INTR[AHBCMDGE] interrupt is generated. 
When INTEN[AHBCMDGEEN] = 1, the arbitrator ignores AHB commands.
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Field Function

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

23-16

IPGRANTWAIT

Timeout Wait Cycle for IP Command Grant

Sets duration of timeout wait cycle for IP commands. If the arbitrator does not grant the IP-triggered 
command, it times out after (IPGRANTTIMEOUT × 1024) AHB clock cycles. When the pending 
command sequence is AHB-triggered and the read or write data size is too large, this grant timeout 
may occur. When IP command grant timeout occurs, an INTR[IPCMDGE] interrupt is generated. When 
INTEN[IPCMDGEEN] = 1, the arbitrator ignores IP commands.

 
This field is for debugging only. Do not change the value from its default.

  NOTE  

15

LEARNEN

Data Learning Enable

Enables data learning feature. When data learning is disabled, the sampling clock phase 0 is always 
used for receive data sampling, even when a learn instruction is correctly executed. See Data learning.

0b - Disable

1b - Enable

14

SCKFREERUN
EN

SCLK Free-running Enable

Enables free-running SCLK output. For FPGA applications, the external device may use SCLK as a 
reference clock to its internal PLL.

0b - Disable

1b - Enable

13

COMBINATION
EN

Combination Mode Enable

Enables combination mode, which supports flash Octal mode access. When Port A and Port B data are 
four bits wide, this mode combines Port A and B Data pins (A_DATA[3:0] and B_DATA[3:0]). When Port 
A and Port B data are eight bits wide, combination mode is not supported; write 0 to this field in this 
case.

0b - Disable

1b - Enable

12

DOZEEN

Doze Mode Enable

Enables Doze mode. When enabled, AHB clock and serial clock are gated off when there is a Doze-
mode request from the system.

0b - Disable

1b - Enable

11

HSEN

Half Speed Serial Flash Memory Access Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

Enables the clock divider to provide a half-speed clock to external serial flash devices (A_SCLK/
B_SCLK) for all commands in SDR and DDR mode. Write 1 to MCR0[MDIS] before changing the value 
of this field. Failure to do so may cause issues in the internal logic or state machine.

0b - Disable

1b - Enable

10-8

SERCLKDIV

Serial Root Clock Divider

Sets divider value for serial root clock.

The serial root clock can be divided inside FlexSPI . See Clocking.

 
Do not modify this field while FlexSPI is active (MCR0[MDIS] = 0).

  NOTE  

000b - Divided by 1

001b - Divided by 2

010b - Divided by 3

011b - Divided by 4

100b - Divided by 5

101b - Divided by 6

110b - Divided by 7

111b - Divided by 8

7

ATDFEN

AHB Write Access to IP Transmit FIFO Enable

Enables AHB write access to IP transmit FIFO. See Writing data to IP transmit FIFO.

0b - AHB write access disabled. IP bus writes to IP transmit FIFO. AHB bus write access to IP 
transmit FIFO memory space produces bus error.

1b - AHB write access enabled. AHB bus writes to IP transmit FIFO. IP Bus write access to IP 
transmit FIFO memory space is ignored and causes no bus error.

6

ARDFEN

AHB Read Access to IP Receive FIFO Enable

Enables AHB read access to IP receive FIFO. See Reading data from IP receive FIFO.

0b - AHB read access disabled. IP bus reads IP receive FIFO. AHB Bus read access to IP receive 
FIFO memory space produces bus error.

1b - AHB read access enabled. AHB bus reads IP receive FIFO. IP Bus read access to IP receive 
FIFO memory space returns data zero and causes no bus error.

5-4

RXCLKSRC

Sample Clock Source for Flash Reading

Selects sampling clock source for flash memory reading. See Receive clock source features.

00b - Dummy Read strobe that FlexSPI generates, looped back internally

Table continues on the next page...
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Table continued from the previous page...

Field Function

01b - Dummy Read strobe that FlexSPI generates, looped back from DQS pad

10b - Reserved

11b - Flash-memory-provided read strobe and input from DQS pad

3-2

—

Reserved

1

MDIS

Module Disable

Disables FlexSPI module. When the module is disabled, AHB and serial clock are gated off internally to 
save power. Only register access is allowed, except for the LUT, IP receive FIFO, and IP transmit FIFO.

0b - No impact

1b - Module disable

0

SWRESET

Software Reset

Resets the internal FlexSPI state machine and aborts any transactions in progress. Hardware automatically 
writes 0 to this field after software reset is done.

Configuration registers are not reset.

0b - No impact

1b - Software reset

74.7.4.3 Module Control 1 (MCR1)

Offset

Register Offset

MCR1 4h

Function
Controls basic functions of FlexSPI module
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SEQWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AHBBUSWAIT 

W

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fields

Field Function

31-16

SEQWAIT

Command Sequence Wait

Sets wait time for command sequence. Command sequence execution times out and aborts after 
(SEQWAIT × 1024) serial root clock cycles. When this timeout occurs, if the interrupt is enabled 
(INTEN[SEQTIMEOUTEN] = 1), an INTR[SEQTIMEOUT] interrupt is generated. Also, the arbitrator 
ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  

15-0

AHBBUSWAIT

AHB Bus Wait

Sets wait time for AHB bus. When data is not received from or transmitted to serial flash memory space 
after (AHBBUSWAIT × 1024) AHB clock cycles, the read or write access times out. When this timeout 
occurs, the AHB bus receives an error response, and an interrupt is generated AHBBUSERROREN. 
When INTR[AHBBUSERROREN] = 1, the arbitrator ignores AHB commands.

 
You cannot write 0 to this field.

  NOTE  

74.7.4.4 Module Control 2 (MCR2)

Offset

Register Offset

MCR2 8h

Function
Controls basic functions of FlexSPI module.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
RESUMEWAIT Reserved 

Reserv
ed 

SCKB
DIF...

Reserved 
Reserv

ed W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SAME
DEV...

0
Reserv

ed 
Reserv

ed 
CLRA
HBB...

Reserved Reserved 
W

CLRLE
AR...

Reset 1 0 0 0 0 0 0 1 1 1 1 1 0 1 1 1

Fields

Field Function

31-24

RESUMEWAIT

Resume Wait Duration

Determines duration (in AHB clock cycles) to remain in idle state before suspended command sequence 
is resumed. See Command abort and suspend.

23-21

—

Reserved

20

—

Reserved

19

SCKBDIFFOPT

SCLK Port B Differential Output

Controls whether to use B_SCLK pad as the Port B SCLK output. Alternatively, B_SCLK pad can be used 
as A_SCLK differential clock output (inverted clock to A_SCLK).

Before changing the value of this field, write 1 to MCR0[MDIS]. After changing the value of this field, write 
1 to MCR0[SWRESET].

0b - Use B_SCLK pad as port B SCLK clock output. Port B flash memory access is available.

1b - Use B_SCLK pad as port A SCLK inverted clock output (Differential clock to A_SCLK). Port B 
flash memory access is not available.

18-17

—

Reserved

16

—

Reserved

15

SAMEDEVICEE
N

Same Device Enable

Sets all external devices (A1, A2, B1, and B2) to be the same devices (in type and in size).

Table continues on the next page...
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Field Function

0b - In Individual mode, FLSHA1CRx and FLSHA2CRx, FLSHB1CRx and FLSHB2CRx settings 
are applied to Flash A1, A2, B1, B2 separately. In Parallel mode, FLSHA1CRx register setting 
is applied to Flash A1 and B1, FLSHA2CRx register setting is applied to Flash A2 and B2. 
FLSHB1CRx and FLSHB2CRx register settings are ignored.

1b - FLSHA1CR0, FLSHA1CR1, and FLSHA1CR2 register settings are applied to Flash A1, A2, 
B1, B2. FLSHA2CRx, FLSHB1CRx, and FLSHB2CRx settings are ignored.

14

CLRLEARNPH
ASE

Clear Learn Phase Selection

Resets the sampling clock phase selection to 0. When 1 is written to this field, it becomes 0 again 
immediately.

0b - No impact

1b - Reset sample clock phase selection to 0

13

—

Reserved

12

—

Reserved

11

CLRAHBBUFO
PT

Clear AHB Buffer

Determines whether AHB receive and transmit buffers are cleared automatically when FlexSPI returns 
Stop mode ACK. If an AHB receive buffer or transmit buffer will be powered off in Stop mode, software 
should write 1 to this field. Otherwise, an AHB read access after exiting Stop mode may hit either buffer, 
but their data entries are invalid.

0b - Not cleared automatically

1b - Cleared automatically

10-9

—

Reserved

8-0

—

Reserved

74.7.4.5 AHB Bus Control (AHBCR)

Offset

Register Offset

AHBCR Ch

Function
Controls AHB bus interface functions.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
AFLASHBASE Reserved Reserved 

Reserv
ed 

HMST
RID...

Reserv
ed 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

Reserved 
Reserv

ed 
Reserv

ed 
READ
SZA...

Reserv
ed 

Reserv
ed 

Reserv
ed 

READ
ADD...

PREF
ETC...

BUFF
ERA...

CACH
ABL...

CLRA
HBT...

Reserv
ed 

APAR
EN W

Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0

Fields

Field Function

31-28

AFLASHBASE

AHB Memory-Mapped Flash Base Address

27-22

—

Reserved

21-20

—

Reserved

19

—

Reserved

18

HMSTRIDREM
AP

AHB Controller ID Remapping Enable

Enables AHB controller ID remapping. See AHB controller ID remapping.

0b - Disable

1b - Enable

17

—

Reserved

16

—

Reserved

15

—

Reserved

14-13

—

Reserved

12 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

11

—

Reserved

10

READSZALIGN

AHB Read Size Alignment

Configures how AHB read size is determined. See Table 636.

0b - Register settings such as PREFETCH_EN determine AHB read size.

1b - AHB read size to up size to 8 bytes aligned, no prefetching

9

—

Reserved

8

—

Reserved

7

—

Reserved

6

READADDROP
T

AHB Read Address Option

Removes AHB burst start address alignment limitation. When the FlexSPI controller is used for FPGA 
application, this field may be required for FlexSPI to fetch the exact byte number as an AHB burst. In this 
case, FPGA device should be non-word-addressable and this field must be 0.

0b - AHB read burst start address alignment is limited when flash memory is accessed in parallel 
mode or flash is word-addressable.

1b - AHB read burst start address alignment is not limited. FlexSPI fetches more data than the 
AHB burst requires for address alignment.

5

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch. When enabled, FlexSPI fetches more flash read data than the current AHB 
burst requires. This action reduces the read latency for next AHB read access.

 
AHB read prefetch is enabled only when both this field and 
AHBRXBUFnCR0[PREFETCHEN] are 1.

  NOTE  

0b - Disable

1b - Enable

4

BUFFERABLEE
N

Bufferable Write Access Enable

Enables AHB bus bufferable write access. This field affects the last beat of an AHB write access. See 
AHB write access to flash memory.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disabled. For all AHB write accesses (bufferable or nonbufferable), FlexSPI returns AHB Bus 
Ready after transmitting all data and finishing command.

1b - Enabled. For AHB bufferable write access, FlexSPI returns AHB Bus Ready when the 
arbitrator grants the AHB command. FlexSPI does not wait for the AHB command to finish.

3

CACHABLEEN

Cacheable Read Access Enable

Enables AHB bus cacheable read access.

0b - Disabled. When an AHB bus cacheable read access occurs, FlexSPI does not check whether 
it hit the AHB transmit buffer.

1b - Enabled. When an AHB bus cacheable read access occurs, FlexSPI first checks whether the 
access hit the AHB transmit buffer.

2

CLRAHBTXBU
F

Clear AHB Transmit Buffer

Clears status and pointers of AHB transmit buffer. When the clear operation completes, this field clears 
automatically, so it always reads as 0.

0b - No impact.

1b - Enable clear operation.

1

—

Reserved

0

APAREN

AHB Parallel Mode Enable

Enables Parallel mode for AHB-triggered read and write commands.

0b - Flash is accessed in Individual mode.

1b - Flash is accessed in Parallel mode.

74.7.4.6 Interrupt Enable (INTEN)

Offset

Register Offset

INTEN 10h

Function
Includes AHB error response, IPS error response, and ECC error interrupt enables. See Interrupts.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

SEQTI
ME...

AHBB
UST...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
EEN 

IPRX
WAEN 

AHBC
MDE...

IPCM
DER...

AHBC
MDG...

IPCM
DGE...

IPCM
DDO...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13-12

—

Reserved

11

SEQTIMEOUT
EN

Sequence execution Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

10

AHBBUSTIME
OUTEN

AHB Bus Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

9

SCKSTOPBYW
REN

SCLK Stopped By Write Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
transmit FIFO is empty.

0b - Disable interrupt or no impact

1b - Enable interrupt

8

SCKSTOPBYR
DEN

SCLK Stopped By Read Interrupt Enable

Enables interrupt that indicates SCLK is stopped during command sequence because asynchronous 
receive FIFO is full.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable interrupt or no impact

1b - Enable interrupt

7

DATALEARNF
AILEN

Data Learning Failed Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

6

IPTXWEEN

IP Transmit FIFO Watermark Empty Interrupt Enable

Enables interrupt that indicates IP transmit FIFO contains more empty space than watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

5

IPRXWAEN

IP Receive FIFO Watermark Available Interrupt Enable

Enables interrupt that indicates IP receive FIFO contains more valid data than the watermark level.

0b - Disable interrupt or no impact

1b - Enable interrupt

4

AHBCMDERRE
N

AHB-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

3

IPCMDERREN

IP-Triggered Command Sequences Error Detected Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

2

AHBCMDGEEN

AHB-Triggered Command Sequences Grant Timeout Interrupt Enable.

0b - Disable interrupt or no impact

1b - Enable interrupt

1

IPCMDGEEN

IP-Triggered Command Sequences Grant Timeout Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt

0

IPCMDDONEE
N

IP-Triggered Command Sequences Execution Finished Interrupt Enable

0b - Disable interrupt or no impact

1b - Enable interrupt
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74.7.4.7 Interrupt (INTR)

Offset

Register Offset

INTR 14h

Function
Includes AHB error response, IPS error response, and ECC error interrupts. See Interrupts.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

SEQTI
ME...

AHBB
UST...

SCKS
TOP...

SCKS
TOP...

DATA
LEA...

IPTXW
E 

IPRX
WA 

AHBC
MDE...

IPCM
DERR 

AHBC
MDGE 

IPCM
DGE 

IPCM
DDO...

W W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

—

Reserved

15-14

—

Reserved

13-12

—

Reserved

11

SEQTIMEOUT

Sequence Execution Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

10

AHBBUSTIME
OUT

AHB Bus Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

9

SCKSTOPBYW
R

SCLK Stopped Due To Empty Transmit FIFO

Generated when SCLK is stopped during command sequence because the asynchronous transmit FIFO 
is empty.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

8

SCKSTOPBYR
D

SCLK Stopped Due To Full Receive FIFO

Generated when SCLK is stopped during command sequence because the asynchronous receive FIFO 
is full.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

Table continues on the next page...
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Table continued from the previous page...

Field Function

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

7

DATALEARNF
AIL

Data Learning Failed

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

6

IPTXWE

IP Transmit FIFO Watermark Empty

Generated when the IP transmit FIFO contains more empty space than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

5

IPRXWA

IP Receive FIFO Watermark Available

Generated when the IP receive FIFO contains more valid data than the watermark level.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

Table continues on the next page...
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Field Function

1b - Clear the flag

4

AHBCMDERR

AHB-Triggered Command Sequences Error

Generated upon an AHB-triggered command sequence error. When an error is detected for an AHB 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

3

IPCMDERR

IP-Triggered Command Sequences Error

Generated upon an IP-triggered command sequence error. When an error is detected for an IP 
command, the command is ignored and not executed.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

2

AHBCMDGE

AHB-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

Table continues on the next page...
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Field Function

1

IPCMDGE

IP-Triggered Command Sequences Grant Timeout

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

0

IPCMDDONE

IP-Triggered Command Sequences Execution Finished

Generated upon completion of an IP-triggered command sequence. Also generated when IPCMDGE or 
IPCMDERR interrupt is generated

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Interrupt condition has not occurred

1b - Interrupt condition has occurred

When writing

0b - No effect

1b - Clear the flag

74.7.4.8 LUT Key (LUTKEY)

Offset

Register Offset

LUTKEY 18h

Function
Contains the key to lock and unlock LUT. See Lookup table (LUT).
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
KEY 

W

Reset 0 1 0 1 1 0 1 0 1 1 1 1 0 0 0 0

Fields

Field Function

31-0

KEY

LUT Key

Contains key to lock or unlock LUT. The key is 5AF05AF0h. Read value is always 5AF05AF0h.

74.7.4.9 LUT Control (LUTCR)

Offset

Register Offset

LUTCR 1Ch

Function
Used with LUTKEY register to lock or unlock LUT. For the lock or unlock operation to be successful, this register must be 
written immediately after writing 5AF05AF0h to the LUTKEY register. See Lookup table (LUT) for details on locking and 
unlocking LUT. You cannot write 00 or 11 to the LOCK and UNLOCK fields.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

Reserv
ed 

UNLO
CK 

LOCK 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Fields

Field Function

31-3

—

Reserved

2

—

Reserved

1

UNLOCK

Unlock LUT

0b - LUT is locked (LUTCR[LOCK] must be 1)

1b - LUT is unlocked and can be written

0

LOCK

Lock LUT

0b - LUT is unlocked (LUTCR[UNLOCK] must be 1)

1b - LUT is locked and cannot be written

74.7.4.10 AHB Receive Buffer n Control 0 (AHBRXBUF0CR0 - AHBRXBUF7CR0)

Offset

For n = 0 to 7:

Register Offset

AHBRXBUFnCR0 20h + (n × 4h)

Function
Stores the read data from the SPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PREF
ETC...

Reserv
ed 

Reserved PRIORITY Reserved MSTRID 
W

Reset See Register reset values.

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved BUFSZ 

W

Reset See Register reset values.
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Register reset values

Register Reset value

AHBRXBUF0CR0 8000_0020h

AHBRXBUF1CR0 8001_0020h

AHBRXBUF2CR0 8002_0020h

AHBRXBUF3CR0 8003_0020h

AHBRXBUF4CR0 8004_0020h

AHBRXBUF5CR0 8005_0020h

AHBRXBUF6CR0 8006_0020h

AHBRXBUF7CR0 8007_0020h

Fields

Field Function

31

PREFETCHEN

AHB Read Prefetch Enable

Enables AHB read prefetch for the controller corresponding to the current AHB receive buffer. The 
prefetch feature is disabled when AHBCR[PREFETCHEN] is 0. You can use this field to enable or 
disable prefetch separately for each controller.

0b - Disabled

1b - Enabled when AHBCR[PREFETCHEN] is enabled.

30

—

Reserved

29-27

—

Reserved

26-24

PRIORITY

AHB Controller Read Priority

Configure the priority for the AHB Controller Read to which this AHB receive buffer is assigned. 7 is the 
highest priority, 0 the lowest. See Command abort and suspend.

23-20

—

Reserved

19-16

MSTRID

AHB Controller ID

Configures the ID of the AHB controller to which this AHB receive buffer is assigned. See AHB receive 
buffer management.

15-9

—

Reserved

8-0 AHB Receive Buffer Size

Table continues on the next page...
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Table continued from the previous page...

Field Function

BUFSZ Configures the size of the AHB receive buffer in multiples of 64 bits. See AHB receive buffer 
management.

74.7.4.11 Flash Control 0 (FLSHA1CR0 - FLSHB2CR0)

Offset

Register Offset

FLSHA1CR0 60h

FLSHA2CR0 64h

FLSHB1CR0 68h

FLSHB2CR0 6Ch

Function
Contains flash memory size setting. FlexSPI determines which device is accessed (Chip Select) via this register.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

Reserv
ed 

Reserved FLSHSZ 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
FLSHSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29

—

Reserved

28-23

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

22-0

FLSHSZ

Flash Size in KB

Configures the maximum flash memory size.

See the chip-specific section for the maximum flash size supported.

When the value of this field is greater than the maximum size, the device flash size is interpreted as 
the maximum. The maximum flash size is the largest flash size supported for a single device. It is also 
the maximum total flash size supported for all devices (up to four). If the total flash size is larger than 
the maximum size, only the maximum flash size address space is accessible. For IPS access, The 
maximum flash size supported for each device is 4 GB. When the value of this field is greater than 
400000h, the device flash size is taken as 4 GB. The max total flash size supported (for all 4 devices) is 
also 4 GB. If the total flash size is larger than 4 GB, only 4 GB of address space is accessible.

74.7.4.12 Flash Control 1 (FLSHA1CR1 - FLSHB2CR1)

Offset

Register Offset

FLSHA1CR1 70h

FLSHA2CR1 74h

FLSHB1CR1 78h

FLSHB2CR1 7Ch

Function
Contains settings for flash device-specific timings and flash internal address space.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CSINTERVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R CSINT
ER...

CAS WA TCSH TCSS 
W

Reset 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1
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Fields

Field Function

31-16

CSINTERVAL

Chip Select Interval

Configures the minimum interval between flash device chip select deassertion and chip select assertion. If 
the external flash device has a limitation on the interval between command sequences, configure this field 
accordingly. If there is no limitation, write 0h to this field.

When CSINTERVALUNIT = 0, the chip select invalid interval is: CSINTERVAL × 1 serial clock cycle; When 
CSINTERVALUNIT = 1, the chip select invalid interval is: CSINTERVAL × 256 serial clock cycles.

 
The minimum chip select interval is 2 cycles, even when the value of CSINTERVAL is less 
than 2.

  NOTE  

15

CSINTERVALU
NIT

Chip Select Interval Unit

Configures the interval unit for chip select.

0b - 1 serial clock cycle

1b - 256 serial clock cycles

14-11

CAS

Column Address Size

When external flash memory has a separate address field for rows and columns, this field configures the 
flash column address bit width. FlexSPI automatically splits a flash-mapped address into row address and 
column address according to the values of this field and the WA field.

When the external flash memory does not support column address, write 0 to this field. FlexSPI transmits 
all flash address bits as Row address.

For flash address mapping, see Flash address sent to flash memory devices.

10

WA

Word-Addressable

Configures whether external flash memory is word-addressable or byte-addressable. If flash memory is 
word-addressable, it should be accessed in multiples of 16 bits. Currently, FlexSPI does not transmit 
flash address bit 0 to external flash memory. For flash address mapping, see Flash address sent to flash 
memory devices.

0b - Byte-addressable

1b - Word-addressable

9-5

TCSH

Serial Flash CS Hold Time

Used to meet flash TCSH timing requirement. Serial flash CS Hold time that FlexSPI promises is: 
(TCSH + 1/2) serial clock cycles for DDR mode, and TCSH serial clock cycles for SDR mode. See 
Output timing between chip select and SCLK.

4-0

TCSS

Serial Flash CS Setup Time

Used to meet flash TCSS timing requirement. Serial flash CS Setup time that FlexSPI promises is: 
(TCSS + 1/2) serial root clock cycles for SDR and DDR mode. See Output timing between chip select 
and SCLK.
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74.7.4.13 Flash Control 2 (FLSHA1CR2 - FLSHB2CR2)

Offset

Register Offset

FLSHA1CR2 80h

FLSHA2CR2 84h

FLSHB1CR2 88h

FLSHB2CR2 8Ch

Function
Contains fields to configure AHB bus access. If the four external devices are different types, AHB read and write commands 
may use different command sequences; AHB bus ready wait time may also differ.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
AWRWAITUNIT AWRWAIT 

W
CLRIN
ST...

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
AWRSEQNUM 

Reserv
ed 

AWRSEQID ARDSEQNUM 
Reserv

ed 
ARDSEQID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

CLRINSTRPTR

Clear Instruction Pointer

Clears the instruction pointer, which is the pointer that JMP_ON_CS saves internally. See Programmable 
sequence engine.

This field is used for AHB read access to external flash memory supporting Execute-In-Place (XIP) mode.

30-28

AWRWAITUNIT

AWRWAIT Unit

Configures the unit of AHB write wait time, as the value of AWRWAIT determines, in terms of AHB clock 
cycles.

000b - 2

001b - 8

010b - 32

Table continues on the next page...
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Table continued from the previous page...

Field Function

011b - 128

100b - 512

101b - 2048

110b - 8192

111b - 32768

27-16

AWRWAIT

AHB Write Wait

Configures AHB write wait time, with the AWRWAITUNIT field. Certain devices (such as FPGA) 
require time to write data into internal memory after the command sequences finished on the FlexSPI 
interface. If another read command sequence arrives before the current programming finishes internally, 
the read data may be wrong. This field is used to hold the AHB bus ready for AHB write access, 
waiting until the programming is finished in the external device. This hold ensures that no AHB read 
command is triggered before the programming finishes in the external device. The wait cycle between 
an AHB-triggered command sequence finishing on FlexSPI and the AHB return bus being ready is: 
AWRWAIT × AWRWAITUNIT.

15-13

AWRSEQNUM

Sequence Number for AHB Write-Triggered Command

Configures the sequence number of an AHB read-triggered command. For certain flash devices (for 
example, HyperFlash, HyperRam, and Serial NAND flash), a flash programming access is done via several 
command sequences. An AHB write command triggers (AWRSEQNUM + 1) command sequences to 
external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: AWRSEQID + AWRSEQNUM < 16

• Software must ensure that the AWRSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

12

—

Reserved

11-8

AWRSEQID

Sequence Index for AHB Write-Triggered Command

7-5

ARDSEQNUM

Sequence Number for AHB Read-Triggered Command

Configures the sequence number of an AHB read-triggered command in the lookup table. For certain flash 
devices (for example, HyperFlash, HyperRam, and Serial NAND flash), a flash read access is done via 
several command sequences. An AHB read command triggers (ARDSEQNUM + 1) command sequences 
to external flash memory each time. FlexSPI executes the sequences in LUT incrementally.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
• Software should ensure that the last sequence index never exceeds LUT sequence 

numbers: ARDSEQID + ARDSEQNUM ≤ 16.

• Software must ensure that the ARDSEQNUM and LUT fields are configured correctly 
according to the external device specification. FlexSPI does not check the sequence; 
it executes the sequences one by one.

  NOTE  

4

—

Reserved

3-0

ARDSEQID

Sequence Index for AHB Read-Triggered Command in LUT

74.7.4.14 Flash Control 4 (FLSHCR4)

Offset

Register Offset

FLSHCR4 94h

Function
Provides configuration for all external devices.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

Reserv
ed 

Reserv
ed 

WMEN
B 

WMEN
A 

WMOP
T2 

WMOP
T1 W

Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

Fields

Field Function

31-12 Reserved

Table continues on the next page...
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Field Function

—

11-9

—

Reserved

8-6

—

Reserved

5

—

Reserved

4

—

Reserved

3

WMENB

Write Mask Enable for Port B

Enables write mask for flash device on port B.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

2

WMENA

Write Mask Enable for Port A

Enables write mask for flash device on port A.

0b - Disabled. When writing to external device, DQS(RWDS) pin is not driven.

1b - Enabled. When writing to external device, FlexSPI drives DQS(RWDS) pin as write mask 
output.

1

WMOPT2

Write Mask Option 2

When using AP memory, used to remove AHB or IP write burst minimum length limitation. When using 
this field, FLSHCR4[WMOPT1] should be 1.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst length is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst length is limited. The minimum write burst 
length should be 4.

0

WMOPT1

Write Mask Option 1

Used to remove AHB and IP write burst start address alignment limitation.

0b - When writing to an external device, DQS pin is used as write mask. When flash memory is 
accessed in individual mode, AHB or IP write burst start address alignment is not limited.

1b - When writing to an external device, DQS pin is not used as write mask. When flash memory 
is accessed in individual mode, AHB or IP write burst start address alignment is limited.
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74.7.4.15 IP Control 0 (IPCR0)

Offset

Register Offset

IPCR0 A0h

Function
Provides all configuration required for IP commands. Provides the start address for the flash device, instead of the chip 
address, to be accessed for IP command. FlexSPI determines the chip select automatically according to this start address.

 
• You cannot issue an IP command that crosses flash device boundaries. If you do so, it generates an 

IPCMDERR interrupt.

• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SFAR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

SFAR

Serial Flash Address

Configures the serial flash address for IP commands. The address should be the address of the flash 
device without the base address.

74.7.4.16 IP Control 1 (IPCR1)

Offset

Register Offset

IPCR1 A4h
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Function
Provides all configuration required for IP commands. Provides the flash read and program data size, sequence index in LUT, 
sequence number and individual/parallel mode settings for IP commands.

 
• Configure this register before an IP command is triggered.

• Do not change the values in this register while an IP command is in progress.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R IPARE
N 

Reserved ISEQNUM Reserved ISEQID 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
IDATSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

IPAREN

Parallel Mode Enable for IP Commands

0b - Disabled. Flash memory is accessed in Individual mode.

1b - Enabled. Flash memory is accessed in Parallel mode.

30-27

—

Reserved

26-24

ISEQNUM

Sequence Number for IP command: ISEQNUM+1.

23-20

—

Reserved

19-16

ISEQID

Sequence Index in LUT for IP command.

15-0

IDATSZ

Flash Read/Program Data Size (in bytes) for IP command.
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74.7.4.17 IP Command (IPCMD)

Offset

Register Offset

IPCMD B0h

Function
Used to trigger an IP command to access external flash device. When the arbitrator grants the IP command, the command is 
executed on the FlexSPI interface.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

0

W TRG 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

TRG

Command Trigger

Triggers an IP command. This field clears automatically after it has been written and always reads as 0.

 
You cannot trigger another IP command before the previous IP command finishes on the 
FlexSPI interface. Software must poll INTR[IPCMDDONE] or wait for this interrupt.

  NOTE  

0b - No action

1b - Start the IP command that the IPCR0 and IPCR1 registers define.
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74.7.4.18 Data Learning Pattern (DLPR)

Offset

Register Offset

DLPR B4h

Function
Provides the pattern to be used during Data Learning in FlexSPI.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DLP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

DLP

Data Learning Pattern

The operand in the LEARN_SDR or LEARN_DDR instruction code determines the data learning pattern bit 
number. This number never exceeds 32 bits. If the operand in the instruction code is greater than 32, a 32-bit 
pattern is used. See Data learning.

74.7.4.19 IP Receive FIFO Control (IPRXFCR)

Offset

Register Offset

IPRXFCR B8h

Function
Provides the configuration fields for IP receive FIFO management.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RXWMRK 

RXDM
AEN 

0

W
CLRIP
RXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

RXWMRK

IP Receive FIFO Watermark Level

Configures the watermark level for the IP receive FIFO. The watermark level is (RXWMRK + 1) × 64 bits.

The INTR[IPRXWA] interrupt is set when FlexSPI fills the IP receive FIFO ≥ the watermark level. A DMA 
request occurs when the fill level is ≥ the watermark level and IPRXFCR[RXDMAEN] = 1. When the fill level 
is ≥ the watermark level and INTEN[IPRXWAEN] = 1, an INTR[IPRXWA] interrupt is generated.

 
After writing 1 to INTR[IPRXWA] to clear it, the read address should be rolled back to the 
start address (memory mapped). If the IP bus reads the IP receive FIFO, the read address 
should roll back to RFDR0. If the AHB bus reads the IP receive FIFO, the read address 
should roll back to ARDF_BASE.

  NOTE  

1

RXDMAEN

IP Receive FIFO Reading by DMA Enable

0b - Disabled. The processor reads the FIFO.

1b - Enabled. DMA reads the FIFO.

0

CLRIPRXF

Clear IP Receive FIFO

Clears all valid data entries in IP receive FIFO. Resets the read and write pointers in IP receive FIFO.

0b - No function

1b - A clock cycle pulse clears all valid data entries in IP receive FIFO.
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74.7.4.20 IP Transmit FIFO Control (IPTXFCR)

Offset

Register Offset

IPTXFCR BCh

Function
Provides the configuration fields for IP transmit FIFO management.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TXWMRK 

TXDM
AEN 

0

W
CLRIP
TXF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-9

—

Reserved

8-2

TXWMRK

Transmit Watermark Level

Sets the transmit watermark level. The watermark level is (TXWMRK + 1) × 64 bits. INTR[IPTXWE] is set 
when FlexSPI empties the IP transmit FIFO ≥ the watermark level. When the empty level ≥ the watermark 
level and IPTXFCR[TXDMAEN] = 1, a DMA request occurs. When the empty level ≥ the watermark level 
and INTEN[IPTXWEEN] = 1, an INTR[IPTXWE] interrupt is generated.

 
• The watermark level should not be larger than the write window.

• The watermark level should not be larger than the IP transmit FIFO size.

• The write address to the IP receive FIFO should roll back to the start address of the 
write window. After pushing the IP transmit fifo, you should write 1 to INTR[IPTXWE] 
to clear it, which will perform the rollback.

  NOTE  

1

TXDMAEN

Transmit FIFO DMA Enable

Selects whether DMA or processor fills IP transmit FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Processor

1b - DMA

0

CLRIPTXF

Clear IP Transmit FIFO

Clears all valid data entries in IP transmit FIFO. The read and write pointers in IP transmit FIFO are 
reset.

0b - No function

1b - A clock cycle pulse clears all valid data entries in the IP transmit FIFO.

74.7.4.21 DLL Control 0 (DLLACR - DLLBCR)

Offset

Register Offset

DLLACR C0h

DLLBCR C4h

Function
Configures Flash A and B sample clock DLL.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

REFP
HAS...W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R REFP
HAS...

OVRDVAL 
OVRD

EN 
Reserv

ed 
SLVDLYTARGET 

Reserv
ed 

DLLRE
SET 

DLLEN 
W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-17 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

16-15

REFPHASEGA
P

Reference Clock Delay Line Phase Adjust Gap. REFPHASEGAP setting of 2h is recommended if 
DLLEN is set.

14-9

OVRDVAL

Target Clock Delay Line Override Value

Configures the override value for the target clock line delay cell number. When OVRDEN = 1, the delay 
cell number in DLL is OVRDVAL + 1. See DLL configuration for sampling.

8

OVRDEN

Target Clock Delay Line Override Value Enable

Enables the override value for the target clock line delay cell number.

0b - Disable

1b - Enable

7

—

Reserved

6-3

SLVDLYTARG
ET

Target Delay Line

Configures the target delay line for the target. The delay target for target delay line is: 
((SLVDLYTARGET+1) × 1/32 × clock cycle of reference clock (serial root clock). If serial root clock 
is ≥ 100 MHz, DLLEN is set to 1, OVRDEN is set to 0, then SLVDLYTARGET setting is up to flash 
parameters used.

2

—

Reserved

1

DLLRESET

DLL reset

Forces a DLL reset. The forced reset causes the DLL to lose lock and recalibrate to detect a ref_clock 
half-period phase shift. The reset action is edge-triggered, so software must write 0 to this field after 
writing 1 to it (no delay limitation).

0b - No function

1b - Force DLL reset.

0

DLLEN

DLL Calibration Enable

Enables DLL calibration. When DLL calibration is disabled, the delay cell number in the target delay line 
is always 1. When DLLxCR[OVRDEN] = 1, the target delay line is overridden and this field is ignored.

0b - Disable

1b - Enable
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74.7.4.22 Status 0 (STS0)

Offset

Register Offset

STS0 E0h

Function
Indicates the status of the internal state machine.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved DATALEARNPHASEB DATALEARNPHASEA ARBCMDSRC 
ARBID

LE 
SEQID

LE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-12

—

Reserved

11-8

DATALEARNP
HASEB

Data Learning Phase Selection on Port B

Indicates the sampling clock phase selection on Port B after data learning. This field is similar to 
STS0[DATALEARNPHASEA]. The sampling clock phase is chosen separately for Port A and Port B.

7-4

DATALEARNP
HASEA

Data Learning Phase Selection on Port A

Indicates the sampling clock phase selection on Port A after data learning. There are 16 clock phases 
for the sampling clock that the delay cell line generates. When data learning is not enabled, the default 
clock phase 0 is used to sample flash read data. When data learning is enabled and a LEARN_SDR or 
LEARN_DDR instruction has executed correctly, FlexSPI determines the correct clock phase to sample 
read data. See Data learning.

3-2

ARBCMDSRC

ARB Command Source

Indicates the trigger source of current command sequence that the arbitrator has granted. When 
ARB_CTL is not busy (STS0[ARBIDLE] = 1), the value of this field does not matter.

00b - Trigger source is AHB read command.

Table continues on the next page...
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Field Function

01b - Trigger source is AHB write command.

10b - Trigger source is IP command (by writing 1 to IPCMD[TRG]).

11b - Trigger source is a suspended command that has resumed.

1

ARBIDLE

ARB_CTL State Machine Idle

Indicates whether the state machine in ARB_CTL is idle, or a command sequence that the arbitrator 
granted has not finished on the FlexSPI interface. When idle, no transaction is occurring on the FlexSPI 
interface (STS0[SEQIDLE] = 1). When waiting for the FlexSPI controller to become idle, poll this field 
instead of STS0[SEQIDLE].

0b - Not idle

1b - Idle

0

SEQIDLE

SEQ_CTL State Machine Idle

Indicates whether the state machine in SEQ_CTL is idle, or a command sequence is executing on the 
FlexSPI interface.

0b - Not idle

1b - Idle

74.7.4.23 Status 1 (STS1)

Offset

Register Offset

STS1 E4h

Function
Indicates the error code of the AHB or IPS interface error response.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved IPCMDERRCODE Reserved IPCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AHBCMDERRCODE Reserved AHBCMDERRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

IPCMDERRCO
DE

IP Command Error Code

When an IP command Error is detected, indicates the error code. This field returns to zero when 
INTR[IPCMDERR] is cleared.

0000b - No error

0010b - IP command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

0110b - Flash memory access start address exceeds entire flash address range (A1, A2, B1, and 
B2)

1110b - Sequence execution timeout

1111b - Flash boundary crossed

23-20

—

Reserved

19-16

IPCMDERRID

IP Command Error ID

When an IP command error is detected, indicates the sequence index. This field returns to zero when 
INTR[IPCMDERR] is cleared.

15-12

—

Reserved

11-8

AHBCMDERRC
ODE

AHB Command Error Code

Contains the error code when an AHB command error is detected. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

0000b - No error

0010b - AHB Write command with JMP_ON_CS instruction used in the sequence

0011b - Unknown instruction opcode in the sequence

0100b - DUMMY_SDR or DUMMY_RWDS_SDR instruction used in DDR sequence

0101b - DUMMY_DDR or DUMMY_RWDS_DDR instruction used in SDR sequence

1110b - Sequence execution timeout

7-4

—

Reserved

3-0 AHB Command Error ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

AHBCMDERRI
D

When an AHB command error is detected, indicates the sequence index. This field returns to zero when 
INTR[AHBCMDERR] is cleared.

74.7.4.24 Status 2 (STS2)

Offset

Register Offset

STS2 E8h

Function
Indicates the status of Flash A and B sample clock DLLs.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserved BREFSEL BSLVSEL 
BREFL
OCK 

BSLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved AREFSEL ASLVSEL 
AREFL
OCK 

ASLVL
OCK 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

BREFSEL

Flash B Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash B. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

23-18

BSLVSEL

Flash B Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash B. There are 0-63 phases.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

17

BREFLOCK

Flash B Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

16

BSLVLOCK

Flash B Sample Target Reference Delay Line Locked

0b - Not locked

1b - Locked

15-14

—

Reserved

13-8

AREFSEL

Flash A Sample Clock Reference Delay Line Delay Cell Number

Indicates the sample clock reference delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

7-2

ASLVSEL

Flash A Sample Clock Target Delay Line Delay Cell Number

Indicates the sample clock target delay line delay cell number for Flash A. There are 0-63 phases.

• 000001b - Indicates lock phase 0.

• 100000b - Indicates lock phase 63.

1

AREFLOCK

Flash A Sample Clock Reference Delay Line Locked

0b - Not locked

1b - Locked

0

ASLVLOCK

Flash A Sample Target Delay Line Locked

0b - Not locked

1b - Locked

74.7.4.25 AHB Suspend Status (AHBSPNDSTS)

Offset

Register Offset

AHBSPNDSTS ECh
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Function
Indicates the status of suspended AHB read prefetch command sequence. When an IP or AHB command is triggered while 
the arbitrator processes an AHB read sequence (prefetching additional data not for current AHB burst), the prefetch sequence 
is suspended. When there are no longer transactions on FlexSPI, the prefetch sequence may be resumed. FlexSPI saves only 
one AHB prefetch sequence. When a new prefetch sequence is suspended with an active sequence already suspended, the 
previous suspended sequence is removed and never resumed. See Command abort and suspend.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R DATLFT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved BUFID 
ACTIV

E 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

DATLFT

Data Left

Contains the data size remaining (in bytes) for a suspended command sequence.

15-4

—

Reserved

3-1

BUFID

AHB Receive Buffer ID for Suspended Command Sequence

0

ACTIVE

Active AHB Read Prefetch Suspended

Indicates whether an AHB read prefetch command sequence has been suspended.

0b - No suspended AHB read prefetch command.

1b - An AHB read prefetch command sequence has been suspended.

74.7.4.26 IP Receive FIFO Status (IPRXFSTS)

Offset

Register Offset

IPRXFSTS F0h
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Function
Indicates the status of IP receive FIFO.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RDCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

RDCNTR

Read Data Counter

Contains counter for total data read. The data read is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Receive FIFO

Indicates how full the IP receive FIFO is. The fill level is the value of this field × 64 bits.

74.7.4.27 IP Transmit FIFO Status (IPTXFSTS)

Offset

Register Offset

IPTXFSTS F4h

Function
Indicates the status of IP transmit FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R WRCNTR 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserved FILL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

WRCNTR

Write Data Counter

Contains counter for total data written. The data written is the value of this field × 64 bits.

15-8

—

Reserved

7-0

FILL

Fill Level of IP Transmit FIFO

Indicates how full the IP transmit FIFO is. The fill level is the value of this field × 64 bits.

74.7.4.28 IP Receive FIFO Data a (RFDR0 - RFDR31)

Offset

For a = 0 to 31:

Register Offset

RFDRa 100h + (a × 4h)

Function

Provides read access to IP receive FIFO via IPS bus. The read value is unknown for read access to invalid entries in the IP 
receive FIFO.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R RXDATA 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

RXDATA

Receive Data

Contains receive data. See Reading data from IP receive FIFO.

74.7.4.29 IP TX FIFO Data a (TFDR0 - TFDR31)

Offset

For a = 0 to 31:

Register Offset

TFDRa 180h + (a × 4h)

Function

Provides write access to IP transmit FIFO via IPS bus.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W TXDATA 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TXDATA

Transmit Data

Contains transmit data. See Writing data to IP transmit FIFO.

74.7.4.30 Lookup Table a (LUT0 - LUT63)

Offset

For a = 0 to 63:

Register Offset

LUTa 200h + (a × 4h)

Function

Contains a lookup table for command sequences. Software should set the sequence index before triggering an IP command 
or AHB command. FlexSPI fetches the command sequence from LUT when an IP or AHB command is triggered. There are 16 
command sequences in LUT. See Lookup table (LUT) and Programmable sequence engine.

 
LUT is implemented as memory, so the reset value is unknown.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
OPCODE1 NUM_PADS1 OPERAND1 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
OPCODE0 NUM_PADS0 OPERAND0 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-26

OPCODE1

OPCODE1

25-24

NUM_PADS1

NUM_PADS1

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-16

OPERAND1

OPERAND1

15-10

OPCODE0

OPCODE

9-8

NUM_PADS0

NUM_PADS0

7-0

OPERAND0

OPERAND0

74.7.4.31 AHB Controller ID n Control (HMSTR0CR - HMSTR7CR)

Offset

For n = 0 to 7:

Register Offset

HMSTRnCR 400h + (n × 4h)

Function
Contains the expected controller ID and the ID mask.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MSTRID 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MASK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16 Controller ID

Table continues on the next page...
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Table continued from the previous page...

Field Function

MSTRID Contains the controller ID. This field is compared with the value of MASTER_ID ANDed with the MASK 
field. When there is a bit-by-bit match, the values are considered a match.

15-0

MASK

Mask bits for AHB Controller ID.

Contains the mask for the AHB controller ID. This field is ANDed with the incoming controller ID on AHB 
user bits.

0000_0000_0000_0000b - Mask

0000_0000_0000_0001b - Unmask

74.8 AHB memory map definition
This section describes FlexSPI module AHB memory map in detail.

74.8.1 AHB memory map for serial flash memory and RAM access
AHB read and write access for serial flash and RAM memory are mapped to a specific address range. See the system memory 
map for specific address ranges supported.

AHB bus features supported for serial flash and RAM memory reading:

• Cacheable and non-cacheable access

• Prefetch enable and disable

• Burst size: 8, 16, 32, 64 bits

• All burst types: types: SINGLE, INCR, WRAP4, INCR4, WRAP8, INCR8, WRAP16, INCR16

AHB bus features for Serial RAM writing:

• Bufferable and Non-Bufferable access

• Burst size: 8, 16, 32, 64 bits

• All burst types: SINGLE, INCR, WRAP4, INCR4, WRAP8, INCR8, WRAP16, INCR16

See Flash memory access via AHB command for details about AHB access to serial flash memory and RAM.

74.8.2 AHB Memory Map for IP RX FIFO read access
See chip-specific section for the address range mapped for AHB read access.

AHB Bus feature supported for IP RX FIFO reading:

• Burst size: 8/16/32/64 bits

• All burst type: SINGLE/INCR/WRAP4/INCR4/WRAP8/INCR8/WRAP16/INCR16

Refer Reading data from IP receive FIFO for more details about IP RX FIFO reading.

74.8.3 AHB Memory Map for IP TX FIFO write access
See chip-specific section for the address range mapped for AHB write access.

AHB Bus feature supported for IP TX FIFO writing:

• Burst size: 8/16/32/64 bits
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• All burst type: SINGLE/INCR/WRAP4/INCR4/WRAP8/INCR8/WRAP16/INCR16

Refer Writing data to IP transmit FIFO for more details about IP TX FIFO filling.
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Chapter 75
Low-Power DDR Controller (LPDDR4)
75.1 Chip-specific LPDDR4 information
Table 667. Reference links to related information

Topic Related module Reference

Full description LPDDR4 LPDDR4

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

75.1.1 Module instances
This device has one instance of the LPDDR4 module.

75.1.2 Exclusive access
On this device, only AXI masters are capable of doing exclusive access. Exclusive access generated by AHB masters (like CM33) 
reach LPDDR as normal access. If user wants synchronisation between AHB and AXI masters, HW semaphore needs to be used.

75.1.3 LPDDR4 clocking
The following figure shows LPDDR4 clock configuration.
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DDR Memory Controller (MC)

DDR PHY

DRAM

Clock Gate
clk_mc

Figure 522. LPDDR4 clock configuration

75.2 Overview
This Cadence® Denali® DDR controller contains 4 internal AXI ports which communicate on AXI bus, with efficient arbitration for 
high priority requests, by the use of following pieces:

• 4 AXI-Controller Core Interfaces

• Arbiter

• Command Queue with Placement Logic

• Write Data Holding Queue

• Read Data Queues

• DRAM Command Processing

• Register Port with an AHB Interface
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75.2.1 Block diagram
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Figure 523. Block diagram

From the port interface blocks, commands are filtered through an Arbiter which feeds single commands to the command queue 
of the Controller core. Write and read data is routed directly to the write and read data queues independently of the Arbiter. Each 
port has a distinct read data interface and a distinct write data interface to the data queues.

75.2.2 Features
LPDDR complex main features are as follows:

• LPDDR3, LPDDR4, and LPDDR4x (see the data sheet for details on supported frequencies)

• DFI 4.0 compliant for communication between DDR Controller and DDR PHY

• Dual rank support

• Configurable 32-bit / 16-bit external DRAM memory interface

• PHY Independent Leveling Core

• Configurable slow frequency clock on master delay lines during clock-gate low power mode to minimize aging

• DFS support for 1 boot + 2 operating frequencies (LPDDR4 and LPDDR4X)

• Several low power configurability options, including automatic entry/exit on idle counter detection

• Configurable byte swap and bit swizzling to ease PCB layout

• Highly configurable DDR Controller arbiter for traffic managing between AXI ports

• DBI support

• Configurable I/Os: drive strength, ODT, slew

75.3 Functional description

75.3.1 Address mapping

The DDR Controller automatically maps user addresses to the DRAM memory in a contiguous block. Refer to the system memory 
map for the start address of DRAM memory. The maximum address range for external DRAM is 2GB.

The mapping of the address space to the internal data storage structure of the DRAM memories is based on the actual size of 
the DRAM memories available. The size is stored in user-programmable parameters that must be initialized at power up. Certain 
DRAM memories allow for different mapping options to be chosen, while other DRAM memories depend on the memory burst 
length chosen.
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75.3.1.1 DDR SDRAM address mapping options

The address structure of DDR SDRAM memories contains 5 fields. Each of these fields can be individually addressed when 
accessing the DRAM. The position of the row and bank fields are user-controllable through the register interface.

The standard address map for this DDR Controller is ordered as follows: Chip Select -- Row -- Bank -- Column -- Datapath

The maximum widths of the fields are based on the configuration settings. The actual widths of the fields may be smaller if the 
memory address width parameters (bank_diff, col_diff and row_diff) are programmed differently. This programming is detailed in 
Memory mapping to address space.

75.3.1.2 Memory mapping to address space

The maximum allowable address space and mapping into the DRAM memories with the basic address map is shown in Figure 
524. This map corresponds to a memory with 18 row bits and 10 column bits.

33 33 32 15 14 12 11 2 1 0 
Chip Select Row Bank Column Datapath

Figure 524. Maximum memory map

The settings for the col_diff and row_diff parameters control how the address map is used to decode the user address to the DRAM 
chip selects and row and column addresses. The bank_diff parameter controls the DRAM bank address information. NXP Register 
AID Tool provides support to properly configure these registers according to the DRAM being used.

75.3.2 AXI-controller core interfaces
The Controller core interfaces with 4 AXI-Controller Core Interface Blocks and 1 AHB register port. The AXI data ports function 
as AXI slaves to external AXI masters such as CPUs, DMAs, DSPs, and other peripherals. Transfers are burst- based of variable 
byte counts. The transfer types INCR and WRAP are fully supported.

The AXI ports may accept commands from any AXI bus master. Each interface contains five separate channels of traffic to/from 
the AXI bus: write response, read command, write command, read data and write data.

Each port will always support full-size transfers where the full data port width is utilized on each beat. A port will not accept write 
data until it has received the command and is aware of the total byte count associated with that command.

75.3.2.1 Restrictions on the AXI Bus

For this DDR Controller, the full AXI specification is supported with the following restrictions:

• FIXED burst types are not supported.

• The response signals will never respond with a DECERR response type.

• Cacheable, read allocate or write allocate commands are not supported.

• Commands cannot cross a 4K boundary.

• Write data can not be interleaved. Write data must be presented to the DDR Controller in the same order as the write 
commands. Interleaved write data will result in undefined behavior.

• Locked access is not supported.

75.3.2.2 Internal command handling

The DDR Controller uses placement logic to fill the command queue with a command order that maximizes the throughput and 
efficiency of the Controller core. Re-ordering of commands depends on the restrictions of the AXI bus.If the placement logic 
is being used, the DDR Controller will optimize the core by re-ordering read and write commands as necessary. Read and 
write commands from individual ports are not affected by other ports. The following re-ordering rules apply to any one port on 
this Controller.
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Command handling is summarized in the following table. Re-order can be disable by configuring parameter wr_order_req.

Table 668. Re-ordering/interleaving behavior

Commands AXI IDs Can commands be re-arranged and 
data be interleaved?

Two Read Commands from 1 port Same No

Two Read Commands from 1 port Different Yes

Two Read Commands from different ports Same or Different Yes

Two Write Commands from 1 port Same Yes, unless restricted 
through programming

Two Write Commands from 1 port Different Yes, unless restricted 
through programming

Two Write Commands from different ports Same or Different Yes

Read following a Write from 1 port Same Yes

Read following a Write from 1 port Different Yes

Read following a Write from different ports Same or Different Yes

Write following a Read from 1 port Same Yes

Write following a Read from 1 port Different Yes

Write following a Read from different ports Same or Different Yes

75.3.2.3 Array/FIFO relationships

The five channels of traffic and their relationship to the port arrays/FIFOs is shown in Figure 525.
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Figure 525. AXI-controller core interface block fifos/arrays

75.3.2.3.1 Command FIFO in-port arbitration

Within each port, it is possible that both the read and write command channel of the AXI bus are active concurrently. If this occurs, 
each port performs a simple arbitration to select the command to pass through to the Arbiter. This arbitration is based on the 
following factors, in order of importance:

1. Order of command acceptance into the port.

2. Priority of read commands versus priority of write commands for this port (values in the parameters axiY_r_priority 
versus axiY_w_priority). The axiY_fixed_port_priority_enable parameter should be set to ’b1 for this configuration during 
normal operation.

3. Default Read over Write preference.

If both read and write commands are accepted simultaneously, and their priorities match, then the read channel will be 
selected first.

75.3.2.3.2 Read/modify/write FIFOs

Read/modify/write operations performed for write transactions may be completed in either non-optimized or read-optimized mode 
depending upon the state of the optimal_rmodw_en parameter. If this parameter is cleared to ’b0, then any read/ modify/write 
operations will be completed in an non-optimized manner by first reading the entire transaction from memory, merging the data 
in the Controller, and then writing the merged data to the DRAM. If the optimal_rmodw_en parameter is set to ’b1 and the proper 
condition is met, then the operation will be completed in a read-optimized manner by only reading the required first and/or last burst 
of data from the DRAM. The read data will be merged with the new data, and then the entire transaction will be written to DRAM 
using the merged data.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5119 / 5781



75.3.3 Exclusive access option

The exclusive access feature allows a master to monitor if a memory area has been altered since its last read. If any writes occur 
to a memory area with a valid exclusive access request, the master will lose exclusivity and be informed of this status when it 
attempts to write to the area again. A loss of exclusivity does not trigger an interrupt or any error conditions; however, the AXI 
protocol requires that the write data is not written to memory if an exclusive write fails its exclusivity check. The master that has 
lost exclusivity must determine whether to restart the sequence by requesting another exclusive read or to write the data to the 
memory regardless via a nonexclusive write.

75.3.3.1 Initiating an exclusive access request

Exclusivity is enabled by issuing a read command to memory with the axiY_ARLOCK signal driven to ’b01.

75.3.3.1.1 Verifying the request

The AXI specification dictates restrictions for exclusive access requests. After being accepted in the port, an exclusive read 
request will be checked against these requirements. If any of these conditions are violated, the command will be passed to the 
Controller core as a non-exclusive read and the Controller core will not monitor the area for changes. These restrictions are:

• The address must be aligned to the total byte count. (Byte Count = (axiY_ARLEN + 1) x 2axiY_ARSIZE)

• The byte count must be a power-of-two, and less than or equal to 128 bytes.

75.3.3.1.2 Processing exclusive accesses

All read transactions return a response on the read response channel (axiY_RRESP). Successful normal access respond with an 
OKAY (’b00) whereas successful exclusive accesses respond with EXOKAY (’b01). The type of response issued will inform the 
master how the command was processed.

75.3.3.1.3 Validity of an exclusive request

The exclusive access will be considered valid from the point that the entry is created in the buffer until an activity occurs to 
invalidate it. These activities cause the “valid” bit of the exclusive access buffer entry to be cleared:

• The same source ID from the same port issues an exclusive write command for the same starting addressing of the same 
length and beat size, completing the exclusive access request.

• Any source ID from the same port issues a standard (non exclusive) write which partially or completely falls within the range 
of the exclusive read request.

• The same source ID from the same port issues another exclusive read request for another memory region. This will not clear 
the valid bit, but will actually overwrite the entire exclusive access buffer entry (and then set the valid bit). The DDR Controller 
will only track one exclusive region for each source ID.

• Any other source ID from the same port, or any source ID from another port, issues a standard write or a passing exclusive 
write to any memory address within the range of the exclusive read request. Since the monitored region has been altered, 
exclusivity is lost.

• The controller is tracking enough exclusive access commands that the exclusive access buffer for the port is full. Newer 
commands will be stored, overriding a previous exclusive access entry.

 
The DDR Controller assumes that a single master will only communicate with a single port to process a complete 
exclusive transaction.

  NOTE  

75.3.3.2 Read commands to exclusive access regions

A memory area is not locked while an exclusive access is valid and therefore other source IDs may issue read commands to a 
memory area identified as exclusive. Reads, even other exclusive reads, do not affect the exclusivity of a region. Normal read 
commands will be processed as usual and, if successful, respond to the master with an OKAY (’b00) on the axiY_RRESP signal. 
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Exclusive read commands will result in additional entries being created in the exclusive access buffers and, if successful, an 
EXOKAY (’b01) response will be sent on the axiaY_RRESP signal.

 
An exclusive read request from any source ID, from the same port or another port, even to an overlapping address 
within an exclusive access region, will not affect the initial exclusive access. Another entry will be created in that 
port’s buffer for this request.

  NOTE  

75.3.3.3 Non-exclusive write commands to exclusive access regions

Any master in the system may issue a write command to a memory area identified as exclusive. However, a standard write to 
any address within an active exclusive access region will invalidate the exclusivity of that region. In this case, the “valid” bit of any 
exclusive access buffer entry that spans the modified locations in memory will be cleared and future exclusive write requests to 
this region will fail their exclusivity check.

75.3.3.4 Exclusive writes

An exclusive write command is only distinguished from a standard write command by the axiY_AWLOCK signal being driven 
to ’b01. When an exclusive write is received, the DDR Controller will first compare the source ID (axiY_AWID and port number), 
transaction beat length (axiY_AWLEN), transaction start address (axiY_AWADDR) and transaction beat size (axiY_AWSIZE) to 
the entries in the exclusive access buffer of that port.

75.3.3.4.1 Passing exclusive access check

If any of the valid buffer entries exactly match the incoming command, then the following activities will occur:

• That buffer entry’s “valid” bit will be cleared.

• All other buffer entries, from this port or other ports, will be checked to see if this write invalidates any other exclusive access 
regions. If so, the “valid” bits of these entries will be cleared.

• The transaction will be processed.

• If successful, the write response channel (axiY_BRESP) will return an EXOKAY response (’b01) to the master.

75.3.3.4.2 Failing exclusive access check

If an invalid buffer entry exactly matches the incoming command, or no buffer entries exactly match the incoming command, then 
the write will fail.

The user will be informed of the flushed write through a return of OKAY (’b00) on the axiY_BRESP signal, instead of an EXOKAY 
(’b01). This indicates to the master that the exclusive write did not occur. The master may re-issue the request as a non-exclusive 
write, or may restart the process by re-issuing the exclusive read.

75.3.3.5 Port protection option

The port protection feature allows the user to control access to the memory space. When configured, and enabled, each port’s 
sources will be restricted to access memory based on its ID and protection level (secure/privileged).

The controller is configured with a user-defined number of address regions for each port.

User must define at least one region that will accept all read and write cycles, for any address. Therefore, in this case, at least 1 
region must be defined with the following characteristics:

• axiY_start_addr_Z = All zeros (min address)

• axiY_end_addr_Z = All ones (max address)

• axiY_range_prot_bits_Z = ’b11

• axiY_range_rid_check_bits_Z = 0xffff

• axiY_range_wid_check_bits_Z = 0xffff
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Note that it is acceptable for address regions for one port to overlap access regions for another port.

The minimum granularity of an address region is 16K. The user may define regions as any multiple of 16K.

Port protection works by checking incoming requests against the valid address ranges. If enabled by setting the 
port_addr_protection_en parameter to ’b1, an incoming command is checked based on the restrictions defined in the port 
protection parameters. ALL of the following tests must pass for a command to remain valid:

• Address Check: The starting and ending addresses must both fall within a single region Z as defined by the axiY_start_addr_Z 
and axiY_end_addr_Z parameters. The relevant protection signal (axiY_ARPROT or axiY_AWPROT) must match the settings 
for the associated axiY_range_prot_bits_Z parameter. The axiY_range_prot_bits_Z parameter defines the restrictions for 
region Z as privileged & secure access, privileged access, secure access or full access.

• Read ID Check: The relevant bits of the read AXI ID signal (axiY_ARID) must match the settings of the associated 
axiY_range_rid_check_bits_Z parameter. The axiY_range_rid_check_bits_Z parameter defines which AXI IDs may access 
region Z. If the AXI ID is not specified as having access, the command will fail. The relevant bits of the ID are identified in the 
axiY_range_rid_check_bits_id_lookup parameter.

• Write ID Check: The relevant bits of the write AXI ID signal (axiY_AWID) must match the settings of the associated 
axiY_range_wid_check_bits_Z parameter. The axiY_range_wid_check_bits_Z parameter defines which AXI IDs may access 
region Z. If the AXI ID is not specified as having access, the command will fail. The relevant bits of the ID are identified in the 
axiY_range_wid_check_bits_id_lookup parameter.

Commands that fail are processed through the controller, but do not corrupt memory and do not return valid data to the 
user interface.

A failing read will read the appropriate number of bytes in the memory. However, this data will be ignored and the appropriate 
number of 0x0 bytes will be returned to the user interface.

 
In the event of a failure, a SLVERR (’b10) will be reported on the AXI interface on the axiY_BRESP (writes) or 
axiY_RRESP (reads) signal.

  NOTE  

In the event of a failure, the port command error interrupt (bit [2]) will be set in the int_status_userif parameter, and reported to the 
user interface on the controller_int signal (if the associated bit is not masked in the int_mask_userif parameter). The error signature 
will be logged in the port error parameters (port_cmd_error_addr, port_cmd_error_id and port_cmd_error_type.)

75.3.3.6 Error responses

75.3.3.6.1 AXI error response

When an illegal operational condition is detected on a new AXI transaction entering the port, the port responds with an error 
condition. Instructions that generate AXI errors will result in unpredictable behavior and may cause memory corruption and/ or 
hang conditions.

If an AXI command error occurs, the port command error interrupt (bit [2]) will be set in the int_status_userif parameter and the 
address and source ID of the command are saved in the port_cmd_error_addr and port_cmd_error_id parameters, respectively. 
In addition, the access type or types that relate to the error are stored in the port_cmd_error_type parameter.

The bits in the error type parameters are not exclusive. Multiple bits may be set to indicate the type of errors that occurred. 
Reading the int_ack_userif parameter will allow future errors to be captured in these error parameters. The user should read these 
parameters if the axiY_BRESP or axiY_RRESP signals are set.

If multiple errors occur prior to an acknowledgment of the first error, the parameters will still represent the first error attributes. Other 
error signatures will be lost. If multiple errors occur simultaneously on different ports, the error information will represent the lowest 
numbered erring port.

75.3.4 Arbiter
From the port interface blocks, commands are presented to the Arbiter, which is responsible for arbitrating between the port 
requests and sending a single command to the Controller core. Refer to the Multiport arbiter for details.
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75.3.5 Multiport arbiter

The Arbiter is responsible for arbitrating requests from the ports and sending requests to the Controller core. Each transaction 
received at the Arbiter logic has an associated priority, which works with each port’s arbitration logic to determine how ports issue 
requests to the Controller core. This DDR Controller supports the Bandwidth Allocation/Priority Round-Robin arbitration scheme.

The bandwidth allocation scheme is an extension of simple round-robin arbitration. It is based on the priority of the requests and 
is influenced by the actual bandwidth consumed by the port inside the Controller core.

Priority round-robin arbitration is a complex arbitration scheme and is described in next sections.

75.3.5.1 Round-robin arbitration

Round-robin operation is a simple form of arbitration which offers each port an opportunity to issue a command. This scheme uses 
a counter that rotates through the port numbers, incrementing every time a port request is granted from any port.

If the port that the counter is referencing has an active request, and the Controller core command queue is not full, then this request 
will be sent to the Controller core. If there is not an active request for that port, then the port will be skipped and the next port will 
be checked. The counter will increment by one whenever any request has been processed, regardless of which port’s request 
was arbitrated.

Round-robin operation ensures that each port’s requests can be successfully arbitrated into the Controller core every N cycles, 
where N is the number of ports in the DDR Controller. No port will ever be locked out, and any port can have its requests serviced 
on every cycle as long as all other ports are quiet and the command queue is not full.

An example of the round-robin scheme is shown in the following table.

Table 669. Round-Robin operation example

Cycle Port addressed 
by the arbitration 

counter

Ports requesting Command 
queue full?

Arbitration 
winner

Value of 
counter at 
next cyclePort 0 Port 1 Port 2 Port 3

0 0 Y Y Y Y Yes None 0

1 0 Y Y Y Y No P0 1

2 1 Y Y Y Yes None 1

3 1 Y Y Y Y No P1 2

4 2 Y Y Y No P2 3

5 3 Y Y No P3 0

6 0 Y Y Yes None 0

7 0 Y Y No P0 1

8 1 Y No P2 2

9 2 Y Y No P2 3

10 3 Y Y No P3 0

11 0 Y No P2 1
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75.3.5.2 Port priority

Priorities are associated with a port and each port has separate priority parameter for reads and writes. These values are 
stored into the programmable parameters axiY_r_priority and axiY_w_priority (where Y represents the port number) at controller 
initialization. Internally, the ports are organized into priority groups based on their priority setting. All ports within a priority group are 
treated equally for arbitration unless a port has exceeded its allocated bandwidth. The priority value is also used by the placement 
logic inside the Controller core when filling the command queue. The user must program the axiY_r_priority and axiY_w_priority 
parameters and assert the axiY_fixed_port_priority_enable parameter to ’b1 before the start parameter is set. The user may 
change these values during normal operation when the system is idle. To do so, the axiY_fixed_port_priority_enable parameter(s) 
must be cleared to ’b0, the priority parameters may be changed, and then the axiY_fixed_port_priority_enable parameter(s) must 
be set to ’b1 again.

A priority value of 0 is highest priority, and a priority value of (decimal) 7 is the lowest priority in the DDR Controller. The user may 
program at priority level 0; however, it is best to reserve this priority value so that the placement queue can elevate to this level 
through aging.

75.3.5.3 Port bandwidth

Each port has an associated bandwidth limit that sets the maximum percentage of the Controller core bandwidth that the port is 
allowed to use. Once this level is reached, the Arbiter will no longer accept requests from this port until the bandwidth usage drops 
below the threshold. This scheme allows for the bandwidth to be shared between the ports. If required, an overflow option allows 
the port to continue to receive requests after the bandwidth limit has been reached. Refer to Section 6.6, “Understanding Port 
Bandwidth Overflow” for more information on this option.

The bandwidth limits are stored in the programmable bandwidth parameters (axiY_bdw) for each port Y at DDR Controller 
initialization. The current bandwidth parameters (axiY_current_bdw) parameters are used to track the actual bandwidth utilized 
as computed by the bandwidth calculation module inside the Arbiter.

Port bandwidth is computed by counting the number of cycles that the Controller core is busy actively processing that port’s 
request in each 100 cycle period, referred to as the statistics window. The values in the current bandwidth parameters are updated 
every 10 cycles (the statistics reporting time) with the actual bandwidth used in the last 100 cycles.

Note that if all ports are assigned 100% or greater bandwidth, then bandwidth usage will not factor and arbitration will be purely 
based on priority.

When the bandwidth used by a port exceeds its specified limit, that port is held off from subsequent arbitration decisions for a 
period of time known as the statistics reporting time. This causes a period of inactivity from that port, allowing the actual bandwidth 
used for that port to fall below the threshold. Since the bandwidth used is updated every ten cycles, the minimum hold off period 
for this system is ten cycles.

Next figure shows a system being evaluated with the following bandwidth limits:

• axi0_bdw = 20%

• axi1_bdw = 10%

• axi2_bdw = 30%

• axi3_bdw = 50%

Port 3 never exceeds the bandwidth allocation based on current traffic. However, Ports 0, 1 and 2 do exceed bandwidth and 
therefore they will be held off. The cycles marked in asterisks (*) and red in Figure 526 are hold-off periods for the port.
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Bandwidth Cycle Window 
Number of Active Cycles 

Port 0 Port 1 Port 2 Port 3

0-9 5 5 0 0 

10-19 3 1 2 4 

20-29 7 0 1 2 

30-39 1 5 2 2 

40-49 4 0 2 3 

50-59 5 1 0 1 

60-69 1 3 4 2 

70-79 3 1 0 3 

80-89 0 3 2 2 

90-99 2 1 2 4 

Bandwidth %, Cycles 0-99 31 % 20 % 15 % 23 % 

100-109 0 * 0 * 2 0 

Bandwidth %, Cycles 10-109 26 % 15 % 17 % 23 % 

110-119 0 * 0 * 5 5 

Bandwidth %, Cycles 20-119 23 % 14 % 20 % 24 % 

120-129 0 * 0 * 5 5 

Bandwidth %, Cycles 30-129 16 % 14 % 24 % 27 % 

130-139 3 0 * 3 1 

Bandwidth %, Cycles 40-139 18 % 9 % 25 % 26 % 

140-149 3 3 4 0 

Bandwidth %, Cycles 50-149 17 % 12 % 27 % 23 % 

150-159 0 0 * 7 1 

Bandwidth %, Cycles 60-159 12 % 11 % 34 % 23 % 

160-169 2 0 * 0 * 1 

Bandwidth %, Cycles 70-169 13 % 8 % 30 % 22 % 

170-179 1 2 0 * 2 

Bandwidth %, Cycles 80-179 11 % 9 % 30 % 21 % 

180-189 3 0 0 * 3 

Bandwidth %, Cycles 90-189 14 % 6 % 28 % 22 %

Figure 526. System bandwidth example with bandwidth exceeded
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75.3.5.4 Understanding port bandwidth overflow

The bandwidth hold-off scheme described earlier is designed to constrain individual ports (especially ports programmed at higher 
priority) from overtaking all available bandwidth and locking out other ports. However, this can have its drawbacks.

Consider a situation where only one port has been actively requesting and has therefore used all of its available bandwidth. The 
bandwidth hold-off will prevent additional requests from being accepted, even though no other ports are requesting. Bandwidth 
overflow parameters (axiY_bdw_ovflow) are available to allow override bandwidth holdoff.

A port will be allowed to exceed its allocated bandwidth when all of these conditions are true:

1. The bandwidth overflow parameter (axiY_bdw_ovflow) is set to ’b1 for port Y.

2. No other port, whose bandwidth has not been exceeded, is requesting at the same priority level.

3. The command queue has less than the number of entries specified in the arb_cmd_q_threshold parameter.

This last condition is a preventative measure to maintain latency requirements for ports programmed at higher priority. When a port 
is allowed to exceed bandwidth, it may fill the command queue with transactions. It can cause a higher priority port to be held off. 
The arb_cmd_q_threshold parameter is used to limit the bandwidth overflow and prevent this condition. It ensures that a certain 
number of slots remain available in the command queue for other ports.

75.3.5.5 Priority round-robin arbitration summary

The Controller priority round-robin arbitration system combines the concepts of round-robin operation, priority, port bandwidth, 
port bandwidth hold-off and port bandwidth overflow. The incoming commands are separated into priority groups based on the 
priority of the associated port for that type of command. Within each priority group, the Arbiter evaluates the requesting ports, the 
command queue, the priority of the requests, the bandwidth being used and the overflow option to determine the winner of the 
arbitration. The order of steps is as follows:

1. Is the Controller core command queue full?

-- Yes: No further action is taken.

-- No: Review the ports.

2. Within each priority group with at least one active request, select a request for evaluation for that priority group. Each priority 
group uses a round-robin arbitration counter that will address a port for arbitration.

-- If there is an active request on the port addressed by the arbitration counter, that request will be selected for evaluation 
for that priority group.

-- If the addressed port is not requesting, the other ports in that priority group will be scanned in cyclical order for an active 
request. The next active request will be selected for evaluation for that priority group.

3. Evaluate the highest priority group with a selected command. Has the bandwidth allocation for this port been exceeded?

-- No: This request wins arbitration. Skip to step 7.

-- Yes: Continue to step 4 to check the bandwidth overflow status.

4. Is bandwidth overflow enabled?

-- No: Skip to step 6.

-- Yes: Continue to step 5 to check the conditions for overflow.

5. Are the overflow conditions listed in Section 6.6, “Understanding Port Bandwidth Overflow” met?

-- No: Continue to step 6.

-- Yes: This request wins arbitration. Skip to step 7.

6. The selected command has failed evaluation. The Arbiter will select another command for evaluation.

-- If there is another command at the same priority group that has not been evaluated, the next active request (in cyclical 
port order) will be selected for evaluation for that priority group. Return to step 3 with that command.
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-- If there are no other commands at that priority group to evaluate, examine the next highest priority group, and return to 
step 3 with that command.

7. Once a request wins arbitration, it is processed into the command queue and the round-robin counter is updated to the next 
port in the circular queue. If any request is processed for a priority group, the round-robin arbitration counter for that priority 
group will be incremented by one. The counter will never increment by more than one, regardless of how many commands 
were evaluated or which port’s command was finally accepted.

75.3.6 Core command queue with placement logic

The Controller core contains a command queue that accepts commands from the Arbiter. This command queue uses a placement 
algorithm to determine the order that commands will be placed into the command queue. The placement logic follows many rules 
to determine where new commands should be inserted into the queue, relative to the contents of the command queue at the time. 
Placement is determined by considering address collisions, source collisions, data collisions, command types and priorities. In 
addition, the placement logic attempts to maximize efficiency of the Controller core through command grouping, write-to-read 
splitting and bank splitting.

Many of the rules used in placement may be individually enabled/disabled. In addition, the command queue may be disabled by 
clearing the placement_en parameter, resulting in an in-line queue that services requests in the order they are received. If the 
placement_en parameter is cleared to ’b0 and the in_order_accept parameter is set to ’b1, the placement algorithm will be ignored.

75.3.6.1 Rules of the placement algorithm

The factors affecting command placement all work together to identify where a new command fits into the execution order. They 
are listed in order of importance.

75.3.6.1.1 Address collision/data coherency violation

To avoid address collisions, reads or writes that access the same range of the same chip select, bank and row as a command 
already in the command queue will be inserted into the command queue after the original command, even if the new

command is of a higher priority. This rule is ignored when comparing a new read command to an existing read. Even if an address 
collision occurs between these reads, there is no data integrity issue and the data may be returned in any order.

Address collision checking may be enabled/disabled through the addr_cmp_en parameter and should only be disabled if the 
system can guarantee coherency of reads and writes.

75.3.6.1.2 Source ID collision

Each port is assigned a specific source ID that is a combination of the port and thread ID information, and identifies the source 
uniquely. This allows the controller to map data from/to the correct source/destination.

Note that a source ID does contain port identification information which means that the rules for placement are dependent on the 
requesting port. There will not be source ID collisions across ports.

In general, read commands from the same source ID will be placed in the command queue in order. Therefore, a read command 
with the same source ID as a read command already in the command queue will be processed after the original read command. 
Write command conflicts will be dependent on the programming of the wr_order_req parameter as shown in the following table.

Table 670. Write command ID collisions

wr_order_req [1:0] Description

00 All write commands may be re-ordered regardless of source or port ID collisions.

01 Only source IDs will be compared for write conflicts. Write commands from the same ports and same 
source ID will execute in order. Write commands from the same port may be re-ordered as long as 
there are no source ID collisions.

Table continues on the next page...
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Table 670. Write command ID collisions (continued)

wr_order_req [1:0] Description

10 Only port IDs will be compared for write conflicts. Write commands from the same port will execute in 
order, regardless of the source ID. Write commands from different ports may be re- ordered.

11

75.3.6.1.3 Priority

Each command is given a priority based on the command type through the programmable parameters axiY_r_priority and 
axiY_w_priority (where Y represents the port number). For this configuration, the axiY_fixed_port_priority_enable parameter 
should be set to ’b1.

The placement algorithm will attempt to place higher priority commands ahead of lower priority commands, as long as they have 
no source ID or address collisions. Higher priority commands will be placed lower in the command queue if they access the same 
address, are from the same requestor or use the same buffer as lower priority commands already in the command queue.

Priority checking is enabled through the priority_en parameter.

75.3.6.1.4 Bank splitting

Before accesses can be made to two different rows within the same bank, the first active row must be closed (pre-charged) and 
the new row must be opened (activated). Both activities require some timing overhead; therefore, for optimization, the placement 
logic will attempt to insert the new command into the command queue such that commands to other banks may execute during 
this timing overhead. The placement of the new commands will still follow priority, source ID and address collision rules.

Bank splitting is enabled through the bank_split_en parameter.

75.3.6.1.5 Write-to-read splitting

When a read command follows a write command to the same chip select, there is some timing overhead to switch command types. 
For optimization, the placement logic will attempt to insert the new command into the command queue to separate two commands 
addressing the same chip select of different types where the write is going to execute before the read. The placement of the new 
commands will still follow priority, source ID and address collision rules.

Write-to-read splitting is enabled through the w2r_split_en parameter.

75.3.6.1.6 Read/write grouping

The memory suffers a small timing overhead when switching from read to write mode. For efficiency, the placement logic will 
attempt to place a new read command sequentially with other read commands in the command queue, or a new write command 
sequentially with other write commands in the command queue. Grouping will only be possible if no priority, source ID or address 
collision rules are violated.

Read/write grouping is enabled through the rw_same_en parameter.

75.3.6.1.6.1 Bank conflicts and read/write grouping

If the new command addresses the same chip select and same bank, but a different row, as a command currently in the command 
queue, these commands are considered to have a bank conflict.

These checks are controlled through the disable_rw_group_w_bnk_conflict parameter. If bit [0] of this parameter is set to ’b1, a 
new command will be prohibited from placement in the entry directly before or directly after the command with a bank conflict. If 
bit [1] of this parameter is also set to ’b1, the new command will also be prohibited from being placed two entries before or two 
entries after the command with a bank conflict. The table below shows a simplified command queue.

 
It is not meaningful to set bit [1] of the disable_rw_group_w_bnk_conflict parameter without bit [0].

  NOTE  
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75.3.6.1.6.2 Chip select grouping with read/write grouping

When attempting to group read and write commands, the placement logic will also consider the chip select for the commands. If 
possible, read commands will be grouped with read commands to the same chip select, and write commands with write commands 
to the same chip select. If chip select grouping is not possible, commands will still be grouped by command type if the rw_same_en 
parameter is set to ’b1. If read/write grouping is disabled (rw_same_en is cleared to ’b0), chip select grouping will have no effect.

Chip select grouping is enabled through the cs_same_en parameter.

75.3.6.1.6.3 Page grouping with read/write grouping

When attempting to group read and write commands, the placement logic will also consider the page for the commands. If 
possible, read commands will be grouped with read commands to the same page, and write commands with write commands to 
the same page. If page grouping is not possible, commands will still be grouped by command type if the rw_same_en parameter 
is set to ’b1. If read/write grouping is disabled (rw_same_en is cleared to ’b0), page grouping will have no effect.

Page grouping is enabled through the rw_same_page_en parameter.

75.3.6.2 Command execution order after placement

Once a command has been placed in the command queue, selection logic will be used to determine how to pull commands from 
the queue for execution. This logic may be disabled by setting the in_order_accept parameter to ’b1, resulting in the command 
queue executing the commands in the order that they are placed relatively in the command queue. If the in_order_accept 
parameter is cleared to ’b0, the selection logic will be utilized. Regardless of the setting of this parameter, high-priority command 
swapping and command aging are provided which may affect commands after they have been placed into the command queue.

75.3.6.2.1 Command selection logic

On each clock cycle, the selection logic will scan the top 4 entries of the command queue to determine which command to execute. 
This value is defined at configuration. Commands are considered for execution based on bank readiness, availability of at least 
1 burst of data (writes), availability of storage for at least 1 burst of data (reads), bus turnaround timing (JEDEC-specified and 
programmable) and conflicts. Similar to the placement rules, a command will not be executed before a command that was placed 
ahead of it in the command queue if there are any address, source ID or bank conflicts.

The selection feature is disabled through the in_order_accept parameter. If this parameter is set to ’b1, only the top entry of the 
command queue will be considered for execution. The following figure shows the command selection logic relative to the rest of 
the placement logic.

1 Command 
for Execution 

Placement 
Logic

Selection 
Logic 

4 
entries

Command Queue

Figure 527. Selection logic

75.3.6.2.2 High-priority command swapping

Commands are assigned priority values to ensure that critical commands are executed more quickly in the controller than less 
important commands. Therefore, it is desirable that high-priority commands pass into the Controller core as soon as possible.

The high-priority command swapping feature allows this new high-priority command to be executed more quickly. If the user 
has enabled the swapping function through the swap_en parameter, then the behavior of the swapping logic will be dependent 
on the value of the in_order_accept parameter. If the command queue must be executed in order (in_order_accept = ’b1), the 
entry at the top of the command queue will be compared with the current command in progress. If the selection logic is being 
used (in_order_accept = ’b0), the top 4 entries of the command queue will be compared with the current command in progress 
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to determine which command may need to be executed first. If the selected command queue entry is of a higher priority (not the 
same priority), from a different ID, and it does not have an address or source ID conflict with the current command being executed, 
then the original command will be interrupted.

If the command is to be interrupted, it will be halted after completing the current burst, stored and placed at the top of the command 
queue, and the new command will begin executing. As long as the command queue is not full, new commands may continue to be 
inserted into the command queue based on the placement rules, even at the top of the queue ahead of the interrupted command. 
The selection logic will determine the command to execute next. Whenever the interrupted command is resumed, it will start from 
the point at which it was interrupted.

Note that highest priority commands will never be interrupted, so the user should set any commands that should not be interrupted 
to the highest priority value.

75.3.6.2.3 Command aging

Since commands can be inserted ahead of existing commands in the command queue, the situation could occur where a low 
priority command remains at the bottom of the queue indefinitely. To avoid such a lockout condition, aging counters have been 
included in the placement logic that measure the number of cycles that each command has been waiting. If an aging counter hits 
its maximum, the priority of the associated command will be adjusted by one to increase its priority.

Aging is controlled through a master aging counter and command aging counters associated with each command in the command 
queue. The age_count and command_age_count parameters hold the initial values for each of these counters, respectively. When 
the master counter counts down the age_count parameter value, a signal is sent to the command aging counters to decrement. 
When the command aging counters have expired, the priority of the associated command is decremented and the counter is reset. 
Therefore, a command does not age by a priority level until the total elapsed cycles has reached the product of (age_count + 1) 
and (command_age_count + 1). The maximum number of cycles that any command can wait in the command queue until reaching 
the top priority level is the product of (age_count + 1), (command_age_count + 1), and the number of priority levels in the system.

Command aging will always be enabled.

75.3.6.3 ACT request control

The DDR Controller provides a means to limit which commands of the command queue may issue ACT requests. This can be 
used to prevent situations in which an ACT is issued for a command in the queue, and before that command can be executed, a 
new command is placed ahead of it which accesses the same bank but a different row. This would require a PRE-ACT sequence 
that may have been avoided if the first ACT was never issued.

This functionality is controlled through the num_q_entries_act_disable parameter, which specifies the number of entries of the 
command queue in which ACT requests are not allowed. For this 16-deep command queue, the entries are numbered 0-15, where 
entry 0 is the command next to execute.

75.3.7 Low power operation

In many applications, it is desirable to minimize the power consumption of the DDR Controller and the memories. The DDR 
Controller provides various user-configurable low power options to address power savings.

75.3.7.1 Interfaces

Supported interfaces that can be use to control power state transitions of the DDR subsystem:

• Automatic Interface

This interface supports automatic entry and exit for all low power states with separate enables and counters for each low 
power state.

• Hardware Interface

This interface is driven automatically during System power mode transition, or by frequency change request (DFS) initiated 
from software.

The following table details the low power states supported by each interface.
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Table 671. Low power state management

Low power state Interfaces

Hardware interface Automatic interface

Normal Mode - -

Active Power-Down no yes

Pre-Charge Power-Down no yes

Self-Refresh Short yes for non- LPDDR4

memories

yes

Self-Refresh Short with Memory Clock Gating 1 yes no

Self-Refresh Long 1 yes yes

Self-Refresh Long with Memory Clock Gating 1 yes no

Self-Refresh Long with Memory and Controller Clock Gating 1 yes yes2

Self-Refresh Power-Down Short 3 yes yes

Self-Refresh Power-Down Short with Memory Clock Gating 3 yes no

Self-Refresh Power-Down Long 3 yes yes

Self-Refresh Power-Down Long with Memory Clock Gating 3 yes no

Self-Refresh Power-Down Long with Memory and Controller Clock 
Gating 3

yes yes2

1. This mode is NOT supported for LPDDR4 memories.
2. Memory clock is not gated.
3. This mode is ONLY supported for LPDDR4/4x memories.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5131 / 5781



SR SHORT 

SRPD SHORT 

SRPD SHORT 
MEM GATE1 

SRPD LONG 

SRPD LONG 
MEM GATE1 

SRPD LONG 
MC GATE2 

LPDDR4 memories

SR SHORT 

SR SHORT 
MEM GATE1 

SR LONG 

SR LONG 
MEM GATE1 

SR LONG

non-LPDDR4 memories2 

MC GATE2 

Least Power 
Savings

Greatest Power 
Savings

1. This mode only supported with HW interface.
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Figure 528. Valid state transitions

75.3.7.2 Low power states

75.3.7.2.1 Definition of short and long

The Controller supports self-refresh and self-refresh power-down modes in the memories, but uses the terms “self-refresh short” / 
“self-refresh power-down short” and “self-refresh long” / “self-refresh power-down long”. The difference between the states can 
be separated into the following categories:

• Actions that cause an exit from the associated low power state:

A long state will be exited by a request, the automatic interface or the hardware interface of this low power module, by PHY-initiated 
updates, or by a request on the DFI’s PHY Master Interface. A short state will be exited by any of those types of commands, or 
by a ZQ, mode register read, mode register write, a status register read or a DFI controller-initiated update.

• Actions performed on an exit:

Since the Controller will exit a short state for most operations, no actions will be required upon a low power exit from a short state 
and the Controller will be able to resume normal operations. For LPDDR4 memories, the short state will exit to self-refresh lite, 
not to idle.

When the memories are in a long state, most background actions are not being performed. As a result, on a low power exit, the 
Controller may be required to perform any of the following tasks:

-- auto-refresh (dependent on the setting of the srefresh_exit_no_refresh parameter)

-- ZQ
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-- providing the PHY with control through the PHY Master Interface

-- controller-initiated updates (dependent on the setting of the ctrlupd_req_per_aref_en parameter)

75.3.7.2.2 Clock gating

In addition to the memory low power modes, power usage may be further reduced by gating the memory clock, controller clock or 
the clocks to the data path. The memory clock is controlled through the hardware interface commands. The data path is controlled 
through a programmable parameter.

75.3.7.3 PHY power savings

When memories are in a low power mode, very limited commands will be sent through the DFI to the PHY. In this case, the PHY 
may be able to reduce operation as well to conserve power. This DDR Controller supports the DFI Low Power Interface for this 
purpose. If enabled, when the memories are placed in a specific low power state, the Controller will also inform the PHY of a power 
savings opportunity through the DFI LPI. The Controller is only communicating this information to the PHY logic. Any actions that 
the PHY or its submodules takes or does not take are dependent on that logic.

Note that the DFI LPI will not communicate low power information if the low power state entry is issued as part of a DFS command 
as the PHY will need to stay active to handle the system frequency change operation.

75.3.7.4 Automatic interface

The DDR controller supports automatic entry into each of the low power states based on programmable enables and idle state 
monitors. Each low power mode (not state) has a separate enable bit and counter as shown in Table 672. As with the FM to 
issue requests

When the controller is idle, each of the timing counters that are enabled begin counting down the cycles of inactivity. Idle time 
requires that no read or write commands are executing or pending in the controller core command queue or any of the ports.

75.3.7.4.1 Automatic entry

If any of the counters expire, the automatic interface will issue a request to enter low-power state. The timing counters are initially 
loaded with the values in the associated parameters, and will only decrement if the associated lp_auto_entry_en parameter bit 
is set to ’b1 and the counters are loaded with a non-zero value. . If the memory is already in a low power state, and the expired 
counter is associated with a deeper low power state than the current state, the controller will trigger an entry into the new low power 
state. If the expired counter is associated with a higher power usage state, the counter expiration will be ignored.

The parameters are shown in Table 672. Refer to Table 672 for programming information and to Table 673 for more details on 
each parameter.

Table 672. Low power state counter parameters

Low power state Bit in lp_auto_entry_en 
and lp_auto_exit_en

Counter parameter

Active Power-Down 0 lp_auto_pd_idle 1

Pre-Charge Power-Down 0 lp_auto_pd_idle 1

Self-Refresh Short 3 lp_auto_sr_short_idle

Self-Refresh Long 1 lp_auto_sr_long_idle

Self-Refresh Long with Memory and Controller 
Clock Gating 2

2 lp_auto_sr_long_mc_gate_idle

Table continues on the next page...
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Table 672. Low power state counter parameters (continued)

Low power state Bit in lp_auto_entry_en 
and lp_auto_exit_en

Counter parameter

Self-Refresh Power-Down Short 3 lp_auto_sr_short_idle

Self-Refresh Power-Down Long 1 lp_auto_sr_long_idle

Self-Refresh Power Down Long with Memory 
and Controller Clock Gating2

2 lp_auto_sr_long_mc_gate_idle

1. When the MC issues a power-down mode entry, the DRAMs will enter one of the four power-down states depending on the 
state of the rows.

2. Memory Clock gating is not supported in auto mode.

Table 673. Counter parameter programming

Auto counter Type of idle time tracked

lp_auto_pd_idle Controller clocks

lp_auto_sr_long_idle Long count sequences

lp_auto_sr_long_mc_gate_idle Long count sequences

lp_auto_sr_short_idle Controller clocks

75.3.7.4.2 Automatic exit

The automatic interface also supports automatic exit from a low power state if the system requires, with separate enable bits for 
each low power state. During an automatic exit, all of the idle counters are reset to their programmed values and the memories 
are returned to normal operation. When a new read or write command enters the controller command queue, if the current low 
power state’s associated lp_auto_exit_en parameter bit is set to ’b1, the automatic interface will request an exit low power. If the 
current state is not enabled for automatic exit in the lp_auto_exit_en parameter, the controller will not exit low power.

Only new read or write commands will cause the counters to be reloaded to their programmed values and trigger an exit. Other 
commands, including MRR, MRW, low power entry and exit commands, register accesses, refresh, ZQ, etc., do not reset the 
counters and do not trigger an exit from low power. When the controller is idle and the memories have automatically entered a low 
power state, these commands may be prevented from executing.

It is generally expected that any state that is defined for automatic entry (lp_auto_entry_en) should also be enabled for 
automatic exit (lp_auto_exit_en). The default long count cycle is 1024 controller clocks. It can be reduced by configuring the 
long_count_mask parameter.

75.3.7.5 Hardware dynamic frequency scaling option

DFS is supported for LPDDR4 and LPDDR4x protocols with 1 boot + 2 operating frequency points.

75.3.8 Out of range address checking
It is possible that the master attempts to write to an invalid address. For this reason, all incoming addresses are always checked 
against the addressable physical memory space. If a transaction is addressed to an out-of-range memory location, then bit [0] 
of the int_status_userif parameter will be set to ’b1 to alert the user of this condition. The controller will record the address, 
source ID, length and type of transaction that caused the out-of-range interrupt in the out_of_range_addr, out_of_range_source_id, 
out_of_range_length and out_of_range_type parameters as described in the following .
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Even though the address has been identified as erroneous, the DDR Controller will still process the read or write transaction. A 
read transaction will return random data which the user must receive to avoid stalling the controller. A standard, non-exclusive 
write transaction will write the associated data to an unknown location in the memory array, potentially over-writing other stored 
data. A command can not be aborted once accepted into the DDR Controller.

Table 674. Out of range access parameters

Controller parameter Description

out_of_range_addr [33:0] Transaction Address

out_of_range_source_id [11:0] Bits [11:10] = Port ID

Bits [9:0] = AXI Thread ID

out_of_range_length [7:0] Total byte count of the transaction.

out_of_range_type [6:0] Type of command that caused the error. Refer to the DDR Controller Register Reference 
Manual for more information on this parameter.

The out_of_range_type parameter contains 7 bits. The table below lists the bits of this parameter.

Table 675. Bits of the out_of_range_type parameter

Bit description Bit settings

Bit [0] = Read/Write • ’b0 = Write

• ’b1 = Read

Bit [1] = Masked Write • ’b0 = Non-masked write

• ’b1 = Masked write

Bit [2] = Wrapping • ’b0 = No wrapping

• ’b1 = Wrapping

Bit [3] = Exclusivity • ’b0 = Non-exclusive

• ’b1 = Exclusive

Bit [4] = Flushing • ’b0 = Non-flushed

• ’b1 = Flushed

Bit [5] = Auto-Precharge • ’b0 = Without auto-precharge

• ’b1 = With auto-precharge

Bit [6] = Reserved

75.3.9 Writing mode registers
The DDR Controller provides several options to program the mode registers in the memories. This functionality is controlled 
through the write_modereg parameter. The encoding of this parameter defines which mode register(s) and which chip select(s) 
will be written.
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When the write has been completed (or if an invalid request was programmed), the mode register write complete interrupt (bit [3] 
of the int_status_mode parameter. Any errors will be reported in the mrw_status parameter. The write_modereg parameter bit [25] 
will be reset to ’b0 on the cycle after it is changed.

The data values to be written to DRAM mode registers need to be configured to the mrZ_data_X or mrZ_data_fN_X parameters 
(ZZ is the number of DRAM MR, N is the frequency set, and X is the chip select number) before writing to write_modereg bit [25].

75.3.9.1 write_modereg parameter fields

The fields of the write_modereg parameter are:

• Bit [26] = When operating in LPDDR4 mode: Write MR1, MR2, MR3, MR11, MR12, MR14, MR22, MR23

• Bit [25] = Trigger the MRW sequence with the settings defined in bits [24:0] or bit [26].

• Bit [24] = Write all chip selects

-- ’b0 = Only the chip select identified in bits [15:8] will be written for the mode register(s) specified in bits [23:16] or bit [26].

-- ’b1 = Bits [15:8] will be ignored and all chip selects will be written for the mode register(s) specified in bits [23:16] or bit [26].

• Bits [23:16] = Mode register write type. Only one of these should be set when bit [25] is set. If no bits are set, an error will be 
flagged in the mrw_status parameter. If bit [24] is set to ’b1, all chip selects will be programmed. If bit [24] is cleared to ’b0, 
bits [15:8] will specify which chip select will be programmed.

-- Bit [23] = Write a single MRz

The mode register specified in bits [7:0] will be written with the data in the associated mrsingle_data_X parameters. Even if 
an associated mrZ_data_X parameter exists, the data from that parameter will NOT be used for the write and the mrZ_data_X 
parameter will not be updated with this command. This setting can be used to write mode registers for which the DDR Controller 
does not provide a specific parameter.

-- Bit [18] = When operating in LPDDR3 or LPDDR4 mode: Write MR16 and MR17

-- Bit [17] =

• When operating in LPDDR3 mode: WriteMR1, MR2, MR3

• When operating in LPDDR4 mode: WriteMR1, MR2, MR3, MR13

-- Bit [16] =

• When operating in LPDDR3 mode: Write MR1, MR2, MR3, MR11, MR16, MR17

• When operating in LPDDR4 mode: Write MR1, MR2, MR3, MR11, MR13, MR16, MR17, MR22

-- All other bits reserved

• Bits [15:8] = Chip select number to be written. This field is only valid when bit [24] is cleared to ’b0 specifying that only a single 
MRz will be written.

• Bits [7:0] = Mode register number to be written. This field is only valid when bit [23] is set to ’b1 specifying that only a certain 
MRz will be written.

The mode register write(s) will be issued when the trigger bit (bit [25]) is set. Once the controller has completed all of the 
writes, the mode register write complete interrupt (bit [3] of the int_status_mode parameter and errors will be reported in the 
mrw_status parameter.

The write_modereg parameter bit [25] will be reset to ’b0 on the cycle after it is changed.

75.3.9.2 Programming errors

If the write_modereg parameter was programmed incorrectly, the controller state machine may or may not issue the request. In 
either case, the mode register write complete interrupt bit [3] of the int_status_mode parameter and then the mrw_status parameter 
should be read for error information.
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75.3.10 ZQ calibration
ZQ calibration is a feature of certain memories used to calibrate output driver impedence across process, temperature and 
voltage. There are multiple types of ZQ commands defined in the JEDEC memory specifications. The commands supported by 
this DDR Controller are listed in the table below, in priority order.

Table 676. ZQ command support

ZQ command Supported memory classes Controlling location in the 
memory device

zq_req 
parameter programming

ZQINIT LPDDR3 MR10 0x4

ZQCL LPDDR3 MR10 0x2

ZQCS LPDDR3 MR10 0x1

ZQRESET LPDDR3 LPDDR4 MR10 0x8

ZQCal Start LPDDR4 MPC 0x3

ZQCal Latch LPDDR4 MPC 0x5

For most ZQ commands, before a ZQ command is initiated, regardless of how the command was requested, pending refreshes 
and power down commands are all handled, any commands in process are completed, and all active memory banks are closed.

ZQ parameters are properly optimized by NXP Register Programming AID tool. It is recommended for users to follow these 
settings for their system.

75.3.10.1 ZQ short calibration

A ZQ short calibration may calibrate each chip select enabled in the cs_map parameter on each request, or just one chip select 
on each ZQ short calibration request. The value of the zqcs_rotate parameter determines whether all chip selects or just one chip 
select are calibrated on each request. The DDR Controller will issue the appropriate ZQCS commands.

A ZQCS will be issued in the following cases:

• The user requests a short ZQ calibration by programming the zq_req parameter to 0x1.

• The number of long count sequences that have occurred since the last ZQCS exceeds the value specified in the

zq_interval parameter. The length of a long count sequence is defined in the long_count_mask parameter.

75.3.10.2 ZQ long calibration

A ZQ long calibration will calibrate each chip select in the system, one chip select at a time. The DDR Controller will issue the 
appropriate ZQCL commands to each chip select.

A ZQCL will be issued in the following cases:

• During initialization, if the pwrup_srefresh_exit parameter is cleared to ’b0.

• The user requests a long ZQ calibration by programming the zq_req parameter to 0x2.

75.3.10.3 ZQ initialization

A ZQ initialization calibration will calibrate each chip select in the system, one chip select at a time. The DDR Controller will issue 
the appropriate ZQINIT commands to each chip select.

A ZQINIT will be issued in the following cases:

• The user requests a ZQ initialization by programming the zq_req parameter to 0x4.
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75.3.10.4 ZQ reset

A ZQRESET calibration will calibrate each chip select in the system, one chip select at a time. The DDR Controller will issue the 
appropriate ZQRESET commands to each chip select.

A ZQRESET will be issued in the following cases:

• The user requests a ZQRESET by programming the zq_req parameter to 0x8.

75.3.10.5 ZQCal start operation

A ZQCal Start calibration may calibrate one or more chip selects on each request, based on how the Controller is programmed 
or the system is architected. The DDR Controller will issue the appropriate ZQCal Start commands.

A ZQCal Start will be issued in the following cases:

• Automatically during initialization

• On request through software

• Periodically

75.3.10.6 ZQ resistor map

The use of the ZQ logic in the Controller is dependent on how the ZQ resistors are physically connected. If each chip select 
has a unique resistor, then commands can be issued to all chip selects simultaneously. If chip selects share resistors, then the 
commands may only be issued to one of the sharing chip selects at a time. There are 3 parameters used to identify the CS resistor 
usage map, as shown in the following table..

Table 677. Resistor mapping

DDR controller parameter ZQ command Usage

zq_cal_start_map_X ZQCal Start Automatically during initializationPeriodically 
through the FM Module

zq_cal_latch_map_X ZQCal Latch Automatically during initializationPeriodically 
through the FM Module

zq_sw_req_start_latch_map ZQCal Start ZQCal Latch On-request through software

75.3.10.6.1 Map parameter programming rules

The zq_cal_start_map_X and zq_cal_latch_map_X parameters must be programmed accurately for accurate Controller operation. 
The following rules apply to the programming of these parameters:

• Each of the bits set in the cs_map parameter must correspond to a set bit in one of the zq_cal_start_map_X parameters and 
one of the zq_cal_latch_map_X parameters. This ensures that each chip select is calibrated at least once through the ZQ 
command rotation.

• Each bit should only be set in one of the zq_cal_start_map_X parameters. Having the same chip select enabled 
in multiple iterations of this parameter is inefficient but not an error condition. (Bits may be repeated in the 
zq_cal_latch_map_X parameters.)

• If any of the zq_cal_start_map_X or zq_cal_latch_map_X parameters are cleared to 0x0, on that iteration of the ZQ command 
rotation, no ZQCal Start/Latch commands will be issued. The iteration will not be skipped.

• Any number of bits may be set to ’b1 in any of the zq_cal_start_map_X or zq_cal_latch_map_X parameters. However, the 
map parameters identify which chip selects may receive ZQCal Start/Latch commands simultaneously and therefore any chip 
selects that share a ZQ resistor may not be set to ’b1 in the same zq_cal_start_map_X parameter. The zq_cal_latch_map_X 
parameter does not have this restriction.
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• If either set of parameters are left un-programmed, the default will issue one ZQCal Start/Latch command on each iteration, 
starting with CS0.

75.3.11 Modes
LPDDR has several configurable power modes to allow effective usage of power and performance per application needs. It uses 
hardware interface and automatic interface to request for power mode entry/exit, as described in Low power operation DRAM 
power mode options have been previously listed in Table 671

The following table describes power modes applies to the DDR PHY circuits.

Table 678. Power modes

DDR PHY power mode Description

Idle This is a period in which no read or write activity is being 
performed by the controller. The PHY is not in any low-power 
state, and is ready to accept commands at any time

Light Sleep This is a low-power state in which the master delay lines and 
their logic receive a clock, but all other slice logic is gated off. 
The PHY PLLs remain in an active state. Parameter reads/
writes to data slices and address slices are not permitted. 
The PHY returns quickly to functional operation after an exit 
from light sleep

Low Power Idle This is a low power version of idle where the data slices are 
place in a light sleep mode while still allowing accesses to 
the data slice register address space. This mode is enabled 
through phy_ls_idle_en parameter.

Deep Sleep1 This is an ultra low-power state in which all clocking to 
the data slices, address slices and address/control slices 
are disabled. The PLLs are in a power down state. PLL 
and master delay lines requires re-lock during wakeup. Only 
the top-level low-power control logic remains active. Pad 
calibration functions are frozen. When in this mode, no DFI 
accesses or parameter read/writes can be performed.

Data Retention / Power Gate2 This is the lowest power consumption state of DDR, where 
power is gated except by minor buffering and always ON logic 
needed to drive DDR_RAM_RST_b and DDR_CKE outputs (in 
order to keep external DRAM in self refresh state).

This mode entry is only allowed through Hardware 
Interface, and entry/exit procedure is described in XXX 
Application chapter.

1. This mode is only supported with HW interface
2. This mode is only supported with HW interface in SRPD long with MC clock gating

The recommended configuration is that if DRAM is placed into a power-down mode, the PHY should enter Light Sleep or Low 
Power Idle (phy_ls_idle_en parameter). If DRAM is placed in a self-refresh mode, DDR PHY can be put in Deep sleep mode only 
through HW interface .

It is recommended that DDR PHY Deep Sleep mode / DRAM self-refresh is entered together with RTD/APD (the domain 
configured as master for LPDDR) domain also entering Deep Sleep mode. This is a safe condition given DDR register accesses 
and AXI traffic are not allowed when DDR is in this mode, and violation to this can cause critical system issues.

Data retention mode is only allowed and required when LPAV domain also enters power down.
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75.3.12 Clocks
DDR complex has a clocking strategy to use independent and asynchronous clocks for each AXI interface, AHB interface and 
DDR Controller/PHY core logic. Table below depicts the maximum frequency that can be achieved in each interface

Table 679. Clocks

Clock Domain Maximum frequency (MHz) Note

CTRL CORE CLOCK 528/2 DDR Controller/PHY Core

Reference for DDR PHY PLLs

DRAM CLK 528 Clock generated by DDR PHY to 
connect to external DRAM

axi0 CLK 316.8 AXI IF to NIC_LPAV

axi1 CLK 230 AXI IF to NIC_PER

axi2 CLK 460 AXI IF to NIC_AD

axi3 CLK 300 AXI IF to NIC_HIFI

AHB CLK 158.5 AHB Bus

75.3.13 Reset
LPDDR Subsystem has a simple reset structure on which all clock domains are reseted from a single system reset source, after 
properly synchronized to the respective clock domain. Figure below illustrates this structure.

AVD
CMC

LPDDR4

rst_n, phy_rst_n
axi0_ARESETn
axi1_ARESETn
axi2_ARESETn
axi3_ARESETn
ahb_RESETn

Reset de-asserted synchronous
toeach domain clock

PCC

AD
CMC

RTD
CMC

master

RESET
SYNCHRONIZER

rst_out

rst

clk

Figure 529. Reset connections

The LPDDR4 reset sources are:

• AVD CMC: LPDDR reset asserts when entire audio_video domain is under reset

• RTD CMC: LPDDR reset asserts when RTD domain is under reset and LPDDR block is allocated to RTD

• AD CMC: LPDDR reset asserts when AD domain is under reset and LPDDR block is allocated to AD

• PCC5 slot [66]: this is a sw reset, intended to be used for debug purposes only, and should be kept de-asserted

75.3.14 Interrupts
This DDR Controller supports a full system of interrupts to alert the user of any issues the Controller encounters. Interrupts are 
reported by the setting of bits in the int_status_master parameter and the individual int_status_<group> parameters. If any bits are 
set in the group parameter, the associated bit will be set in the int_status_master parameter.
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Individual interrupts must be cleared by writing to the bit in the int_ack_<group> parameter, which will then update the 
int_status_<group> parameter and may clear the bit in the int_status_master parameter. Interrupts may be masked individually in 
the int_mask_<group> parameter, groups of interrupts may be masked in the int_mask_master parameter, or all interrupts may 
be masked by setting the uppermost bit of the int_mask_master parameter to ’b1. Refer to the following table for the correlation 
of bits in the master and group parameters, and all subsequent tables for the individual bits of each group.

Groups shown as reserved in below table are not available and must be kept disabled.

Table 680. Interrupt groups

Logic group Bit in the 
int_status_master and 

int_mask_master 
Parameters

Name of the group 
status parameter

Name of the Group 
mask parameter

Name of the group 
acknowledge parameter

Reserved 15 Reserved Reserved Reserved

Mode Registers 14 int_status_mode int_mask_mode int_ack_mode

Reserved 13 Reserved Reserved Reserved

Initialization 12 int_status_init int_mask_init int_ack_init

Dynamic 
Frequency Scaling

11 int_status_freq int_mask_freq int_ack_freq

Reserved 10 Reserved Reserved Reserved

Reserved 9 Reserved Reserved Reserved

Reserved 8 Reserved Reserved Reserved

Reserved 7 Reserved Reserved Reserved

User Interface 6 int_status_userif int_mask_userif int_ack_userif

Training 5 int_status_training int_mask_training int_ack_training

Reserved 4 Reserved Reserved Reserved

Reserved 3 Reserved Reserved Reserved

Low 
Power Control

2 int_status_lowpower int_mask_lowpower int_ack_lowpower

Reserved 1 Reserved Reserved Reserved

Timeout 0 int_status_timeout int_mask_timeout int_ack_timeout

Table 681. Bits of the mode registers group

Bit Description

Bits [7:5] Reserved

Table continues on the next page...
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Table 681. Bits of the mode registers group (continued)

Bit Description

Bit [4] Reserved

Bit [3] The register interface-initiated mode register write has completed and another mode register write may be issued. 
User must check mrw_status parameter to check for mode write errors.

Bit [2] The requested mode register read has completed. The chip and data can be read in the

peripheral_mrr_data parameter.

Bit [1] Reserved

Bit [0] An MRR error has occurred. Error information can be found in the mrr_error_status parameter.

Table 682. Bits of the initialization group

Bit Description

Bits [7:3] Reserved

Bit [2] Reserved

Bit [1] The MC initialization has been completed.

Bit [0] The memory reset is valid on the DFI bus.

Table 683. Bits of the dynamic frequency scaling group

Bit Description

Bits [7:3] Reserved

Bit [2] The DFS operation has resulted in a status bit being set.

Bit [1] The DFS hardware has completed all operations.

Bit [0] Reserved

Table 684. Bits of the DFI group

Bit Description

Bits [7:6] Reserved

Bit [5] The DFI tINIT_COMPLETE value has timed out. This value is specified in the tdfi_init_complete parameter.

Bit [4] The user-initiated DLL resynchronization has completed.

Bit [3] A state change has been detected on the dfi_init_complete signal after initialization.

Table continues on the next page...
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Table 684. Bits of the DFI group (continued)

Bit Description

Bit [2] Error received from the PHY on the DFI bus.

Bit [1] A DFI PHY Master Interface error has occurred. Error information can be found in the phymstr_error_status

parameter.

Bit [0] A DFI update error has occurred. Error information can be found in the update_error_status parameter.

Table 685. Bits of the user interface group

Bit Description

Bits [15:8] Reserved

Bit [7] Reserved

Bit [6] A wrap cycle crossing a DRAM page has been detected. This is unsupported and may result in memory 
data corruption.

Bit [5] Reserved

Bit [4] Reserved

Bit [3] Reserved

Bit [2] An error occurred on the port command channel.

Bit [1] Multiple accesses outside the defined PHYSICAL memory space have occurred.

Bit [0] A memory access outside the defined PHYSICAL memory space has occurred.

Table 686. Bits of the training group

Bit Description

Bit [15] A DQS oscillator measurement has been detected to be out of variance.

Bit [14] A DQS oscillator measurement overflow has been detected.

Bit [13] The DQS oscillator has updated the base values.

Bit [12] The software-requested DQS Oscillator measurement has completed.

Bit [11] Reserved

Bit [10:0] Reserved

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5143 / 5781



Table 687. Bits of the low power control group

Bit Description

Bits [15:7] Reserved

Bit [6] Reserved

Bit [5] Reserved

Bit [4] Reserved

Bit [3] A Low Power Interface (LPI) timeout error has occurred.

Bit [2] Reserved

Bit [1] Reserved

Bit [0] The low power operation has been completed.

Table 688. Bits of the timeout group

Bit Description

Bits [31:20] Reserved

Bit [19] The auto-refresh max deficit timeout has expired.

Bit [18] Reserved

Bit [17] The low power interface wakeup timeout has expired.

Bit [16] The DFI update FM timeout has expired.

Bit [15] A DQS oscillator request timeout has been detected.

Bit [14] The MRR temperature check FM timeout has expired.

Bit [13:10] Reserved

Bit [9] The ZQ calstart FM timeout has expired.

Bit [8] The ZQ callatch FM timeout has expired.

Bit [7] The ZQ cal init, cs, cl, or reset FM timeout has expired.

Bit [6:0] Reserved

75.4 External signals
Table below lists the LPDDR Interface signals used to interface to external DRAM.
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Pin Name Direction Description

DDR_DQ[31:0] Inout Bidirectional Data bus

For LPDDR4 dual channel, map 
as following:

DDR_DQ[31:16] = DQ[15:0]_B

DDR_DQ[15:0] = DQ[15:0]_A

DDR_DM[3:0] Inout Data mask/data bus inversion

For LPDDR4 dual channel, map 
as following:

DDR_DM[3:2] = DM[1:0]_B

DDR_DM[1:0] = DM[1:0]_A

DDR_DQS[3:0]_N/P Inout Bidirectional Differential Data Strobe

For LPDDR4 dual channel, map 
as following:

DDR_DQS[3:2] = DQS[1:0]_B

DDR_DQS[1:0] = DQS[1:0]_A

DDR_A[11:0] Output Command/Address.

For LPDDR4 dual channel, map 
as following:

DDR_A[11:6] = CA[5:0]_B

DDR_A[5:0] = CA[5:0]_A

DDR_CK[1:0]_N/P Output Differential Clock

DDR_ODT[1:0] Output ODT Control

DDR_CKE[1:0] Output Clock Enable

For LPDDR4 dual-rank:

DDR_CKE[1] = rank 1 (example CKE1_A 
and CKE1_B)

DDR_CKE[0] = rank 0 (example CKE0_A 
and CKE0_B)

DDR_RAM_RST_b Output Active low Reset

DDR_CS[1:0]_A_b Output Active low chip select

DDR_CS[1:0]_B_b Output Active low chip select

DDR_ZQ Input ZQ Calibration Reference

75.5 Initialization
LPDDR need the following initialization procedure to be followed prior to enabling traffic to/from external DRAM.
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• Use the NXP Register AID tool to come up with recommended register settings for LPDDR registers, customized for your 
application board layout and external DRAM model

• Configure LPDDR clock source appropriately (working frequency for LPDDR3 / boot frequency for LPDDR4/4X)

• Write PCC5.PCC_LPDDR4[SWRST] = 1’b1 to release LPDDR from reset

• Write LPDDR4 registers with recommended settings according to step 1

• Write PI_START parameter to 1’b1. This enables the PI (PHY Independent) logic to perform the required leveling

• Write START parameter to 1’b1. This starts the LPDDR Controller initialization

— For LPDDR3, go to step 8. For LPDDR4, go to step 7

• For LPDDR4, boot frequency and operating frequencies F1 and F2 need to be initialized. This requires a handshake 
control to be handled through SIM-LPAV register as below:

—  
For the entire step 7, register accesses to LPDDR registers are not allowed, and can cause system to hang.

  NOTE  

— Poll SIM-LPAV LPDDR2[PHY_FREQ_CHG_REQ] until it is asserted 1’b1

— Read SIM-LPAV LPDDR2[PHY_FREQ_TYPE] and program LPDDR clock source to the requested frequency (see 
RM for information about the encoding)

— Set SIM-LPAV LPDDR2[PHY_FREQ_CHG_ACK] to 1’b1. Go back to 7a if additional frequency change requests are 
expected. Table XXXX shows the number of expected frequency changes according to system configuration options

• Poll bit [1] of INT_STATUS_INIT parameter until it is asserted 1’b1. This indicates initialization is complete

• For LPDDR4, write MR_FSP_DATA_VALID_Fx to 1’b1 based on number of frequencies used. This is needed for use of 
DFS feature.

• DRAM is ready to receive traffic

Table 689. LPDDR4 initialization frequency change request according to system configuration

Number of CS Number of operating 
frequencies

Initial operating frequency 
after Initialization

Amount of frequency switch 
requests

1 1 (F1 OR F2) - 3

1 2 (both F1 and F2) F1 7

1 2 F2 6

2 1 - 5

2 2 F1 11

2 2 F2 10

75.6 Application information
Next sections are intended to provide guideline to common scenarios customer will face in application.

75.6.1 DDR low-power entry/exit through hardware interface, system entering Deep Sleep
This is intended to detail the programming needed to enable LPDDR to enter self-refresh automatically in the event of system 
entering Deep Sleep with LPDDR clock gate enabled. The following register need to be programmed before CM33 or CA35 
request entering WFI.

1. PCC5.PCC_LPDDR4[SSADO] need to be programmed correctly mapping LPDDR to either RTD or AP domain.

2. Make sure DENALI_CTL_144[LPI_WAKEUP_EN[5:0]] has the bit LPI_WAKEUP_EN[3] = 1’b1. This enables the option 
“self-refresh long with mem and ctlr clk gating or self-refresh power-down long with mem and ctlr clk gating”
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3. Configure following SIM-LPAV registers:

a. LPDDR_CTRL[LPDDR_AUTO_LP_MODE_DISABLE] = 1’b0 (enable logic to automatic handles low power entry/
exit. This is the recommended option over handling through software)

b. LPDDR_CTRL[SOC_LP_CMD] = 6’b10_1001 (encoding for self-refresh with both DDR controller and DRAM clock 
gate. This is mandatory since DDR source clock is gated in Deep Sleep LP MODE)

c. LPDDR2[LPDDR_EN_CLKGATE] = 1’b1 (gate DDR controller clock source)

d. LPDDR2[LPDDR_MAX_CLKDIV_EN] as below:

i. 1’b0: DDR_PHY clock source gated (slightly less power consumption)

ii. 1’b1: DDR_PHY small logic kept toggling with DDR source clock divided by 1024. The intent of this toggling 
is to minimize aging effects in the internal master delay lines

4. After step 3., system can move further with procedure to move RTD or AD into Deep Sleep Low Power mode

a. System need to guarantee no other master is accessing DDR when requesting this mode change

5. After wakeup event, SIM-LPAV LPDDR_CTRL[LPDDR_ERROR] can be checked to see if previous low power mode 
change handshake was successful.

75.6.2 DFS frequency switch procedure
This is intended to detail the programming needed to switch between F1 and F2 operational frequencies in LPDDR4 protocol.

1. Make sure DENALI_CTL_144[LPI_WAKEUP_EN[5:0]] has the bit LPI_WAKEUP_EN[2] = 1’b1. This enables the option 
“self-refresh short, self-refresh long with or without mem clk gating” used during DFS.

2. Make sure MR_FSP_DATA_VALID_FN is set to 1’b1 after frequencies are trained as part of initialization.

3. Make sure AXI masters are halted and not accessing LPDDR during the frequency change handshake, since LPDDR 
traffic is blocked and AXI internal FIFOs can easily become full and cause system issues.

4. Make sure no LPDDR register access is performed during the frequency change handshake, since the register interface 
is not available during this time and an access can cause system issues.

5. Mask bits 16 and 19 of int_mask_timeout register, since auto refresh and control update logic are not serviced during 
DFS.

6. Configure SIM-LPAV LPDDR_CTRL[SOC_LP_CMD] = 6’b0X_1000 (encoding for “DFS + self-refresh short, self-refresh 
long with or without mem clk gating”).

7. Configure SIM-LPAV LPDDR_CTRL[SOC_FREQ_COPY] = desired frequency to switch to (either 2’b01 for F1 or 2’b10 
for F2).

8. Set SIM-LPAV LPDDR_CTRL[SOC_FREQ_REQ] bit to 1’b1. This will start frequency change request handshake with 
DDR Controller.

9. Poll SIM-LPAV LPDDR_CTRL[SOC_FREQ_CHG_REQ] OR LPDDR_CTRL[LPDDR_DONE] until any asserts to 1’b1 
(this can also be handled through ISR, see SIM-LPAV LPDDR register for more information).

a. If LPDDR_CTRL[LPDDR_DONE] = 1’b1, go to step 12. Some error prevented LPDDR to continue with frequency 
switch.

b. If LPDDR_CTRL[SOC_FREQ_CHG_REQ] = 1’b1, this means LPDDR has entered self-refresh and is halted 
waiting system to switch to new frequency. Go to step 10.

10. Perform system configuration steps needed to switch LPDDR clock source to desired frequency.

11. Set SIM-LPAV LPDDR_CTRL[SOC_FREQ_CHG_ACK] bit to 1’b1. This acknowledges to LPDDR controller that new 
frequency is ready.

12. Poll SIM-LPAV LPDDR_CTRL[LPDDR_DONE] until it asserts to 1’b1. This signalizes LPDDR is operational (this can 
also be handled through ISR, see SIM-LPAV LPDDR register for more information).
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13. Check for any handshake errors in the SIM-LPAV LPDDR_CTRL[LPDDR_ERROR] register.

14. Restore (clear) bits 19 and 16 of int_mask_timeout if used by system.

75.6.3 Data retention entry/exit procedure
This is intended to detail the programming needed to enable LPDDR to enter self-refresh automatically in the event of system 
entering Power Down / Deep Power Down with LPDDR power gated.

75.6.3.1 Entry

The following register need to be programmed before CM33 or CA35 request WFI with domain entering Power Down.

1. PCC5.PCC_LPDDR4[SSADO] need to be programmed correctly mapping LPDDR to either RTD or AP domain.

2. Make sure DENALI_CTL_144[LPI_WAKEUP_EN[5:0]] has the bit LPI_WAKEUP_EN[3] = 1’b1. This enables the option 
“self-refresh long with mem and ctlr clk gating or self-refresh power-down long with mem and ctlr clk gating”

3. Configure following SIM-LPAV registers:

a. LPDDR_CTRL[LPDDR_AUTO_LP_MODE_DISABLE] = 1’b0 (enable logic to automatic handles low power entry/
exit. This is the recommended option over handling through software)

b. LPDDR_CTRL[SOC_LP_CMD] = 6’b10_1001 (encoding for self-refresh with both DDR controller and DRAM 
clock gate. This is mandatory since LPDDR logic will be power gated)

4. Store DDR Controller and PHY registers in SRAM.

For storing PHY registers in 3 frequency mode:

a. Set PHY_FREQ_SEL_MULTICAST_EN=0 and PHY_FREQ_SEL_INDEX=1. Read and store all PHY registers.

b. Set PHY_FREQ_SEL_MULTICAST_EN=0 and PHY_FREQ_SEL_INDEX=0. Read and store only those PHY 
registers which are different between F1 and F2.

5. After step 3, system can move further with procedure to move RTD or AD into Power Down / Deep Power Down mode, 
with DDR power switch opened.

• uPower FW will automatically coordinate putting DDR I/Os in high-Z and enabling data_retention on DDR_CKE and 
DDR_RAM_RST_b I/Os (to allow external DRAM to retain the data) before power gating LPDDR domain.

75.6.3.2 Exit

Exit from system Power Down mode causes reset to be asserted to the LPDDR domain logic. Thus it is required that partial 
initialization procedure is run again (full initialization is not needed because external DRAM was not reseted). Find below the 
procedure to re-initialize LPDDR after system Power Down mode is exited.

1. Configure system clocks for the desired LPDDR operating frequency.

2. Write PCC5.PCC_LPDDR4[SWRST] = 1’b1 to release LPDDR from reset.

3. Load DDR controller registers which were stored before entering the Low power mode. Load PHY registers in following 
way:

a. Set PHY_FREQ_SEL_MULTICAST_EN=1 and PHY_FREQ_SEL_INDEX=1. Load all PHY registers.

b. Set PHY_FREQ_SEL_MULTICAST_EN=0 and PHY_FREQ_SEL_INDEX=0. Load only those PHY registers 
which are different between F1 and F2.

4. Set the following parameters:

a. PHY_SET_DFI_INPUT_N parameters to 4’h1 for LPDDR4/4x. It’s don’t care for LPDDR3.

b. CTL PWRUP_SREFRESH_EXIT=1’b0 for disabling self refresh exit from controller.

c. PI_PWRUP_SELF_REF_EXIT=1, PI_MC_PWRUP_SELF_REF_EXIT=0 for enabling self refresh exit from PI.

d. PI_INT_LVL_EN=0 to skip Initialization trainings.
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e. PI_WRLVL_EN_F0/1/2= PI_CALVL_EN_F0/1/2= PI_RDLVL_EN_F0/1/2= PI_RDLVL_GATE_EN_F0/1/2= 
PI_WDQLVL_EN_F0/1/2=0x2. Enable non initialization trainings.

f. PI_PWRUP_SREFRESH_EXIT_CS=0xF

g. PI_DLL_RESET=0x1

5. Disable automatic LP entry and PCPCS modes: LP_AUTO_ENTRY_EN=1;b0; PCPCS_PD_EN = 1’b0.

6. Remove retention on Reset and CKE lines.

7. Write PI START parameter to 1’b1.

8. Write CTL START parameter to 1’b1.

9. Wait for INT_STATUS_INIT=0x2.

10. Run SW trainings by setting 
PI_CALVL_REQ,PI_WRLVL_REQ,PI_RDLVL_GATE_REQ,PI_RDLVL_REQ,PI_WDQLVL_REQ(NA for LPDDR3) in 
same order.

11. Wait for trainings to get complete by polling PI_INT_STATUS.

75.6.3.3 DDR automatic entry/exit sequence

This section provides detail description on the programming needed to enable LPDDR to automatically enter and exit the 
low-power state. The following are the steps for enabling the auto interface:

1. Program CTL LP_WAKEUP parameters of all frequency copies to be less than PHY_LP_WAKEUP parameter. For 
LPDDR3 wakeup parameters applicable are:

• LPI_SR_LONG_MCCLK_GATE_WAKEUP_Fn,LPI_SR_LONG_WAKEUP_Fn,LPI_SR_SHORT_WAKEUP_Fn.

• For LPDDR4/4x, wakeup parameters applicable are : LPI_SRPD_LONG_MCCLK_GATE_WAKEUP_Fn, 
LPI_SRPD_LONG_WAKEUP_Fn,LPI_SRPD_SHORT_WAKEUP_Fn.

• It will make sure that PHY will not enter deep sleep.

2. Program LPI_WAKEUP_EN parameter for the intended Low Power state.

Table 690. Low power state counter parameters

DDR Controller Low Power State Associated Bit in the 
lpi_wakeup_en Parameter

Associated Wakeup Timing Parameter

Idle / no DFI activity Bit[0] lpi_ctrl_idle_wakeup_fN

Active Power-Down Bit [1] lpi_pd_wakeup_fN

Pre-Charge Power-Down Bit [1] lpi_pd_wakeup_fN

Self-Refresh Short Bit [2] lpi_sr_short_wakeup_fN

Self-Refresh Long Bit [2] lpi_sr_long_wakeup_fN

Self-Refresh Long with Memory and Controller 
Clock Gating(Memory clock gating will not 
happen)

Bit[3] lpi_sr_long_mcclk_gate_wakeup_fN

Self-Refresh Power-Down Short Bit [2] lpi_srpd_short_wakeup_fN

Self-Refresh Long Bit [2] lpi_srpd_long_wakeup_fN

Self-Refresh Long with Memory and Controller 
Clock Gating(Memory clock gating will not 
happen)

Bit[3] lpi_srpd_long_mcclk_gate_wakeup_fN
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3. Program the idle count to a non-zero value for the intended low power state. It should be taken care that idle 
counts should be programmed incrementally as we move towards deeper power-saving mode. LP_AUTO_PD_IDLE, 
LP_AUTO_SR_SHORT_IDLE, LP_AUTO_SR_LONG_IDLE, LP_AUTO_SR_LONG_MC_GATE_IDLE are the 
corresponding IDLE counts are measured on terms of long clocks defined by LONG_COUNT_MASK.

4. Enable Automatic Low power exit bit for the intended low power mode through LPI_AUTO_EXIT_EN.

5. Enable Automatic Low power entry bit for the intended low power mode through LPI_AUTO_ENTRY_EN.

6. Low Power state can be monitored by reading LP_STATE_CSn parameter.

75.6.3.4 Switching from DDR auto low power mode to HW interface mode

DDR automatic interface can not work together with HW interface. So automatic interface must be disabled before going in HW 
Low power mode and can be enabled back again on exiting from HW Low power mode. The following are the steps for reference:

1. Disable all Automatic Low power entry bits in LPI_AUTO_ENTRY_EN.

2. Access DRAM to make it exit the low power state

3. Disable all Automatic Low power exit bits in LPI_AUTO_EXIT_EN.

4. 4. Program CTL LP_WAKEUP parameters of all frequency copies to be greater than PHY_LP_WAKEUP parameter. For 
LPDDR3 wakeup parameters applicable are:

• LPI_SR_LONG_MCCLK_GATE_WAKEUP_Fn,LPI_SR_LONG_WAKEUP_Fn,LPI_SR_SHORT_WAKEUP_Fn.

• For LPDDR4/4x, wakeup parameters applicable 
are :LPI_SRPD_LONG_MCCLK_GATE_WAKEUP_Fn,LPI_SRPD_LONG_WAKEUP_Fn,LPI_SRPD_SHORT_WAK
EUP_Fn

It will make sure that PHY will enter Deep sleep.

5. Use steps for entering HW Low Power mode.

75.7 DDR PHY overview
DDR PHY provides the functionality to interface a DDR memory controller to a high-speed DDR DRAM device.

DRAM DDR PHY
DDR memory 

controller

Figure 530. DDR PHY block diagram
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75.7.1 DDR PHY features
The following are PHY basic features:

• Alignment of DRAM commands to the DRAM clock

• Timing control for proper write data and write data strobe placement

• Read data capture using DRAM generated data strobe and re-synchronization

• High resolution write/read timing control

• Per-bit deskew on the read/write data path

• Support for multiple leveling/training modes through PHY evaluation mode

• Register programming interface to all PHY parameters

• Low-power modes

• Low-speed test interface (PHY BIST)

• At-speed ATPG support (OPCG)

75.7.2 DDR PHY functionality
The PHY is built using a slice based architecture. Individual slice components are hardened and placed multiple times at the PHY 
level. A small subset of the overall PHY logic is synthesized and placed outside of the slice components.

• Data slice (8 DQ/1 DM/1 DQS)

• Address slice (7 CA, 1 PAR)

• Address/control slice (4 control/address)

• Memory clock slice

The DDR PHY Interface (DFI) is a published specification concerning the interface between a memory controller (MC) and a PHY 
physical interface. The protocol defines the signals, signal relationships, and timing parameters required to transfer control and 
data information between the MC logic and the PHY.

75.7.3 External signals
DDR PHY requires a specific sequence for proper operation after all power to the SOC and memory devices is stable. The PHY 
does not include circuitry to control the activation of power and ground; this comes from the SOC. The PHY must be reset and 
initialized before normal traffic can commence, and power and ground levels must be stable during this period.

Table 691. External signal

Signal Direction Description

rst_n Input Active low reset input to the PHY

dll_rst_n Input Active low logical reset to the PHY. 
De-assertion initiates IO calibration and 
master delay line locking process. 
Deassertion occurs after PHY register 
programming has been completed.

dfi_init_start Input DFI initialization start indicator

dfi_init_complete Output PHY initialization complete signal
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75.7.4 Initialization
DDR PHY requires a specific sequence for proper operation after all power to the SOC and memory devices is stable. The PHY 
does not include circuitry to control the activation of power and ground; this comes from the SOC. The PHY must be reset and 
initialized before normal traffic can commence, and power and ground levels must be stable during this period.

Power up sequence:

• I/O supply(2 supplies for LPDDR4X)

• Core supply

• PLL supply

The core supply should be ramped up before, or concurrently with, the IO supply. For LPDDR4X, there is a requirement for 
sequencing between the 2 IO supplies (VDDQ, VDDQX). VDDQX must be powered up earlier or with VDDQ and VDDQX must 
always be greater than or equal to VDDQ. If the IO supply is powered up first, the logical state of the IO will be unknown but will 
not create a technology issue. To ensure that the IO pads come up into a known state, the recommended power up sequence is:

1. Turn on core supply/PLL supply

2. Assert rst_n and dll_rst_n ports on the PHY

3. Turn on IO supply

PHY Initialization:The memory controller requires notification that the PHY is fully initialized. Once the initialization has completed, 
the PHY asserts the dfi_init_complete signal. This indicates that the PHY and memory devices are ready to accept commands. 
The procedure to initialize the High-Speed DDR PHY is as follows

1. Assert the rst_n and dll_rst_n signals by driving them to ’b0. All programmable registers will be cleared. These signals may 
be asserted asynchronously and in any order.

2. De-assert the rst_n signal to ’b1. This signal is re-synchronized within the PHY, so there are no special requirements for 
its de-assertion. This signal is re-synchronized within the PHY so there are no special requirements for its deassertion.

3. Program all PHY parameters.

4. De-assert the dll_rst_n signal to ’b1. This signal must be de-asserted synchronously and setup/hold times must be met. Pad 
calibration can be performed if desired.

5. The dfi_init_start is then asserted by the controller. The PHY slice’s master delay lines locks and then the PHY asserts the 
dfi_init_complete signal. This indicates that the PHY and memory devices are ready to accept commands. The PHY is now 
ready for normal traffic.

75.8 DDR PI overview
PI performs PHY independent leveling and DRAM BIST without involvement of a memory controller (MC). The PI can also initialize 
the DRAM independent of the memory controller. The PI module provides an interface between the PHY core logic and the 
memory controller.
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Figure 531. DDR PI block diagram

75.8.1 DDR PI overview
the following are the features of PI.

• Write Leveling ( LPDDR3 LPDDR4 )

• Read Gate Training ( LPDDR3 LPDDR4 )

• Read Data Eye Training ( LPDDR2, LPDDR3 LPDDR4 )

• CA Data Eye Training ( LPDDR3 LPDDR4)

• CA VREF Training ( LPDDR4 )

• Write DQ Data Eye Training ( LPDDR3 LPDDR4 )

• Write DQ VREF Training ( LPDDR4 )

• Multi-pattern Read Training ( LPDDR4 )
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75.8.2 Initialization
The PI can be used to perform DRAM initialization before training instead of the memory controller. The following steps represent 
the main actions of the initialization process when the pi_dram_init_en parameter is set to ‘b1.

1. The pi_start parameter is set to ‘b0 and the pi_dram_init_en parameter is set to ‘b1.

2. Enable the PI by programming the pi_start parameter to ‘b1.

3. Enable the memory controller.

4. The PI occupies the DFI bus without a handshake from the controller.

5. The memory controller asserts dfi_init_start after it is enabled and waits for dfi_init_complete to be asserted by the PI.

6. The controller also asserts the dfi_reset_n/dfi_cke/dll_rst_n after it is enabled. The PI asserts dfi_init_start to the PHY core 
when it gets dfi_init_start from the controller and waits for the dfi_init_complete assertion from the PHY core.

7. The PI gets dfi_init_complete assertion from the PHY core and prevents the assertion from passing through to the controller.

8. The PI starts the power-up sequence which includes the DRAM initialization timing, the DRAM mode register programming 
and training.

9. After initialization training is completed, the PI passes through the dfi_init_complete to the controller.

10. The controller can now access the DRAM.

Table 692. PI initialization sequence

Description LPDDR2 LPDDR3 LPDDR4

TheController/PI/PHY 
parameters setting with 
pi_start= ‘b0.

PIInitialization 
enable parameter: 
pi_dram_init_enshould be ‘b1

ü ü ü

EnablePI first (set pi_startto 
‘b1), then enable controller

ü ü ü

ThePI occupies DFI bus 
without a handshake with 
controller.

ü ü ü

Controller asserts 
dfi_init_start after it is 
enabled and waits for 
dfi_init_complete assertion 
from PI. fi_cke/dll_rst_nafter

ü ü ü

PI get dfi_init_complete 
assertion from PHY, PI mask 
dfi_init_complete from the 
Controller.

ü ü ü

PIperforms CKE/RESET/CLK 
etc. for power on sequence

ü ü ü

PIperforms DRAM reset with 
MR63 setting

ü

Table continues on the next page...
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Table 692. PI initialization sequence (continued)

Description LPDDR2 LPDDR3 LPDDR4

PIperforms CA data 
eye training

ü

PIperforms Mode register 
setting for power on 
sequence

ü ü ü

PIperforms ZQ Calibration ü ü ü

PIperforms CA VREF training ü

PIperforms CA data eye 
training

ü

PIperforms Write leveling ü ü

PIperforms Read gate 
training

ü ü

PIperforms Read data eye 
training

ü ü ü

PIperforms Write DQ training ü ü

PI Release the DFI bus and 
complete the initialization.

ü ü ü

75.8.3 External signals
The communication between the PI and the memory controller is performed using the DFI PHY master interface.

Table 693. External signal

Signal Direction Description

dfi_phymstr_req Output PHY master request

dfi_phymstr_ack Input PHY master acknowledgement

dfi_phymstr_type Output PHY master type

dfi_phymstr_state_sel Output PHY master state select

dfi_phymstr_cs_state Output PHY master CS state

75.9 Memory map and register definition
This section describes the registers in this module.

 
This module doesn’t generate transfer errors when accessing unimplemented registers in its register space.

  NOTE  

75.9.1 LPDDR4 register descriptions

 
Any reference to signals with prefix "dfi_" in the overall register description refers to standard DFI version 4.0 
interface between CTRL and PHY.

  NOTE  
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75.9.1.1 LPDDR4 memory map

LPDDR base address: 2E06_0000h

Offset Register Width

(In bits)

Access Reset value

0h DENALI_CTL_0 (DENALI_CTL_0) 32 RW See section

28h DENALI_CTL_10 (DENALI_CTL_10) 32 RW 0000_0003h

2Ch DENALI_CTL_11 (DENALI_CTL_11) 32 RW See section

30h DENALI_CTL_12 (DENALI_CTL_12) 32 RW See section

34h DENALI_CTL_13 (DENALI_CTL_13) 32 RW See section

38h DENALI_CTL_14 (DENALI_CTL_14) 32 RW See section

3Ch DENALI_CTL_15 (DENALI_CTL_15) 32 RW See section

40h DENALI_CTL_16 (DENALI_CTL_16) 32 RW See section

44h DENALI_CTL_17 (DENALI_CTL_17) 32 RW See section

48h DENALI_CTL_18 (DENALI_CTL_18) 32 RW See section

4Ch DENALI_CTL_19 (DENALI_CTL_19) 32 RW See section

50h DENALI_CTL_20 (DENALI_CTL_20) 32 RW See section

54h DENALI_CTL_21 (DENALI_CTL_21) 32 RW See section

58h DENALI_CTL_22 (DENALI_CTL_22) 32 RW See section

5Ch DENALI_CTL_23 (DENALI_CTL_23) 32 RW See section

60h DENALI_CTL_24 (DENALI_CTL_24) 32 RW See section

64h DENALI_CTL_25 (DENALI_CTL_25) 32 RW See section

68h DENALI_CTL_26 (DENALI_CTL_26) 32 RW 0000_0000h

6Ch DENALI_CTL_27 (DENALI_CTL_27) 32 RW 0000_0000h

78h DENALI_CTL_30 (DENALI_CTL_30) 32 RW See section

7Ch DENALI_CTL_31 (DENALI_CTL_31) 32 RW See section

A4h DENALI_CTL_41 (DENALI_CTL_41) 32 RW See section

A8h DENALI_CTL_42 (DENALI_CTL_42) 32 RW See section

ACh DENALI_CTL_43 (DENALI_CTL_43) 32 RW See section

B0h DENALI_CTL_44 (DENALI_CTL_44) 32 RW See section

B4h DENALI_CTL_45 (DENALI_CTL_45) 32 RW See section

B8h DENALI_CTL_46 (DENALI_CTL_46) 32 RW See section

BCh DENALI_CTL_47 (DENALI_CTL_47) 32 RW See section

C0h DENALI_CTL_48 (DENALI_CTL_48) 32 RW See section

C4h DENALI_CTL_49 (DENALI_CTL_49) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

C8h DENALI_CTL_50 (DENALI_CTL_50) 32 RW See section

CCh DENALI_CTL_51 (DENALI_CTL_51) 32 RW See section

D0h DENALI_CTL_52 (DENALI_CTL_52) 32 RW See section

D4h DENALI_CTL_53 (DENALI_CTL_53) 32 RW 0000_0000h

D8h DENALI_CTL_54 (DENALI_CTL_54) 32 RW See section

DCh DENALI_CTL_55 (DENALI_CTL_55) 32 RW 0000_0000h

E0h DENALI_CTL_56 (DENALI_CTL_56) 32 RW See section

E4h DENALI_CTL_57 (DENALI_CTL_57) 32 RW See section

E8h DENALI_CTL_58 (DENALI_CTL_58) 32 RW See section

ECh DENALI_CTL_59 (DENALI_CTL_59) 32 RW See section

F0h DENALI_CTL_60 (DENALI_CTL_60) 32 RW See section

F4h DENALI_CTL_61 (DENALI_CTL_61) 32 RW See section

104h DENALI_CTL_65 (DENALI_CTL_65) 32 RW See section

108h DENALI_CTL_66 (DENALI_CTL_66) 32 RW See section

10Ch DENALI_CTL_67 (DENALI_CTL_67) 32 RW See section

110h DENALI_CTL_68 (DENALI_CTL_68) 32 RW See section

114h DENALI_CTL_69 (DENALI_CTL_69) 32 RW See section

118h DENALI_CTL_70 (DENALI_CTL_70) 32 RW See section

11Ch DENALI_CTL_71 (DENALI_CTL_71) 32 RW See section

120h DENALI_CTL_72 (DENALI_CTL_72) 32 RW See section

124h DENALI_CTL_73 (DENALI_CTL_73) 32 RW See section

128h DENALI_CTL_74 (DENALI_CTL_74) 32 RW See section

12Ch DENALI_CTL_75 (DENALI_CTL_75) 32 RW 0000_0000h

130h DENALI_CTL_76 (DENALI_CTL_76) 32 RW See section

134h DENALI_CTL_77 (DENALI_CTL_77) 32 RW 0000_0000h

138h DENALI_CTL_78 (DENALI_CTL_78) 32 RW 0000_0000h

13Ch DENALI_CTL_79 (DENALI_CTL_79) 32 RW See section

140h DENALI_CTL_80 (DENALI_CTL_80) 32 RW See section

144h DENALI_CTL_81 (DENALI_CTL_81) 32 RW See section

148h DENALI_CTL_82 (DENALI_CTL_82) 32 RW See section

14Ch DENALI_CTL_83 (DENALI_CTL_83) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

150h DENALI_CTL_84 (DENALI_CTL_84) 32 RW 0000_0000h

154h DENALI_CTL_85 (DENALI_CTL_85) 32 RW 0000_0000h

158h DENALI_CTL_86 (DENALI_CTL_86) 32 RW 0000_0000h

15Ch DENALI_CTL_87 (DENALI_CTL_87) 32 RW See section

160h DENALI_CTL_88 (DENALI_CTL_88) 32 RW See section

164h DENALI_CTL_89 (DENALI_CTL_89) 32 RW See section

168h DENALI_CTL_90 (DENALI_CTL_90) 32 RW See section

16Ch DENALI_CTL_91 (DENALI_CTL_91) 32 RW See section

170h DENALI_CTL_92 (DENALI_CTL_92) 32 RW See section

174h DENALI_CTL_93 (DENALI_CTL_93) 32 RW See section

1A8h DENALI_CTL_106 (DENALI_CTL_106) 32 RW 0000_0000h

1ACh DENALI_CTL_107 (DENALI_CTL_107) 32 RW 0000_0000h

1B0h DENALI_CTL_108 (DENALI_CTL_108) 32 RW 0000_0000h

1B4h DENALI_CTL_109 (DENALI_CTL_109) 32 RW 0000_0000h

1B8h DENALI_CTL_110 (DENALI_CTL_110) 32 RW 0000_0000h

1C0h DENALI_CTL_112 (DENALI_CTL_112) 32 RW See section

1C4h DENALI_CTL_113 (DENALI_CTL_113) 32 RW 0000_0000h

1C8h DENALI_CTL_114 (DENALI_CTL_114) 32 RW 0000_0000h

1CCh DENALI_CTL_115 (DENALI_CTL_115) 32 RW 0000_0000h

1D0h DENALI_CTL_116 (DENALI_CTL_116) 32 RW 0000_0000h

1D4h DENALI_CTL_117 (DENALI_CTL_117) 32 RW 0000_0000h

1DCh DENALI_CTL_119 (DENALI_CTL_119) 32 RW See section

1E0h DENALI_CTL_120 (DENALI_CTL_120) 32 RW 0000_0000h

1E4h DENALI_CTL_121 (DENALI_CTL_121) 32 RW 0000_0000h

1E8h DENALI_CTL_122 (DENALI_CTL_122) 32 RW 0000_0000h

1ECh DENALI_CTL_123 (DENALI_CTL_123) 32 RW 0000_0000h

1F0h DENALI_CTL_124 (DENALI_CTL_124) 32 RW 0000_0000h

1F8h DENALI_CTL_126 (DENALI_CTL_126) 32 RW See section

224h DENALI_CTL_137 (DENALI_CTL_137) 32 RW See section

228h DENALI_CTL_138 (DENALI_CTL_138) 32 RW See section

22Ch DENALI_CTL_139 (DENALI_CTL_139) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

230h DENALI_CTL_140 (DENALI_CTL_140) 32 RW See section

234h DENALI_CTL_141 (DENALI_CTL_141) 32 RW See section

238h DENALI_CTL_142 (DENALI_CTL_142) 32 RW See section

23Ch DENALI_CTL_143 (DENALI_CTL_143) 32 RW See section

240h DENALI_CTL_144 (DENALI_CTL_144) 32 RW See section

244h DENALI_CTL_145 (DENALI_CTL_145) 32 RW See section

248h DENALI_CTL_146 (DENALI_CTL_146) 32 RW See section

24Ch DENALI_CTL_147 (DENALI_CTL_147) 32 RW See section

250h DENALI_CTL_148 (DENALI_CTL_148) 32 RW See section

290h DENALI_CTL_164 (DENALI_CTL_164) 32 RW See section

2A4h DENALI_CTL_169 (DENALI_CTL_169) 32 RW See section

2A8h DENALI_CTL_170 (DENALI_CTL_170) 32 RW See section

2ACh DENALI_CTL_171 (DENALI_CTL_171) 32 RW See section

2B0h DENALI_CTL_172 (DENALI_CTL_172) 32 RW See section

2B4h DENALI_CTL_173 (DENALI_CTL_173) 32 RW See section

2B8h DENALI_CTL_174 (DENALI_CTL_174) 32 RW See section

2BCh DENALI_CTL_175 (DENALI_CTL_175) 32 RW See section

2C0h DENALI_CTL_176 (DENALI_CTL_176) 32 RW See section

2C4h DENALI_CTL_177 (DENALI_CTL_177) 32 RW See section

2C8h DENALI_CTL_178 (DENALI_CTL_178) 32 RW See section

2D8h DENALI_CTL_182 (DENALI_CTL_182) 32 RW 0000_0000h

2DCh DENALI_CTL_183 (DENALI_CTL_183) 32 RW 0000_0000h

2E0h DENALI_CTL_184 (DENALI_CTL_184) 32 RW 0000_0000h

2E4h DENALI_CTL_185 (DENALI_CTL_185) 32 RW 0000_0000h

2E8h DENALI_CTL_186 (DENALI_CTL_186) 32 RW 0000_0000h

2ECh DENALI_CTL_187 (DENALI_CTL_187) 32 RW 0000_0000h

2F0h DENALI_CTL_188 (DENALI_CTL_188) 32 RW 0000_0000h

2F4h DENALI_CTL_189 (DENALI_CTL_189) 32 RW 0000_0000h

2F8h DENALI_CTL_190 (DENALI_CTL_190) 32 RW 0000_0000h

2FCh DENALI_CTL_191 (DENALI_CTL_191) 32 RW 0000_0000h

300h DENALI_CTL_192 (DENALI_CTL_192) 32 RW 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

304h DENALI_CTL_193 (DENALI_CTL_193) 32 RW 0000_0000h

308h DENALI_CTL_194 (DENALI_CTL_194) 32 RW 0000_0000h

30Ch DENALI_CTL_195 (DENALI_CTL_195) 32 RW 0000_0000h

310h DENALI_CTL_196 (DENALI_CTL_196) 32 RW 0000_0000h

314h DENALI_CTL_197 (DENALI_CTL_197) 32 RW See section

318h DENALI_CTL_198 (DENALI_CTL_198) 32 RW See section

31Ch DENALI_CTL_199 (DENALI_CTL_199) 32 RW See section

354h DENALI_CTL_213 (DENALI_CTL_213) 32 RW See section

398h DENALI_CTL_230 (DENALI_CTL_230) 32 RW See section

39Ch DENALI_CTL_231 (DENALI_CTL_231) 32 RW See section

3A0h DENALI_CTL_232 (DENALI_CTL_232) 32 RW See section

3A4h DENALI_CTL_233 (DENALI_CTL_233) 32 RW See section

3A8h DENALI_CTL_234 (DENALI_CTL_234) 32 RW See section

3ACh DENALI_CTL_235 (DENALI_CTL_235) 32 RW See section

3B0h DENALI_CTL_236 (DENALI_CTL_236) 32 RW See section

3B4h DENALI_CTL_237 (DENALI_CTL_237) 32 RW See section

3B8h DENALI_CTL_238 (DENALI_CTL_238) 32 RW See section

3D4h DENALI_CTL_245 (DENALI_CTL_245) 32 RW See section

3D8h DENALI_CTL_246 (DENALI_CTL_246) 32 RW See section

3DCh DENALI_CTL_247 (DENALI_CTL_247) 32 RW See section

3E0h DENALI_CTL_248 (DENALI_CTL_248) 32 RW See section

3E4h DENALI_CTL_249 (DENALI_CTL_249) 32 RW See section

3E8h DENALI_CTL_250 (DENALI_CTL_250) 32 RW See section

3ECh DENALI_CTL_251 (DENALI_CTL_251) 32 RW See section

3F0h DENALI_CTL_252 (DENALI_CTL_252) 32 RW See section

3F4h DENALI_CTL_253 (DENALI_CTL_253) 32 RW See section

3F8h DENALI_CTL_254 (DENALI_CTL_254) 32 RW See section

3FCh DENALI_CTL_255 (DENALI_CTL_255) 32 RW See section

400h DENALI_CTL_256 (DENALI_CTL_256) 32 RW See section

404h DENALI_CTL_257 (DENALI_CTL_257) 32 R See section

40Ch DENALI_CTL_259 (DENALI_CTL_259) 32 R 0000_0000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

410h DENALI_CTL_260 (DENALI_CTL_260) 32 RW 0000_0000h

414h DENALI_CTL_261 (DENALI_CTL_261) 32 R 0000_0000h

418h DENALI_CTL_262 (DENALI_CTL_262) 32 R 0000_0000h

420h DENALI_CTL_264 (DENALI_CTL_264) 32 R 0000_0000h

428h DENALI_CTL_266 (DENALI_CTL_266) 32 R 0000_0000h

430h DENALI_CTL_268 (DENALI_CTL_268) 32 W 0000_0000h

434h DENALI_CTL_269 (DENALI_CTL_269) 32 RW 0000_0000h

43Ch DENALI_CTL_271 (DENALI_CTL_271) 32 W 0000_0000h

444h DENALI_CTL_273 (DENALI_CTL_273) 32 W 0000_0000h

44Ch DENALI_CTL_275 (DENALI_CTL_275) 32 RW 0000_0000h

450h DENALI_CTL_276 (DENALI_CTL_276) 32 RW 0000_0000h

458h DENALI_CTL_278 (DENALI_CTL_278) 32 RW 0000_0000h

460h DENALI_CTL_280 (DENALI_CTL_280) 32 RW 0000_0000h

4A4h DENALI_CTL_297 (DENALI_CTL_297) 32 RW See section

4A8h DENALI_CTL_298 (DENALI_CTL_298) 32 RW See section

4ACh DENALI_CTL_299 (DENALI_CTL_299) 32 RW See section

4B0h DENALI_CTL_300 (DENALI_CTL_300) 32 RW See section

4B4h DENALI_CTL_301 (DENALI_CTL_301) 32 RW See section

4B8h DENALI_CTL_302 (DENALI_CTL_302) 32 RW See section

4BCh DENALI_CTL_303 (DENALI_CTL_303) 32 RW See section

4C0h DENALI_CTL_304 (DENALI_CTL_304) 32 RW See section

4C4h DENALI_CTL_305 (DENALI_CTL_305) 32 RW See section

4C8h DENALI_CTL_306 (DENALI_CTL_306) 32 RW See section

4CCh DENALI_CTL_307 (DENALI_CTL_307) 32 RW See section

4D0h DENALI_CTL_308 (DENALI_CTL_308) 32 RW See section

4D4h DENALI_CTL_309 (DENALI_CTL_309) 32 RW See section

4D8h DENALI_CTL_310 (DENALI_CTL_310) 32 RW See section

4DCh DENALI_CTL_311 (DENALI_CTL_311) 32 RW See section

4E0h DENALI_CTL_312 (DENALI_CTL_312) 32 RW See section

4E4h DENALI_CTL_313 (DENALI_CTL_313) 32 RW See section

4E8h DENALI_CTL_314 (DENALI_CTL_314) 32 RW See section

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

8FCh DENALI_CTL_575 (DENALI_CTL_575) 32 RW See section

900h DENALI_CTL_576 (DENALI_CTL_576) 32 RW See section

904h DENALI_CTL_577 (DENALI_CTL_577) 32 RW See section

908h DENALI_CTL_578 (DENALI_CTL_578) 32 RW See section

91Ch DENALI_CTL_583 (DENALI_CTL_583) 32 RW See section

920h DENALI_CTL_584 (DENALI_CTL_584) 32 RW 0000_0000h

924h DENALI_CTL_585 (DENALI_CTL_585) 32 RW See section

928h DENALI_CTL_586 (DENALI_CTL_586) 32 RW See section

93Ch DENALI_CTL_591 (DENALI_CTL_591) 32 RW See section

940h DENALI_CTL_592 (DENALI_CTL_592) 32 RW 0000_0000h

944h DENALI_CTL_593 (DENALI_CTL_593) 32 RW See section

948h DENALI_CTL_594 (DENALI_CTL_594) 32 RW See section

95Ch DENALI_CTL_599 (DENALI_CTL_599) 32 RW See section

960h DENALI_CTL_600 (DENALI_CTL_600) 32 RW 0000_0000h

964h DENALI_CTL_601 (DENALI_CTL_601) 32 RW See section

968h DENALI_CTL_602 (DENALI_CTL_602) 32 RW See section

96Ch DENALI_CTL_603 (DENALI_CTL_603) 32 RW See section

970h DENALI_CTL_604 (DENALI_CTL_604) 32 RW See section

974h DENALI_CTL_605 (DENALI_CTL_605) 32 RW See section

990h DENALI_CTL_612 (DENALI_CTL_612) 32 RW See section

994h DENALI_CTL_613 (DENALI_CTL_613) 32 RW See section

998h DENALI_CTL_614 (DENALI_CTL_614) 32 RW See section

2000h DENALI_PI_0 (DENALI_PI_0) 32 RW See section

200Ch DENALI_PI_3 (DENALI_PI_3) 32 RW See section

2010h DENALI_PI_4 (DENALI_PI_4) 32 RW See section

2014h DENALI_PI_5 (DENALI_PI_5) 32 RW See section

202Ch DENALI_PI_11 (DENALI_PI_11) 32 RW See section

2030h DENALI_PI_12 (DENALI_PI_12) 32 RW 0000_0000h

2034h DENALI_PI_13 (DENALI_PI_13) 32 RW See section

2038h DENALI_PI_14 (DENALI_PI_14) 32 RW See section

203Ch DENALI_PI_15 (DENALI_PI_15) 32 RW See section
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2040h DENALI_PI_16 (DENALI_PI_16) 32 RW See section

2074h DENALI_PI_29 (DENALI_PI_29) 32 RW See section

20B0h DENALI_PI_44 (DENALI_PI_44) 32 RW See section

20B4h DENALI_PI_45 (DENALI_PI_45) 32 RW See section

20DCh DENALI_PI_55 (DENALI_PI_55) 32 RW See section

2100h DENALI_PI_64 (DENALI_PI_64) 32 RW See section

2118h DENALI_PI_70 (DENALI_PI_70) 32 RW See section

211Ch DENALI_PI_71 (DENALI_PI_71) 32 RW See section

2168h DENALI_PI_90 (DENALI_PI_90) 32 RW See section

216Ch DENALI_PI_91 (DENALI_PI_91) 32 RW See section

2170h DENALI_PI_92 (DENALI_PI_92) 32 RW See section

2284h DENALI_PI_161 (DENALI_PI_161) 32 RW See section

2288h DENALI_PI_162 (DENALI_PI_162) 32 RW See section

228Ch DENALI_PI_163 (DENALI_PI_163) 32 RW See section

2290h DENALI_PI_164 (DENALI_PI_164) 32 RW See section

2294h DENALI_PI_165 (DENALI_PI_165) 32 RW See section

2298h DENALI_PI_166 (DENALI_PI_166) 32 RW See section

229Ch DENALI_PI_167 (DENALI_PI_167) 32 RW See section

22A0h DENALI_PI_168 (DENALI_PI_168) 32 RW See section

22A4h DENALI_PI_169 (DENALI_PI_169) 32 RW See section

22A8h DENALI_PI_170 (DENALI_PI_170) 32 RW See section

22ACh DENALI_PI_171 (DENALI_PI_171) 32 RW See section

22B0h DENALI_PI_172 (DENALI_PI_172) 32 RW See section

22B4h DENALI_PI_173 (DENALI_PI_173) 32 RW See section

22B8h DENALI_PI_174 (DENALI_PI_174) 32 RW See section

22BCh DENALI_PI_175 (DENALI_PI_175) 32 RW See section

22C0h DENALI_PI_176 (DENALI_PI_176) 32 RW See section

22C4h DENALI_PI_177 (DENALI_PI_177) 32 RW See section

22C8h DENALI_PI_178 (DENALI_PI_178) 32 RW See section

22D4h DENALI_PI_181 (DENALI_PI_181) 32 RW See section

22D8h DENALI_PI_182 (DENALI_PI_182) 32 RW See section
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22E8h DENALI_PI_186 (DENALI_PI_186) 32 RW See section

22ECh DENALI_PI_187 (DENALI_PI_187) 32 RW See section

22F0h DENALI_PI_188 (DENALI_PI_188) 32 RW See section

22F4h DENALI_PI_189 (DENALI_PI_189) 32 RW See section

22F8h DENALI_PI_190 (DENALI_PI_190) 32 RW See section

22FCh DENALI_PI_191 (DENALI_PI_191) 32 RW See section

2300h DENALI_PI_192 (DENALI_PI_192) 32 RW See section

2304h DENALI_PI_193 (DENALI_PI_193) 32 RW See section

2308h DENALI_PI_194 (DENALI_PI_194) 32 RW See section

230Ch DENALI_PI_195 (DENALI_PI_195) 32 RW See section

2310h DENALI_PI_196 (DENALI_PI_196) 32 RW See section

2314h DENALI_PI_197 (DENALI_PI_197) 32 RW See section

2318h DENALI_PI_198 (DENALI_PI_198) 32 RW See section

231Ch DENALI_PI_199 (DENALI_PI_199) 32 RW See section

2320h DENALI_PI_200 (DENALI_PI_200) 32 RW See section

2324h DENALI_PI_201 (DENALI_PI_201) 32 RW See section

2328h DENALI_PI_202 (DENALI_PI_202) 32 RW See section

232Ch DENALI_PI_203 (DENALI_PI_203) 32 RW See section

2330h DENALI_PI_204 (DENALI_PI_204) 32 RW See section

2334h DENALI_PI_205 (DENALI_PI_205) 32 RW See section

2338h DENALI_PI_206 (DENALI_PI_206) 32 RW See section

233Ch DENALI_PI_207 (DENALI_PI_207) 32 RW See section

2340h DENALI_PI_208 (DENALI_PI_208) 32 RW See section

2344h DENALI_PI_209 (DENALI_PI_209) 32 RW See section

2348h DENALI_PI_210 (DENALI_PI_210) 32 RW See section

234Ch DENALI_PI_211 (DENALI_PI_211) 32 RW See section

2350h DENALI_PI_212 (DENALI_PI_212) 32 RW See section

2354h DENALI_PI_213 (DENALI_PI_213) 32 RW See section

2358h DENALI_PI_214 (DENALI_PI_214) 32 RW See section

235Ch DENALI_PI_215 (DENALI_PI_215) 32 RW See section

2360h DENALI_PI_216 (DENALI_PI_216) 32 RW See section
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2364h DENALI_PI_217 (DENALI_PI_217) 32 RW See section

2368h DENALI_PI_218 (DENALI_PI_218) 32 RW See section

236Ch DENALI_PI_219 (DENALI_PI_219) 32 RW See section

2370h DENALI_PI_220 (DENALI_PI_220) 32 RW See section

2374h DENALI_PI_221 (DENALI_PI_221) 32 RW 0000_0000h

2378h DENALI_PI_222 (DENALI_PI_222) 32 RW See section

237Ch DENALI_PI_223 (DENALI_PI_223) 32 RW See section

2380h DENALI_PI_224 (DENALI_PI_224) 32 RW See section

2384h DENALI_PI_225 (DENALI_PI_225) 32 RW 0000_0000h

2388h DENALI_PI_226 (DENALI_PI_226) 32 RW See section

238Ch DENALI_PI_227 (DENALI_PI_227) 32 RW See section

2390h DENALI_PI_228 (DENALI_PI_228) 32 RW See section

2394h DENALI_PI_229 (DENALI_PI_229) 32 RW See section

2398h DENALI_PI_230 (DENALI_PI_230) 32 RW See section

239Ch DENALI_PI_231 (DENALI_PI_231) 32 RW 0000_0000h

23A0h DENALI_PI_232 (DENALI_PI_232) 32 RW See section

23A4h DENALI_PI_233 (DENALI_PI_233) 32 RW 0000_0000h

23A8h DENALI_PI_234 (DENALI_PI_234) 32 RW See section

23ACh DENALI_PI_235 (DENALI_PI_235) 32 RW 0000_0000h

23B0h DENALI_PI_236 (DENALI_PI_236) 32 RW 0000_0000h

23B4h DENALI_PI_237 (DENALI_PI_237) 32 RW See section

23B8h DENALI_PI_238 (DENALI_PI_238) 32 RW See section

23BCh DENALI_PI_239 (DENALI_PI_239) 32 RW See section

23C8h DENALI_PI_242 (DENALI_PI_242) 32 RW See section

23CCh DENALI_PI_243 (DENALI_PI_243) 32 RW See section

23D0h DENALI_PI_244 (DENALI_PI_244) 32 RW See section

23D8h DENALI_PI_246 (DENALI_PI_246) 32 RW See section

23DCh DENALI_PI_247 (DENALI_PI_247) 32 RW See section

23E0h DENALI_PI_248 (DENALI_PI_248) 32 RW See section

23E4h DENALI_PI_249 (DENALI_PI_249) 32 RW See section

23ECh DENALI_PI_251 (DENALI_PI_251) 32 RW See section
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23F0h DENALI_PI_252 (DENALI_PI_252) 32 RW See section

23F4h DENALI_PI_253 (DENALI_PI_253) 32 RW See section

23F8h DENALI_PI_254 (DENALI_PI_254) 32 RW See section

23FCh DENALI_PI_255 (DENALI_PI_255) 32 RW See section

2400h DENALI_PI_256 (DENALI_PI_256) 32 RW See section

2404h DENALI_PI_257 (DENALI_PI_257) 32 RW See section

2408h DENALI_PI_258 (DENALI_PI_258) 32 RW See section

2414h DENALI_PI_261 (DENALI_PI_261) 32 RW See section

2454h DENALI_PI_277 (DENALI_PI_277) 32 RW 0000_0000h

2458h DENALI_PI_278 (DENALI_PI_278) 32 RW 0000_0000h

245Ch DENALI_PI_279 (DENALI_PI_279) 32 RW 0000_0000h

2460h DENALI_PI_280 (DENALI_PI_280) 32 RW 0000_0000h

2464h DENALI_PI_281 (DENALI_PI_281) 32 RW 0000_0000h

2468h DENALI_PI_282 (DENALI_PI_282) 32 RW 0000_0000h

246Ch DENALI_PI_283 (DENALI_PI_283) 32 RW 0000_0000h

2470h DENALI_PI_284 (DENALI_PI_284) 32 RW 0000_0000h

2474h DENALI_PI_285 (DENALI_PI_285) 32 RW 0000_0000h

2478h DENALI_PI_286 (DENALI_PI_286) 32 RW 0000_0000h

247Ch DENALI_PI_287 (DENALI_PI_287) 32 RW 0000_0000h

2480h DENALI_PI_288 (DENALI_PI_288) 32 RW 0000_0000h

2484h DENALI_PI_289 (DENALI_PI_289) 32 RW 0000_0000h

2488h DENALI_PI_290 (DENALI_PI_290) 32 RW 0000_0000h

248Ch DENALI_PI_291 (DENALI_PI_291) 32 RW 0000_0000h

2490h DENALI_PI_292 (DENALI_PI_292) 32 RW 0000_0000h

2494h DENALI_PI_293 (DENALI_PI_293) 32 RW 0000_0000h

2498h DENALI_PI_294 (DENALI_PI_294) 32 RW 0000_0000h

249Ch DENALI_PI_295 (DENALI_PI_295) 32 RW 0000_0000h

24A0h DENALI_PI_296 (DENALI_PI_296) 32 RW 0000_0000h

24A4h DENALI_PI_297 (DENALI_PI_297) 32 RW 0000_0000h

407Ch DENALI_PHY_31 (DENALI_PHY_31) 32 RW See section

4084h DENALI_PHY_33 (DENALI_PHY_33) 32 RW See section
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40ACh DENALI_PHY_43 (DENALI_PHY_43) 32 RW See section

4120h DENALI_PHY_72 (DENALI_PHY_72) 32 RW See section

4124h DENALI_PHY_73 (DENALI_PHY_73) 32 RW See section

4128h DENALI_PHY_74 (DENALI_PHY_74) 32 RW See section

412Ch DENALI_PHY_75 (DENALI_PHY_75) 32 RW See section

4140h DENALI_PHY_80 (DENALI_PHY_80) 32 RW See section

4160h DENALI_PHY_88 (DENALI_PHY_88) 32 RW See section

4164h DENALI_PHY_89 (DENALI_PHY_89) 32 RW See section

4168h DENALI_PHY_90 (DENALI_PHY_90) 32 RW See section

4170h DENALI_PHY_92 (DENALI_PHY_92) 32 RW See section

4174h DENALI_PHY_93 (DENALI_PHY_93) 32 RW See section

417Ch DENALI_PHY_95 (DENALI_PHY_95) 32 RW See section

4180h DENALI_PHY_96 (DENALI_PHY_96) 32 RW See section

4184h DENALI_PHY_97 (DENALI_PHY_97) 32 RW See section

4188h DENALI_PHY_98 (DENALI_PHY_98) 32 RW 0000_0000h

4190h DENALI_PHY_100 (DENALI_PHY_100) 32 RW See section

4194h DENALI_PHY_101 (DENALI_PHY_101) 32 RW See section

4198h DENALI_PHY_102 (DENALI_PHY_102) 32 RW See section

419Ch DENALI_PHY_103 (DENALI_PHY_103) 32 RW See section

41A0h DENALI_PHY_104 (DENALI_PHY_104) 32 RW See section

41C8h DENALI_PHY_114 (DENALI_PHY_114) 32 RW See section

447Ch DENALI_PHY_287 (DENALI_PHY_287) 32 RW See section

4484h DENALI_PHY_289 (DENALI_PHY_289) 32 RW See section

44ACh DENALI_PHY_299 (DENALI_PHY_299) 32 RW See section

4520h DENALI_PHY_328 (DENALI_PHY_328) 32 RW See section

4524h DENALI_PHY_329 (DENALI_PHY_329) 32 RW See section

4528h DENALI_PHY_330 (DENALI_PHY_330) 32 RW See section

452Ch DENALI_PHY_331 (DENALI_PHY_331) 32 RW See section

4540h DENALI_PHY_336 (DENALI_PHY_336) 32 RW See section

4560h DENALI_PHY_344 (DENALI_PHY_344) 32 RW See section

4564h DENALI_PHY_345 (DENALI_PHY_345) 32 RW See section
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4568h DENALI_PHY_346 (DENALI_PHY_346) 32 RW See section

4570h DENALI_PHY_348 (DENALI_PHY_348) 32 RW See section

4574h DENALI_PHY_349 (DENALI_PHY_349) 32 RW See section

457Ch DENALI_PHY_351 (DENALI_PHY_351) 32 RW See section

4580h DENALI_PHY_352 (DENALI_PHY_352) 32 RW See section

4584h DENALI_PHY_353 (DENALI_PHY_353) 32 RW See section

4588h DENALI_PHY_354 (DENALI_PHY_354) 32 RW 0000_0000h

4590h DENALI_PHY_356 (DENALI_PHY_356) 32 RW See section

4594h DENALI_PHY_357 (DENALI_PHY_357) 32 RW See section

4598h DENALI_PHY_358 (DENALI_PHY_358) 32 RW See section

459Ch DENALI_PHY_359 (DENALI_PHY_359) 32 RW See section

45A0h DENALI_PHY_360 (DENALI_PHY_360) 32 RW See section

45C8h DENALI_PHY_370 (DENALI_PHY_370) 32 RW See section

487Ch DENALI_PHY_543 (DENALI_PHY_543) 32 RW See section

4884h DENALI_PHY_545 (DENALI_PHY_545) 32 RW See section

48ACh DENALI_PHY_555 (DENALI_PHY_555) 32 RW See section

4920h DENALI_PHY_584 (DENALI_PHY_584) 32 RW See section

4924h DENALI_PHY_585 (DENALI_PHY_585) 32 RW See section

4928h DENALI_PHY_586 (DENALI_PHY_586) 32 RW See section

492Ch DENALI_PHY_587 (DENALI_PHY_587) 32 RW See section

4940h DENALI_PHY_592 (DENALI_PHY_592) 32 RW See section

4960h DENALI_PHY_600 (DENALI_PHY_600) 32 RW See section

4964h DENALI_PHY_601 (DENALI_PHY_601) 32 RW See section

4968h DENALI_PHY_602 (DENALI_PHY_602) 32 RW See section

4970h DENALI_PHY_604 (DENALI_PHY_604) 32 RW See section

4974h DENALI_PHY_605 (DENALI_PHY_605) 32 RW See section

497Ch DENALI_PHY_607 (DENALI_PHY_607) 32 RW See section

4980h DENALI_PHY_608 (DENALI_PHY_608) 32 RW See section

4984h DENALI_PHY_609 (DENALI_PHY_609) 32 RW See section

4988h DENALI_PHY_610 (DENALI_PHY_610) 32 RW 0000_0000h

4990h DENALI_PHY_612 (DENALI_PHY_612) 32 RW See section
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4994h DENALI_PHY_613 (DENALI_PHY_613) 32 RW See section

4998h DENALI_PHY_614 (DENALI_PHY_614) 32 RW See section

499Ch DENALI_PHY_615 (DENALI_PHY_615) 32 RW See section

49A0h DENALI_PHY_616 (DENALI_PHY_616) 32 RW See section

49C8h DENALI_PHY_626 (DENALI_PHY_626) 32 RW See section

4C7Ch DENALI_PHY_799 (DENALI_PHY_799) 32 RW See section

4C84h DENALI_PHY_801 (DENALI_PHY_801) 32 RW See section

4CACh DENALI_PHY_811 (DENALI_PHY_811) 32 RW See section

4D20h DENALI_PHY_840 (DENALI_PHY_840) 32 RW See section

4D24h DENALI_PHY_841 (DENALI_PHY_841) 32 RW See section

4D28h DENALI_PHY_842 (DENALI_PHY_842) 32 RW See section

4D2Ch DENALI_PHY_843 (DENALI_PHY_843) 32 RW See section

4D40h DENALI_PHY_848 (DENALI_PHY_848) 32 RW See section

4D60h DENALI_PHY_856 (DENALI_PHY_856) 32 RW See section

4D64h DENALI_PHY_857 (DENALI_PHY_857) 32 RW See section

4D68h DENALI_PHY_858 (DENALI_PHY_858) 32 RW See section

4D70h DENALI_PHY_860 (DENALI_PHY_860) 32 RW See section

4D74h DENALI_PHY_861 (DENALI_PHY_861) 32 RW See section

4D7Ch DENALI_PHY_863 (DENALI_PHY_863) 32 RW See section

4D80h DENALI_PHY_864 (DENALI_PHY_864) 32 RW See section

4D84h DENALI_PHY_865 (DENALI_PHY_865) 32 RW See section

4D88h DENALI_PHY_866 (DENALI_PHY_866) 32 RW 0000_0000h

4D90h DENALI_PHY_868 (DENALI_PHY_868) 32 RW See section

4D94h DENALI_PHY_869 (DENALI_PHY_869) 32 RW See section

4D98h DENALI_PHY_870 (DENALI_PHY_870) 32 RW See section

4D9Ch DENALI_PHY_871 (DENALI_PHY_871) 32 RW See section

4DA0h DENALI_PHY_872 (DENALI_PHY_872) 32 RW See section

4DC8h DENALI_PHY_882 (DENALI_PHY_882) 32 RW See section

5018h DENALI_PHY_1030 (DENALI_PHY_1030) 32 RW See section

507Ch DENALI_PHY_1055 (DENALI_PHY_1055) 32 RW See section

509Ch DENALI_PHY_1063 (DENALI_PHY_1063) 32 RW See section
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5418h DENALI_PHY_1286 (DENALI_PHY_1286) 32 RW See section

547Ch DENALI_PHY_1311 (DENALI_PHY_1311) 32 RW See section

549Ch DENALI_PHY_1319 (DENALI_PHY_1319) 32 RW See section

5800h DENALI_PHY_1536 (DENALI_PHY_1536) 32 RW See section

5804h DENALI_PHY_1537 (DENALI_PHY_1537) 32 RW See section

582Ch DENALI_PHY_1547 (DENALI_PHY_1547) 32 RW See section

584Ch DENALI_PHY_1555 (DENALI_PHY_1555) 32 RW See section

5870h DENALI_PHY_1564 (DENALI_PHY_1564) 32 R 0000_0000h

5874h DENALI_PHY_1565 (DENALI_PHY_1565) 32 RW See section

5878h DENALI_PHY_1566 (DENALI_PHY_1566) 32 RW See section

5884h DENALI_PHY_1569 (DENALI_PHY_1569) 32 RW See section

58B0h DENALI_PHY_1580 (DENALI_PHY_1580) 32 RW See section

58B8h DENALI_PHY_1582 (DENALI_PHY_1582) 32 RW See section

58E8h DENALI_PHY_1594 (DENALI_PHY_1594) 32 RW See section

591Ch DENALI_PHY_1607 (DENALI_PHY_1607) 32 RW See section

5920h DENALI_PHY_1608 (DENALI_PHY_1608) 32 RW 0000_0000h

5958h DENALI_PHY_1622 (DENALI_PHY_1622) 32 RW See section

5960h DENALI_PHY_1624 (DENALI_PHY_1624) 32 RW See section

5964h DENALI_PHY_1625 (DENALI_PHY_1625) 32 RW See section

5968h DENALI_PHY_1626 (DENALI_PHY_1626) 32 RW See section

598Ch DENALI_PHY_1635 (DENALI_PHY_1635) 32 RW See section

5990h DENALI_PHY_1636 (DENALI_PHY_1636) 32 RW See section

5994h DENALI_PHY_1637 (DENALI_PHY_1637) 32 RW See section

599Ch DENALI_PHY_1639 (DENALI_PHY_1639) 32 RW 0000_0000h

59A4h DENALI_PHY_1641 (DENALI_PHY_1641) 32 RW See section

59A8h DENALI_PHY_1642 (DENALI_PHY_1642) 32 RW See section

59ACh DENALI_PHY_1643 (DENALI_PHY_1643) 32 RW 0000_00FFh

59B0h DENALI_PHY_1644 (DENALI_PHY_1644) 32 RW See section

59B4h DENALI_PHY_1645 (DENALI_PHY_1645) 32 RW See section

59B8h DENALI_PHY_1646 (DENALI_PHY_1646) 32 RW See section

59BCh DENALI_PHY_1647 (DENALI_PHY_1647) 32 RW See section
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59C0h DENALI_PHY_1648 (DENALI_PHY_1648) 32 RW See section

59C4h DENALI_PHY_1649 (DENALI_PHY_1649) 32 RW See section

59C8h DENALI_PHY_1650 (DENALI_PHY_1650) 32 RW See section

59CCh DENALI_PHY_1651 (DENALI_PHY_1651) 32 RW See section

59D0h DENALI_PHY_1652 (DENALI_PHY_1652) 32 RW See section

59D4h DENALI_PHY_1653 (DENALI_PHY_1653) 32 RW See section

75.9.1.2 DENALI_CTL_0 (DENALI_CTL_0)

Offset

Register Offset

DENALI_CTL_0 0h

Function
This register describes the parameters of DDR Controller register 0.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CONTROLLER_ID 

W

Reset 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DRAM_CLASS Reserved START 

W

Reset u u u u 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-16

CONTROLLER
_ID

Holds the controller product id number.

15-12 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

11-8

DRAM_CLASS

Defines the class of DRAM memory which is connected to the controller.

Selects the memory system for the Cadence DDR Controller.

0111b - LPDDR3 (supports burst length of 8 only)

1011b - LPDDR4/LPDDR4X (supports burst length of 16 or 32)

7-1

—

Reserved

0

START

Initiate command processing in the controller.

0b - Controller is not in active mode.

1b - Initiate active mode for the controller.

75.9.1.3 DENALI_CTL_10 (DENALI_CTL_10)

Offset

Register Offset

DENALI_CTL_10 28h

Function
This register describes the parameters of DDR Controller register 10.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TINIT_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT_F0 Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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Fields

Field Function

31-8

TINIT_F0

Defines the DRAM initialization delay, in memory clocks for frequency set 0.

7-0

—

Reserved

75.9.1.4 DENALI_CTL_11 (DENALI_CTL_11)

Offset

Register Offset

DENALI_CTL_11 2Ch

Function
This register describes the parameters of DDR Controller register 11.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT3_F0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT3_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT3_F0

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 0.
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75.9.1.5 DENALI_CTL_12 (DENALI_CTL_12)

Offset

Register Offset

DENALI_CTL_12 30h

Function
This register describes the parameters of DDR Controller register 12.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT4_F0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT4_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT4_F0

Defines the number of memory clocks required from memory reset to an MRR command (DRAM tINIT4 
term) for frequency set 0.

75.9.1.6 DENALI_CTL_13 (DENALI_CTL_13)

Offset

Register Offset

DENALI_CTL_13 34h

Function
This register describes the parameters of DDR Controller register 13.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT5_F0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT5_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT5_F0

Defines the maximum number of memory clocks required from memory reset to initialization complete for 
frequency set 0.

75.9.1.7 DENALI_CTL_14 (DENALI_CTL_14)

Offset

Register Offset

DENALI_CTL_14 38h

Function
This register describes the parameters of DDR Controller register 14.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23-0

TINIT_F1

Defines the DRAM initialization delay, in memory clocks for frequency set 1.

75.9.1.8 DENALI_CTL_15 (DENALI_CTL_15)

Offset

Register Offset

DENALI_CTL_15 3Ch

Function
This register describes the parameters of DDR Controller register 15.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT3_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT3_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT3_F1

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 1.
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75.9.1.9 DENALI_CTL_16 (DENALI_CTL_16)

Offset

Register Offset

DENALI_CTL_16 40h

Function
This register describes the parameters of DDR Controller register 16.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT4_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT4_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT4_F1

Defines the number of memory clocks required from memory reset to an MRR command (DRAM tINIT4 
term) for frequency set 1.

75.9.1.10 DENALI_CTL_17 (DENALI_CTL_17)

Offset

Register Offset

DENALI_CTL_17 44h

Function
This register describes the parameters of DDR Controller register 17.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT5_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT5_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT5_F1

Defines the maximum number of memory clocks required from memory reset to initialization complete for 
frequency set 1.

75.9.1.11 DENALI_CTL_18 (DENALI_CTL_18)

Offset

Register Offset

DENALI_CTL_18 48h

Function
This register describes the parameters of DDR Controller register 18.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

—

Reserved

23-0

TINIT_F2

Defines the DRAM initialization delay, in memory clocks for frequency set 2.

75.9.1.12 DENALI_CTL_19 (DENALI_CTL_19)

Offset

Register Offset

DENALI_CTL_19 4Ch

Function
This register describes the parameters of DDR Controller register 19.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT3_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT3_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT3_F2

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 2.
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75.9.1.13 DENALI_CTL_20 (DENALI_CTL_20)

Offset

Register Offset

DENALI_CTL_20 50h

Function
This register describes the parameters of DDR Controller register 20.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TINIT4_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT4_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

TINIT4_F2

Defines the number of memory clocks required from memory reset to an MRR command (DRAM tINIT4 
term) for frequency set 2.

75.9.1.14 DENALI_CTL_21 (DENALI_CTL_21)

Offset

Register Offset

DENALI_CTL_21 54h

Function
This register describes the parameters of DDR Controller register 21.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

NO_A
UTO...

TINIT5_F2 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TINIT5_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

NO_AUTO_MR
R_INIT

Disable MRR commands during initialization.

0b - No restrictions on MRR commands during initialization.

1b - Do not issue MRR commands during DLL initialization of the DRAM memories.

23-0

TINIT5_F2

Defines the maximum number of memory clocks required from memory reset to initialization complete for 
frequency set 2.

75.9.1.15 DENALI_CTL_22 (DENALI_CTL_22)

Offset

Register Offset

DENALI_CTL_22 58h

Function
This register describes the parameters of DDR Controller register 22.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ODT_V
AL...

Reserved 
NO_M
RW_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DFI_IN
V...

Reserved 

MRR_
ERR...

W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

ODT_VALUE

When using LPDDR4, this value will be driven out on the dfi_odt signal.

23-17

—

Reserved

16

NO_MRW_INIT

Disable MRW commands during initialization. Set to 1 to disable.

15-9

—

Reserved

8

DFI_INV_DATA
_CS

Forces the inversion of the dfi_rddata_cs_n_X and dfi_wrdata_cs_n_X signals. Set to 1 to force inversion.

7-1

—

Reserved

0

MRR_ERROR_
STATUS

Indicates that an MRR was issued while in self-refresh.

0b - MRR was not issued while in self-refresh

1b - MRR was issued while in self-refresh
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75.9.1.16 DENALI_CTL_23 (DENALI_CTL_23)

Offset

Register Offset

DENALI_CTL_23 5Ch

Function
This register describes the parameters of DDR Controller register 23.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DFIBUS_FREQ
_INIT 

Reserved 
PHY_I
ND...W

Reset u u u u u u 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TSREF2PHYMSTR Reserved 

PHY_I
ND...W

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

DFIBUS_FREQ
_INIT

Defines the initial DFI bus frequency.

23-17

—

Reserved

16

PHY_INDEP_IN
IT_MODE

Enable PHY independent initailization mode commands during initialization.

0b - Disable

1b - Enable

15-14

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

13-8

TSREF2PHYM
STR

Specifies the minimum time after a self-refresh exit command on the DFI bus that the Controller will wait 
for the PHY to assert the dfi_phymstr_req signal, before completing other commands. Used when the low 
power control logic is expected to pass control to the PHY for training when exiting SREF.

7-1

—

Reserved

0

PHY_INDEP_T
RAIN_MODE

Enable PHY independent training mode commands during initialization.

0b - Disable

1b - Enable

75.9.1.17 DENALI_CTL_24 (DENALI_CTL_24)

Offset

Register Offset

DENALI_CTL_24 60h

Function
This register describes the parameters of DDR Controller register 24.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DFIBUS_FREQ_F2 Reserved DFIBUS_FREQ_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DFIBUS_FREQ_F0 Reserved 

DFIBUS_BOOT
_FREQ W

Reset u u u 0 0 0 0 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-24

DFIBUS_FREQ
_F2

Defines the DFI bus frequency for frequency set 2.

23-21

—

Reserved

20-16

DFIBUS_FREQ
_F1

Defines the DFI bus frequency for frequency set 1.

15-13

—

Reserved

12-8

DFIBUS_FREQ
_F0

Defines the DFI bus frequency for frequency set 0.

7-2

—

Reserved

1-0

DFIBUS_BOOT
_FREQ

Defines the DFI bus boot frequency.

75.9.1.18 DENALI_CTL_25 (DENALI_CTL_25)

Offset

Register Offset

DENALI_CTL_25 64h

Function
This register describes the parameters of DDR Controller register 25.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FREQ_CHANG
E_TYP...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

FREQ_CHANG
E_TYP...

Reserved 
FREQ_CHANG

E_TYP...W

Reset u u u u u u 0 0 u u u u u u 0 0

Fields

Field Function

31-18

—

Reserved

17-16

FREQ_CHANG
E_TYPE_F2

Defines the encoded frequency driven out on the cntrl_freq_change_req_type signal during a frequency 
change operation.

15-10

—

Reserved

9-8

FREQ_CHANG
E_TYPE_F1

Defines the encoded frequency driven out on the cntrl_freq_change_req_type signal during a frequency 
change operation.

7-2

—

Reserved

1-0

FREQ_CHANG
E_TYPE_F0

Defines the encoded frequency driven out on the cntrl_freq_change_req_type signal during a frequency 
change operation.

75.9.1.19 DENALI_CTL_26 (DENALI_CTL_26)

Offset

Register Offset

DENALI_CTL_26 68h

Function
This register describes the parameters of DDR Controller register 26.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRST_PWRON 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRST_PWRON 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TRST_PWRON

Defines the number of memory clocks that memory will be held in reset during the power-on initialization 
sequence.

75.9.1.20 DENALI_CTL_27 (DENALI_CTL_27)

Offset

Register Offset

DENALI_CTL_27 6Ch

Function
This register describes the parameters of DDR Controller register 27.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CKE_INACTIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CKE_INACTIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

CKE_INACTIVE

Defines the number of memory clocks after reset before the CKE signal will be active.

75.9.1.21 DENALI_CTL_30 (DENALI_CTL_30)

Offset

Register Offset

DENALI_CTL_30 78h

Function
This register describes the parameters of DDR Controller register 30.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TOSCO_F0 Reserved FUNC_VALID_CYCLES 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

DQS_OSC_PERIOD 
W

Reset u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TOSCO_F0

Number of cycles for tOSCO timing for frequency set 0. tOSCO is the time for the DQS Oscillator 
measurement to be available in the mode registers.

23-20

—

Reserved

19-16

FUNC_VALID_
CYCLES

Number of cycles to hold dfi_function_valid asserted.

15 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

14-0

DQS_OSC_PE
RIOD

Number of cycles to run the oscillator measurement. Must reflect cycles programmed into mode register.

75.9.1.22 DENALI_CTL_31 (DENALI_CTL_31)

Offset

Register Offset

DENALI_CTL_31 7Ch

Function
This register describes the parameters of DDR Controller register 31.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TOSCO_F2 TOSCO_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

TOSCO_F2

Number of cycles for tOSCO timing for frequency set 2. tOSCO is the time for the DQS Oscillator 
measurement to be available in the mode registers.

7-0

TOSCO_F1

Number of cycles for tOSCO timing for frequency set 1. tOSCO is the time for the DQS Oscillator 
measurement to be available in the mode registers.
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75.9.1.23 DENALI_CTL_41 (DENALI_CTL_41)

Offset

Register Offset

DENALI_CTL_41 A4h

Function
This register describes the parameters of DDR Controller register 41.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

WRLAT_F1 
Reserv

ed 
CASLAT_LIN_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

WRLAT_F0 
Reserv

ed 
CASLAT_LIN_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

WRLAT_F1

Defines the write latency from when the write command is issued to the time the write data is presented 
to the DRAM memories for frequency set 1, in memory clocks.

23

—

Reserved

22-16

CASLAT_LIN_F
1

Sets the CAS latency linear value for frequency set 1, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [22:17] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

'b000011 = 3 cycles

Additional values are supported, in full-cycle increments up to 15 cycles.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Bit [16] = Reserved

15

—

Reserved

14-8

WRLAT_F0

Defines the write latency from when the write command is issued to the time the write data is presented 
to the DRAM memories for frequency set 0, in memory clocks.

7

—

Reserved

6-0

CASLAT_LIN_F
0

Sets the CAS latency linear value for frequency set 0, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [6:1] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

'b000011 = 3 cycles

Additional values are supported, in full-cycle increments up to 15 cycles.

• Bit [0] = Reserved

75.9.1.24 DENALI_CTL_42 (DENALI_CTL_42)

Offset

Register Offset

DENALI_CTL_42 A8h

Function
This register describes the parameters of DDR Controller register 42.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCCD Reserved TBST_INT_INTERVAL 

W

Reset u u u 0 0 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

WRLAT_F2 
Reserv

ed 
CASLAT_LIN_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCCD

Defines the minimum delay between CAS commands in memory clocks. This value is loaded into a 
counter when a memory burst is issued and a new command may be issued when the counter reaches 
0.

23-19

—

Reserved

18-16

TBST_INT_INT
ERVAL

DRAM burst interrupt interval value in cycles. Defines when a memory burst can occur, assuming that 
the tccd bit value has been satisfied. This bit is only relevant if the burst has not completed.

15

—

Reserved

14-8

WRLAT_F2

Defines the write latency from when the write command is issued to the time the write data is presented 
to the DRAM memories for frequency set 2, in memory clocks.

7

—

Reserved

6-0

CASLAT_LIN_F
2

Sets the CAS latency linear value for frequency set 2, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [6:1] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

Table continues on the next page...
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Table continued from the previous page...

Field Function

'b000011 = 3 cycles

Additional values are supported, in full-cycle increments up to 15 cycles.

• Bit [0] = Reserved

75.9.1.25 DENALI_CTL_43 (DENALI_CTL_43)

Offset

Register Offset

DENALI_CTL_43 ACh

Function
This register describes the parameters of DDR Controller register 43.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

TRC_
F0 W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRC_F0 TRRD_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-8

TRC_F0

Defines the DRAM period between active commands for the same bank for frequency set 0.

7-0

TRRD_F0

Defines the DRAM activate to activate delay to different bank groups for frequency set 0, in memory 
clocks.
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75.9.1.26 DENALI_CTL_44 (DENALI_CTL_44)

Offset

Register Offset

DENALI_CTL_44 B0h

Function
This register describes the parameters of DDR Controller register 44.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRP_F0 Reserved TWTR_F0 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRAS_MIN_F0 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TRP_F0

Defines the DRAM tRP term for a single bank for frequency set 0, in memory clocks.

23-22

—

Reserved

21-16

TWTR_F0

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 0.

15-9

—

Reserved

8-0

TRAS_MIN_F0

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 0, in memory clocks.
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75.9.1.27 DENALI_CTL_45 (DENALI_CTL_45)

Offset

Register Offset

DENALI_CTL_45 B4h

Function
This register describes the parameters of DDR Controller register 45.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRRD_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TFAW_F0 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

TRRD_F1

Defines the DRAM activate to activate delay to different bank groups for frequency set 1, in memory 
clocks.

15-9

—

Reserved

8-0

TFAW_F0

Defines the DRAM tFAW term for frequency set 0, in memory clocks.

75.9.1.28 DENALI_CTL_46 (DENALI_CTL_46)

Offset

Register Offset

DENALI_CTL_46 B8h
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Function
This register describes the parameters of DDR Controller register 46.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRAS_MIN_F1 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRC_F1 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24-16

TRAS_MIN_F1

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 1, in memory clocks.

15-9

—

Reserved

8-0

TRC_F1

Defines the DRAM period between active commands for the same bank for frequency set 1.

75.9.1.29 DENALI_CTL_47 (DENALI_CTL_47)

Offset

Register Offset

DENALI_CTL_47 BCh

Function
This register describes the parameters of DDR Controller register 47.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TFAW_F1 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRP_F1 Reserved TWTR_F1 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24-16

TFAW_F1

Defines the DRAM tFAW term for frequency set 1, in memory clocks.

15-8

TRP_F1

Defines the DRAM tRP term for a single bank for frequency set 1, in memory clocks.

7-6

—

Reserved

5-0

TWTR_F1

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 1.

75.9.1.30 DENALI_CTL_48 (DENALI_CTL_48)

Offset

Register Offset

DENALI_CTL_48 C0h

Function
This register describes the parameters of DDR Controller register 48.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

TRC_
F2 W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRC_F2 TRRD_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-8

TRC_F2

Defines the DRAM period between active commands for the same bank for frequency set 2.

7-0

TRRD_F2

Defines the DRAM activate to activate delay to different bank groups for frequency set 2, in memory 
clocks.

75.9.1.31 DENALI_CTL_49 (DENALI_CTL_49)

Offset

Register Offset

DENALI_CTL_49 C4h

Function
This register describes the parameters of DDR Controller register 49.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRP_F2 Reserved TWTR_F2 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRAS_MIN_F2 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TRP_F2

Defines the DRAM tRP term for a single bank for frequency set 2, in memory clocks.

23-22

—

Reserved

21-16

TWTR_F2

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 2.

15-9

—

Reserved

8-0

TRAS_MIN_F2

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 2, in memory clocks.

75.9.1.32 DENALI_CTL_50 (DENALI_CTL_50)

Offset

Register Offset

DENALI_CTL_50 C8h

Function
This register describes the parameters of DDR Controller register 50.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRTP_F0 Reserved TCCDMW 

W

Reset 0 0 0 0 0 0 0 0 u u 1 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TFAW_F2 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TRTP_F0

Defines the read to precharge command delay for frequency set 0.

23-22

—

Reserved

21-16

TCCDMW

Defines the minimum CAS-to-CAS delay for masked writes (DRAM tCCDMW term), in memory clocks.

15-9

—

Reserved

8-0

TFAW_F2

Defines the DRAM tFAW term for frequency set 2, in memory clocks.

75.9.1.33 DENALI_CTL_51 (DENALI_CTL_51)

Offset

Register Offset

DENALI_CTL_51 CCh

Function
This register describes the parameters of DDR Controller register 51.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TMOD_F0 TMRD_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-8

TMOD_F0

Defines the number of memory clocks of delay after a memory mode register write to any non-mode 
register write command for frequency set 0.

7-0

TMRD_F0

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 0.

75.9.1.34 DENALI_CTL_52 (DENALI_CTL_52)

Offset

Register Offset

DENALI_CTL_52 D0h

Function
This register describes the parameters of DDR Controller register 52.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKE_F0 Reserved 

TRAS_
MA...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRAS_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKE_F0

Defines the minimum CKE pulse width (DRAM tCKE term) for frequency set 0, in memory clocks.

23-17

—

Reserved

16-0

TRAS_MAX_F0

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 0, in memory clocks.

75.9.1.35 DENALI_CTL_53 (DENALI_CTL_53)

Offset

Register Offset

DENALI_CTL_53 D4h

Function
This register describes the parameters of DDR Controller register 53.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TMOD_F1 TMRD_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRTP_F1 TCKESR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TMOD_F1

Defines the number of memory clocks of delay after a memory mode register write to any non-mode 
register write command for frequency set 1.

23-16

TMRD_F1

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 1.

15-8

TRTP_F1

Defines the read to precharge command delay for frequency set 1.

7-0

TCKESR_F0

Defines the minimum number of cycles that CKE must be held low during self-refresh (DRAM tCKESR 
term) for frequency set 0, in memory clocks.

75.9.1.36 DENALI_CTL_54 (DENALI_CTL_54)

Offset

Register Offset

DENALI_CTL_54 D8h

Function
This register describes the parameters of DDR Controller register 54.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKE_F1 Reserved 

TRAS_
MA...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRAS_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKE_F1

Defines the minimum CKE pulse width (DRAM tCKE term) for frequency set 1, in memory clocks.

23-17

—

Reserved

16-0

TRAS_MAX_F1

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 1, in memory clocks.

75.9.1.37 DENALI_CTL_55 (DENALI_CTL_55)

Offset

Register Offset

DENALI_CTL_55 DCh

Function
This register describes the parameters of DDR Controller register 55.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TMOD_F2 TMRD_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRTP_F2 TCKESR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

TMOD_F2

Defines the number of memory clocks of delay after a memory mode register write to any non-mode 
register write command for frequency set 2.

23-16

TMRD_F2

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 2.

15-8

TRTP_F2

Defines the read to precharge command delay for frequency set 2.

7-0

TCKESR_F1

Defines the minimum number of cycles that CKE must be held low during self-refresh (DRAM tCKESR 
term) for frequency set 1, in memory clocks.

75.9.1.38 DENALI_CTL_56 (DENALI_CTL_56)

Offset

Register Offset

DENALI_CTL_56 E0h

Function
This register describes the parameters of DDR Controller register 56.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKE_F2 Reserved 

TRAS_
MA...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRAS_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKE_F2

Defines the minimum CKE pulse width (DRAM tCKE term) for frequency set 2, in memory clocks.

23-17

—

Reserved

16-0

TRAS_MAX_F2

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 2, in memory clocks.

75.9.1.39 DENALI_CTL_57 (DENALI_CTL_57)

Offset

Register Offset

DENALI_CTL_57 E4h

Function
This register describes the parameters of DDR Controller register 57.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TPPD TCKESR_F2 

W

Reset u u u u u 1 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-11

—

Reserved

10-8

TPPD

Defines the DRAM precharge to precharge time (DRAM tPPD term), in memory clocks.

7-0

TCKESR_F2

Defines the minimum number of cycles that CKE must be held low during self-refresh (DRAM tCKESR 
term) for frequency set 2, in memory clocks.

75.9.1.40 DENALI_CTL_58 (DENALI_CTL_58)

Offset

Register Offset

DENALI_CTL_58 E8h

Function
This register describes the parameters of DDR Controller register 58.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5207 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRCD_F1 TWR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRCD_F0 Reserved 

WRITE
IN...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

TRCD_F1

Defines the DRAM RAS to CAS delay to the same bank/row buffer for frequency set 1 (DRAM tRCD 
term), in memory clocks.

23-16

TWR_F0

Defines the write recovery time for frequency set 0 (DRAM tWR term), in memory clocks..

15-8

TRCD_F0

Defines the DRAM RAS to CAS delay to the same bank/row buffer for frequency set 0 (DRAM tRCD 
term), in memory clocks.

7-1

—

Reserved

0

WRITEINTERP

Allow controller to interrupt a write burst to the DRAMs with a read command. Set to 1 to allow interruption.

75.9.1.41 DENALI_CTL_59 (DENALI_CTL_59)

Offset

Register Offset

DENALI_CTL_59 ECh

Function
This register describes the parameters of DDR Controller register 59.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TMRR TWR_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRCD_F2 TWR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

TMRR

Defines the DRAM tMRR term, in memory clocks.

23-16

TWR_F2

Defines the write recovery time for frequency set 2 (DRAM tWR term), in memory clocks..

15-8

TRCD_F2

Defines the DRAM RAS to CAS delay to the same bank/row buffer for frequency set 2 (DRAM tRCD 
term), in memory clocks.

7-0

TWR_F1

Defines the write recovery time for frequency set 1 (DRAM tWR term), in memory clocks..

75.9.1.42 DENALI_CTL_60 (DENALI_CTL_60)

Offset

Register Offset

DENALI_CTL_60 F0h

Function
This register describes the parameters of DDR Controller register 60.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDAL_F0 Reserved 

TRAS_
LO...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CONC
URR...

Reserved AP 
W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-24

TDAL_F0

Defines the auto pre-charge write recovery (DRAM tDAL term) when auto pre-charge is enabled (the AP 
bit is set to 'b1) for frequency set 0, in memory clocks.

23-17

—

Reserved

16

TRAS_LOCKO
UT

Enables tRAS lockout. IF the DRAM supports it, this allows the controller to execute auto pre-charge 
commands before the TRAS_MIN parameter expires.

0b - Disable

1b - Enable

15-9

—

Reserved

8

CONCURRENT
AP

Enables concurrent auto pre-charge. IF the DRAM supports it, this allows the controller to issue commands 
to other banks while a bank is in auto pre-charge.

0b - Disable

1b - Enable

7-1

—

Reserved

0

AP

Enable auto pre-charge mode of controller.

0b - Disable

1b - Enable
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75.9.1.43 DENALI_CTL_61 (DENALI_CTL_61)

Offset

Register Offset

DENALI_CTL_61 F4h

Function
This register describes the parameters of DDR Controller register 61.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved BSTLEN 

W

Reset u u u u u u u u u u u 0 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDAL_F2 TDAL_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-16

BSTLEN

Defines the memory burst length encoding that will be programmed into the DRAM memories at 
initialization. The mode is programmed in the dram_class.

'b000011 = 8 memory words. Applicable for these memory systems:

• LPDDR3

'b000100 = 16 memory words. Applicable for these memory systems:

• LPDDR4/LPDDR4X

'b000101 = 32 memory words. Applicable for these memory systems:

• LPDDR4/LPDDR4X

All other settings are Reserved.

15-8

TDAL_F2

Defines the auto pre-charge write recovery (DRAM tDAL term) when auto pre-charge is enabled (the AP 
bit is set to 'b1) for frequency set 2, in memory clocks.

7-0

TDAL_F1

Defines the auto pre-charge write recovery (DRAM tDAL term) when auto pre-charge is enabled (the AP 
bit is set to 'b1) for frequency set 1, in memory clocks.
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75.9.1.44 DENALI_CTL_65 (DENALI_CTL_65)

Offset

Register Offset

DENALI_CTL_65 104h

Function
This register describes the parameters of DDR Controller register 65.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRFC_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CS_COMPARISON_FOR_REFRESH_DEP
TH 

Reserved 
W

Reset u u u 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TRFC_F0

Defines the DRAM tRFC term, the refresh command time for frequency set 0, in memory clocks.

15-13

—

Reserved

12-8

CS_COMPARIS
ON_FOR_REF
RESH_DEPTH

Defines the number of entries of the command queue that the refresh logic will consider for sending a refresh 
command. A non-zero value limits the decode to a subset of the full command pipeline.

7-0

—

Reserved
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75.9.1.45 DENALI_CTL_66 (DENALI_CTL_66)

Offset

Register Offset

DENALI_CTL_66 108h

Function
This register describes the parameters of DDR Controller register 66.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TREF_F0 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREF_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TREF_F0

Defines the DRAM tREFI term between refresh commands for frequency set 0, in memory clocks, the 
average interval between refreshes.

75.9.1.46 DENALI_CTL_67 (DENALI_CTL_67)

Offset

Register Offset

DENALI_CTL_67 10Ch

Function
This register describes the parameters of DDR Controller register 67.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRFC_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

TRFC_F1

Defines the DRAM tRFC term, the refresh command time for frequency set 1, in memory clocks.

75.9.1.47 DENALI_CTL_68 (DENALI_CTL_68)

Offset

Register Offset

DENALI_CTL_68 110h

Function
This register describes the parameters of DDR Controller register 68.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TREF_F1 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREF_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-20

—

Reserved

19-0

TREF_F1

Defines the DRAM tREFI term between refresh commands for frequency set 1, in memory clocks, the 
average interval between refreshes.

75.9.1.48 DENALI_CTL_69 (DENALI_CTL_69)

Offset

Register Offset

DENALI_CTL_69 114h

Function
This register describes the parameters of DDR Controller register 69.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TRFC_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

TRFC_F2

Defines the DRAM tRFC term, the refresh command time for frequency set 2, in memory clocks.
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75.9.1.49 DENALI_CTL_70 (DENALI_CTL_70)

Offset

Register Offset

DENALI_CTL_70 118h

Function
This register describes the parameters of DDR Controller register 70.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TREF_F2 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREF_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TREF_F2

Defines the DRAM tREFI term between refresh commands for frequency set 2, in memory clocks, the 
average interval between refreshes.

75.9.1.50 DENALI_CTL_71 (DENALI_CTL_71)

Offset

Register Offset

DENALI_CTL_71 11Ch

Function
This register describes the parameters of DDR Controller register 71.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TREF_INTERVAL 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREF_INTERVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TREF_INTERV
AL

Defines the cycles between refreshes to different chip selects.

75.9.1.51 DENALI_CTL_72 (DENALI_CTL_72)

Offset

Register Offset

DENALI_CTL_72 120h

Function
This register describes the parameters of DDR Controller register 72.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRFC_PB_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PBR_N
UM...

Reserved 
PBR_

EN W

Reset u u u u u u u 0 u u u u u u u 0
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Fields

Field Function

31-26

—

Reserved

25-16

TRFC_PB_F0

Defines the DRAM tRFC PB term for frequency set 0, in memory clocks.

15-9

—

Reserved

8

PBR_NUMERIC
_ORDER

Enables the PBR to run REFpb commands in numeric bank order (0,1,2,3, and so on.). When disabled, the 
order may be modified if supported by the memory type.

0b - Disable

1b - Enable

7-1

—

Reserved

0

PBR_EN

Enables the per-bank refresh feature.

0b - Disable

1b - Enable

75.9.1.52 DENALI_CTL_73 (DENALI_CTL_73)

Offset

Register Offset

DENALI_CTL_73 124h

Function
This register describes the parameters of DDR Controller register 73.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRFC_PB_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREFI_PB_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TRFC_PB_F1

Defines the DRAM tRFC PB term for frequency set 1, in memory clocks.

15-0

TREFI_PB_F0

Defines the DRAM tREFI_PB term for frequency set 0, in memory clocks.

75.9.1.53 DENALI_CTL_74 (DENALI_CTL_74)

Offset

Register Offset

DENALI_CTL_74 128h

Function
This register describes the parameters of DDR Controller register 74.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TRFC_PB_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREFI_PB_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TRFC_PB_F2

Defines the DRAM tRFC PB term for frequency set 2, in memory clocks.

15-0

TREFI_PB_F1

Defines the DRAM tREFI_PB term for frequency set 1, in memory clocks.

75.9.1.54 DENALI_CTL_75 (DENALI_CTL_75)

Offset

Register Offset

DENALI_CTL_75 12Ch

Function
This register describes the parameters of DDR Controller register 75.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PBR_MAX_BANK_WAIT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TREFI_PB_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

PBR_MAX_BA
NK_WAIT

Defines the maximum number of cycles that the PBR module will wait for Strategy to release the target 
bank until the PBR will assert the inhibit and close the target bank.

15-0

TREFI_PB_F2

Defines the DRAM tREFI_PB term for frequency set 2, in memory clocks.

75.9.1.55 DENALI_CTL_76 (DENALI_CTL_76)

Offset

Register Offset

DENALI_CTL_76 130h

Function
This register describes the parameters of DDR Controller register 76.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved AREF_PBR_CONT_DIS_THRESHOLD Reserved AREF_PBR_CONT_EN_THRESHOLD 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PBR_C
ON...

Reserved PBR_BANK_SELECT_DELAY 
W

Reset u u u u u u u 0 u u u u 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-24

AREF_PBR_CO
NT_DIS_THRE

SHOLD

Sets the auto-refresh request count threshold when the PBR continuous refresh request enable will be 
deasserted.

23-21

—

Reserved

20-16

AREF_PBR_CO
NT_EN_THRES

HOLD

Sets the auto-refresh request count threshold when the PBR continuous refresh request enable will be 
asserted.

15-9

—

Reserved

8

PBR_CONT_R
EQ_EN

Enables the per-bank refresh continuous request feature.

0b - Disable

1b - Enable

7-4

—

Reserved

3-0

PBR_BANK_SE
LECT_DELAY

Defines the PBR bank select to command delay, the time from bank selection to when the command 
queue bank selection logic is guaranteed to have blocked the bank.

75.9.1.56 DENALI_CTL_77 (DENALI_CTL_77)

Offset

Register Offset

DENALI_CTL_77 134h

Function
This register describes the parameters of DDR Controller register 77.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TPDEX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TPDEX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

TPDEX_F1

Defines the DRAM power-down exit command period for frequency set 1, in memory clocks.

15-0

TPDEX_F0

Defines the DRAM power-down exit command period for frequency set 0, in memory clocks.

75.9.1.57 DENALI_CTL_78 (DENALI_CTL_78)

Offset

Register Offset

DENALI_CTL_78 138h

Function
This register describes the parameters of DDR Controller register 78.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TMRRI_F1 TMRRI_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TPDEX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

TMRRI_F1

Defines the DRAM tMRRI term for frequency set 1, in memory clocks.

23-16

TMRRI_F0

Defines the DRAM tMRRI term for frequency set 0, in memory clocks.

15-0

TPDEX_F2

Defines the DRAM power-down exit command period for frequency set 2, in memory clocks.

75.9.1.58 DENALI_CTL_79 (DENALI_CTL_79)

Offset

Register Offset

DENALI_CTL_79 13Ch

Function
This register describes the parameters of DDR Controller register 79.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKEHCS_F0 Reserved TCKELCS_F0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCSCKE_F0 TMRRI_F2 

W

Reset u u u 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKEHCS_F0

Defines the valid CS requirement after CKE input high (DRAM tCKEHCS term) for frequency set 0, in 
memory clocks.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-21

—

Reserved

20-16

TCKELCS_F0

Defines the valid CS requirement after CKE input low (DRAM tCKELCS term) for frequency set 0, in 
memory clocks.

15-13

—

Reserved

12-8

TCSCKE_F0

Defines the valid CS requirement before CKE input low (DRAM tCSCKE term) for frequency set 0, in 
memory clocks.

7-0

TMRRI_F2

Defines the DRAM tMRRI term for frequency set 2, in memory clocks.

75.9.1.59 DENALI_CTL_80 (DENALI_CTL_80)

Offset

Register Offset

DENALI_CTL_80 140h

Function
This register describes the parameters of DDR Controller register 80.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCSCKE_F1 Reserved 

CA_DE
FA...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TZQCKE_F0 Reserved TMRWCKEL_F0 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-24

TCSCKE_F1

Defines the valid CS requirement before CKE input low (DRAM tCSCKE term) for frequency set 1, in 
memory clocks.

23-17

—

Reserved

16

CA_DEFAULT_
VAL_F0

Defines how unused address/command bits are driven for frequency set 0. Set to 1 to use last value or clear 
to 0 to drive low.

15-12

—

Reserved

11-8

TZQCKE_F0

Defines the valid clock and CS requirement after CKE input low after a ZQ calibration start command 
(DRAM tZQCKE term) for frequency set 0, in memory clocks.

7-5

—

Reserved

4-0

TMRWCKEL_F
0

Defines the valid clock and CS requirement after CKE input low after an MRW command (DRAM 
tMRWCKEL term) for frequency set 0, in memory clocks.

75.9.1.60 DENALI_CTL_81 (DENALI_CTL_81)

Offset

Register Offset

DENALI_CTL_81 144h

Function
This register describes the parameters of DDR Controller register 81.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TZQCKE_F1 Reserved TMRWCKEL_F1 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKEHCS_F1 Reserved TCKELCS_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

TZQCKE_F1

Defines the valid clock and CS requirement after CKE input low after a ZQ calibration start command 
(DRAM tZQCKE term) for frequency set 1, in memory clocks.

23-21

—

Reserved

20-16

TMRWCKEL_F
1

Defines the valid clock and CS requirement after CKE input low after an MRW command (DRAM 
tMRWCKEL term) for frequency set 1, in memory clocks.

15-13

—

Reserved

12-8

TCKEHCS_F1

Defines the valid CS requirement after CKE input high (DRAM tCKEHCS term) for frequency set 1, in 
memory clocks.

7-5

—

Reserved

4-0

TCKELCS_F1

Defines the valid CS requirement after CKE input low (DRAM tCKELCS term) for frequency set 1, in 
memory clocks.
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75.9.1.61 DENALI_CTL_82 (DENALI_CTL_82)

Offset

Register Offset

DENALI_CTL_82 148h

Function
This register describes the parameters of DDR Controller register 82.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKEHCS_F2 Reserved TCKELCS_F2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCSCKE_F2 Reserved 

CA_DE
FA...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKEHCS_F2

Defines the valid CS requirement after CKE input high (DRAM tCKEHCS term) for frequency set 2, in 
memory clocks.

23-21

—

Reserved

20-16

TCKELCS_F2

Defines the valid CS requirement after CKE input low (DRAM tCKELCS term) for frequency set 2, in 
memory clocks.

15-13

—

Reserved

12-8

TCSCKE_F2

Defines the valid CS requirement before CKE input low (DRAM tCSCKE term) for frequency set 2, in 
memory clocks.

7-1 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

0

CA_DEFAULT_
VAL_F1

Defines how unused address/command bits are driven for frequency set 1. Set to 1 to use last value or clear 
to 0 to drive low.

75.9.1.62 DENALI_CTL_83 (DENALI_CTL_83)

Offset

Register Offset

DENALI_CTL_83 14Ch

Function
This register describes the parameters of DDR Controller register 83.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CA_DE
FA...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TZQCKE_F2 Reserved TMRWCKEL_F2 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

CA_DEFAULT_
VAL_F2

Defines how unused address/command bits are driven for frequency set 2. Set to 1 to use last value or clear 
to 0 to drive low.

15-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-8

TZQCKE_F2

Defines the valid clock and CS requirement after CKE input low after a ZQ calibration start command 
(DRAM tZQCKE term) for frequency set 2, in memory clocks.

7-5

—

Reserved

4-0

TMRWCKEL_F
2

Defines the valid clock and CS requirement after CKE input low after an MRW command (DRAM 
tMRWCKEL term) for frequency set 2, in memory clocks.

75.9.1.63 DENALI_CTL_84 (DENALI_CTL_84)

Offset

Register Offset

DENALI_CTL_84 150h

Function
This register describes the parameters of DDR Controller register 84.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TXSNR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TXSR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

TXSNR_F0

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 0, in memory clocks.

15-0

TXSR_F0

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 0, in memory clocks.
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75.9.1.64 DENALI_CTL_85 (DENALI_CTL_85)

Offset

Register Offset

DENALI_CTL_85 154h

Function
This register describes the parameters of DDR Controller register 85.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TXSNR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TXSR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

TXSNR_F1

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 1, in memory clocks.

15-0

TXSR_F1

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 1, in memory clocks.

75.9.1.65 DENALI_CTL_86 (DENALI_CTL_86)

Offset

Register Offset

DENALI_CTL_86 158h

Function
This register describes the parameters of DDR Controller register 86.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TXSNR_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TXSR_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

TXSNR_F2

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 2, in memory clocks.

15-0

TXSR_F2

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 2, in memory clocks.

75.9.1.66 DENALI_CTL_87 (DENALI_CTL_87)

Offset

Register Offset

DENALI_CTL_87 15Ch

Function
This register describes the parameters of DDR Controller register 87.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSR_F0 Reserved TCKCKEL_F0 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKEHCMD_F0 Reserved TCKELCMD_F0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0
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Fields

Field Function

31-24

TSR_F0

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 0, in memory clocks.

23-21

—

Reserved

20-16

TCKCKEL_F0

Defines the valid clock requirement after CKE input low (DRAM tCKCKEL term) for frequency set 0, in 
memory clocks.

15-13

—

Reserved

12-8

TCKEHCMD_F
0

Defines the valid command requirement after CKE input high (DRAM tCKEHCMD term) for frequency set 
0, in memory clocks.

7-5

—

Reserved

4-0

TCKELCMD_F0

Defines the valid command requirement after CKE input low (DRAM tCKELCMD term) for frequency set 
0, in memory clocks.

75.9.1.67 DENALI_CTL_88 (DENALI_CTL_88)

Offset

Register Offset

DENALI_CTL_88 160h

Function
This register describes the parameters of DDR Controller register 88.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCMDCKE_F0 Reserved TCSCKEH_F0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKELPD_F0 Reserved TESCKE_F0 

W

Reset u u u 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCMDCKE_F0

Defines the delay between a valid command and when the CKE input is driven low (DRAM tCMDCKE 
term) for frequency set 0, in memory clocks.

23-21

—

Reserved

20-16

TCSCKEH_F0

Defines the valid CS low requirement before CKE input high (DRAM tCSCKEH term) for frequency set 0, 
in memory clocks.

15-13

—

Reserved

12-8

TCKELPD_F0

Defines the CKE minimum pulse width (DRAM tCKELPD term) for frequency set 0, in memory clocks.

7-3

—

Reserved

2-0

TESCKE_F0

Defines the delay between a SRE command and when the CKE input is driven low (DRAM tTESCKE 
term) for frequency set 0, in memory clocks.

75.9.1.68 DENALI_CTL_89 (DENALI_CTL_89)

Offset

Register Offset

DENALI_CTL_89 164h
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Function
This register describes the parameters of DDR Controller register 89.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSR_F1 Reserved TCKCKEL_F1 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKEHCMD_F1 Reserved TCKELCMD_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-24

TSR_F1

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 1, in memory clocks.

23-21

—

Reserved

20-16

TCKCKEL_F1

Defines the valid clock requirement after CKE input low (DRAM tCKCKEL term) for frequency set 1, in 
memory clocks.

15-13

—

Reserved

12-8

TCKEHCMD_F
1

Defines the valid command requirement after CKE input high (DRAM tCKEHCMD term) for frequency set 
1, in memory clocks.

7-5

—

Reserved

4-0

TCKELCMD_F1

Defines the valid command requirement after CKE input low (DRAM tCKELCMD term) for frequency set 
1, in memory clocks.
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75.9.1.69 DENALI_CTL_90 (DENALI_CTL_90)

Offset

Register Offset

DENALI_CTL_90 168h

Function
This register describes the parameters of DDR Controller register 90.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCMDCKE_F1 Reserved TCSCKEH_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKELPD_F1 Reserved TESCKE_F1 

W

Reset u u u 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCMDCKE_F1

Defines the delay between a valid command and when the CKE input is driven low (DRAM tCMDCKE 
term) for frequency set 1, in memory clocks.

23-21

—

Reserved

20-16

TCSCKEH_F1

Defines the valid CS low requirement before CKE input high (DRAM tCSCKEH term) for frequency set 1, 
in memory clocks.

15-13

—

Reserved

12-8

TCKELPD_F1

Defines the CKE minimum pulse width (DRAM tCKELPD term) for frequency set 1, in memory clocks.

7-3 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

2-0

TESCKE_F1

Defines the delay between a SRE command and when the CKE input is driven low (DRAM tTESCKE 
term) for frequency set 1, in memory clocks.

75.9.1.70 DENALI_CTL_91 (DENALI_CTL_91)

Offset

Register Offset

DENALI_CTL_91 16Ch

Function
This register describes the parameters of DDR Controller register 91.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TSR_F2 Reserved TCKCKEL_F2 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKEHCMD_F2 Reserved TCKELCMD_F2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-24

TSR_F2

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 2, in memory clocks.

23-21

—

Reserved

20-16

TCKCKEL_F2

Defines the valid clock requirement after CKE input low (DRAM tCKCKEL term) for frequency set 2, in 
memory clocks.

15-13 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

12-8

TCKEHCMD_F
2

Defines the valid command requirement after CKE input high (DRAM tCKEHCMD term) for frequency set 
2, in memory clocks.

7-5

—

Reserved

4-0

TCKELCMD_F2

Defines the valid command requirement after CKE input low (DRAM tCKELCMD term) for frequency set 
2, in memory clocks.

75.9.1.71 DENALI_CTL_92 (DENALI_CTL_92)

Offset

Register Offset

DENALI_CTL_92 170h

Function
This register describes the parameters of DDR Controller register 92.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCMDCKE_F2 Reserved TCSCKEH_F2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKELPD_F2 Reserved TESCKE_F2 

W

Reset u u u 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-24

TCMDCKE_F2

Defines the delay between a valid command and when the CKE input is driven low (DRAM tCMDCKE 
term) for frequency set 2, in memory clocks.

23-21

—

Reserved

20-16

TCSCKEH_F2

Defines the valid CS low requirement before CKE input high (DRAM tCSCKEH term) for frequency set 2, 
in memory clocks.

15-13

—

Reserved

12-8

TCKELPD_F2

Defines the CKE minimum pulse width (DRAM tCKELPD term) for frequency set 2, in memory clocks.

7-3

—

Reserved

2-0

TESCKE_F2

Defines the delay between a SRE command and when the CKE input is driven low (DRAM tTESCKE 
term) for frequency set 2, in memory clocks.

75.9.1.72 DENALI_CTL_93 (DENALI_CTL_93)

Offset

Register Offset

DENALI_CTL_93 174h

Function
This register describes the parameters of DDR Controller register 93.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ENABL
E_...W

Reset u u u u u 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PWRU
P_S...W

Reset u u u u u u u 0 u u u u u u u 0
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Fields

Field Function

31-17

—

Reserved

16

ENABLE_QUIC
K_SREFRESH

Allow user to interrupt memory initialization to enter self-refresh mode. Set to 1 to allow interruption.

15-1

—

Reserved

0

PWRUP_SREF
RESH_EXIT

Allows the controller to exit low power by executing a self-refresh exit instead of the full memory initialization.

0b - Disable

1b - Enable

75.9.1.73 DENALI_CTL_106 (DENALI_CTL_106)

Offset

Register Offset

DENALI_CTL_106 1A8h

Function
This register describes the parameters of DDR Controller register 106.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_F0

Defines the DFI 4.0, version 1 DFI tphymstr_max timing frequency set 0, the maximum number of DFI 
clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.74 DENALI_CTL_107 (DENALI_CTL_107)

Offset

Register Offset

DENALI_CTL_107 1ACh

Function
This register describes the parameters of DDR Controller register 107.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE0_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE0_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE0

_F0

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 0 for frequency set 0, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.
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75.9.1.75 DENALI_CTL_108 (DENALI_CTL_108)

Offset

Register Offset

DENALI_CTL_108 1B0h

Function
This register describes the parameters of DDR Controller register 108.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE1_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE1_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE1

_F0

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 1 for frequency set 0, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.76 DENALI_CTL_109 (DENALI_CTL_109)

Offset

Register Offset

DENALI_CTL_109 1B4h

Function
This register describes the parameters of DDR Controller register 109.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE2_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE2_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE2

_F0

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 2 for frequency set 0, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.77 DENALI_CTL_110 (DENALI_CTL_110)

Offset

Register Offset

DENALI_CTL_110 1B8h

Function
This register describes the parameters of DDR Controller register 110.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE3_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE3_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE3

_F0

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 3 for frequency set 0, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.78 DENALI_CTL_112 (DENALI_CTL_112)

Offset

Register Offset

DENALI_CTL_112 1C0h

Function
This register describes the parameters of DDR Controller register 112.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHYMSTR_RESP_F0 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_RESP_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TDFI_PHYMST
R_RESP_F0

Defines the DFI tPHYMSTR_RESP timing (in DFI clocks) for frequency set 0, the maximum number of DFI clocks 
after the assertion of the dfi_phymstr_req signal to the assertion of the dfi_phymstr_ack signal.
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75.9.1.79 DENALI_CTL_113 (DENALI_CTL_113)

Offset

Register Offset

DENALI_CTL_113 1C4h

Function
This register describes the parameters of DDR Controller register 113.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_F1

Defines the DFI 4.0, version 1 DFI tphymstr_max timing frequency set 1, the maximum number of DFI 
clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.80 DENALI_CTL_114 (DENALI_CTL_114)

Offset

Register Offset

DENALI_CTL_114 1C8h

Function
This register describes the parameters of DDR Controller register 114.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE0_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE0_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE0

_F1

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 0 for frequency set 1, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.81 DENALI_CTL_115 (DENALI_CTL_115)

Offset

Register Offset

DENALI_CTL_115 1CCh

Function
This register describes the parameters of DDR Controller register 115.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE1_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE1_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE1

_F1

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 1 for frequency set 1, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.82 DENALI_CTL_116 (DENALI_CTL_116)

Offset

Register Offset

DENALI_CTL_116 1D0h

Function
This register describes the parameters of DDR Controller register 116.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE2_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE2_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE2

_F1

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 2 for frequency set 1, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.
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75.9.1.83 DENALI_CTL_117 (DENALI_CTL_117)

Offset

Register Offset

DENALI_CTL_117 1D4h

Function
This register describes the parameters of DDR Controller register 117.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE3_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE3_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE3

_F1

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 3 for frequency set 1, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.84 DENALI_CTL_119 (DENALI_CTL_119)

Offset

Register Offset

DENALI_CTL_119 1DCh

Function
This register describes the parameters of DDR Controller register 119.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHYMSTR_RESP_F1 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_RESP_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TDFI_PHYMST
R_RESP_F1

Defines the DFI tPHYMSTR_RESP timing (in DFI clocks) for frequency set 1, the maximum number of DFI clocks 
after the assertion of the dfi_phymstr_req signal to the assertion of the dfi_phymstr_ack signal.

75.9.1.85 DENALI_CTL_120 (DENALI_CTL_120)

Offset

Register Offset

DENALI_CTL_120 1E0h

Function
This register describes the parameters of DDR Controller register 120.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_F2

Defines the DFI 4.0, version 1 DFI tphymstr_max timing frequency set 2, the maximum number of DFI 
clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.86 DENALI_CTL_121 (DENALI_CTL_121)

Offset

Register Offset

DENALI_CTL_121 1E4h

Function
This register describes the parameters of DDR Controller register 121.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE0_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE0_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE0

_F2

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 0 for frequency set 2, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5250 / 5781



75.9.1.87 DENALI_CTL_122 (DENALI_CTL_122)

Offset

Register Offset

DENALI_CTL_122 1E8h

Function
This register describes the parameters of DDR Controller register 122.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE1_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE1_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE1

_F2

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 1 for frequency set 2, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.88 DENALI_CTL_123 (DENALI_CTL_123)

Offset

Register Offset

DENALI_CTL_123 1ECh

Function
This register describes the parameters of DDR Controller register 123.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE2_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE2_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE2

_F2

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 2 for frequency set 2, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.89 DENALI_CTL_124 (DENALI_CTL_124)

Offset

Register Offset

DENALI_CTL_124 1F0h

Function
This register describes the parameters of DDR Controller register 124.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_PHYMSTR_MAX_TYPE3_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_MAX_TYPE3_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5252 / 5781



Fields

Field Function

31-0

TDFI_PHYMST
R_MAX_TYPE3

_F2

Defines the DFI 4.0, version 1 DFI tphymstr_max timing for type 3 for frequency set 2, the maximum number 
of DFI clocks that the dfi_phymstr_req signal can be held high after the PHY master interface request is 
acknowledged.

75.9.1.90 DENALI_CTL_126 (DENALI_CTL_126)

Offset

Register Offset

DENALI_CTL_126 1F8h

Function
This register describes the parameters of DDR Controller register 126.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHYM
STR...

Reserved TDFI_PHYMSTR_RESP_F2 
W

Reset u u u u u u u 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYMSTR_RESP_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

PHYMSTR_NO
_AREF

Disables refreshes during the PHY master interface sequence.

0b - Allow refreshes while the dfi_phymstr_req and dfi_phymstr_ack signals are asserted.

1b - Disable refreshes while the dfi_phymstr_req and dfi_phymstr_ack signals are asserted.

23-20

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

19-0

TDFI_PHYMST
R_RESP_F2

Defines the DFI tPHYMSTR_RESP timing (in DFI clocks) for frequency set 2, the maximum number of DFI clocks 
after the assertion of the dfi_phymstr_req signal to the assertion of the dfi_phymstr_ack signal.

75.9.1.91 DENALI_CTL_137 (DENALI_CTL_137)

Offset

Register Offset

DENALI_CTL_137 224h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_SR_SHORT_WAKEUP_F0 Reserved LPI_IDLE_WAKEUP_F0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

CKSRX_F2 
W LP_CMD 

Reset u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LPI_SR_SHOR
T_WAKEUP_F0

LPI_SR_SHORT_WAKEUP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when LPDDR4 memory is in the 
self-refresh short state (with or without memory clock gating) for frequency set 0. For LPDDR4, SR_SHORT 
is used to send few commands so this wakeup time must be cleared to ZERO and no LPI request needs to 
be asserted.

23-20 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

19-16

LPI_IDLE_WAK
EUP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when controller is idle for 
frequency set 0.

15

—

Reserved

14-8

LP_CMD

Low power software command request interface.

Low power software command request interface. Bit (0) controls exit, bit (1) controls entry, bits (4:2) define 
the low power state, bit (5) controls memory clock gating, bit (6) controls controller clock gating.

7-0

CKSRX_F2

Clock stable delay on self-refresh exit for frequency set 2.

75.9.1.92 DENALI_CTL_138 (DENALI_CTL_138)

Offset

Register Offset

DENALI_CTL_138 228h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_SRPD_SHORT_WAKEUP_F0 Reserved LPI_PD_WAKEUP_F0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LPI_SR_LONG_MCCLK_GATE_W
AKEUP_F0 

Reserved LPI_SR_LONG_WAKEUP_F0 
W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

LPI_SRPD_SH
ORT_WAKEUP

_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down short state (with or without memory clock gating), for frequency set 0.

23-20

—

Reserved

19-16

LPI_PD_WAKE
UP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in any of 
the power-down states (with or without memory clock gating) for frequency set 0.

15-12

—

Reserved

11-8

LPI_SR_LONG_
MCCLK_GATE_

WAKEUP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long with memory and controller clock gating state, for frequency set 0.

7-4

—

Reserved

3-0

LPI_SR_LONG_
WAKEUP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long state (with or without memory clock gating) for frequency set 0.

75.9.1.93 DENALI_CTL_139 (DENALI_CTL_139)

Offset

Register Offset

DENALI_CTL_139 22Ch

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_IDLE_WAKEUP_F1 Reserved LPI_TIMER_WAKEUP_F0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LPI_SRPD_LONG_MCCLK_GATE
_WAKEUP...

Reserved LPI_SRPD_LONG_WAKEUP_F0 
W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LPI_IDLE_WAK
EUP_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when controller is idle for 
frequency set 1.

23-20

—

Reserved

19-16

LPI_TIMER_WA
KEUP_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when the LPI timer expires 
for frequency set 0.

15-12

—

Reserved

11-8

LPI_SRPD_LO
NG_MCCLK_G
ATE_WAKEUP

_F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long with memory and controller clock gating state, for frequency set 0.

7-4

—

Reserved

3-0

LPI_SRPD_LO
NG_WAKEUP_

F0

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long state (with or without memory clock gating), for frequency set 0.
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75.9.1.94 DENALI_CTL_140 (DENALI_CTL_140)

Offset

Register Offset

DENALI_CTL_140 230h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_PD_WAKEUP_F1 Reserved 

LPI_SR_LONG_MCCLK_GATE_W
AKEUP_F1 W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_SR_LONG_WAKEUP_F1 Reserved LPI_SR_SHORT_WAKEUP_F1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LPI_PD_WAKE
UP_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in any of 
the power-down states (with or without memory clock gating) for frequency set 1.

23-20

—

Reserved

19-16

LPI_SR_LONG_
MCCLK_GATE_

WAKEUP_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long with memory and controller clock gating state, for frequency set 1.

15-12

—

Reserved

11-8 Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long state (with or without memory clock gating) for frequency set 1.
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Table continued from the previous page...

Field Function

LPI_SR_LONG_
WAKEUP_F1

7-4

—

Reserved

3-0

LPI_SR_SHOR
T_WAKEUP_F1

LPI_SR_SHORT_WAKEUP_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when LPDDR4 memory is in the 
self-refresh short state (with or without memory clock gating) for frequency set 1. For LPDDR4, SR_SHORT 
is used to send few commands so this wakeup time must be cleared to ZERO and no LPI request needs to 
be asserted.

75.9.1.95 DENALI_CTL_141 (DENALI_CTL_141)

Offset

Register Offset

DENALI_CTL_141 234h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_TIMER_WAKEUP_F1 Reserved 

LPI_SRPD_LONG_MCCLK_GATE
_WAKEUP...W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_SRPD_LONG_WAKEUP_F1 Reserved LPI_SRPD_SHORT_WAKEUP_F1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved
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Table continued from the previous page...

Field Function

27-24

LPI_TIMER_WA
KEUP_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when the LPI timer expires 
for frequency set 1.

23-20

—

Reserved

19-16

LPI_SRPD_LO
NG_MCCLK_G
ATE_WAKEUP

_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long with memory and controller clock gating state, for frequency set 1.

15-12

—

Reserved

11-8

LPI_SRPD_LO
NG_WAKEUP_

F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long state (with or without memory clock gating), for frequency set 1.

7-4

—

Reserved

3-0

LPI_SRPD_SH
ORT_WAKEUP

_F1

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down short state (with or without memory clock gating), for frequency set 1.

75.9.1.96 DENALI_CTL_142 (DENALI_CTL_142)

Offset

Register Offset

DENALI_CTL_142 238h

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

LPI_SR_LONG_MCCLK_GATE_W
AKEUP_F2 

Reserved LPI_SR_LONG_WAKEUP_F2 
W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_SR_SHORT_WAKEUP_F2 Reserved LPI_IDLE_WAKEUP_F2 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LPI_SR_LONG_
MCCLK_GATE_

WAKEUP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long with memory and controller clock gating state, for frequency set 2.

23-20

—

Reserved

19-16

LPI_SR_LONG_
WAKEUP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh long state (with or without memory clock gating) for frequency set 2.

15-12

—

Reserved

11-8

LPI_SR_SHOR
T_WAKEUP_F2

LPI_SR_SHORT_WAKEUP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when LPDDR4 memory is in the 
self-refresh short state (with or without memory clock gating) for frequency set 2. For LPDDR4, SR_SHORT 
is used to send few commands so this wakeup time must be cleared to ZERO and no LPI request needs to 
be asserted.

7-4

—

Reserved

3-0

LPI_IDLE_WAK
EUP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when controller is idle for 
frequency set 2.
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75.9.1.97 DENALI_CTL_143 (DENALI_CTL_143)

Offset

Register Offset

DENALI_CTL_143 23Ch

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

LPI_SRPD_LONG_MCCLK_GATE
_WAKEUP...

Reserved LPI_SRPD_LONG_WAKEUP_F2 
W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_SRPD_SHORT_WAKEUP_F2 Reserved LPI_PD_WAKEUP_F2 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LPI_SRPD_LO
NG_MCCLK_G
ATE_WAKEUP

_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long with memory and controller clock gating state, for frequency set 2.

23-20

—

Reserved

19-16

LPI_SRPD_LO
NG_WAKEUP_

F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down long state (with or without memory clock gating), for frequency set 2.

15-12

—

Reserved
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Table continued from the previous page...

Field Function

11-8

LPI_SRPD_SH
ORT_WAKEUP

_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in the 
self-refresh power-down short state (with or without memory clock gating), for frequency set 2.

7-4

—

Reserved

3-0

LPI_PD_WAKE
UP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when memory is in any of 
the power-down states (with or without memory clock gating) for frequency set 2.

75.9.1.98 DENALI_CTL_144 (DENALI_CTL_144)

Offset

Register Offset

DENALI_CTL_144 240h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

LPI_C
TR...

Reserved 
DFI_L
P_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_WAKEUP_EN Reserved LPI_TIMER_WAKEUP_F2 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-25

—

Reserved
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Table continued from the previous page...

Field Function

24

LPI_CTRL_RE
Q_EN

Enables the dfi_lpi_ctrl_req signal for the LPI.

Enables the dfi_lpi_ctrl_req signal for the LPI. This signal is only relevant for DFI versions 3.1 and beyond. 
Set to 1 to enable or clear to 0 to disable.

23-17

—

Reserved

16

DFI_LP_VERSI
ON

When set to 1 enables DFI 5.

When set to 1 enables DFI 5.0 LPI version. When set to 0 enables DFI 4.0 or older LPI version.

15-14

—

Reserved

13-8

LPI_WAKEUP_
EN

Enables the various low power state wakeup parameters for LPI request uses.

Enables the various low power state wakeup parameters for LPI request uses. Bit (0) enables controller 
idle wakeup, bit (1) enables power-down wakeup, bit (2) enables either self-refresh short, self-refresh long 
with or without mem clk gating, either self-refresh power-down short, or self-refresh power-down long with 
or without mem clk gating, bit (3) enables self-refresh long with mem and ctlr clk gating or self-refresh 
power-down long with mem and ctlr clk gating, bit (4) enables the LPI timer expiry wakeup, and bit (5) is 
reserved. Set each bit to 1 to enable the respective LP_WAKEUP value for the LPI request.

7-4

—

Reserved

3-0

LPI_TIMER_WA
KEUP_F2

Defines the DFI tLP_WAKEUP timing parameter (in DFI clocks) to be driven when the LPI timer expires 
for frequency set 2.

75.9.1.99 DENALI_CTL_145 (DENALI_CTL_145)

Offset

Register Offset

DENALI_CTL_145 244h

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LPI_WAKEUP_TIMEOUT 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LPI_TIMER_COUNT 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

LPI_WAKEUP_
TIMEOUT

Defines the LPI timeout time, the maximum cycles between a dfi_lp_req de-assertion and a dfi_lp_ack de-
assertion.

Defines the LPI timeout time, the maximum cycles between a dfi_lp_req de-assertion and a dfi_lp_ack 
de-assertion. If this value is exceeded, an interrupt will occur.

15-12

—

Reserved

11-0

LPI_TIMER_CO
UNT

Defines the LPI timer count.

75.9.1.100 DENALI_CTL_146 (DENALI_CTL_146)

Offset

Register Offset

DENALI_CTL_146 248h

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LP_AUTO_ENTRY_EN 

Reserv
ed 

LP_STATE_CS1 

W

Reset u u u u 0 0 0 0 u 1 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

LP_STATE_CS0 
Reserved TDFI_LP_RESP 

W

Reset u 1 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

LP_AUTO_ENT
RY_EN

Enable auto entry into each of the low power states when the associated idle timer expires.

Enable auto entry into each of the low power states when the associated idle timer expires. Bit (0) controls 
power-down, bit (1) controls self-refresh long or self-refresh power-down long, bit (2) controls self-refresh 
long with memory and controller clock gating or self-refresh power-down long with memory and controller 
clock gating, and bit (3) controls self-refresh short or self-refresh power-down short. Set each bit to 1 
to enable.

23

—

Reserved

22-16

LP_STATE_CS
1

Low power state status parameter for chip select 1.

Low power state status parameter for chip select 1. Bits (5:0) indicate the current low power state and bit 
(6) set indicates that status bits are valid.

15

—

Reserved

14-8

LP_STATE_CS
0

Low power state status parameter for chip select 0.

Low power state status parameter for chip select 0. Bits (5:0) indicate the current low power state and bit 
(6) set indicates that status bits are valid.

7-3

—

Reserved

2-0

TDFI_LP_RESP

Defines the DFI tLP_RESP timing parameter (in DFI clocks), the maximum cycles between a dfi_lp_req 
assertion and a dfi_lp_ack assertion.
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75.9.1.101 DENALI_CTL_147 (DENALI_CTL_147)

Offset

Register Offset

DENALI_CTL_147 24Ch

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved LP_AUTO_PD_IDLE 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

LP_AUTO_MEM_GATE_
EN 

Reserved LP_AUTO_EXIT_EN 
W

Reset u u u u u 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

LP_AUTO_PD_I
DLE

Defines the idle time (in controller clocks) until the controller will automatically issue an entry into one of 
the power-down low power states.

15-11

—

Reserved

10-8

LP_AUTO_ME
M_GATE_EN

Enable memory clock gating when entering a low power state via the auto low power counters.

Enable memory clock gating when entering a low power state via the auto low power counters. Bit (0) 
controls power-down, bit (1) controls self-refresh long or self-refresh power-down long, and bit (2) controls 
self-refresh short or self-refresh power-down short. Set each bit to 1 to enable.

7-4

—

Reserved

3-0 Enable auto exit from each of the low power states when a read or write command enters the 
command queue.

Table continues on the next page...
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Table continued from the previous page...

Field Function

LP_AUTO_EXIT
_EN

Enable auto exit from each of the low power states when a read or write command enters the command 
queue. Bit (0) controls power-down, bit (1) controls self-refresh long or self-refresh power-down long, bit 
(2) controls self-refresh long with memory and controller clock gating or self-refresh power-down long with 
memory and controller clock gating, and bit (3) controls self-refresh short or self-refresh power-down short. 
Set each bit to 1 to enable.

75.9.1.102 DENALI_CTL_148 (DENALI_CTL_148)

Offset

Register Offset

DENALI_CTL_148 250h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
LP_AUTO_SR_LONG_MC_GATE_IDLE LP_AUTO_SR_LONG_IDLE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved LP_AUTO_SR_SHORT_IDLE 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

LP_AUTO_SR_
LONG_MC_GA

TE_IDLE

Defines the idle time (in long counts) until the controller will automatically issue an entry into the self-
refresh long with memory and controller clock gating or self-refresh power-down long with memory and 
controller clock gating low power states.

23-16

LP_AUTO_SR_
LONG_IDLE

Defines the idle time (in long counts) until the controller will automatically issue an entry into the self-
refresh long or self-refresh power-down long (with or without memory clock gating) low power states.

15-12 Reserved
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Table continued from the previous page...

Field Function

—

11-0

LP_AUTO_SR_
SHORT_IDLE

Defines the idle time (in controller clocks) until the controller will automatically issue an entry into the 
self-refresh short or self-refresh power-down short (with or without memory clock gating) low power 
states.

75.9.1.103 DENALI_CTL_164 (DENALI_CTL_164)

Offset

Register Offset

DENALI_CTL_164 290h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved WRITE_MODEREG 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
WRITE_MODEREG 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-0

WRITE_MODE
REG

Write memory mode register data to the DRAMs. Bits (7:0) define the memory mode register number if 
bit (23) is set, bits (15:8) define the chip select if bit (24) is clear, bits (23:16) define which memory mode 
register/s to write, bit (24) defines whether all chip selects will be written, and bit (25) triggers the write.
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75.9.1.104 DENALI_CTL_169 (DENALI_CTL_169)

Offset

Register Offset

DENALI_CTL_169 2A4h

Function
This register describes the parameters of DDR Controller register 169.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVRCG_ENABLE_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

MRW_DFS_UP
DATE_...W

Reset u u u u u u u u u u u u u u 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TVRCG_ENAB
LE_F0

Defines the MR13[3] write recovery time (DRAM tVRCG_enable term) for frequency set 0, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

15-2

—

Reserved

1-0

MRW_DFS_UP
DATE_FRC

Defines which frequency set will be used when the write modereg parameter bit [25] is asserted with bit 
[26] set to 'b1.
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75.9.1.105 DENALI_CTL_170 (DENALI_CTL_170)

Offset

Register Offset

DENALI_CTL_170 2A8h

Function
This register describes the parameters of DDR Controller register 170.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TFC_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TVRCG_DISABLE_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TFC_F0

Defines the frequency set point switching time (DRAM tFC term) for frequency set 0, in memory clocks. 
This bit should be programmed with the worst-case value, i.e. tFC_LONG.

15-10

—

Reserved

9-0

TVRCG_DISAB
LE_F0

Defines the MR13[3] write recovery time (DRAM tVRCG_disable term) for frequency set 0, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

75.9.1.106 DENALI_CTL_171 (DENALI_CTL_171)

Offset

Register Offset

DENALI_CTL_171 2ACh
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Function
This register describes the parameters of DDR Controller register 171.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TCKFSPX_F0 Reserved TCKFSPE_F0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-13

—

Reserved

12-8

TCKFSPX_F0

Defines the required delay between an FSP change and the first valid command (DRAM tCKFSPX term), 
in memory clocks. This bit should be programmed with the worst-case value.

7-5

—

Reserved

4-0

TCKFSPE_F0

Defines the required delay after entering an SDP change (DRAM tCKFSPE term), in memory clocks. 
This bit should be programmed with the worst-case value.

75.9.1.107 DENALI_CTL_172 (DENALI_CTL_172)

Offset

Register Offset

DENALI_CTL_172 2B0h

Function
This register describes the parameters of DDR Controller register 172.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVREF_LONG_F0 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TVREF_LONG_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TVREF_LONG_
F0

Defines the delay when MR12 or MR14 are written while the FSP-OP equals the FSPWR (DRAM 
tVREF_LONG term), in memory clocks. FSP-OP is MR13 [7] and FSPWR is MR13 [6].

75.9.1.108 DENALI_CTL_173 (DENALI_CTL_173)

Offset

Register Offset

DENALI_CTL_173 2B4h

Function
This register describes the parameters of DDR Controller register 173.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVRCG_DISABLE_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TVRCG_ENABLE_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5273 / 5781



Fields

Field Function

31-26

—

Reserved

25-16

TVRCG_DISAB
LE_F1

Defines the MR13[3] write recovery time (DRAM tVRCG_disable term) for frequency set 1, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

15-10

—

Reserved

9-0

TVRCG_ENAB
LE_F1

Defines the MR13[3] write recovery time (DRAM tVRCG_enable term) for frequency set 1, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

75.9.1.109 DENALI_CTL_174 (DENALI_CTL_174)

Offset

Register Offset

DENALI_CTL_174 2B8h

Function
This register describes the parameters of DDR Controller register 174.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKFSPX_F1 Reserved TCKFSPE_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TFC_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

28-24

TCKFSPX_F1

Defines the required delay between an FSP change and the first valid command (DRAM tCKFSPX term), 
in memory clocks. This bit should be programmed with the worst-case value.

23-21

—

Reserved

20-16

TCKFSPE_F1

Defines the required delay after entering an SDP change (DRAM tCKFSPE term), in memory clocks. 
This bit should be programmed with the worst-case value.

15-10

—

Reserved

9-0

TFC_F1

Defines the frequency set point switching time (DRAM tFC term) for frequency set 1, in memory clocks. 
This bit should be programmed with the worst-case value, i.e. tFC_LONG.

75.9.1.110 DENALI_CTL_175 (DENALI_CTL_175)

Offset

Register Offset

DENALI_CTL_175 2BCh

Function
This register describes the parameters of DDR Controller register 175.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVREF_LONG_F1 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TVREF_LONG_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-20

—

Reserved

19-0

TVREF_LONG_
F1

Defines the delay when MR12 or MR14 are written while the FSP-OP equals the FSPWR (DRAM 
tVREF_LONG term), in memory clocks. FSP-OP is MR13 [7] and FSPWR is MR13 [6].

75.9.1.111 DENALI_CTL_176 (DENALI_CTL_176)

Offset

Register Offset

DENALI_CTL_176 2C0h

Function
This register describes the parameters of DDR Controller register 176.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVRCG_DISABLE_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TVRCG_ENABLE_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

TVRCG_DISAB
LE_F2

Defines the MR13[3] write recovery time (DRAM tVRCG_disable term) for frequency set 2, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

15-10 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

9-0

TVRCG_ENAB
LE_F2

Defines the MR13[3] write recovery time (DRAM tVRCG_enable term) for frequency set 2, in memory 
clocks. This defines the number of cycles that must elapse between programming bit [3] of the MR13 
mode register and another command.

75.9.1.112 DENALI_CTL_177 (DENALI_CTL_177)

Offset

Register Offset

DENALI_CTL_177 2C4h

Function
This register describes the parameters of DDR Controller register 177.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TCKFSPX_F2 Reserved TCKFSPE_F2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TFC_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

TCKFSPX_F2

Defines the required delay between an FSP change and the first valid command (DRAM tCKFSPX term), 
in memory clocks. This bit should be programmed with the worst-case value.

23-21

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

20-16

TCKFSPE_F2

Defines the required delay after entering an SDP change (DRAM tCKFSPE term), in memory clocks. 
This bit should be programmed with the worst-case value.

15-10

—

Reserved

9-0

TFC_F2

Defines the frequency set point switching time (DRAM tFC term) for frequency set 2, in memory clocks. 
This bit should be programmed with the worst-case value, i.e. tFC_LONG.

75.9.1.113 DENALI_CTL_178 (DENALI_CTL_178)

Offset

Register Offset

DENALI_CTL_178 2C8h

Function
This register describes the parameters of DDR Controller register 178.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TVREF_LONG_F2 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TVREF_LONG_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

TVREF_LONG_
F2

Defines the delay when MR12 or MR14 are written while the FSP-OP equals the FSPWR (DRAM 
tVREF_LONG term), in memory clocks. FSP-OP is MR13 [7] and FSPWR is MR13 [6].
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75.9.1.114 DENALI_CTL_182 (DENALI_CTL_182)

Offset

Register Offset

DENALI_CTL_182 2D8h

Function
This register describes the parameters of DDR Controller register 182.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR2_DATA_F1_0 MR1_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR2_DATA_F0_0 MR1_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR2_DATA_F1
_0

Holds the memory mode register 2 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MR1_DATA_F1
_0

Holds the memory mode register 1 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR2_DATA_F0
_0

Holds the memory mode register 2 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MR1_DATA_F0
_0

Holds the memory mode register 1 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.
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75.9.1.115 DENALI_CTL_183 (DENALI_CTL_183)

Offset

Register Offset

DENALI_CTL_183 2DCh

Function
This register describes the parameters of DDR Controller register 183.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR3_DATA_F0_0 MRSINGLE_DATA_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR2_DATA_F2_0 MR1_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR3_DATA_F0
_0

Holds the memory mode register 3 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MRSINGLE_DA
TA_0

Holds the data tobe programmed into a single memory mode register for chip select 0. This field is used 
when the WRITE_MODEREG bit [25] is asserted with bit [23] is set to 'b1.

15-8

MR2_DATA_F2
_0

Holds the memory mode register 2 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MR1_DATA_F2
_0

Holds the memory mode register 1 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.
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75.9.1.116 DENALI_CTL_184 (DENALI_CTL_184)

Offset

Register Offset

DENALI_CTL_184 2E0h

Function
This register describes the parameters of DDR Controller register 184.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR4_DATA_F1_0 MR4_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR3_DATA_F2_0 MR3_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR4_DATA_F1
_0

Holds the memory mode register 4 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.

23-16

MR4_DATA_F0
_0

Holds the memory mode register 4 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.

15-8

MR3_DATA_F2
_0

Holds the memory mode register 3 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MR3_DATA_F1
_0

Holds the memory mode register 3 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.
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75.9.1.117 DENALI_CTL_185 (DENALI_CTL_185)

Offset

Register Offset

DENALI_CTL_185 2E4h

Function
This register describes the parameters of DDR Controller register 185.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR11_DATA_F1_0 MR11_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R MR8_DATA_0 
MR4_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR11_DATA_F
1_0

Holds the memory mode register 11 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MR11_DATA_F
0_0

Holds the memory mode register 11 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR8_DATA_0

Holds the memory mode register 8 data for chip select 0 written during memory initialization or when the 
WRITE_MODEREG bit [25] is asserted with bit [16] or bit [26] set to 'b1.

7-0

MR4_DATA_F2
_0

Holds the memory mode register 4 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.
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75.9.1.118 DENALI_CTL_186 (DENALI_CTL_186)

Offset

Register Offset

DENALI_CTL_186 2E8h

Function
This register describes the parameters of DDR Controller register 186.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR12_DATA_F2_0 MR12_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR12_DATA_F0_0 MR11_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR12_DATA_F
2_0

Holds the memory mode register 12 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

23-16

MR12_DATA_F
1_0

Holds the memory mode register 12 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

15-8

MR12_DATA_F
0_0

Holds the memory mode register 12 data for frequency set 0 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

7-0

MR11_DATA_F
2_0

Holds the memory mode register 11 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.
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75.9.1.119 DENALI_CTL_187 (DENALI_CTL_187)

Offset

Register Offset

DENALI_CTL_187 2ECh

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR14_DATA_F2_0 MR14_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR14_DATA_F0_0 MR13_DATA_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR14_DATA_F
2_0

Data to program into memory mode register 14 for chip select 0.

23-16

MR14_DATA_F
1_0

Data to program into memory mode register 14 for chip select 0.

15-8

MR14_DATA_F
0_0

Data to program into memory mode register 14 for chip select 0.

7-0

MR13_DATA_0

Holds the memory mode register 13 data for chip select 0 written during memory initialization, or when 
the WRITE_MODEREG bit [25] is asserted with bit [26] set to 'b1.
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75.9.1.120 DENALI_CTL_188 (DENALI_CTL_188)

Offset

Register Offset

DENALI_CTL_188 2F0h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR22_DATA_F0_0 

MR20_DATA_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR17_DATA_0 MR16_DATA_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR22_DATA_F
0_0

Data to program into memory mode register 22 for chip select 0.

23-16

MR20_DATA_0

Data read from memory mode register 20 for chip select 0.

15-8

MR17_DATA_0

Data to program into memory mode register 17 for chip select 0.

7-0

MR16_DATA_0

Holds the memory mode register 16 data for chip select 0 written during memory initialization or when 
the WRITE_MODEREG bit [25] is asserted with bit [16] or bit [18] set to 'b1.

75.9.1.121 DENALI_CTL_189 (DENALI_CTL_189)

Offset

Register Offset

DENALI_CTL_189 2F4h
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Function
This register describes the parameters of DDR Controller register 189.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR2_DATA_F0_1 MR1_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR22_DATA_F2_0 MR22_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR2_DATA_F0
_1

Holds the memory mode register 2 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MR1_DATA_F0
_1

Holds the memory mode register 1 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR22_DATA_F
2_0

Holds the memory mode register 22 data for frequency set 2 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [26] set to 'b1.

7-0

MR22_DATA_F
1_0

Holds the memory mode register 22 data for frequency set 1 for chip select 0 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [26] set to 'b1.

75.9.1.122 DENALI_CTL_190 (DENALI_CTL_190)

Offset

Register Offset

DENALI_CTL_190 2F8h

Function
This register describes the parameters of DDR Controller register 190.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR2_DATA_F2_1 MR1_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR2_DATA_F1_1 MR1_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR2_DATA_F2
_1

Holds the memory mode register 2 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MR1_DATA_F2
_1

Holds the memory mode register 1 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR2_DATA_F1
_1

Holds the memory mode register 2 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MR1_DATA_F1
_1

Holds the memory mode register 1 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

75.9.1.123 DENALI_CTL_191 (DENALI_CTL_191)

Offset

Register Offset

DENALI_CTL_191 2FCh

Function
This register describes the parameters of DDR Controller register 191.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR3_DATA_F2_1 MR3_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR3_DATA_F0_1 MRSINGLE_DATA_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR3_DATA_F2
_1

Holds the memory mode register 3 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

23-16

MR3_DATA_F1
_1

Holds the memory mode register 3 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR3_DATA_F0
_1

Holds the memory mode register 3 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MRSINGLE_DA
TA_1

Holds the data tobe programmed into a single memory mode register for chip select 1. This field is used 
when the WRITE_MODEREG bit [25] is asserted with bit [23] is set to 'b1.

75.9.1.124 DENALI_CTL_192 (DENALI_CTL_192)

Offset

Register Offset

DENALI_CTL_192 300h

Function
This register describes the parameters of DDR Controller register 192.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MR8_DATA_1 
MR4_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR4_DATA_F1_1 MR4_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR8_DATA_1

Holds the memory mode register 8 data for chip select 1 written during memory initialization or when the 
WRITE_MODEREG bit [25] is asserted with bit [16] or bit [26] set to 'b1.

23-16

MR4_DATA_F2
_1

Holds the memory mode register 4 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.

15-8

MR4_DATA_F1
_1

Holds the memory mode register 4 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.

7-0

MR4_DATA_F0
_1

Holds the memory mode register 4 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [17] set to 'b1.

75.9.1.125 DENALI_CTL_193 (DENALI_CTL_193)

Offset

Register Offset

DENALI_CTL_193 304h

Function
This register describes the parameters of DDR Controller register 193.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR12_DATA_F0_1 MR11_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR11_DATA_F1_1 MR11_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR12_DATA_F
0_1

Holds the memory mode register 12 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

23-16

MR11_DATA_F
2_1

Holds the memory mode register 11 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

15-8

MR11_DATA_F
1_1

Holds the memory mode register 11 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

7-0

MR11_DATA_F
0_1

Holds the memory mode register 11 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26], bit [16] or bit [17] set to 'b1.

75.9.1.126 DENALI_CTL_194 (DENALI_CTL_194)

Offset

Register Offset

DENALI_CTL_194 308h

Function
This register describes the parameters of DDR Controller register 194.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR14_DATA_F0_1 MR13_DATA_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR12_DATA_F2_1 MR12_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR14_DATA_F
0_1

Holds the memory mode register 14 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

23-16

MR13_DATA_1

Holds the memory mode register 13 data for chip select 1 written during memory initialization, or when 
the WRITE_MODEREG bit [25] is asserted with bit [26] set to 'b1.

15-8

MR12_DATA_F
2_1

Holds the memory mode register 12 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

7-0

MR12_DATA_F
1_1

Holds the memory mode register 12 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

75.9.1.127 DENALI_CTL_195 (DENALI_CTL_195)

Offset

Register Offset

DENALI_CTL_195 30Ch

Function
This register describes the parameters of DDR Controller register 195.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR17_DATA_1 MR16_DATA_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR14_DATA_F2_1 MR14_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR17_DATA_1

Holds the memory mode register 17 data for chip select 1 written during memory initialization or when 
the WRITE_MODEREG bit [25] is asserted with bit [16] or bit [18] set to 'b1.

23-16

MR16_DATA_1

Holds the memory mode register 16 data for chip select 1 written during memory initialization or when 
the WRITE_MODEREG bit [25] is asserted with bit [16] or bit [18] set to 'b1.

15-8

MR14_DATA_F
2_1

Holds the memory mode register 14 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

7-0

MR14_DATA_F
1_1

Holds the memory mode register 14 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [26] set to 'b1, IF the FSP_PHY_UPDATE_MRW is cleared to 'b0.

75.9.1.128 DENALI_CTL_196 (DENALI_CTL_196)

Offset

Register Offset

DENALI_CTL_196 310h

Function
This register describes the parameters of DDR Controller register 196.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
MR22_DATA_F2_1 MR22_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
MR22_DATA_F0_1 

MR20_DATA_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MR22_DATA_F
2_1

Holds the memory mode register 22 data for frequency set 2 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [26] set to 'b1.

23-16

MR22_DATA_F
1_1

Holds the memory mode register 22 data for frequency set 1 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [26] set to 'b1.

15-8

MR22_DATA_F
0_1

Holds the memory mode register 22 data for frequency set 0 for chip select 1 written during memory 
initialization, during a frequency scaling procedure, or when the WRITE_MODEREG bit [25] is asserted 
with bit [16] or bit [26] set to 'b1.

7-0

MR20_DATA_1

Holds the memory mode register 20 data for chip select 1 read during memory initialization.

75.9.1.129 DENALI_CTL_197 (DENALI_CTL_197)

Offset

Register Offset

DENALI_CTL_197 314h

Function
This register describes the parameters of DDR Controller register 197.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

MR_F
SP_...

Reserved 
MR_F
SP_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

MR_F
SP_...

MR23_DATA 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

MR_FSP_DATA
_VALID_F2

Indicates that, at this frequency, memory was trained and the associated data has been loaded into 
the MRx_DATA.

0b - Memory training is in progress or was not performed

1b - Memory was trained

23-17

—

Reserved

16

MR_FSP_DATA
_VALID_F1

Indicates that, at this frequency, memory was trained and the associated data has been loaded into 
the MRx_DATA.

0b - Memory training is in progress or was not performed

1b - Memory was trained

15-9

—

Reserved

8

MR_FSP_DATA
_VALID_F0

Indicates that, at this frequency, memory was trained and the associated data has been loaded into 
the MRx_DATA.

0b - Memory training is in progress or was not performed

1b - Memory was trained

7-0

MR23_DATA

Data to program into memory mode register 23.
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75.9.1.130 DENALI_CTL_198 (DENALI_CTL_198)

Offset

Register Offset

DENALI_CTL_198 318h

Function
This register describes the parameters of DDR Controller register 198.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FSP_P
HY...

Reserved 
W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

RL3_SUPPORT
_EN 

W

Reset u u u u u u u 1 u u u u u u 0 0

Fields

Field Function

31-25

—

Reserved

24

FSP_PHY_UPD
ATE_MRW

Defines the party responsible for updating the MR12 and MR14 mode registers in the memory devices.

0b - Controller

1b - PHY or PI

23-2

—

Reserved

1-0

RL3_SUPPORT
_EN

Reports if RL3 is supported by the connected LPDDR3 memory. Data will be read from the memories 
MR0 bit 7 at initialization if the no_auto_mrr_init bit is cleared to 'b0.
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75.9.1.131 DENALI_CTL_199 (DENALI_CTL_199)

Offset

Register Offset

DENALI_CTL_199 31Ch

Function
This register describes the parameters of DDR Controller register 199.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

FSP_
WR_...

Reserved 
FSP_O

P_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

FSP_S
TA...

Reserved 
DFS_A
LW...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

FSP_WR_CUR
RENT

Identifies the FSP set that will be written during mode register write commands to mode registers that 
have dual frequency set points

0b - FSP set 0

1b - FSP set 1

23-17

—

Reserved

16

FSP_OP_CUR
RENT

Identifies the FSP set that is currently in use.

0b - FSP set 0

1b - FSP set 1

15-9

—

Reserved

8 Indicates that a DFS event caused the FSP mode registers to be updated.

Table continues on the next page...
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Table continued from the previous page...

Field Function

FSP_STATUS 0b - No change

1b - FSP registers were updated

7-1

—

Reserved

0

DFS_ALWAYS_
WRITE_FSP

Forces all FSP mode registers to be written by the controller during a DFS event.

0b - The FSP mode registers may or may not be written

1b - Write the FSP mode registers

75.9.1.132 DENALI_CTL_213 (DENALI_CTL_213)

Offset

Register Offset

DENALI_CTL_213 354h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved AREF_NORM_THRESHOLD Reserved LONG_COUNT_MASK 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

BIST_ERR_COUNT 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24 AREF number of pending refreshes until the normal priority request is asserted.

Table continues on the next page...
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Table continued from the previous page...

Field Function

AREF_NORM_
THRESHOLD

23-21

—

Reserved

20-16

LONG_COUNT
_MASK

Reduces the length of the long counter from 1024 cycles.

Reduces the length of the long counter from 1024 cycles. The only supported values are 0x00 (1024 cycles), 
0x10 (512 clocks), 0x18 (256 clocks), 0x1C (128 clocks), 0x1E (64 clocks) and 0x1F (32 clocks).

15-12

—

Reserved

11-0

BIST_ERR_CO
UNT

Indicates the number of BIST errors found when the BIST_TEST_MODE parameter is programmed to 1, 2 
or 3.

Indicates the number of BIST errors found when the BIST_TEST_MODE parameter is programmed to 1, 2 
or 3.

75.9.1.133 DENALI_CTL_230 (DENALI_CTL_230)

Offset

Register Offset

DENALI_CTL_230 398h

Function
This register describes the parameters of DDR Controller register 230.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TZQCAL_F0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQCS_F0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

TZQCAL_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 0.

15-12

—

Reserved

11-0

ZQCS_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a short ZQ 
calibration command (ZQCS) for frequency set 0.

75.9.1.134 DENALI_CTL_231 (DENALI_CTL_231)

Offset

Register Offset

DENALI_CTL_231 39Ch

Function
This register describes the parameters of DDR Controller register 231.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ZQINIT_F1 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
ZQINIT_F1 

Reserv
ed 

TZQLAT_F0 
W

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

19-8

ZQINIT_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQ 
command during initialization for frequency set 1.

7

—

Reserved

6-0

TZQLAT_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 0.

75.9.1.135 DENALI_CTL_232 (DENALI_CTL_232)

Offset

Register Offset

DENALI_CTL_232 3A0h

Function
This register describes the parameters of DDR Controller register 232.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ZQCS_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQCL_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

ZQCS_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a short ZQ 
calibration command (ZQCS) for frequency set 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-12

—

Reserved

11-0

ZQCL_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a long ZQ 
calibration command (ZQCL) for frequency set 1.

75.9.1.136 DENALI_CTL_233 (DENALI_CTL_233)

Offset

Register Offset

DENALI_CTL_233 3A4h

Function
This register describes the parameters of DDR Controller register 233.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TZQLAT_F1 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TZQCAL_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

TZQLAT_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 1.

15-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-0

TZQCAL_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 1.

75.9.1.137 DENALI_CTL_234 (DENALI_CTL_234)

Offset

Register Offset

DENALI_CTL_234 3A8h

Function
This register describes the parameters of DDR Controller register 234.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ZQCL_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQINIT_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

ZQCL_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a long ZQ 
calibration command (ZQCL) for frequency set 2.

15-12

—

Reserved

11-0

ZQINIT_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQ 
command during initialization for frequency set 2.
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75.9.1.138 DENALI_CTL_235 (DENALI_CTL_235)

Offset

Register Offset

DENALI_CTL_235 3ACh

Function
This register describes the parameters of DDR Controller register 235.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TZQCAL_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQCS_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

TZQCAL_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 2.

15-12

—

Reserved

11-0

ZQCS_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a short ZQ 
calibration command (ZQCS) for frequency set 2.

75.9.1.139 DENALI_CTL_236 (DENALI_CTL_236)

Offset

Register Offset

DENALI_CTL_236 3B0h
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Function
This register describes the parameters of DDR Controller register 236.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ZQ_RE
Q_... Reserved 

W ZQ_REQ 

Reset u u u u u u u 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ZQ_SW_REQ_
START...

Reserv
ed 

TZQLAT_F2 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

ZQ_REQ_PEN
DING

Indicates that a ZQ command is currently in progress or waiting to run.

0b - Not in progress or waiting

1b - In progress or Waiting. No writes should occur to zq_req while this bit is set to 'b1.

23-20

—

Reserved

19-16

ZQ_REQ

User request to initiate a ZQ calibration. Program to 1 for ZQ Short (ZQCS), program to 2 for ZQ Long 
(ZQCL), program to 3 for ZQ Start, program to 4 for ZQ Initialization (ZQINIT), program to 5 for ZQ Latch, 
or program to 8 for ZQ Reset. Clearing to 0 will not trigger any ZQ command. This parameter should only 
be written when the ZQ_REQ_PENDING parameter is cleared to 0.

15-10

—

Reserved

9-8

ZQ_SW_REQ_
START_LATCH

_MAP

Specifies which chip selects will simultaneously receive a ZQ start or latch command once the ZQ_REQ 
bit is written with a ZQ Start or ZQ Latch command.

7

—

Reserved

6-0

TZQLAT_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 2.
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75.9.1.140 DENALI_CTL_237 (DENALI_CTL_237)

Offset

Register Offset

DENALI_CTL_237 3B4h

Function
This register describes the parameters of DDR Controller register 237.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ZQRESET_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQRESET_F0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

ZQRESET_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a 
ZQRESET command for frequency set 1.

15-12

—

Reserved

11-0

ZQRESET_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a 
ZQRESET command for frequency set 0.

75.9.1.141 DENALI_CTL_238 (DENALI_CTL_238)

Offset

Register Offset

DENALI_CTL_238 3B8h
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Function
This register describes the parameters of DDR Controller register 238.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ZQCS_
RO...

Reserved 
NO_Z
Q_I...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved ZQRESET_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

ZQCS_ROTAT
E

For non-LPDDR4 memories, selects whether a ZQCS command will calibrate just one chip select or all 
chip selects. When rotation is off, all chip selects will be calibrated, requiring a longer time frame, but ZQ 
calibration will need to be performed less frequently. Set to 1 for rotating CS. For LPDDR4 memories, this 
bit is ignored.

23-17

—

Reserved

16

NO_ZQ_INIT

Disable ZQ operations during initialization.

0b - ZQ operations allowed during initialization

1b - ZQ operations disabled during initialization

15-12

—

Reserved

11-0

ZQRESET_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a 
ZQRESET command for frequency set 2.

75.9.1.142 DENALI_CTL_245 (DENALI_CTL_245)

Offset

Register Offset

DENALI_CTL_245 3D4h
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Function
This register describes the parameters of DDR Controller register 245.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved BANK_START_BIT Reserved 

CS_LO
WE...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Fields

Field Function

31-29

—

Reserved

28-24

BANK_START_
BIT

Defines the LSbit of the bank address within the page of the user address when the 
BANK_ADDR_INTLV_EN bit is set.

23-17

—

Reserved

16

CS_LOWER_A
DDR_EN

Modifies the address map by moving the CS fields to the lower fields.

0b - The address map is CS - Row - Bank - Column - Datapath

1b - The address map is Row - CS - Bank - Column - Datapath

15-0

—

Reserved

75.9.1.143 DENALI_CTL_246 (DENALI_CTL_246)

Offset

Register Offset

DENALI_CTL_246 3D8h

Function
This register describes the parameters of DDR Controller register 246.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
COMMAND_AGE_COUNT AGE_COUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved APREBIT Reserved 

BANK_
AD...W

Reset u u u 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

COMMAND_AG
E_COUNT

Holds the initial value of the command aging counters associated with each command in the command 
queue.

23-16

AGE_COUNT

Holds the initial value of the master aging-rate counter. When using the placement logic to fill the 
command queue, the command aging counters will be decremented one each time the master aging-rate 
counter counts down the number of cycles programmed into this bit.

15-13

—

Reserved

12-8

APREBIT

Defines the location of the auto pre-charge bit in the DRAM address in decimal encoding.

7-1

—

Reserved

0

BANK_ADDR_I
NTLV_EN

Enables the capability to interleave the bank address within the row address bits.

0b - Disable

1b - Enable

75.9.1.144 DENALI_CTL_247 (DENALI_CTL_247)

Offset

Register Offset

DENALI_CTL_247 3DCh

Function
This register describes the parameters of DDR Controller register 247.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PLACE
ME...

Reserved 
BANK_
SP...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ADDR
_CO...

Reserved 
ADDR
_CM...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

PLACEMENT_
EN

Enable placement logic for command queue.

0b - Disable

1b - Enable

23-17

—

Reserved

16

BANK_SPLIT_E
N

Enable bank splitting as a rule for command queue placement.

0b - Disable

1b - Enable

15-9

—

Reserved

8

ADDR_COLLISI
ON_MPM_DIS

Disable address collision detection extension using micro page mask for command queue placement 
and selection.

0b - Disable

1b - Enable

7-1

—

Reserved

0

ADDR_CMP_E
N

Enable address collision detection as a rule for command queue placement.

0b - Disable

1b - Enable

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5309 / 5781



75.9.1.145 DENALI_CTL_248 (DENALI_CTL_248)

Offset

Register Offset

DENALI_CTL_248 3E0h

Function
This register describes the parameters of DDR Controller register 248.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

CS_SA
ME...

Reserved 
RW_S
AME...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

RW_S
AME...

Reserved 
PRIOR

IT...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

CS_SAME_EN

Enable chip select grouping when read/write grouping as a rule for command queue placement. This is only 
valid when the RW_SAME_EN bit is set.

0b - Disable

1b - Enable

23-17

—

Reserved

16

RW_SAME_PA
GE_EN

Enable page grouping when read/write grouping as a rule for command queue placement. This is only valid 
when the RW_SAME_EN bit is set.

0b - Disable

1b - Enable

15-9

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

8

RW_SAME_EN

Enable read/write grouping as a rule for command queue placement.

0b - Disable

1b - Enable

7-1

—

Reserved

0

PRIORITY_EN

Enable priority as a rule for command queue placement.

0b - Disable

1b - Enable

75.9.1.146 DENALI_CTL_249 (DENALI_CTL_249)

Offset

Register Offset

DENALI_CTL_249 3E4h

Function
This register describes the parameters of DDR Controller register 249.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

SWAP
_EN 

Reserved 
NUM_Q_ENTRIES_ACT_DISABL

E W

Reset u u u u u u u 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

DISABLE_RW_
GROU...

Reserved 
W2R_
SPL...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

SWAP_EN

Enables swapping of the active command for a new higher-priority command when using the placement 
logic.

0b - Disable

1b - Enable

23-20

—

Reserved

19-16

NUM_Q_ENTRI
ES_ACT_DISA

BLE

Specifies the number of entries of the command queue in which ACT requests are not allowed.

Programming to X will disable ACT requests from the X entries lowest in the command queue.

15-10

—

Reserved

9-8

DISABLE_RW_
GROUP_W_BN
K_CONFLICT

Enables read/write grouping as a condition when using the placement logic to fill the command queue.

Bit (0) Prohibits placement into a command queue entry immediately before or immediately after a 
command with a bank confict. Bit (1) Prohibits placement into a command queue entry 2 entries away 
(before or after) from a command with a bank confict.

00b - Allowed

01b - Prohibited

7-1

—

Reserved

0

W2R_SPLIT_E
N

Enables write-to-read turnaround time optimization for commands to the same chip select as a condition 
when using the placement logic to fill the command queue.

0b - Disable

1b - Enable

75.9.1.147 DENALI_CTL_250 (DENALI_CTL_250)

Offset

Register Offset

DENALI_CTL_250 3E8h

Function
This register describes the parameters of DDR Controller register 250.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

REDU
C 

Reserved CS_MAP 
W

Reset u u u u u u u 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

INHIBIT_DRAM
_CMD 

Reserved 
DISAB
LE...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

REDUC

Allows the same controller to be used with memories with a smaller datapath. When enabled, certain bits 
of the DFI data bus are unused since the memory data bus is half the width of the initial configured size.

23-18

—

Reserved

17-16

CS_MAP

Sets the mask that determines which chip select pins are active, with each bit representing a different 
chip select.

15-10

—

Reserved

9-8

INHIBIT_DRAM
_CMD

Inhibit command types from being executed from the command queue. Clear to 0 to enable any command, 
program to 1 to inhibit read/write and bank commands, program to 2 to inhibit MRR and peripheral MRR 
commands, or program to 3 to inhibit MRR and read/write commands.

7-1

—

Reserved

0

DISABLE_RD_I
NTERLEAVE

Disable read data interleaving for commands from the same port, regardless of the requestor ID.

0b - Allow read data interleaving

1b - Disable read data interleaving
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75.9.1.148 DENALI_CTL_251 (DENALI_CTL_251)

Offset

Register Offset

DENALI_CTL_251 3ECh

Function
This register describes the parameters of DDR Controller register 251.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DEVICE1_BYTE0_CS0 Reserved DEVICE0_BYTE0_CS0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved MEMDATA_RATIO_0 Reserved 

LPDD
R2_...W

Reset u u u u u 0 0 0 u u u u u u u 0

Fields

Field Function

31-28

—

Reserved

27-24

DEVICE1_BYT
E0_CS0

Defines the byte location of byte0 in the memory datapath for device 1 on chip 0. Used for MRRs to identify 
where data will be returned.

23-20

—

Reserved

19-16

DEVICE0_BYT
E0_CS0

Defines the byte location of byte0 in the memory datapath for device 0 on chip 0. Used for MRRs to identify 
where data will be returned.

15-11

—

Reserved

10-8 Defines the ratio of the DRAM device size on chip select 0 to the memory data width. Program with the log2 
ratio of the memory data width to the device data width.

Table continues on the next page...
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Table continued from the previous page...

Field Function

MEMDATA_RA
TIO_0

7-1

—

Reserved

0

LPDDR2_S4

Defines the DRAM LPDDR2 device type being used. Set to 1 for LPDDR2-S4.

75.9.1.149 DENALI_CTL_252 (DENALI_CTL_252)

Offset

Register Offset

DENALI_CTL_252 3F0h

Function
This register describes the parameters of DDR Controller register 252.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved DEVICE0_BYTE0_CS1 Reserved MEMDATA_RATIO_1 

W

Reset u u u u 0 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DEVICE3_BYTE0_CS0 Reserved DEVICE2_BYTE0_CS0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

DEVICE0_BYT
E0_CS1

Defines the byte location of byte0 in the memory datapath for device 0 on chip 1. Used for MRRs to identify 
where data will be returned.

Table continues on the next page...

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5315 / 5781



Table continued from the previous page...

Field Function

23-19

—

Reserved

18-16

MEMDATA_RA
TIO_1

Defines the ratio of the DRAM device size on chip select 1 to the memory data width. Program with the log2 
ratio of the memory data width to the device data width.

15-12

—

Reserved

11-8

DEVICE3_BYT
E0_CS0

Defines the byte location of byte0 in the memory datapath for device 3 on chip 0. Used for MRRs to identify 
where data will be returned.

7-4

—

Reserved

3-0

DEVICE2_BYT
E0_CS0

Defines the byte location of byte0 in the memory datapath for device 2 on chip 0. Used for MRRs to identify 
where data will be returned.

75.9.1.150 DENALI_CTL_253 (DENALI_CTL_253)

Offset

Register Offset

DENALI_CTL_253 3F4h

Function
This register describes the parameters of DDR Controller register 253.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Q_FULLNESS Reserved DEVICE3_BYTE0_CS1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved DEVICE2_BYTE0_CS1 Reserved DEVICE1_BYTE0_CS1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

Q_FULLNESS

Quantity that determines when the command queue almost full signal will assert (q_almost_full). When 
cleared to 0, the q_almost_full signal will be driven to 0 irrespective of number of entries in the 
command queue.

23-20

—

Reserved

19-16

DEVICE3_BYT
E0_CS1

Defines the byte location of byte0 in the memory datapath for device 3 on chip 1. Used for MRRs to identify 
where data will be returned.

15-12

—

Reserved

11-8

DEVICE2_BYT
E0_CS1

Defines the byte location of byte0 in the memory datapath for device 2 on chip 1. Used for MRRs to identify 
where data will be returned.

7-4

—

Reserved

3-0

DEVICE1_BYT
E0_CS1

Defines the byte location of byte0 in the memory datapath for device 1 on chip 1. Used for MRRs to identify 
where data will be returned.

75.9.1.151 DENALI_CTL_254 (DENALI_CTL_254)

Offset

Register Offset

DENALI_CTL_254 3F8h

Function
This register describes the parameters of DDR Controller register 254.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

CONT
ROL...

W
CTRL
UPD...

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

WR_ORDER_R
EQ 

Reserved 
IN_OR
DE...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

CTRLUPD_RE
Q

Triggers a controller-initiated update request on the DFI interface (dfi_ctrlupd_req).

0b - No action

1b - Trigger a controller-initiate update request

23-17

—

Reserved

16

CONTROLLER
_BUSY

Indicator that the controller is processing a command. Evaluates all ports for outstanding transactions.

0b - Controller is not busy

1b - Controller is busy

15-10

—

Reserved

9-8

WR_ORDER_R
EQ

Determines if the controller can re-order write commands from the same source ID and/or the same port. 
Bit (0) controls source ID usage and bit (1) controls port ID usage. Set each bit to 1 to enable usage in 
placement logic.

7-1

—

Reserved

0

IN_ORDER_AC
CEPT

Forces the controller to accept commands in the order in which they are placed in the command queue.

0b - Uses the selection logic to select the ideal command for execution

1b - Disables the selection logic and executes commands in order
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75.9.1.152 DENALI_CTL_255 (DENALI_CTL_255)

Offset

Register Offset

DENALI_CTL_255 3FCh

Function
This register describes the parameters of DDR Controller register 255.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PREAMBLE_S
UPPOR...

Reserved 
PREAMBLE_S

UPPOR...W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

CTRL
UPD...

Reserved 
CTRL
UPD...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

PREAMBLE_S
UPPORT_F1

Selects the preamble for read and write burst transfers for frequency set 1.

23-18

—

Reserved

17-16

PREAMBLE_S
UPPORT_F0

Selects the preamble for read and write burst transfers for frequency set 0.

15-9

—

Reserved

8 Enable an automatic controller-initiated update (dfi_ctrlupd_req) after every high priority refresh when 
executing as a subtask request. Set to 1 to enable.

Table continues on the next page...
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Table continued from the previous page...

Field Function

CTRLUPD_AR
EF_HP_ENABL

E

7-1

—

Reserved

0

CTRLUPD_RE
Q_PER_AREF_

EN

Enable an automatic controller-initiated update (dfi_ctrlupd_req) after every refresh. .

0b - Disable

1b - Enable

75.9.1.153 DENALI_CTL_256 (DENALI_CTL_256)

Offset

Register Offset

DENALI_CTL_256 400h

Function
This register describes the parameters of DDR Controller register 256.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

RD_D
BI_...

Reserved 
WR_D
BI_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

RD_P
REA...

Reserved 
PREAMBLE_S

UPPOR...W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-25

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

24

RD_DBI_EN

Enables controller support of DRAM DBI feature for read data with DDR4 devices.

0b - Disable

1b - Enable

23-17

—

Reserved

16

WR_DBI_EN

Enables controller support of DRAM DBI feature for write data with DDR4 devices.

0b - Disable

1b - Enable

15-9

—

Reserved

8

RD_PREAMBL
E_TRAINING_E

N

Enable read preamble training during gate training.

0b - Disable

1b - Enable

7-2

—

Reserved

1-0

PREAMBLE_S
UPPORT_F2

Selects the preamble for read and write burst transfers for frequency set 2.

75.9.1.154 DENALI_CTL_257 (DENALI_CTL_257)

Offset

Register Offset

DENALI_CTL_257 404h

Function
This register describes the parameters of DDR Controller register 257.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DFI_ERROR_INFO 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R DFI_ERROR_INFO 
Reserved 

DFI_ERROR 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-8

DFI_ERROR_IN
FO

Holds the encoded DFI error type associated with the DFI_ERROR bit assertion.

7-5

—

Reserved

4-0

DFI_ERROR

Indicates that the DFI error flag has been asserted.

75.9.1.155 DENALI_CTL_259 (DENALI_CTL_259)

Offset

Register Offset

DENALI_CTL_259 40Ch

Function
This register describes the parameters of DDR Controller register 259.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT_STATUS_MASTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT_STATUS_MASTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT_STATUS_
MASTER

Indicates which group(s) have an interrupt set. A bit will be set if any of the bits in the corresponding 
functional group interrupt status are set to 'b1.

• Bit [31] = Logical OR of all lower bits

• Bit [14] = Mode

• Bit [12] = Initialization

• Bit [11] = Frequency

• Bit [6] = User Interface

• Bit [5] = Training

• Bit [2] = Low Power

• Bit [0] = Timeout

• All other bits are Reserved.

75.9.1.156 DENALI_CTL_260 (DENALI_CTL_260)

Offset

Register Offset

DENALI_CTL_260 410h

Function
This register describes the parameters of DDR Controller register 260.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INT_MASK_MASTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INT_MASK_MASTER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT_MASK_MA
STER

Disables the reporting of interrupts from the corresponding functional group.

• Bit [31] = Global interrupt mask; Mask all interrupts from the Controller

• Bit [14] = Mode

• Bit [12] = Initialization

• Bit [11] = Frequency

• Bit [6] = User Interface

• Bit [5] = Training

• Bit [2] = Low Power

• Bit [0] = Timeout

• All other bits are Reserved.

0000_0000_0000_0000_0000_0000_0000_0000b - Do not mask interrupt

0000_0000_0000_0000_0000_0000_0000_0001b - Mask interrupt

75.9.1.157 DENALI_CTL_261 (DENALI_CTL_261)

Offset

Register Offset

DENALI_CTL_261 414h

Function
This register describes the parameters of DDR Controller register 261.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT_STATUS_TIMEOUT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT_STATUS_TIMEOUT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT_STATUS_T
IMEOUT

Reports the interrupts related to the timeout logic. If any of these bits are set to 'b1, and the 
corresponding bit is cleared to 'b0 in the INT_MASK_TIMEOUT, bit [0] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [19] = The auto-refresh max deficit timeout has expired.

• Bit [17] = The low power interface wakeup timeout has expired.

• Bit [16] = The DFI update FM timeout has expired.

• Bit [15] = A DQS oscillator request timeout has been detected.

• Bit [14] = The MRR temperature check FM timeout has expired.

• Bit [9] = The ZQ calstart FM timeout has expired.

• Bit [8] = The ZQ callatch FM timeout has expired.

• Bit [7] = The ZQ cal init, cs, cl, or reset FM timeout has expired.

• All other bits are Reserved.

75.9.1.158 DENALI_CTL_262 (DENALI_CTL_262)

Offset

Register Offset

DENALI_CTL_262 418h

Function
This register describes the parameters of DDR Controller register 262.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT_STATUS_LOWPOWER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INT_STATUS_L
OWPOWER

Reports the interrupts related to the low power logic. If any of these bits are set to 'b1, and the 
corresponding bit is cleared to 'b0 in the INT_MASK_LOWPOWER, bit [2] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [3] = A Low Power Interface (LPI) timeout error has occurred.

• Bit [0] = The low power operation has been completed.

• All other bits are Reserved.

15-0

—

Reserved

75.9.1.159 DENALI_CTL_264 (DENALI_CTL_264)

Offset

Register Offset

DENALI_CTL_264 420h

Function
This register describes the parameters of DDR Controller register 264.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT_STATUS_USERIF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT_STATUS_TRAINING 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INT_STATUS_
USERIF

Reports the interrupts related to the user interface logic. If any of these bits are set to 'b1, and 
the corresponding bit is cleared to 'b0 in the INT_MASK_USERIF, bit [6] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [7] = The user has programmed an invalid setting associated with user words per burst. 
Examples: Setting the reduc parameter when burst length is 2 or specifying a 1:2 MC:PHY clock 
ratio when burst length is 2.

• Bit [6] = A wrap cycle crossing a DRAM page has been detected. This is unsupported and may result 
in memory data corruption.

• Bit [2] = An error occurred on the port command channel.

• Bit [1] = Multiple accesses outside the defined PHYSICAL memory space have occurred.

• Bit [0] = A memory access outside the defined PHYSICAL memory space has occurred.

• All other bits are Reserved.

15-0

INT_STATUS_T
RAINING

Reports the interrupts related to the training logic. If any of these bits are set to 'b1, and the 
corresponding bit is cleared to 'b0 in the INT_MASK_TRAINING, bit [5] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [15] = A DQS oscillator measurement has been detected to be out of variance.

• Bit [14] = A DQS oscillator measurement overow has been detected.

• Bit [13] = The DQS oscillator has updated the base values.

• Bit [12] = The software-requested DQS oscillator measurement has completed.

• Bit [11] = The ZQ calibration operation has resulted in a status bit being set.

• All other bits are Reserved.
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75.9.1.160 DENALI_CTL_266 (DENALI_CTL_266)

Offset

Register Offset

DENALI_CTL_266 428h

Function
This register describes the parameters of DDR Controller register 266.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R INT_STATUS_MODE INT_STATUS_MISC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R INT_STATUS_INIT INT_STATUS_FREQ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

INT_STATUS_
MODE

Reports the interrupts related to the mode register logic. If any of these bits are set to 'b1, and 
the corresponding bit is cleared to 'b0 in the INT_MASK_MODE, bit [14] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [3] = The register interface-initiated mode register write has completed and another mode register 
write may be issued.

• Bit [2] = The requested mode register read has completed.

• Bit [0] = An MRR error has occurred. Error information can be found in the mrr_error_status.

• All other bits are Reserved.

23-16

INT_STATUS_
MISC

Reports the interrupts related to any miscellaneous logic. If any of these bits are set to 'b1, and 
the corresponding bit is cleared to 'b0 in the INT_MASK_MISC, bit [13] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [7] = The refresh operation has resulted in a status bit being set.

• Bit [6] = A temperature alert condition (low or high temp) has been detected.

• Bit [5] = The last automatic MRR of MR4 indicated a change in the device temperature or refresh 
rate (TUF bit set).

• Bit [4] = The controller has entered the software-requested mode.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Bit [3] = The assertion of the INHIBIT_DRAM_CMD has successfully inhibited the command queue 
and/or MRR traffic.

• All other bits are Reserved.

15-8

INT_STATUS_I
NIT

Reports the interrupts related to the initialization logic. If any of these bits are set to 'b1, and 
the corresponding bit is cleared to 'b0 in the INT_MASK_INIT, bit [12] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [1] = The MC initialization has been completed.

• Bit [0] = The memory reset is valid on the DFI bus.

• All other bits are Reserved.

7-0

INT_STATUS_F
REQ

Reports the interrupts related to the frequency change logic. If any of these bits are set to 'b1, and 
the corresponding bit is cleared to 'b0 in the INT_MASK_FREQ, bit [11] will be set to 'b1 in the 
INT_STATUS_MASTER.

• Bit [2] = The DFS operation has resulted in a status bit being set.

• Bit [1] = The DFS hardware has completed all operations.

• All other bits are Reserved.

75.9.1.161 DENALI_CTL_268 (DENALI_CTL_268)

Offset

Register Offset

DENALI_CTL_268 430h

Function
This register describes the parameters of DDR Controller register 268.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W INT_ACK_TIMEOUT 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W INT_ACK_TIMEOUT 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

INT_ACK_TIME
OUT

Acknowledges the interrupts related to the timeout logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_TIMEOUT, setting the bit in this field will clear the interrupt.

• Bit [19] = The auto-refresh max deficit timeout has expired.

• Bit [17] = The low power interface wakeup timeout has expired.

• Bit [16] = The DFI update FM timeout has expired.

• Bit [15] = A DQS oscillator request timeout has been detected.

• Bit [14] = The MRR temperature check FM timeout has expired.

• Bit [9] = The ZQ calstart FM timeout has expired.

• Bit [8] = The ZQ callatch FM timeout has expired.

• Bit [7] = The ZQ cal init, cs, cl, or reset FM timeout has expired.

• All other bits are Reserved.

75.9.1.162 DENALI_CTL_269 (DENALI_CTL_269)

Offset

Register Offset

DENALI_CTL_269 434h

Function
This register describes the parameters of DDR Controller register 269.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W INT_ACK_LOWPOWER 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

INT_ACK_LOW
POWER

Acknowledges the interrupts related to the low power logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_LOWPOWER, setting the bit in this field will clear the interrupt.

• Bit [3] = A Low Power Interface (LPI) timeout error has occurred.

• Bit [0] = The low power operation has been completed.

• All other bits are Reserved.

15-0

—

Reserved

75.9.1.163 DENALI_CTL_271 (DENALI_CTL_271)

Offset

Register Offset

DENALI_CTL_271 43Ch

Function
This register describes the parameters of DDR Controller register 271.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W INT_ACK_USERIF 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W INT_ACK_TRAINING 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INT_ACK_USE
RIF

Acknowledges the interrupts related to the user interface logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_USERIF, setting the bit in this field will clear the interrupt.

• Bit [7] = The user has programmed an invalid setting associated with user words per burst. 
Examples: Setting the REDUC when burst length is 2 or specifying a 1:2 MC:PHY clock ratio when 
burst length is 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

• Bit [6] = A wrap cycle crossing a DRAM page has been detected. This is unsupported and may result 
in memory data corruption.

• Bit [2] = An error occurred on the port command channel.

• Bit [1] = Multiple accesses outside the defined PHYSICAL memory space have occurred.

• Bit [0] = A memory access outside the defined PHYSICAL memory space has occurred.

• All other bits are Reserved.

15-0

INT_ACK_TRAI
NING

Acknowledges the interrupts related to the training logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_TRAINING, setting the bit in this field will clear the interrupt.

• Bit [15] = A DQS oscillator measurement has been detected to be out of variance.

• Bit [14] = A DQS oscillator measurement overflow has been detected.

• Bit [13] = The DQS oscillator has updated the base values.

• Bit [12] = The software-requested DQS oscillator measurement has completed.

• Bit [11] = The ZQ calibration operation has resulted in a status bit being set.

• All other bits are Reserved.

75.9.1.164 DENALI_CTL_273 (DENALI_CTL_273)

Offset

Register Offset

DENALI_CTL_273 444h

Function
This register describes the parameters of DDR Controller register 273.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R

W INT_ACK_MODE INT_ACK_MISC 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R

W INT_ACK_INIT INT_ACK_FREQ 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

INT_ACK_MOD
E

Acknowledges the interrupts related to the mode register logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_MODE, setting the bit in this field will clear the interrupt.

• Bit [3] = The register interface-initiated mode register write has completed and another mode register 
write may be issued.

• Bit [2] = The requested mode register read has completed.

• Bit [0] = An MRR error has occurred. Error information can be found in the MRR_ERROR_STATUS.

• All other bits are Reserved.

23-16

INT_ACK_MISC

Acknowledges the interrupts related to any miscellaneous logic. If the corresponding bit is set to 'b1 in 
the INT_STATUS_MISC, setting the bit in this field will clear the interrupt.

• Bit [7] = The refresh operation has resulted in a status bit being set.

• Bit [6] = A temperature alert condition (low or high temp) has been detected.

• Bit [5] = The last automatic MRR of MR4 indicated a change in the device temperature or refresh 
rate (TUF bit set).

• Bit [4] = The controller has entered the software-requested mode.

• Bit [3] = The assertion of the INHIBIT_DRAM_CMD has successfully inhibited the command queue 
and/or MRR traffic.

• All other bits are Reserved.

15-8

INT_ACK_INIT

Acknowledges the interrupts related to the initialization logic. If the corresponding bit is set to 'b1 in the 
INT_STATUS_INIT, setting the bit in this field will clear the interrupt.

• Bit [1] = The MC initialization has been completed.

• Bit [0] = The memory reset is valid on the DFI bus.

• All other bits are Reserved.

7-0

INT_ACK_FRE
Q

Acknowledges the interrupts related to the frequency change logic. If the corresponding bit is set to 'b1 in 
the INT_STATUS_FREQ, setting the bit in this field will clear the interrupt.

• Bit [2] = The DFS operation has resulted in a status bit being set.

• Bit [1] = The DFS hardware has completed all operations.

• All other bits are Reserved.

75.9.1.165 DENALI_CTL_275 (DENALI_CTL_275)

Offset

Register Offset

DENALI_CTL_275 44Ch

Function
This register describes the parameters of DDR Controller register 275.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INT_MASK_TIMEOUT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INT_MASK_TIMEOUT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

INT_MASK_TIM
EOUT

Masks the interrupts related to the timeout logic. If any bit is set to 'b1 in this field, the corresponding 
interrupt will NOT be set to 'b1 in the INT_STATUS_TIMEOUT.

• Bit [19] = The auto-refresh max deficit timeout has expired..

• Bit [17] = The low power interface wakeup timeout has expired.

• Bit [16] = The DFI update FM timeout has expired.

• Bit [15] = A DQS oscillator request timeout has been detected.

• Bit [14] = The MRR temperature check FM timeout has expired.

• Bit [9] = The ZQ calstart FM timeout has expired.

• Bit [8] = The ZQ callatch FM timeout has expired.

• Bit [7] = The ZQ cal init, cs, cl, or reset FM timeout has expired.

• All other bits are Reserved.

75.9.1.166 DENALI_CTL_276 (DENALI_CTL_276)

Offset

Register Offset

DENALI_CTL_276 450h

Function
This register describes the parameters of DDR Controller register 276.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INT_MASK_LOWPOWER 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INT_MASK_LO
WPOWER

Masks the interrupts related to the low power logic. If any bit is set to 'b1 in this field, the corresponding 
interrupt will NOT be set to 'b1 in the INT_STATUS_LOWPOWER.

• Bit [3] = A Low Power Interface (LPI) timeout error has occurred.

• Bit [0] = The low power operation has been completed.

• All other bits are Reserved.

15-0

—

Reserved

75.9.1.167 DENALI_CTL_278 (DENALI_CTL_278)

Offset

Register Offset

DENALI_CTL_278 458h

Function
This register describes the parameters of DDR Controller register 278.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INT_MASK_USERIF 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INT_MASK_TRAINING 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

INT_MASK_US
ERIF

Masks the interrupts related to the user interface logic. If any bit is set to 'b1 in this field, the 
corresponding interrupt will NOT be set to 'b1 in the INT_STATUS_USERIF.

• Bit [7] = The user has programmed an invalid setting associated with user words per burst. 
Examples: Setting the REDUC when burst length is 2 or specifying a 1:2 MC:PHY clock ratio when 
burst length is 2.

• Bit [6] = A wrap cycle crossing a DRAM page has been detected. This is unsupported and may result 
in memory data corruption.

• Bit [2] = An error occurred on the port command channel.

• Bit [1] = Multiple accesses outside the defined PHYSICAL memory space have occurred.

• Bit [0] = A memory access outside the defined PHYSICAL memory space has occurred.

• All other bits are Reserved.

15-0

INT_MASK_TR
AINING

Masks the interrupts related to the training logic. If any bit is set to 'b1 in this field, the corresponding 
interrupt will NOT be set to 'b1 in the INT_STATUS_TRAINING.

• Bit [15] = A DQS oscillator measurement has been detected to be out of variance.

• Bit [14] = A DQS oscillator measurement overflow has been detected.

• Bit [13] = The DQS oscillator has updated the base values.

• Bit [12] = The software-requested DQS oscillator measurement has completed.

• Bit [11] = The ZQ calibration operation has resulted in a status bit being set.

• All other bits are Reserved.

75.9.1.168 DENALI_CTL_280 (DENALI_CTL_280)

Offset

Register Offset

DENALI_CTL_280 460h
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Function
This register describes the parameters of DDR Controller register 280.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
INT_MASK_MODE INT_MASK_MISC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
INT_MASK_INIT INT_MASK_FREQ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

INT_MASK_MO
DE

Masks the interrupts related to the mode register logic. If any bit is set to 'b1 in this field, the 
corresponding interrupt will NOT be set to 'b1 in the INT_STATUS_MODE.

• Bit [3] = The register interface-initiated mode register write has completed and another mode register 
write may be issued.

• Bit [2] = The requested mode register read has completed. The chip and data can be read in the 
PERIPHERAL_MRR_DATA.

• Bit [0] = An MRR error has occurred. Error information can be found in the MRR_ERROR_STATUS.

• All other bits are Reserved.

23-16

INT_MASK_MIS
C

Masks the interrupts related to any miscellaneous logic. If any bit is set to 'b1 in this field, the 
corresponding interrupt will NOT be set to 'b1 in the INT_STATUS_MISC.

• Bit [7] = The refresh operation has resulted in a status bit being set.

• Bit [6] = A temperature alert condition (low or high temp) has been detected.

• Bit [5] = The last automatic MRR of MR4 indicated a change in the device temperature or refresh 
rate (TUF bit set).

• Bit [4] = The controller has entered the software-requested mode.

• Bit [3] = The assertion of the INHIBIT_DRAM_CMD has successfully inhibited the command queue 
and/or MRR traffic.

• All other bits are Reserved.

15-8

INT_MASK_INI
T

Masks the interrupts related to the initialization logic. If any bit is set to 'b1 in this field, the corresponding 
interrupt will NOT be set to 'b1 in the INT_STATUS_INIT.

• Bit [1] = The MC initialization has been completed.

• Bit [0] = The memory reset is valid on the DFI bus.

• All other bits are Reserved.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

INT_MASK_FR
EQ

Masks the interrupts related to the frequency change logic. If any bit is set to 'b1 in this field, the 
corresponding interrupt will NOT be set to 'b1 in the INT_STATUS_FREQ.

• Bit [2] = The DFS operation has resulted in a status bit being set.

• Bit [1] = The DFS hardware has completed all operations.

• All other bits are Reserved.

75.9.1.169 DENALI_CTL_297 (DENALI_CTL_297)

Offset

Register Offset

DENALI_CTL_297 4A4h

Function
This register describes the parameters of DDR Controller register 297.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ODT_WR_MAP
_CS1 

Reserved 
ODT_RD_MAP_

CS1 W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ODT_WR_MAP
_CS0 

Reserved 
ODT_RD_MAP_

CS0 W

Reset u u u u u u 0 0 u u u u u u 0 0

Fields

Field Function

31-26

—

Reserved

25-24

ODT_WR_MAP
_CS1

Determines which chip(s) will have termination when a write occurs on chip select 1. Set bit X to enable 
termination on csX when cs1 is performing a write.

23-18 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

17-16

ODT_RD_MAP_
CS1

Determines which chip(s) will have termination when a read occurs on chip select 1. Set bit X to enable 
termination on csX when cs1 is performing a read.

15-10

—

Reserved

9-8

ODT_WR_MAP
_CS0

Determines which chip(s) will have termination when a write occurs on chip select 0. Set bit X to enable 
termination on csX when cs0 is performing a write.

7-2

—

Reserved

1-0

ODT_RD_MAP_
CS0

Determines which chip(s) will have termination when a read occurs on chip select 0. Set bit X to enable 
termination on csX when cs0 is performing a read.

75.9.1.170 DENALI_CTL_298 (DENALI_CTL_298)

Offset

Register Offset

DENALI_CTL_298 4A8h

Function
This register describes the parameters of DDR Controller register 298.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TODTL_2CMD_F1 Reserved TODTH_RD_F0 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TODTH_WR_F0 TODTL_2CMD_F0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

TODTL_2CMD_
F1

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 1, in 
memory clocks.

23-20

—

Reserved

19-16

TODTH_RD_F0

Defines the minimum DRAM cycles of ODT high time for a read command, in memory clocks for 
frequency set 0.

15-12

—

Reserved

11-8

TODTH_WR_F
0

Defines the minimum DRAM cycles of ODT high time for a write command, in memory clocks for 
frequency set 0.

7-0

TODTL_2CMD_
F0

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 0, in 
memory clocks.

75.9.1.171 DENALI_CTL_299 (DENALI_CTL_299)

Offset

Register Offset

DENALI_CTL_299 4ACh

Function
This register describes the parameters of DDR Controller register 299.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TODTH_WR_F2 TODTL_2CMD_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TODTH_RD_F1 Reserved TODTH_WR_F1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

TODTH_WR_F
2

Defines the minimum DRAM cycles of ODT high time for a write command, in memory clocks for 
frequency set 2.

23-16

TODTL_2CMD_
F2

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 2, in 
memory clocks.

15-12

—

Reserved

11-8

TODTH_RD_F1

Defines the minimum DRAM cycles of ODT high time for a read command, in memory clocks for 
frequency set 1.

7-4

—

Reserved

3-0

TODTH_WR_F
1

Defines the minimum DRAM cycles of ODT high time for a write command, in memory clocks for 
frequency set 1.

75.9.1.172 DENALI_CTL_300 (DENALI_CTL_300)

Offset

Register Offset

DENALI_CTL_300 4B0h

Function
This register describes the parameters of DDR Controller register 300.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

ODT_E
N_...

Reserved 
ODT_E

N_...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

ODT_E
N_...

Reserved TODTH_RD_F2 
W

Reset u u u u u u u 0 u u u u 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

ODT_EN_F2

Enable support of DRAM ODT at F2. When enabled, controller will assert and de-assert ODT output to 
DRAM as needed.

23-17

—

Reserved

16

ODT_EN_F1

Enable support of DRAM ODT at F1. When enabled, controller will assert and de-assert ODT output to 
DRAM as needed.

15-9

—

Reserved

8

ODT_EN_F0

Enable support of DRAM ODT at F0. When enabled, controller will assert and de-assert ODT output to 
DRAM as needed.

7-4

—

Reserved

3-0

TODTH_RD_F2

Defines the minimum DRAM cycles of ODT high time for a read command, in memory clocks for 
frequency set 2.

75.9.1.173 DENALI_CTL_301 (DENALI_CTL_301)

Offset

Register Offset

DENALI_CTL_301 4B4h
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Function
This register describes the parameters of DDR Controller register 301.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved WR_TO_ODTH_F2 Reserved WR_TO_ODTH_F1 

W

Reset u u 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved WR_TO_ODTH_F0 Reserved 

EN_O
DT_...W

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-30

—

Reserved

29-24

WR_TO_ODTH
_F2

Defines the delay between a write command and the ODT assertion for frequency set 2 when the ODT 
write maps are non-zero.

23-22

—

Reserved

21-16

WR_TO_ODTH
_F1

Defines the delay between a write command and the ODT assertion for frequency set 1 when the ODT 
write maps are non-zero.

15-14

—

Reserved

13-8

WR_TO_ODTH
_F0

Defines the delay between a write command and the ODT assertion for frequency set 0 when the ODT 
write maps are non-zero.

7-1

—

Reserved

0

EN_ODT_ASSE
RT_EXCEPT_R

D

Enable controller to assert ODT at all times except during reads. Assumes single ODT pin connected.

0b - Disable

1b - Enable
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75.9.1.174 DENALI_CTL_302 (DENALI_CTL_302)

Offset

Register Offset

DENALI_CTL_302 4B8h

Function
This register describes the parameters of DDR Controller register 302.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved RW2MRW_DLY_F0 Reserved RD_TO_ODTH_F2 

W

Reset u u u 0 1 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RD_TO_ODTH_F1 Reserved RD_TO_ODTH_F0 

W

Reset u u 0 0 0 0 0 0 u u 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

RW2MRW_DLY
_F0

Defines the additional delay to insert between a read or write command and a mode register write. The 
programming of this bit is dependent on the memory system.

23-22

—

Reserved

21-16

RD_TO_ODTH_
F2

Defines the delay between a read command and the ODT assertion when the ODT write maps are 
non-zero for frequency set 2.

15-14

—

Reserved

13-8 Defines the delay between a read command and the ODT assertion when the ODT write maps are 
non-zero for frequency set 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

RD_TO_ODTH_
F1

7-6

—

Reserved

5-0

RD_TO_ODTH_
F0

Defines the delay between a read command and the ODT assertion when the ODT write maps are 
non-zero for frequency set 0.

75.9.1.175 DENALI_CTL_303 (DENALI_CTL_303)

Offset

Register Offset

DENALI_CTL_303 4BCh

Function
This register describes the parameters of DDR Controller register 303.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved R2W_DIFFCS_DLY_F0 Reserved R2R_DIFFCS_DLY_F0 

W

Reset u u u 0 0 0 0 1 u u u 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved RW2MRW_DLY_F2 Reserved RW2MRW_DLY_F1 

W

Reset u u u 0 1 0 0 0 u u u 0 1 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24 Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a write command to a different chip select for frequency set 0.
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Table continued from the previous page...

Field Function

R2W_DIFFCS_
DLY_F0

23-21

—

Reserved

20-16

R2R_DIFFCS_
DLY_F0

Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a read command to a different chip select for frequency set 0.

15-13

—

Reserved

12-8

RW2MRW_DLY
_F2

Defines the additional delay to insert between a read or write command and a mode register write. The 
programming of this bit is dependent on the memory system.

7-5

—

Reserved

4-0

RW2MRW_DLY
_F1

Defines the additional delay to insert between a read or write command and a mode register write. The 
programming of this bit is dependent on the memory system.

75.9.1.176 DENALI_CTL_304 (DENALI_CTL_304)

Offset

Register Offset

DENALI_CTL_304 4C0h

Function
This register describes the parameters of DDR Controller register 304.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved R2W_DIFFCS_DLY_F1 Reserved R2R_DIFFCS_DLY_F1 

W

Reset u u u 0 0 0 0 1 u u u 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved W2W_DIFFCS_DLY_F0 Reserved W2R_DIFFCS_DLY_F0 

W

Reset u u u 0 0 0 0 1 u u u 0 0 0 0 1

Fields

Field Function

31-29

—

Reserved

28-24

R2W_DIFFCS_
DLY_F1

Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a write command to a different chip select for frequency set 1.

23-21

—

Reserved

20-16

R2R_DIFFCS_
DLY_F1

Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a read command to a different chip select for frequency set 1.

15-13

—

Reserved

12-8

W2W_DIFFCS_
DLY_F0

Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a write command to a different chip select for frequency set 0.

7-5

—

Reserved

4-0

W2R_DIFFCS_
DLY_F0

Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a read command to a different chip select for frequency set 0.
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75.9.1.177 DENALI_CTL_305 (DENALI_CTL_305)

Offset

Register Offset

DENALI_CTL_305 4C4h

Function
This register describes the parameters of DDR Controller register 305.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved R2W_DIFFCS_DLY_F2 Reserved R2R_DIFFCS_DLY_F2 

W

Reset u u u 0 0 0 0 1 u u u 0 0 0 0 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved W2W_DIFFCS_DLY_F1 Reserved W2R_DIFFCS_DLY_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 1

Fields

Field Function

31-29

—

Reserved

28-24

R2W_DIFFCS_
DLY_F2

Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a write command to a different chip select for frequency set 2.

23-21

—

Reserved

20-16

R2R_DIFFCS_
DLY_F2

Defines the number of additional controller clocks of delay to insert from a read command to one chip 
select to a read command to a different chip select for frequency set 2.

15-13

—

Reserved

12-8 Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a write command to a different chip select for frequency set 1.

Table continues on the next page...

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5348 / 5781



Table continued from the previous page...

Field Function

W2W_DIFFCS_
DLY_F1

7-5

—

Reserved

4-0

W2R_DIFFCS_
DLY_F1

Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a read command to a different chip select for frequency set 1.

75.9.1.178 DENALI_CTL_306 (DENALI_CTL_306)

Offset

Register Offset

DENALI_CTL_306 4C8h

Function
This register describes the parameters of DDR Controller register 306.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved R2W_SAMECS_DLY_F0 Reserved R2R_SAMECS_DLY 

W

Reset u u u 0 0 0 1 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved W2W_DIFFCS_DLY_F2 Reserved W2R_DIFFCS_DLY_F2 

W

Reset u u u 0 0 0 0 1 u u u 0 0 0 0 1

Fields

Field Function

31-29

—

Reserved

28-24 Defines the number of additional memory clocks of delay to insert from a read command to a write 
command to the same chip select for frequency set 0.
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Table continued from the previous page...

Field Function

R2W_SAMECS
_DLY_F0

23-21

—

Reserved

20-16

R2R_SAMECS_
DLY

Defines the number of additional memory clocks of delay to insert between two read commands to the 
same chip select.Any value including 0 supported.

15-13

—

Reserved

12-8

W2W_DIFFCS_
DLY_F2

Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a write command to a different chip select for frequency set 2.

7-5

—

Reserved

4-0

W2R_DIFFCS_
DLY_F2

Defines the number of additional controller clocks of delay to insert from a write command to one chip 
select to a read command to a different chip select for frequency set 2.

75.9.1.179 DENALI_CTL_307 (DENALI_CTL_307)

Offset

Register Offset

DENALI_CTL_307 4CCh

Function
This register describes the parameters of DDR Controller register 307.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved W2W_SAMECS_DLY Reserved W2R_SAMECS_DLY 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved R2W_SAMECS_DLY_F2 Reserved R2W_SAMECS_DLY_F1 

W

Reset u u u 0 0 0 1 0 u u u 0 0 0 1 0

Fields

Field Function

31-29

—

Reserved

28-24

W2W_SAMECS
_DLY

Defines the number of additional memory clocks of delay to insert between two write commands to the 
same chip select.

23-21

—

Reserved

20-16

W2R_SAMECS
_DLY

Defines the number of additional memory clocks of delay to insert from a write command to a read 
command to the same chip select.

15-13

—

Reserved

12-8

R2W_SAMECS
_DLY_F2

Defines the number of additional memory clocks of delay to insert from a read command to a write 
command to the same chip select for frequency set 2.

7-5

—

Reserved

4-0

R2W_SAMECS
_DLY_F1

Defines the number of additional memory clocks of delay to insert from a read command to a write 
command to the same chip select for frequency set 1.
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75.9.1.180 DENALI_CTL_308 (DENALI_CTL_308)

Offset

Register Offset

DENALI_CTL_308 4D0h

Function
This register describes the parameters of DDR Controller register 308.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDQSCK_MIN_F1 Reserved TDQSCK_MAX_F1 

W

Reset u u u u u 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TDQSCK_MIN_F0 Reserved TDQSCK_MAX_F0 

W

Reset u u u u u 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

TDQSCK_MIN_
F1

Defines the minimum value of the DRAM tDQSCK term for frequency set 1, in memory clocks.

23-20

—

Reserved

19-16

TDQSCK_MAX
_F1

Defines the maximum value of the DRAM tDQSCK term for frequency set 1, in memory clocks.

15-11

—

Reserved

10-8 Defines the minimum value of the DRAM tDQSCK term for frequency set 0, in memory clocks.
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Table continued from the previous page...

Field Function

TDQSCK_MIN_
F0

7-4

—

Reserved

3-0

TDQSCK_MAX
_F0

Defines the maximum value of the DRAM tDQSCK term for frequency set 0, in memory clocks.

75.9.1.181 DENALI_CTL_309 (DENALI_CTL_309)

Offset

Register Offset

DENALI_CTL_309 4D4h

Function
This register describes the parameters of DDR Controller register 309.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

AXI0_F
I...

Reserved 
AXI0_
AL...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TDQSCK_MIN_F2 Reserved TDQSCK_MAX_F2 

W

Reset u u u u u 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24 Defines the priority scheme used by AXI port 0. This bit is used to change the priority value of AXI port 0.
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Table continued from the previous page...

Field Function

AXI0_FIXED_P
ORT_PRIORIT

Y_ENABLE

23-17

—

Reserved

16

AXI0_ALL_STR
OBES_USED_E

NABLE

Enables use of the AWALLSTRB signal for AXI port 0. Set to 1 to enable.

15-11

—

Reserved

10-8

TDQSCK_MIN_
F2

Defines the minimum value of the DRAM tDQSCK term for frequency set 2, in memory clocks.

7-4

—

Reserved

3-0

TDQSCK_MAX
_F2

Defines the maximum value of the DRAM tDQSCK term for frequency set 2, in memory clocks.

75.9.1.182 DENALI_CTL_310 (DENALI_CTL_310)

Offset

Register Offset

DENALI_CTL_310 4D8h

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

AXI1_
AL...

Reserved 
AXI0_FIFO_TY

PE_...W

Reset u u u u u u u 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AXI0_W_PRIORITY Reserved AXI0_R_PRIORITY 

W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-25

—

Reserved

24

AXI1_ALL_STR
OBES_USED_E

NABLE

Enables use of the AWALLSTRB signal for AXI port 1. Set to 1 to enable.

23-18

—

Reserved

17-16

AXI0_FIFO_TY
PE_REG

Clock domain relativity between AXI port 0 and the controller core. Clear to 0 for asynchronous, program to 1 
for 2:1 port:core pseudo-sync, program to 2 for 1:2 port:core pseudo-sync, or program to 3 for synchronous.

15-11

—

Reserved

10-8

AXI0_W_PRIO
RITY

Priority of write commands from AXI port 0. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI0_FIXED_PORT_PRIORITY_ENABLE field is low.

7-3

—

Reserved

2-0

AXI0_R_PRIOR
ITY

Priority of read commands from AXI port 0. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI0_FIXED_PORT_PRIORITY_ENABLE field is low.
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75.9.1.183 DENALI_CTL_311 (DENALI_CTL_311)

Offset

Register Offset

DENALI_CTL_311 4DCh

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

AXI1_FIFO_TY
PE_...

Reserved AXI1_W_PRIORITY 
W

Reset u u u u u u 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved AXI1_R_PRIORITY Reserved 

AXI1_F
I...W

Reset u u u u u 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

AXI1_FIFO_TY
PE_REG

Clock domain relativity between AXI port 1 and the controller core. Clear to 0 for asynchronous, program to 1 
for 2:1 port:core pseudo-sync, program to 2 for 1:2 port:core pseudo-sync, or program to 3 for synchronous.

23-19

—

Reserved

18-16

AXI1_W_PRIO
RITY

Priority of write commands from AXI port 1. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI1_FIXED_PORT_PRIORITY_ENABLE is low.

15-11

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

10-8

AXI1_R_PRIOR
ITY

Priority of read commands from AXI port 1. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI1_FIXED_PORT_PRIORITY_ENABLE is low.

7-1

—

Reserved

0

AXI1_FIXED_P
ORT_PRIORIT

Y_ENABLE

Defines the priority control for AXI port 1 as per-port or per-command. Set to 1 for per-port with priority 
defined through the AXI1_R_PRIORITY and AXI1_W_PRIORITY. Clear to 0 for per-command.

75.9.1.184 DENALI_CTL_312 (DENALI_CTL_312)

Offset

Register Offset

DENALI_CTL_312 4E0h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved AXI2_W_PRIORITY Reserved AXI2_R_PRIORITY 

W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

AXI2_F
I...

Reserved 
AXI2_
AL...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-27

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

26-24

AXI2_W_PRIO
RITY

Priority of write commands from AXI port 2. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI2_FIXED_PORT_PRIORITY_ENABLE is low.

23-19

—

Reserved

18-16

AXI2_R_PRIOR
ITY

Priority of read commands from AXI port 2. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI2_FIXED_PORT_PRIORITY_ENABLE is low.

15-9

—

Reserved

8

AXI2_FIXED_P
ORT_PRIORIT

Y_ENABLE

Defines the priority control for AXI port 2 as per-port or per-command. Set to 1 for per-port with priority 
defined through the AXI2_R_PRIORITY and AXI2_W_PRIORITY. Clear to 0 for per-command.

7-1

—

Reserved

0

AXI2_ALL_STR
OBES_USED_E

NABLE

Enables use of the AWALLSTRB signal for AXI port 2. Set to 1 to enable.

75.9.1.185 DENALI_CTL_313 (DENALI_CTL_313)

Offset

Register Offset

DENALI_CTL_313 4E4h

Function
This register describes the parameters of DDR Controller register .
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved AXI3_R_PRIORITY Reserved 

AXI3_F
I...W

Reset u u u u u 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

AXI3_
AL...

Reserved 
AXI2_FIFO_TY

PE_...W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-27

—

Reserved

26-24

AXI3_R_PRIOR
ITY

Priority of read commands from AXI port 3. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI3_FIXED_PORT_PRIORITY_ENABLE is low.

23-17

—

Reserved

16

AXI3_FIXED_P
ORT_PRIORIT

Y_ENABLE

Defines the priority control for AXI port 3 as per-port or per-command. Set to 1 for per-port with priority 
defined through the AXI3_R_PRIORITY and AXI3_W_PRIORITY. Clear to 0 for per-command.

15-9

—

Reserved

8

AXI3_ALL_STR
OBES_USED_E

NABLE

Enables use of the AWALLSTRB signal for AXI port 3. Set to 1 to enable.

7-2

—

Reserved

1-0

AXI2_FIFO_TY
PE_REG

Clock domain relativity between AXI port 2 and the controller core. Clear to 0 for asynchronous, program to 1 
for 2:1 port:core pseudo-sync, program to 2 for 1:2 port:core pseudo-sync, or program to 3 for synchronous.
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75.9.1.186 DENALI_CTL_314 (DENALI_CTL_314)

Offset

Register Offset

DENALI_CTL_314 4E8h

Function
This register describes the parameters of DDR Controller register .

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PORT_
AD...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

AXI3_FIFO_TY
PE_...

Reserved AXI3_W_PRIORITY 
W

Reset u u u u u u 0 0 u u u u u 0 0 0

Fields

Field Function

31-17

—

Reserved

16

PORT_ADDR_
PROTECTION_

EN

Enable port address range protection logic and interrupt generation. Set to 1 to enable.

15-10

—

Reserved

9-8

AXI3_FIFO_TY
PE_REG

Clock domain relativity between AXI port 3 and the controller core. Clear to 0 for asynchronous, program to 1 
for 2:1 port:core pseudo-sync, program to 2 for 1:2 port:core pseudo-sync, or program to 3 for synchronous.

7-3

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

2-0

AXI3_W_PRIO
RITY

Priority of write commands from AXI port 3. 0 is the highest priority. This may only be changed before 
initialization begins or when the controller is quiescent, there is no data in the port FIFOs, and the 
AXI3_FIXED_PORT_PRIORITY_ENABLE is low.

75.9.1.187 DENALI_CTL_575 (DENALI_CTL_575)

Offset

Register Offset

DENALI_CTL_575 8FCh

Function
This register describes the parameters of DDR Controller register 575.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

TDFI_PHY_RDLAT_F1 
Reserv

ed 
TDFI_PHY_RDLAT_F0 

W

Reset u 0 0 0 0 1 1 0 u 0 0 0 0 1 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

UPDATE_ERROR_STATUS Reserv
ed 

TDFI_PHY_WRLAT 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

TDFI_PHY_RD
LAT_F1

Defines the DFI tPHY_RDLAT timing parameter (in DFI PHY clocks), the maximum cycles between a 
dfi_rddata_en assertion and a dfi_rddata_valid assertion.

23

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

22-16

TDFI_PHY_RD
LAT_F0

Defines the DFI tPHY_RDLAT timing parameter (in DFI PHY clocks), the maximum cycles between a 
dfi_rddata_en assertion and a dfi_rddata_valid assertion.

15

—

Reserved

14-8

UPDATE_ERR
OR_STATUS

Identifies the source of any DFI MC-initiated or PHY-initiated update errors. Value of 1 indicates a timing 
violation of the associated timing parameter.

7

—

Reserved

6-0

TDFI_PHY_WR
LAT

Holds the calculated DFI tPHY_WRLAT timing (in DFI PHY clocks), the maximum cycles between a write 
command and a dfi_wrdata_en assertion.

75.9.1.188 DENALI_CTL_576 (DENALI_CTL_576)

Offset

Register Offset

DENALI_CTL_576 900h

Function
This register describes the parameters of DDR Controller register 576.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

DRAM_CLK_DI
SABLE W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

TDFI_RDDATA_EN Reserv
ed 

TDFI_PHY_RDLAT_F2 
W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 1 1 0
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Fields

Field Function

31-18

—

Reserved

17-16

DRAM_CLK_DI
SABLE

Set value for the dfi_dram_clk_disable signal. Bit (16) controls cs0, bit (17) controls cs1.

00b - Enable

01b - Disable

15

—

Reserved

14-8

TDFI_RDDATA
_EN

Holds the calculated DFI tRDDATA_EN timing (in DFI PHY clocks), the maximum cycles between a read 
command and a dfi_rddata_en assertion.

7

—

Reserved

6-0

TDFI_PHY_RD
LAT_F2

Defines the DFI tPHY_RDLAT timing (in DFI PHY clocks), the maximum cycles between a dfi_rddata_en 
assertion and a dfi_rddata_valid assertion.

75.9.1.189 DENALI_CTL_577 (DENALI_CTL_577)

Offset

Register Offset

DENALI_CTL_577 904h

Function
This register describes the parameters of DDR Controller register 577.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_MIN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

—

Reserved

15-0

TDFI_CTRLUP
D_MIN

Defines the DFI tCTRLUPD_MIN timing (in DFI clocks), the minimum cycles that dfi_ctrlupd_req must be 
asserted.

75.9.1.190 DENALI_CTL_578 (DENALI_CTL_578)

Offset

Register Offset

DENALI_CTL_578 908h

Function
This register describes the parameters of DDR Controller register 578.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_CTRLUPD_MAX_F0 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-0

TDFI_CTRLUP
D_MAX_F0

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks), the maximum cycles that dfi_ctrlupd_req can be 
asserted. If programmed to a non-zero, a timing violation will cause an interrupt and bit (0) set in 
the UPDATE_ERROR_STATUS.
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75.9.1.191 DENALI_CTL_583 (DENALI_CTL_583)

Offset

Register Offset

DENALI_CTL_583 91Ch

Function
This register describes the parameters of DDR Controller register 583.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHYUPD_RESP_F0 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYUPD_RESP_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-0

TDFI_PHYUPD
_RESP_F0

Defines the DFI tPHYUPD_RESP timing (in DFI clocks), the maximum cycles between a dfi_phyupd_req 
assertion and a dfi_phyupd_ack assertion. If programmed to a non-zero, a timing violation will cause an 
interrupt and bit (5) set in the UPDATE_ERROR_STATUS.

75.9.1.192 DENALI_CTL_584 (DENALI_CTL_584)

Offset

Register Offset

DENALI_CTL_584 920h

Function
This register describes the parameters of DDR Controller register 584.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_CTRLUPD_INTERVAL_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_INTERVAL_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_CTRLUP
D_INTERVAL_F

0

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks), the maximum cycles between dfi_ctrlupd_req 
assertions. If programmed to a non-zero, a timing violation will cause an interrupt and bit (6) set in 
the UPDATE_ERROR_STATUS.

75.9.1.193 DENALI_CTL_585 (DENALI_CTL_585)

Offset

Register Offset

DENALI_CTL_585 924h

Function
This register describes the parameters of DDR Controller register 585.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

WRLAT_ADJ_F0 
Reserv

ed 
RDLAT_ADJ_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0
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Fields

Field Function

31-15

—

Reserved

14-8

WRLAT_ADJ_F
0

Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
to conform to PHY timing requirements for frequency set 0.

7

—

Reserved

6-0

RDLAT_ADJ_F
0

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal to conform to PHY 
timing requirements for frequency set 0.

75.9.1.194 DENALI_CTL_586 (DENALI_CTL_586)

Offset

Register Offset

DENALI_CTL_586 928h

Function
This register describes the parameters of DDR Controller register 586.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_CTRLUPD_MAX_F1 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21 Reserved
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Field Function

—

20-0

TDFI_CTRLUP
D_MAX_F1

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks), the maximum cycles that dfi_ctrlupd_req can be 
asserted. If programmed to a non-zero, a timing violation will cause an interrupt and bit (0) set in 
the UPDATE_ERROR_STATUS.

75.9.1.195 DENALI_CTL_591 (DENALI_CTL_591)

Offset

Register Offset

DENALI_CTL_591 93Ch

Function
This register describes the parameters of DDR Controller register 591.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHYUPD_RESP_F1 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYUPD_RESP_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-0

TDFI_PHYUPD
_RESP_F1

Defines the DFI tPHYUPD_RESP timing (in DFI clocks), the maximum cycles between a dfi_phyupd_req 
assertion and a dfi_phyupd_ack assertion. If programmed to a non-zero, a timing violation will cause an 
interrupt and bit (5) set in the UPDATE_ERROR_STATUS.
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75.9.1.196 DENALI_CTL_592 (DENALI_CTL_592)

Offset

Register Offset

DENALI_CTL_592 940h

Function
This register describes the parameters of DDR Controller register 592.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_CTRLUPD_INTERVAL_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_INTERVAL_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_CTRLUP
D_INTERVAL_F

1

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks), the maximum cycles between dfi_ctrlupd_req 
assertions. If programmed to a non-zero, a timing violation will cause an interrupt and bit (6) set in 
the UPDATE_ERROR_STATUS.

75.9.1.197 DENALI_CTL_593 (DENALI_CTL_593)

Offset

Register Offset

DENALI_CTL_593 944h

Function
This register describes the parameters of DDR Controller register 593.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

WRLAT_ADJ_F1 
Reserv

ed 
RDLAT_ADJ_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-15

—

Reserved

14-8

WRLAT_ADJ_F
1

Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
to conform to PHY timing requirements for frequency set 1.

7

—

Reserved

6-0

RDLAT_ADJ_F
1

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal to conform to PHY 
timing requirements for frequency set 1.

75.9.1.198 DENALI_CTL_594 (DENALI_CTL_594)

Offset

Register Offset

DENALI_CTL_594 948h

Function
This register describes the parameters of DDR Controller register 594.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_CTRLUPD_MAX_F2 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-0

TDFI_CTRLUP
D_MAX_F2

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks), the maximum cycles that dfi_ctrlupd_req can be 
asserted. If programmed to a non-zero, a timing violation will cause an interrupt and bit (0) set in 
the UPDATE_ERROR_STATUS.

75.9.1.199 DENALI_CTL_599 (DENALI_CTL_599)

Offset

Register Offset

DENALI_CTL_599 95Ch

Function
This register describes the parameters of DDR Controller register 599.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHYUPD_RESP_F2 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_PHYUPD_RESP_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-23

—

Reserved

22-0

TDFI_PHYUPD
_RESP_F2

Defines the DFI tPHYUPD_RESP timing (in DFI clocks), the maximum cycles between a dfi_phyupd_req 
assertion and a dfi_phyupd_ack assertion. If programmed to a non-zero, a timing violation will cause an 
interrupt and bit (5) set in the UPDATE_ERROR_STATUS.

75.9.1.200 DENALI_CTL_600 (DENALI_CTL_600)

Offset

Register Offset

DENALI_CTL_600 960h

Function
This register describes the parameters of DDR Controller register 600.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TDFI_CTRLUPD_INTERVAL_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TDFI_CTRLUPD_INTERVAL_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

TDFI_CTRLUP
D_INTERVAL_F

2

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks), the maximum cycles between dfi_ctrlupd_req 
assertions. If programmed to a non-zero, a timing violation will cause an interrupt and bit (6) set in 
the UPDATE_ERROR_STATUS.
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75.9.1.201 DENALI_CTL_601 (DENALI_CTL_601)

Offset

Register Offset

DENALI_CTL_601 964h

Function
This register describes the parameters of DDR Controller register 601.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_CTRL_DELAY_F1 Reserved TDFI_CTRL_DELAY_F0 

W

Reset u u u u 0 0 1 0 u u u u 0 0 1 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

WRLAT_ADJ_F2 
Reserv

ed 
RDLAT_ADJ_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

TDFI_CTRL_DE
LAY_F1

Defines the DFI tctrl_delay timing for frequency set 1, the number of DFI clocks after an assertion or 
de-assertion of the DFI control signals that the control signals at the PHY-DRAM interface will reflect the 
assertion or de-assertion.

23-20

—

Reserved

19-16

TDFI_CTRL_DE
LAY_F0

Defines the DFI tctrl_delay timing for frequency set 0, the number of DFI clocks after an assertion or 
de-assertion of the DFI control signals that the control signals at the PHY-DRAM interface will reflect the 
assertion or de-assertion.

15

—

Reserved

14-8 Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
to conform to PHY timing requirements for frequency set 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

WRLAT_ADJ_F
2

7

—

Reserved

6-0

RDLAT_ADJ_F
2

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal to conform to PHY 
timing requirements for frequency set 2.

75.9.1.202 DENALI_CTL_602 (DENALI_CTL_602)

Offset

Register Offset

DENALI_CTL_602 968h

Function
This register describes the parameters of DDR Controller register 602.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved TDFI_PHY_WRDATA_F0 Reserved TDFI_DRAM_CLK_ENABLE 

W

Reset u u u u u 0 0 1 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TDFI_DRAM_CLK_DISABLE Reserved TDFI_CTRL_DELAY_F2 

W

Reset u u u u 0 0 0 0 u u u u 0 0 1 0

Fields

Field Function

31-27

—

Reserved
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Table continued from the previous page...

Field Function

26-24

TDFI_PHY_WR
DATA_F0

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 0, the number of DFI PHY 
clocks from the assertion of the dfi_wrdata_en signal to when data will be driven on the a dfi_wrdata 
signal.

23-20

—

Reserved

19-16

TDFI_DRAM_C
LK_ENABLE

Defines the DFI tDRAM_CLK_ENABLE timing (in DFI clocks), the delay between a dfi_dram_clk_disable 
de-assertion and the memory clock enable.

15-12

—

Reserved

11-8

TDFI_DRAM_C
LK_DISABLE

Defines the DFI tDRAM_CLK_DISABLE timing (in DFI clocks), the delay between a dfi_dram_clock_disable 
assertion and the memory clock disable.

7-4

—

Reserved

3-0

TDFI_CTRL_DE
LAY_F2

Defines the DFI tctrl_delay timing for frequency set 2, the number of DFI clocks after an assertion or 
de-assertion of the DFI control signals that the control signals at the PHY-DRAM interface will reflect the 
assertion or de-assertion.

75.9.1.203 DENALI_CTL_603 (DENALI_CTL_603)

Offset

Register Offset

DENALI_CTL_603 96Ch

Function
This register describes the parameters of DDR Controller register 603.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

TDFI_WRCSLAT_F0 
Reserv

ed 
TDFI_RDCSLAT_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved TDFI_PHY_WRDATA_F2 Reserved TDFI_PHY_WRDATA_F1 

W

Reset u u u u u 0 0 1 u u u u u 0 0 1

Fields

Field Function

31

—

Reserved

30-24

TDFI_WRCSLA
T_F0

Defines the DFI tPHY_WRCSLAT timing (in DFI PHY clocks), the maximum cycles between a write 
command and a dfi_wrdata_cs_n assertion.

23

—

Reserved

22-16

TDFI_RDCSLA
T_F0

Defines the DFI tPHY_RDCSLAT timing (in DFI PHY clocks), the maximum cycles between a read command 
and a dfi_rddata_cs_n assertion.

15-11

—

Reserved

10-8

TDFI_PHY_WR
DATA_F2

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 2, the number of DFI PHY 
clocks from the assertion of the dfi_wrdata_en signal to when data will be driven on the a dfi_wrdata 
signal.

7-3

—

Reserved

2-0

TDFI_PHY_WR
DATA_F1

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 1, the number of DFI PHY 
clocks from the assertion of the dfi_wrdata_en signal to when data will be driven on the a dfi_wrdata 
signal.
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75.9.1.204 DENALI_CTL_604 (DENALI_CTL_604)

Offset

Register Offset

DENALI_CTL_604 970h

Function
This register describes the parameters of DDR Controller register 604.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

TDFI_WRCSLAT_F2 
Reserv

ed 
TDFI_RDCSLAT_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

TDFI_WRCSLAT_F1 
Reserv

ed 
TDFI_RDCSLAT_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

TDFI_WRCSLA
T_F2

Defines the DFI tPHY_WRCSLAT timing (in DFI PHY clocks), the maximum cycles between a write 
command and a dfi_wrdata_cs_n assertion.

23

—

Reserved

22-16

TDFI_RDCSLA
T_F2

Defines the DFI tPHY_RDCSLAT timing (in DFI PHY clocks), the maximum cycles between a read command 
and a dfi_rddata_cs_n assertion.

15

—

Reserved

14-8 Defines the DFI tPHY_WRCSLAT timing (in DFI PHY clocks), the maximum cycles between a write 
command and a dfi_wrdata_cs_n assertion.

Table continues on the next page...
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Table continued from the previous page...

Field Function

TDFI_WRCSLA
T_F1

7

—

Reserved

6-0

TDFI_RDCSLA
T_F1

Defines the DFI tPHY_RDCSLAT timing (in DFI PHY clocks), the maximum cycles between a read command 
and a dfi_rddata_cs_n assertion.

75.9.1.205 DENALI_CTL_605 (DENALI_CTL_605)

Offset

Register Offset

DENALI_CTL_605 974h

Function
This register describes the parameters of DDR Controller register 605.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

BL_ON
_F...

Reserved 
DISAB
LE...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

EN_1T
_T...

TDFI_WRDATA_DELAY 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24 Enables the burst length on the fly feature.

Table continues on the next page...
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Table continued from the previous page...

Field Function

BL_ON_FLY_E
NABLE

0b - Disable

1b - Enable

23-17

—

Reserved

16

DISABLE_MEM
ORY_MASKED

_WRITE

Restricts the controller from masked write commands. Only used if connected to an LPDDR4 device.

0b - Allow masked writes

1b - Restrict masked writes

15-9

—

Reserved

8

EN_1T_TIMING

Enable 1T timing in a system supporting both 1T and 2T timing.

0b - Disable

1b - Enable

7-0

TDFI_WRDATA
_DELAY

Defines the tWRDATA_DELAY timing (in DFI PHY clocks), the maximum cycles between when the 
dfi_wrdata_en signal is asserted and when the corresponding write data transfer is completed on the 
DRAM bus.

75.9.1.206 DENALI_CTL_612 (DENALI_CTL_612)

Offset

Register Offset

DENALI_CTL_612 990h

Function
This register describes the parameters of DDR Controller register 612.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
NWR_F0 Reserved 

W

Reset 0 0 1 0 1 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset u u u u 0 0 1 0 u u u u 0 0 0 0

Fields

Field Function

31-24

NWR_F0

Defines the write recovery time for auto-pre-charge commands, in memory clocks for frequency set 0.

23-0

—

Reserved

75.9.1.207 DENALI_CTL_613 (DENALI_CTL_613)

Offset

Register Offset

DENALI_CTL_613 994h

Function
This register describes the parameters of DDR Controller register 613.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
TRP_AB_F0 Reserved 

DQS_
OSC...

W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NWR_F2 NWR_F1 

W

Reset 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0
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Fields

Field Function

31-24

TRP_AB_F0

Defines the DRAM row precharge time for all banks for frequency set 0, in memory clocks. If the 
memory specification defines both a single-bank and an all-banks pre-charge value, this bit should be 
programmed to the all-banks value and the trp_fN bit should be programmed to the single-bank value.

23-17

—

Reserved

16

DQS_OSC_IN_
PROGRESS_S

TATUS

DQS Oscillator is in progress.

0b - Not in progress

1b - In progress

15-8

NWR_F2

Defines the write recovery time for auto-pre-charge commands, in memory clocks for frequency set 2.

7-0

NWR_F1

Defines the write recovery time for auto-pre-charge commands, in memory clocks for frequency set 1.

75.9.1.208 DENALI_CTL_614 (DENALI_CTL_614)

Offset

Register Offset

DENALI_CTL_614 998h

Function
This register describes the parameters of DDR Controller register 614.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved ROW_DIFF Reserved BANK_DIFF 

W

Reset u u u u u 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
TRP_AB_F2 TRP_AB_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-24

ROW_DIFF

Defines the difference between the maximum number of address pins configured (18) and the actual 
number of pins being used.

23-18

—

Reserved

17-16

BANK_DIFF

Defines the difference between the maximum number of bank bits configured and the actual number of 
bank bits being used.

15-8

TRP_AB_F2

Defines the DRAM row precharge time for all banks for frequency set 2, in memory clocks. If the 
memory specification defines both a single-bank and an all-banks pre-charge value, this bit should be 
programmed to the all-banks value and the trp_fN bit should be programmed to the single-bank value.

7-0

TRP_AB_F1

Defines the DRAM row precharge time for all banks for frequency set 1, in memory clocks. If the 
memory specification defines both a single-bank and an all-banks pre-charge value, this bit should be 
programmed to the all-banks value and the trp_fN bit should be programmed to the single-bank value.

75.9.1.209 DENALI_PI_0 (DENALI_PI_0)

Offset

Register Offset

DENALI_PI_0 2000h

Function
This register describes the parameters of DDR PI register 0.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_DRAM_CLASS Reserved 

PI_ST
ART W

Reset u u u u 0 0 0 0 u u u u u u u 0
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Fields

Field Function

31-12

—

Reserved

11-8

PI_DRAM_CLA
SS

Selects the memory class to be used.

0111b - LPDDR3

1011b - LPDDR4/LPDDR4X

All other values reserved

7-1

—

Reserved

0

PI_START

Control for command processing for the PI.

0b - No processing

1b - Initiate processing

75.9.1.210 DENALI_PI_3 (DENALI_PI_3)

Offset

Register Offset

DENALI_PI_3 200Ch

Function
This register describes the parameters of DDR PI register 3.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_NO
RM...

Reserved 

PI_RE
LE...

W

Reset u u u u u u u 0 u u u u u u u 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PI_ID 

W

Reset 0 0 0 1 0 0 1 1 1 0 0 0 0 1 1 1

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5383 / 5781



Fields

Field Function

31-25

—

Reserved

24

PI_NORMAL_L
VL_SEQ

Defines when the DFI bus is passed back to the controller when multiple leveling requests are active.

0b - Return DFI bus to the controller after current leveling request is complete (except for 
initialization)

1b - Return DFI bus to the controller after all pending leveling requests are complete

23-17

—

Reserved

16

PI_RELEASE_
DFI

This is a status whether PI has release DFI.

0b - DFI is released

1b - DFI under PI control

15-0

PI_ID

Holds the PI ID number. It is set to 0x1387.

75.9.1.211 DENALI_PI_4 (DENALI_PI_4)

Offset

Register Offset

DENALI_PI_4 2010h

Function
This register describes the parameters of DDR PI register 4.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TCMD_GAP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_NOTCARE_
PHYU...

Reserved 
PI_INI

T...W

Reset u u u u u u 0 0 u u u u u u u 0
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Fields

Field Function

31-16

PI_TCMD_GAP

Specifies the minimum gap in DFI clocks between two commands. Used to guard the timing from the last 
command of MC and the first command of PI when MC hand over the control of DFI to PI.

15-10

—

Reserved

9-8

PI_NOTCARE_
PHYUPD

Allow the PI to issue a master request to the controller if a phyupd_req from the PHY has been 
detected.bit(1) represents supports in normal state;bit(0) represents supports in initialization state.

00b - PI not issue master request

01b - PI issue master request

7-1

—

Reserved

0

PI_INIT_LVL_E
N

Enables the initial leveling sequence after PI initialization procedure.

0b - Disabled

1b - Enabled

75.9.1.212 DENALI_PI_5 (DENALI_PI_5)

Offset

Register Offset

DENALI_PI_5 2014h

Function
This register describes the parameters of DDR PI register 5.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_DFI_PHYMS
TR_...

Reserved 
PI_DFI

_...W

Reset u u u u u u 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

W
PI_TR
AI...

Reset u u u u u u u 0 0 1 1 0 0 1 0 0
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Fields

Field Function

31-26

—

Reserved

25-24

PI_DFI_PHYMS
TR_TYPE

Defines the required state of the DRAM when controller passes ownership of the DFI bus to the PHY.

00b - IDLE. The MC should close all pages.

01b - IDLE or Self Refresh.

23-17

—

Reserved

16

PI_DFI_VERSI
ON

Defines the DFI master version.

0b - DFI 4.0 version

1b - DFI 4.1 version

15-9

—

Reserved

8

PI_TRAIN_ALL_
FREQ_REQ

Triggers training for all supported frequencies in PI_FREQ_MAP. Applies to LPDDR4 devices only. Set 
to 1 to trigger. Only applicable after memory initialization has been completed. Can be used to train new 
frequencies that were not available at initialization time.

7-0

—

Reserved

75.9.1.213 DENALI_PI_11 (DENALI_PI_11)

Offset

Register Offset

DENALI_PI_11 202Ch

Function
This register describes the parameters of DDR PI register 11.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_INI
T...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_INIT_WORK_FREQ Reserved 

PI_EXI
T...W

Reset u u u 0 0 0 0 0 u u u u u u u 1

Fields

Field Function

31-17

—

Reserved

16

PI_INIT_DFS_C
ALVL_ONLY

Enables frequency training for CA leveling only. Other trainings are not performed.

0b - Perform all trainings at each frequency.

1b - Perform frequency training only for CA leveling.

15-13

—

Reserved

12-8

PI_INIT_WORK
_FREQ

Indicates the initial work frequency after initialization and initial leveling sequence.

7-1

—

Reserved

0

PI_EXIT_AFTE
R_INIT_CALVL

Enables two part initialization leveling flow, the PI releases the DFI after CA leveling and re-requests again 
to complete the initialization training. The controller can then issue MRW/ZQ ater PI complete CA leveling.

 
Only support 1'b1.

  NOTE  

75.9.1.214 DENALI_PI_12 (DENALI_PI_12)

Offset

Register Offset

DENALI_PI_12 2030h
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Function
This register describes the parameters of DDR PI register 12.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_FREQ_MAP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_FREQ_MAP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PI_FREQ_MAP

Frequency map for supported working frequencies. Each bit represents one supported frequency.

75.9.1.215 DENALI_PI_13 (DENALI_PI_13)

Offset

Register Offset

DENALI_PI_13 2034h

Function
This register describes the parameters of DDR PI register 13.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_RANK_NUM_PER_CKE Reserved PI_CS_MAP 

W

Reset u u u 0 0 0 0 0 u u u u 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_SW
_R...W

Reset u u u u u u u 0 u u u u u u u 1

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5388 / 5781



Fields

Field Function

31-29

—

Reserved

28-24

PI_RANK_NUM
_PER_CKE

Defines the number of chip selects share one cke

23-20

—

Reserved

19-16

PI_CS_MAP

Defines which chip selects are active.

15-1

—

Reserved

0

PI_SW_RST_N

User request to reset the whole PI except the parameter modules. Set 0 to reset, set to 1 to release.

75.9.1.216 DENALI_PI_14 (DENALI_PI_14)

Offset

Register Offset

DENALI_PI_14 2038h

Function
This register describes the parameters of DDR PI register 14.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_VRCG_EN Reserved 

PI_PREAMBLE
_SUP...W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TMRR Reserved 

PI_SR
X_...W

Reset u u u u 0 0 0 0 u u u u u u u 0

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5389 / 5781



Fields

Field Function

31-26

—

Reserved

25-24

PI_VRCG_EN

Whether enable VRCG mode in two cases: bit (0) - when DFS. bit (1) - when setting DQ Vref.

23-18

—

Reserved

17-16

PI_PREAMBLE
_SUPPORT

Defines the read and write preamble.

Bit (1) = Write Preamble

0b - 1 cycle preamble

1b - 2 cycle preamble

Bit (0) = Read Preamble

0b - 1 cycle preamble

1b - 2 cycle preamble

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this parameter must be cleared to 'b00.

15-12

—

Reserved

11-8

PI_TMRR

DRAM tMRR value in memory clock cycles.

 
Since the counter is initially loaded with the value "tmrr-1", if this bit is cleared to 'b0, the 
counter will underflow on load. This will result in setting the counter to its maximum value. 
Therefore, the user should set this bit to 'b1 as a minimum.

  NOTE  

7-1

—

Reserved

0

PI_SRX_LVL_T
ARGET_CS_EN

Defines self refresh exit trigger target rank/ranks training or all ranks training.

0b - All CS defined by pi_cs_map

1b - Only target CS
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75.9.1.217 DENALI_PI_15 (DENALI_PI_15)

Offset

Register Offset

DENALI_PI_15 203Ch

Function
This register describes the parameters of DDR PI register 15.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_MC
AR...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-1

—

Reserved

0

PI_MCAREF_F
ORWARD_ONL

Y

Controls the generation of AREF from the PI module.

0b - PI generates AREF commands

1b - PI does not generate AREF; only forwards AREF from the memory controller

75.9.1.218 DENALI_PI_16 (DENALI_PI_16)

Offset

Register Offset

DENALI_PI_16 2040h

Function
This register describes the parameters of DDR PI register 16.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_ON
_D... Reserved PI_TREF_INTERVAL 

W

Reset u u u u u u u 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TREF_INTERVAL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

PI_ON_DFIBUS

Monitors the state of the PI controlling the DFI bus.

0b - PI not controlling the DFI bus

1b - PI in control of the DFI bus

23-20

—

Reserved

19-0

PI_TREF_INTE
RVAL

Defines the cycles between refreshes to different chip selects.

75.9.1.219 DENALI_PI_29 (DENALI_PI_29)

Offset

Register Offset

DENALI_PI_29 2074h

Function
This register describes the parameters of DDR PI register 29.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_WRLVL_EN 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_WR
LV... Reserved PI_WRLVL_CS_MAP 

W

Reset u u u u u u u 0 u u u u 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

PI_TDFI_WRLV
L_EN

Defines the DFItwrlvl_en timing, the minimum number of DFI clocks required after the write leveling enable 
signal is asserted until the first write strobe may be asserted.

15-9

—

Reserved

8

PI_WRLVL_ER
ROR_STATUS

Holds the error associated with the write level error interrupt. If this bit is 1'b1 it indicates a write leveling error 
has occurred.

7-4

—

Reserved

3-0

PI_WRLVL_CS
_MAP

Defines the chip select map for write leveling operations. Bit (0) controls cs0, bit (1) controls cs1, etc. Set 
each bit to 1 to enable chip for write leveling.

75.9.1.220 DENALI_PI_44 (DENALI_PI_44)

Offset

Register Offset

DENALI_PI_44 20B0h

Function
This register describes the parameters of DDR PI register 44.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_RDLVL_GATE_CS_MAP Reserved PI_RDLVL_CS_MAP 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-28

—

Reserved

27-24

PI_RDLVL_GAT
E_CS_MAP

Defines the chip select map for gate training operations. Bit (0) controls cs0, bit (1) controls cs1, and so on.

0000b - Do not use this chip for gate training

0001b - Use this chip for gate training

23-20

—

Reserved

19-16

PI_RDLVL_CS_
MAP

Defines the chip select map for data eye training operations. Bit (0) controls cs0, bit (1) controls cs1, and so 
on. Set each bit to 1 to enable chip for data eye training.

0000b - Do not use this chip for data eye training

0001b - Use this chip for data eye training

15-9

—

Reserved

8-0

—

Reserved

75.9.1.221 DENALI_PI_45 (DENALI_PI_45)

Offset

Register Offset

DENALI_PI_45 20B4h
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Function
This register describes the parameters of DDR PI register 45.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_RDLVL_RR 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

PI_TDFI_RDLV
L_RR

Defines the DFI tRDLVL_RR timing (in DFI clocks), the minimum cycles between read commands.

75.9.1.222 DENALI_PI_55 (DENALI_PI_55)

Offset

Register Offset

DENALI_PI_55 20DCh

Function
This register describes the parameters of DDR PI register 55.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CALVL_EN 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_CALVL_CS_MAP Reserved 

W

Reset u u u u 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

—

Reserved

23-16

PI_TDFI_CALV
L_EN

Defines the DFI tCALVL_EN timing (in DFI clocks), the minimum cycles between a dfi_calvl_en assertion 
and a dfi_cke de-assertion.

15-12

—

Reserved

11-8

PI_CALVL_CS_
MAP

Defines the chip select map for CA training operations. Bit (0) controls cs0, bit (1) controls cs1, etc. Set each 
bit to 1 to enable chip for CA training.

7-0

—

Reserved

75.9.1.223 DENALI_PI_64 (DENALI_PI_64)

Offset

Register Offset

DENALI_PI_64 2100h

Function
This register describes the parameters of DDR PI register 64.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5396 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_WDQLVL_CS_MAP Reserved 

Reserv
ed W

Reset u u u u 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_WDQLVL_RESP_MASK Reserved PI_WDQLVL_BST_NUM 

W

Reset u u u u 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PI_WDQLVL_C
S_MAP

Sets the mask that determines which chip select pins should be used during data eye training.

For each chip select:

0000b - Do not use this chip for data eye training

0001b - Use this chip for data eye training

23-17

—

Reserved

16-12

—

Reserved

11-8

PI_WDQLVL_R
ESP_MASK

Write DQ training response mask. One bit for each data slice. If it is set to 1, the slice is not trained.

7-3

—

Reserved

2-0

PI_WDQLVL_B
ST_NUM

Defines the number of write/read bursts issued at each step in write DQ training.
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75.9.1.224 DENALI_PI_70 (DENALI_PI_70)

Offset

Register Offset

DENALI_PI_70 2118h

Function
This register describes the parameters of DDR PI register 70.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_PA
RA...

Reserved 
PI_WD
QL...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

PI_WD
QL...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

PI_PARALLEL_
WDQLVL_EN

Enables parallel write DQ training for all LPDDR4 channels with a rank.

0b - Disabled

1b - Enabled

23-17

—

Reserved

16

PI_WDQLVL_O
SC_EN

Enable for DQS oscillator triggered write DQ training.

0b - Disabled

1b - Enabled

15-10

—

Reserved

9-8 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

7-1

—

Reserved

0

PI_WDQLVL_DI
SABLE_DFS

Disable automatic write DQ training on frequency change. Set to 1 to disable.

0b - Enabled

1b - Disabled

75.9.1.225 DENALI_PI_71 (DENALI_PI_71)

Offset

Register Offset

DENALI_PI_71 211Ch

Function
This register describes the parameters of DDR PI register 71.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCCD 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_ROW_DIFF Reserved PI_BANK_DIFF 

W

Reset u u u u u 0 0 0 u u u u u u 0 0

Fields

Field Function

31-21

—

Reserved

20-16

PI_TCCD

Defines the minimum delay between CAS commands, in memory clocks.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15-11

—

Reserved

10-8

PI_ROW_DIFF

Defines the difference between the maximum number of address pins configured and the actual number 
of pins being used.

7-2

—

Reserved

1-0

PI_BANK_DIFF

Defines the difference between the maximum number of bank bits configured and the actual number 
being used.

75.9.1.226 DENALI_PI_90 (DENALI_PI_90)

Offset

Register Offset

DENALI_PI_90 2168h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_DATA_BYTE
_SW...

Reserved 
PI_DATA_BYTE

_SW...W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_DATA_BYTE
_SW...

Reserved 
PI_DA
TA...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24 DATA pin 2 mux selector

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_DATA_BYTE
_SWAP_SLICE

2

23-18

—

Reserved

17-16

PI_DATA_BYTE
_SWAP_SLICE

1

DATA pin 1 mux selector

15-10

—

Reserved

9-8

PI_DATA_BYTE
_SWAP_SLICE

0

DATA pin 0 mux selector

7-1

—

Reserved

0

PI_DATA_BYTE
_SWAP_EN

DATA pin swap function enable

75.9.1.227 DENALI_PI_91 (DENALI_PI_91)

Offset

Register Offset

DENALI_PI_91 216Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TDFI_CTRLUPD_MIN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_CT
RL...

Reserved 
PI_DATA_BYTE

_SW...W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-16

PI_TDFI_CTRL
UPD_MIN

Reports the DFI tCTRLUPD_MIN timing parameter (in DFI clocks), the minimum cycles that 
dfi_ctrlupd_req must be asserted.

15-9

—

Reserved

8

PI_CTRLUPD_
REQ_PER_AR

EF_EN

Enable an automatic PI initiated update (dfi_ctrlupd_req) after every refresh.

Enable an automatic PI initiated update (dfi_ctrlupd_req) after every refresh. Set to 1 to enable.

7-2

—

Reserved

1-0

PI_DATA_BYTE
_SWAP_SLICE

3

DATA pin 3 mux selector

75.9.1.228 DENALI_PI_92 (DENALI_PI_92)

Offset

Register Offset

DENALI_PI_92 2170h

Function
This register describes the parameters of DDR PI register 92.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_BIS
T... Reserved 

PI_BIST_RESU
LT 

W

Reset u u u u u u u 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_BIS
T...

Reserved 

PI_UPDATE_E
RROR...

W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-25

—

Reserved

24

PI_BIST_LFSR_
PATTERN_DO

NE

BIST operation lfsr pattern, data pattern 1'b0 means the data is useful,1'b1 means next pattern sequence 
can ingore.

23-18

—

Reserved

17-16

PI_BIST_RESU
LT

BIST operation status (pass/fail). Bit (0) indicates data check status and bit (1) indicates address check 
status. Value of 1 is a passing result.

15-9

—

Reserved

8

PI_BIST_GO

Initiate a BIST operation. Set to 1 to trigger.

7-2

—

Reserved

1-0

PI_UPDATE_E
RROR_STATU

S

Identifies the source of any DFI PI-initiated update errors. Value of 1 indicates a timing violation of the 
associated timing parameter.
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75.9.1.229 DENALI_PI_161 (DENALI_PI_161)

Offset

Register Offset

DENALI_PI_161 2284h

Function
This register describes the parameters of DDR PI register 161.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TSDO_F1 PI_TSDO_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved Reserved 

PI_NO
TC...W

Reset u u u u u 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

PI_TSDO_F1

The delay from the read preamble training MRS command to the data strobe drive out for frequency set 
1, in PI clocks.

23-16

PI_TSDO_F0

The delay from the read preamble training MRS command to the data strobe drive out for frequency set 
0, in PI clocks.

15-11

—

Reserved

10-8

—

Reserved

7-1

—

Reserved

0

PI_NOTCARE_
MC_INIT_STAR

T

Defines whether PI waits for the controller to initiate dfi_init_start before PI memory initialization.

0b - No waiting for dfi_init_start.

1b - Wait for dfi_init_start
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75.9.1.230 DENALI_PI_162 (DENALI_PI_162)

Offset

Register Offset

DENALI_PI_162 2288h

Function
This register describes the parameters of DDR PI register 162.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TSDO_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

PI_TSDO_F2

The delay from the read preamble training MRS command to the data strobe drive out for frequency set 
2, in PI clocks

75.9.1.231 DENALI_PI_163 (DENALI_PI_163)

Offset

Register Offset

DENALI_PI_163 228Ch

Function
This register describes the parameters of DDR PI register 163.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDELAY_RDWR_2_BUS_IDLE_F0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Fields

Field Function

31-8

—

Reserved

7-0

PI_TDELAY_R
DWR_2_BUS_I

DLE_F0

The delay from read or write to bus idle for frequency set 0. Recommend setting is delay time from read 
command issued to last read data received.

75.9.1.232 DENALI_PI_164 (DENALI_PI_164)

Offset

Register Offset

DENALI_PI_164 2290h

Function
This register describes the parameters of DDR PI register 164.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDELAY_RDWR_2_BUS_IDLE_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0
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Fields

Field Function

31-8

—

Reserved

7-0

PI_TDELAY_R
DWR_2_BUS_I

DLE_F1

The delay from read or write to bus idle for frequency set 1. Recommend setting is delay time from read 
command issued to last read data received.

75.9.1.233 DENALI_PI_165 (DENALI_PI_165)

Offset

Register Offset

DENALI_PI_165 2294h

Function
This register describes the parameters of DDR PI register 165.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_ZQINIT_F0 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_ZQINIT_F0 PI_TDELAY_RDWR_2_BUS_IDLE_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-8

PI_ZQINIT_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQ 
command during initialization for frequency set 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

PI_TDELAY_R
DWR_2_BUS_I

DLE_F2

The delay from read or write to bus idle for frequency set 2. Recommend setting is delay time from read 
command issued to last read data received.

75.9.1.234 DENALI_PI_166 (DENALI_PI_166)

Offset

Register Offset

DENALI_PI_166 2298h

Function
This register describes the parameters of DDR PI register 166.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_ZQINIT_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_ZQINIT_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PI_ZQINIT_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQ 
command during initialization for frequency set 2.

15-12

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

11-0

PI_ZQINIT_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQ 
command during initialization for frequency set 1.

75.9.1.235 DENALI_PI_167 (DENALI_PI_167)

Offset

Register Offset

DENALI_PI_167 229Ch

Function
This register describes the parameters of DDR PI register 167.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PI_CASLAT_LIN_F1 
Reserv

ed 
PI_WRLAT_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_CASLAT_LIN_F0 
Reserv

ed 
PI_WRLAT_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PI_CASLAT_LI
N_F1

Sets the CAS latency linear value for frequency set 1, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [6:1] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

'b000011 = 3 cycles

Table continues on the next page...
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Table continued from the previous page...

Field Function

Additional values are supported, in full-cycle increments up to 15 cycles.

• Bit [0] = Reserved

23

—

Reserved

22-16

PI_WRLAT_F1

Defines the write latency for frequency set 1 from when the write command is issued to the time the write 
data is presented to the DRAM memories, in memory clocks.

15

—

Reserved

14-8

PI_CASLAT_LI
N_F0

Sets the CAS latency linear value for frequency set 0, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [6:1] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

'b000011 = 3 cycles

Additional values are supported, in full-cycle increments up to 15 cycles.

• Bit [0] = Reserved

7

—

Reserved

6-0

PI_WRLAT_F0

Defines the write latency for frequency set 0 from when the write command is issued to the time the write 
data is presented to the DRAM memories, in memory clocks.

75.9.1.236 DENALI_PI_168 (DENALI_PI_168)

Offset

Register Offset

DENALI_PI_168 22A0h

Function
This register describes the parameters of DDR PI register 168.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TRFC_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_CASLAT_LIN_F2 
Reserv

ed 
PI_WRLAT_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TRFC_F0

Defines the DRAM tRFC term, the refresh command time for frequency set 0, in memory clocks.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  

15

—

Reserved

14-8

PI_CASLAT_LI
N_F2

Sets the CAS latency linear value for frequency set 2, in memory clocks. This bit should be programmed 
to match the memory CAS latency.

• Bits [6:1] = CAS latency linear value.

'b000000 = Reserved

'b000001 = 1 cycle

'b000010 = 2 cycles

'b000011 = 3 cycles

Additional values are supported, in full-cycle increments up to 15 cycles.

• Bit [0] = Reserved

7

—

Reserved

6-0

PI_WRLAT_F2

Defines the write latency for frequency set 2 from when the write command is issued to the time the write 
data is presented to the DRAM memories, in memory clocks.
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75.9.1.237 DENALI_PI_169 (DENALI_PI_169)

Offset

Register Offset

DENALI_PI_169 22A4h

Function
This register describes the parameters of DDR PI register 169.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TREF_F0 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TREF_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-0

PI_TREF_F0

Defines the DRAM tREFI term between refresh commands for frequency set 0, in memory clocks, the 
average interval between refreshes.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  

75.9.1.238 DENALI_PI_170 (DENALI_PI_170)

Offset

Register Offset

DENALI_PI_170 22A8h

Function
This register describes the parameters of DDR PI register 170.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TRFC_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

PI_TRFC_F1

Defines the DRAM tRFC term, the refresh command time for frequency set 1, in memory clocks.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  

75.9.1.239 DENALI_PI_171 (DENALI_PI_171)

Offset

Register Offset

DENALI_PI_171 22ACh

Function
This register describes the parameters of DDR PI register 171.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TREF_F1 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TREF_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-20

—

Reserved

19-0

PI_TREF_F1

Defines the DRAM tREFI term between refresh commands for frequency set 1, in memory clocks, the 
average interval between refreshes.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  

75.9.1.240 DENALI_PI_172 (DENALI_PI_172)

Offset

Register Offset

DENALI_PI_172 22B0h

Function
This register describes the parameters of DDR PI register 172.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TRFC_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

PI_TRFC_F2

Defines the DRAM tRFC term, the refresh command time for frequency set 2, in memory clocks.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  
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75.9.1.241 DENALI_PI_173 (DENALI_PI_173)

Offset

Register Offset

DENALI_PI_173 22B4h

Function
This register describes the parameters of DDR PI register 173.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CTRL_DELAY_F0 Reserved PI_TREF_F2 

W

Reset u u u u 0 0 1 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TREF_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PI_TDFI_CTRL
_DELAY_F0

Defines the DFItctrl_delay timing for frequency set 0. This bit should be programmed to the number of DFI 
clocks that the PHY requires to send a power-down or self-refresh command to the DRAM memories. All 
DFI timing parameters must be programmed relative to the DFI clock.

23-20

—

Reserved

19-0

PI_TREF_F2

Defines the DRAM tREFI term between refresh commands for frequency set 2, in memory clocks, the 
average interval between refreshes.

 
The user should set this bit to 'b1 as a minimum.

  NOTE  
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75.9.1.242 DENALI_PI_174 (DENALI_PI_174)

Offset

Register Offset

DENALI_PI_174 22B8h

Function
This register describes the parameters of DDR PI register 174.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_WRLVL_EN_
F1 

Reserved 
PI_WRLVL_EN

_F0 W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CTRL_DELAY_F2 Reserved PI_TDFI_CTRL_DELAY_F1 

W

Reset u u u u 0 0 1 0 u u u u 0 0 1 0

Fields

Field Function

31-26

—

Reserved

25-24

PI_WRLVL_EN
_F1

Enable the PI write leveling module for frequency set 1. Bit(1) represents the support when non-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

23-18

—

Reserved

17-16

PI_WRLVL_EN
_F0

Enable the PI write leveling module for frequency set 0. Bit(1) represents the support when non-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

15-12

—

Reserved

11-8 Defines the DFItctrl_delay timing for frequency set 2. This bit should be programmed to the number of DFI 
clocks that the PHY requires to send a power-down or self-refresh command to the DRAM memories. All 
DFI timing parameters must be programmed relative to the DFI clock.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_TDFI_CTRL
_DELAY_F2

7-4

—

Reserved

3-0

PI_TDFI_CTRL
_DELAY_F1

Defines the DFItctrl_delay timing for frequency set 1. This bit should be programmed to the number of DFI 
clocks that the PHY requires to send a power-down or self-refresh command to the DRAM memories. All 
DFI timing parameters must be programmed relative to the DFI clock.

75.9.1.243 DENALI_PI_175 (DENALI_PI_175)

Offset

Register Offset

DENALI_PI_175 22BCh

Function
This register describes the parameters of DDR PI register 175.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TDFI_WRLV
L_W...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_WRLVL_WW_F0 Reserved 

PI_WRLVL_EN
_F2 W

Reset 0 0 0 0 0 0 0 0 u u u u u u 0 0

Fields

Field Function

31-18

—

Reserved

17-8 Defines the DFI tWRLVL_WW timing (in DFI clocks) for frequency set 0, the minimum cycles between 
dfi_wrlvl_strobe assertions.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_TDFI_WRLV
L_WW_F0

7-2

—

Reserved

1-0

PI_WRLVL_EN
_F2

Enable the PI write leveling module for frequency set 2. Bit(1) represents the support when non-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

75.9.1.244 DENALI_PI_176 (DENALI_PI_176)

Offset

Register Offset

DENALI_PI_176 22C0h

Function
This register describes the parameters of DDR PI register 176.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_WRLVL_WW_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_WRLVL_WW_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16 Defines the DFI tWRLVL_WW timing (in DFI clocks) for frequency set 2, the minimum cycles between 
dfi_wrlvl_strobe assertions.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_TDFI_WRLV
L_WW_F2

15-10

—

Reserved

9-0

PI_TDFI_WRLV
L_WW_F1

Defines the DFI tWRLVL_WW timing (in DFI clocks) for frequency set 1, the minimum cycles between 
dfi_wrlvl_strobe assertions.

75.9.1.245 DENALI_PI_177 (DENALI_PI_177)

Offset

Register Offset

DENALI_PI_177 22C4h

Function
This register describes the parameters of DDR PI register 177.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_OD
T_...

PI_TODTL_2CMD_F1 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_OD
T_...

PI_TODTL_2CMD_F0 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

PI_ODT_EN_F1

Enable support of DRAM ODT. When enabled, PI will assert and de-assert ODT output to DRAM as needed 
for frequency set 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-16

PI_TODTL_2C
MD_F1

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 1, in 
memory clocks.

For LPDDR3 memories: Program to the (tODToff + 1) value from the memory specification.

For LPDDR4/LPDDR4X memories: This parameter has no meaning for this memory type.

15-9

—

Reserved

8

PI_ODT_EN_F0

Enable support of DRAM ODT. When enabled, PI will assert and de-assert ODT output to DRAM as needed 
for frequency set 0.

7-0

PI_TODTL_2C
MD_F0

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 0, in 
memory clocks.

For LPDDR3 memories: Program to the (tODToff + 1) value from the memory specification.

For LPDDR4/LPDDR4X memories: This parameter has no meaning for this memory type.

75.9.1.246 DENALI_PI_178 (DENALI_PI_178)

Offset

Register Offset

DENALI_PI_178 22C8h

Function
This register describes the parameters of DDR PI register 178.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TODTON_MIN_F0 Reserved PI_ODTLON_F0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_OD
T_...

PI_TODTL_2CMD_F2 
W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

PI_TODTON_M
IN_F0

Defines the point in time when the device termination circuit leaves High-Z and ODT resistance begins to 
turn on for frequency set 0.

23-20

—

Reserved

19-16

PI_ODTLON_F
0

Defines the latency from a CAS-2 command to the tODTon reference for frequency set 0.

15-9

—

Reserved

8

PI_ODT_EN_F2

Enable support of DRAM ODT. When enabled, PI will assert and de-assert ODT output to DRAM as needed 
for frequency set 2.

7-0

PI_TODTL_2C
MD_F2

Defines the DRAM timing between an ODT to the next non read/write command for frequency set 2, in 
memory clocks.

For LPDDR3 memories: Program to the (tODToff + 1) value from the memory specification.

For LPDDR4/LPDDR4X memories: This parameter has no meaning for this memory type.

75.9.1.247 DENALI_PI_181 (DENALI_PI_181)

Offset

Register Offset

DENALI_PI_181 22D4h

Function
This register describes the parameters of DDR PI register 181.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_RDLVL_GAT
E_E...

Reserved 
PI_RDLVL_EN_

F0 W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_RD_TO_ODTH_F2 Reserved PI_RD_TO_ODTH_F1 

W

Reset u u 0 0 0 0 0 0 u u 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-24

PI_RDLVL_GAT
E_EN_F0

Enable the PI gate training module for frequency set 0. Bit(1) represents the support when post-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

23-18

—

Reserved

17-16

PI_RDLVL_EN_
F0

Enable the PI data eye training module for frequency set 0. Bit(1) represents the support when post-
initialization. Bit(0)represents the support when initialization. Set to 1 to enable.

15-14

—

Reserved

13-8

PI_RD_TO_OD
TH_F2

Defines the delay from a read command to ODT assertion for frequency set 2.

7-6

—

Reserved

5-0

PI_RD_TO_OD
TH_F1

Defines the delay from a read command to ODT assertion for frequency set 1.
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75.9.1.248 DENALI_PI_182 (DENALI_PI_182)

Offset

Register Offset

DENALI_PI_182 22D8h

Function
This register describes the parameters of DDR PI register 182.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_RDLVL_GAT
E_E...

Reserved 
PI_RDLVL_EN_

F2 W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_RDLVL_GAT
E_E...

Reserved 
PI_RDLVL_EN_

F1 W

Reset u u u u u u 0 0 u u u u u u 0 0

Fields

Field Function

31-26

—

Reserved

25-24

PI_RDLVL_GAT
E_EN_F2

Enable the PI gate training module for frequency set 2. Bit(1) represents the support when post-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

23-18

—

Reserved

17-16

PI_RDLVL_EN_
F2

Enable the PI data eye training module for frequency set 2. Bit(1) represents the support when post-
initialization. Bit(0)represents the support when initialization. Set to 1 to enable.

15-10

—

Reserved

9-8 Enable the PI gate training module for frequency set 1. Bit(1) represents the support when post-initialization. 
Bit(0)represents the support when initialization. Set to 1 to enable.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_RDLVL_GAT
E_EN_F1

7-2

—

Reserved

1-0

PI_RDLVL_EN_
F1

Enable the PI data eye training module for frequency set 1. Bit(1) represents the support when post-
initialization. Bit(0)represents the support when initialization. Set to 1 to enable.

75.9.1.249 DENALI_PI_186 (DENALI_PI_186)

Offset

Register Offset

DENALI_PI_186 22E8h

Function
This register describes the parameters of DDR PI register 186.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PI_WRLAT_ADJ_F0 
Reserv

ed 
PI_RDLAT_ADJ_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_RDLAT_ADJ_F1 
Reserv

ed 
PI_RDLAT_ADJ_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24 Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
for frequency set 0. Setting this bit to 0x0 will cause the dfi_wrdata_en to assert on the same controller 

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_WRLAT_AD
J_F0

clock as the dfi_address. Each incremental increase will delay the dfi_wrdata_en signal. The minimum 
supported value for this bit is 0.

23

—

Reserved

22-16

PI_RDLAT_ADJ
_F2

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal for frequency set 
2. Setting this bit to 0x2 will cause the dfi_rddata_en will assert one DFI PHY clock after the dfi_address 
signal. Each incremental increase will further delay the dfi_rddata_en signal. The minimum supported 
value for this bit is 4.

15

—

Reserved

14-8

PI_RDLAT_ADJ
_F1

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal for frequency set 
1. Setting this bit to 0x2 will cause the dfi_rddata_en will assert one DFI PHY clock after the dfi_address 
signal. Each incremental increase will further delay the dfi_rddata_en signal. The minimum supported 
value for this bit is 4.

7

—

Reserved

6-0

PI_RDLAT_ADJ
_F0

Adjusts the relative timing between DFI read commands and the dfi_rddata_en signal for frequency set 
0. Setting this bit to 0x2 will cause the dfi_rddata_en will assert one DFI PHY clock after the dfi_address 
signal. Each incremental increase will further delay the dfi_rddata_en signal. The minimum supported 
value for this bit is 4.

75.9.1.250 DENALI_PI_187 (DENALI_PI_187)

Offset

Register Offset

DENALI_PI_187 22ECh

Function
This register describes the parameters of DDR PI register 187.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TDFI_PHY_WRDATA
_F1 

Reserved 
PI_TDFI_PHY_WRDATA

_F0 W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_WRLAT_ADJ_F2 
Reserv

ed 
PI_WRLAT_ADJ_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PI_TDFI_PHY_
WRDATA_F1

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 1, the maximum cycles 
between a dfi_wrdata_en assertion and a dfi_wrdata signal.

23-19

—

Reserved

18-16

PI_TDFI_PHY_
WRDATA_F0

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 0, the maximum cycles 
between a dfi_wrdata_en assertion and a dfi_wrdata signal.

15

—

Reserved

14-8

PI_WRLAT_AD
J_F2

Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
for frequency set 2. Setting this bit to 0x0 will cause the dfi_wrdata_en to assert on the same controller 
clock as the dfi_address. Each incremental increase will delay the dfi_wrdata_en signal. The minimum 
supported value for this bit is 0.

7

—

Reserved

6-0

PI_WRLAT_AD
J_F1

Adjusts the relative timing in memory clocks between DFI write commands and the dfi_wrdata_en signal 
for frequency set 1. Setting this bit to 0x0 will cause the dfi_wrdata_en to assert on the same controller 
clock as the dfi_address. Each incremental increase will delay the dfi_wrdata_en signal. The minimum 
supported value for this bit is 0.
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75.9.1.251 DENALI_PI_188 (DENALI_PI_188)

Offset

Register Offset

DENALI_PI_188 22F0h

Function
This register describes the parameters of DDR PI register 188.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TDFI_CALV
L_C...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CALVL_CC_F0 Reserved 

PI_TDFI_PHY_WRDATA
_F2 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-18

—

Reserved

17-8

PI_TDFI_CALV
L_CC_F0

Defines the DFI tcalvl_cc timing, the minimum number of DFI clocks required between calibration 
commands for CA training for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-3

—

Reserved

2-0

PI_TDFI_PHY_
WRDATA_F2

Defines the DFI tPHY_WRDATA timing (in DFI PHY clocks) for frequency set 2, the maximum cycles 
between a dfi_wrdata_en assertion and a dfi_wrdata signal.
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75.9.1.252 DENALI_PI_189 (DENALI_PI_189)

Offset

Register Offset

DENALI_PI_189 22F4h

Function
This register describes the parameters of DDR PI register 189.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CALVL_CC_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_CAPTURE_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_CALV
L_CC_F1

Defines the DFI tcalvl_cc timing, the minimum number of DFI clocks required between calibration 
commands for CA training for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TDFI_CALV
L_CAPTURE_F

0

Defines the DFI tcalvl_capture timing for frequency set 0, the minimum number of DFI clocks required after a 
CA calibration command until the dfi_calvl_capture signal is pulsed.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.
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75.9.1.253 DENALI_PI_190 (DENALI_PI_190)

Offset

Register Offset

DENALI_PI_190 22F8h

Function
This register describes the parameters of DDR PI register 190.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CALVL_CC_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_CAPTURE_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_CALV
L_CC_F2

Defines the DFI tcalvl_cc timing, the minimum number of DFI clocks required between calibration 
commands for CA training for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TDFI_CALV
L_CAPTURE_F

1

Defines the DFI tcalvl_capture timing for frequency set 1, the minimum number of DFI clocks required after a 
CA calibration command until the dfi_calvl_capture signal is pulsed.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.
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75.9.1.254 DENALI_PI_191 (DENALI_PI_191)

Offset

Register Offset

DENALI_PI_191 22FCh

Function
This register describes the parameters of DDR PI register 191.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_CALVL_EN_
F1 

Reserved 
PI_CALVL_EN_

F0 W

Reset u u u u u u 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_CAPTURE_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-24

PI_CALVL_EN_
F1

Enable the PI CA training module for frequency set 1.

00b - Disable

01b - Enable

23-18

—

Reserved

17-16

PI_CALVL_EN_
F0

Enable the PI CA training module for frequency set 0.

00b - Disable

01b - Enable

15-10

—

Reserved

9-0 Defines the DFI tcalvl_capture timing for frequency set 2, the minimum number of DFI clocks required after a 
CA calibration command until the dfi_calvl_capture signal is pulsed.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_TDFI_CALV
L_CAPTURE_F

2

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.255 DENALI_PI_192 (DENALI_PI_192)

Offset

Register Offset

DENALI_PI_192 2300h

Function
This register describes the parameters of DDR PI register 192.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCAENT_F0 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TMRZ_F0 Reserved 

PI_CALVL_EN_
F2 W

Reset u u u 0 0 0 0 0 u u u u u u 0 0

Fields

Field Function

31-30

—

Reserved

29-16

PI_TCAENT_F0

Defines the DRAM tCAENT term, in memory clocks for frequency set 0. This is the minimum delay after 
CKE is de-asserted that the first CA calibration command pulse be sent.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

Table continues on the next page...
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Table continued from the previous page...

Field Function

For all other memory systems, this bit must be cleared to 'b0.

15-13

—

Reserved

12-8

PI_TMRZ_F0

Defines the delay between a MRW CA exit command and the DQ tristate for frequency set 0, in memory 
clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-2

—

Reserved

1-0

PI_CALVL_EN_
F2

Enable the PI CA training module for frequency set 2.

00b - Disable

01b - Enable

75.9.1.256 DENALI_PI_193 (DENALI_PI_193)

Offset

Register Offset

DENALI_PI_193 2304h

Function
This register describes the parameters of DDR PI register 193.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TMRZ_F2 Reserved PI_TCAENT_F1 

W

Reset u u u 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TCAENT_F1 Reserved PI_TMRZ_F1 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-24

PI_TMRZ_F2

Defines the delay between a MRW CA exit command and the DQ tristate for frequency set 2, in memory 
clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-22

—

Reserved

21-8

PI_TCAENT_F1

Defines the DRAM tCAENT term, in memory clocks for frequency set 1. This is the minimum delay after 
CKE is de-asserted that the first CA calibration command pulse be sent.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-5

—

Reserved

4-0

PI_TMRZ_F1

Defines the delay between a MRW CA exit command and the DQ tristate for frequency set 1, in memory 
clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.257 DENALI_PI_194 (DENALI_PI_194)

Offset

Register Offset

DENALI_PI_194 2308h

Function
This register describes the parameters of DDR PI register 194.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CASEL_F0 Reserved PI_TDFI_CACSCA_F0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TCAENT_F2 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PI_TDFI_CASE
L_F0

Defines the DFI tcalvl_ca_sel timing for frequency set 0, the width of dfi_calvl_ca_sel in PHY DFI clock 
cycles.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-21

—

Reserved

20-16

PI_TDFI_CACS
CA_F0

Defines the DFI tcalvl_cs_ca timing for frequency set 0, the number of PHY DFI clocks from the assertion of 
dfi_calvl_ca_sel to the assertion of dfi_cs.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-14

—

Reserved

13-0

PI_TCAENT_F2

Defines the DRAM tCAENT term, in memory clocks for frequency set 2. This is the minimum delay after 
CKE is de-asserted that the first CA calibration command pulse be sent.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.
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75.9.1.258 DENALI_PI_195 (DENALI_PI_195)

Offset

Register Offset

DENALI_PI_195 230Ch

Function
This register describes the parameters of DDR PI register 195.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TVREF_LONG_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TVREF_SHORT_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TVREF_LO
NG_F0

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize > 1 for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TVREF_SH
ORT_F0

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize = 1 for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.
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75.9.1.259 DENALI_PI_196 (DENALI_PI_196)

Offset

Register Offset

DENALI_PI_196 2310h

Function
This register describes the parameters of DDR PI register 196.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TVREF_SHORT_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CASEL_F1 Reserved PI_TDFI_CACSCA_F1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TVREF_SH
ORT_F1

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize = 1 for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-13

—

Reserved

12-8

PI_TDFI_CASE
L_F1

Defines the DFI tcalvl_ca_sel timing for frequency set 1, the width of dfi_calvl_ca_sel in PHY DFI clock 
cycles.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

Table continues on the next page...
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Table continued from the previous page...

Field Function

For all other memory systems, this bit must be cleared to 'b0.

7-5

—

Reserved

4-0

PI_TDFI_CACS
CA_F1

Defines the DFI tcalvl_cs_ca timing for frequency set 1, the number of PHY DFI clocks from the assertion of 
dfi_calvl_ca_sel to the assertion of dfi_cs.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.260 DENALI_PI_197 (DENALI_PI_197)

Offset

Register Offset

DENALI_PI_197 2314h

Function
This register describes the parameters of DDR PI register 197.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CASEL_F2 Reserved PI_TDFI_CACSCA_F2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TVREF_LONG_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-24

PI_TDFI_CASE
L_F2

Defines the DFI tcalvl_ca_sel timing for frequency set 2, the width of dfi_calvl_ca_sel in PHY DFI clock 
cycles.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-21

—

Reserved

20-16

PI_TDFI_CACS
CA_F2

Defines the DFI tcalvl_cs_ca timing for frequency set 2, the number of PHY DFI clocks from the assertion of 
dfi_calvl_ca_sel to the assertion of dfi_cs.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TVREF_LO
NG_F1

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize > 1 for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.261 DENALI_PI_198 (DENALI_PI_198)

Offset

Register Offset

DENALI_PI_198 2318h

Function
This register describes the parameters of DDR PI register 198.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TVREF_LONG_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TVREF_SHORT_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TVREF_LO
NG_F2

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize > 1 for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TVREF_SH
ORT_F2

Defines the delay in PI clock cycles between the dfi_calvl_strobe to the next command if the 
pi_calvl_vref_stepsize = 1 for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.262 DENALI_PI_199 (DENALI_PI_199)

Offset

Register Offset

DENALI_PI_199 231Ch

Function
This register describes the parameters of DDR PI register 199.
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The pi_calvl_vref_initial_start_point and pi_calvl_vref_initial_stop_point must be set to known valid working values 
to prevent the incorrect CA slave delay settings after training. Recommendation is to use the nominal VREF value 
(based on the device programming of VDDQ/3 or VDDQ/2.5 along with the drive/termination settings used) +/- 4%.

  NOTE  

 
To ensure the proper operation of CBT (Command Bus Training), always enable VRCG high-current mode by 
setting bit [3] of the pi_mr13_data parameter to 1 prior to CBT training.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PI_CALVL_VREF_INITIAL_STOP_POINT_F1 
Reserv

ed 
PI_CALVL_VREF_INITIAL_START_POINT_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_CALVL_VREF_INITIAL_STOP_POINT_F0 
Reserv

ed 
PI_CALVL_VREF_INITIAL_START_POINT_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PI_CALVL_VRE
F_INITIAL_STO

P_POINT_F1

The ending value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 1.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23

—

Reserved

22-16

PI_CALVL_VRE
F_INITIAL_STA
RT_POINT_F1

The starting value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 1.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

15

—

Reserved

14-8

PI_CALVL_VRE
F_INITIAL_STO

P_POINT_F0

The ending value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 0.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7

—

Reserved

6-0

PI_CALVL_VRE
F_INITIAL_STA
RT_POINT_F0

The starting value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 0.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.263 DENALI_PI_200 (DENALI_PI_200)

Offset

Register Offset

DENALI_PI_200 2320h

Function
This register describes the parameters of DDR PI register 200.

 
The pi_calvl_vref_initial_start_point and pi_calvl_vref_initial_stop_point parameters must be set to known valid 
working values to prevent the incorrect CA slave delay settings after training. Recommendation is to use the 
nominal VREF value (based on the device programming of VDDQ/3 or VDDQ/2.5 along with the drive/termination 
settings used) +/- 4%.

  NOTE  

 
To ensure the proper operation of CBT (Command Bus Training), always enable VRCG high-current mode by 
setting bit [3] of the pi_mr13_data parameter to 1 prior to CBT training.

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_CALVL_VREF_DELTA_F1 Reserved PI_CALVL_VREF_DELTA_F0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_CALVL_VREF_INITIAL_STOP_POINT_F2 
Reserv

ed 
PI_CALVL_VREF_INITIAL_START_POINT_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PI_CALVL_VRE
F_DELTA_F1

The delta from the current VREF(CA) setting to create the starting value and ending value for VREF(CA) 
adjustment during post-initial LPDDR4 CA training for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-20

—

Reserved

19-16

PI_CALVL_VRE
F_DELTA_F0

The delta from the current VREF(CA) setting to create the starting value and ending value for VREF(CA) 
adjustment during post-initial LPDDR4 CA training for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15

—

Reserved

14-8

PI_CALVL_VRE
F_INITIAL_STO

P_POINT_F2

The ending value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 2.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

6-0

PI_CALVL_VRE
F_INITIAL_STA
RT_POINT_F2

The starting value for VREF(CA) adjustment during initial LPDDR4 CA training for frequency set 2.

• Bit [6] = VREF(CA) range setting.

• Bits [5:0] = VREF(CA) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.264 DENALI_PI_201 (DENALI_PI_201)

Offset

Register Offset

DENALI_PI_201 2324h

Function
This register describes the parameters of DDR PI register 201.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TMRWCKEL_F0 Reserved PI_TXP_F0 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_STROBE_F0 Reserved PI_CALVL_VREF_DELTA_F2 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-24

PI_TMRWCKEL
_F0

Defines the DRAM tMRWCKEL term, the valid clock and CS requirement after CKE deasserts after a 
MRW command for frequency set 0, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

Table continues on the next page...
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Table continued from the previous page...

Field Function

For all other memory systems, this bit must be cleared to 'b0.

23-21

—

Reserved

20-16

PI_TXP_F0

Defines the DRAM tXP term, the delay between the assertion of CKE to the next valid command for 
frequency set 0, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-12

—

Reserved

11-8

PI_TDFI_CALV
L_STROBE_F0

Minimum number of DFI PHY clocks for frequency set 0 from dfi_calvl_data to dfi_calvl_strobe that are 
required for meeting setup time at the DRAM.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-4

—

Reserved

3-0

PI_CALVL_VRE
F_DELTA_F2

The delta from the current VREF(CA) setting to create the starting value and ending value for VREF(CA) 
adjustment during post-initial LPDDR4 CA training for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.265 DENALI_PI_202 (DENALI_PI_202)

Offset

Register Offset

DENALI_PI_202 2328h

Function
This register describes the parameters of DDR PI register 202.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TMRWCKEL_F1 Reserved PI_TXP_F1 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_STROBE_F1 Reserved PI_TCKELCK_F0 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-24

PI_TMRWCKEL
_F1

Defines the DRAM tMRWCKEL term, the valid clock and CS requirement after CKE deasserts after a 
MRW command for frequency set 1, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-21

—

Reserved

20-16

PI_TXP_F1

Defines the DRAM tXP term, the delay between the assertion of CKE to the next valid command for 
frequency set 1, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-12

—

Reserved

11-8

PI_TDFI_CALV
L_STROBE_F1

Minimum number of DFI PHY clocks for frequency set 1 from dfi_calvl_data to dfi_calvl_strobe that are 
required for meeting setup time at the DRAM.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-5

—

Reserved

4-0 Defines the DRAM tCKELCK term, the valid clock requirement after the deassertion of CKE for 
frequency set 0, in memory clocks.

Table continues on the next page...
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Field Function

PI_TCKELCK_F
0

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.266 DENALI_PI_203 (DENALI_PI_203)

Offset

Register Offset

DENALI_PI_203 232Ch

Function
This register describes the parameters of DDR PI register 203.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TMRWCKEL_F2 Reserved PI_TXP_F2 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_CALVL_STROBE_F2 Reserved PI_TCKELCK_F1 

W

Reset u u u u 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-24

PI_TMRWCKEL
_F2

Defines the DRAM tMRWCKEL term, the valid clock and CS requirement after CKE deasserts after a 
MRW command for frequency set 2, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23-21

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

20-16

PI_TXP_F2

Defines the DRAM tXP term, the delay between the assertion of CKE to the next valid command for 
frequency set 2, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-12

—

Reserved

11-8

PI_TDFI_CALV
L_STROBE_F2

Minimum number of DFI PHY clocks for frequency set 2 from dfi_calvl_data to dfi_calvl_strobe that are 
required for meeting setup time at the DRAM.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-5

—

Reserved

4-0

PI_TCKELCK_F
1

Defines the DRAM tCKELCK term, the valid clock requirement after the deassertion of CKE for 
frequency set 1, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.267 DENALI_PI_204 (DENALI_PI_204)

Offset

Register Offset

DENALI_PI_204 2330h

Function
This register describes the parameters of DDR PI register 204.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5447 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TDFI_INIT_S
T...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_INIT_START_F0 Reserved PI_TCKELCK_F2 

W

Reset 0 0 0 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-8

PI_TDFI_INIT_S
TART_F0

Defines the DFI tinit_start timing parameter, the number of DFI clocks from the assertion of the dfi_init_start 
signal on the DFI until the PHY must respond by de-asserting the dfi_init_complete signal for frequency 
set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7-5

—

Reserved

4-0

PI_TCKELCK_F
2

Defines the DRAM tCKELCK term, the valid clock requirement after the deassertion of CKE for 
frequency set 2, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.268 DENALI_PI_205 (DENALI_PI_205)

Offset

Register Offset

DENALI_PI_205 2334h

Function
This register describes the parameters of DDR PI register 205.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_INIT_START_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_INIT_COMPLETE_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_INIT_S
TART_F1

Defines the DFI tinit_start timing parameter, the number of DFI clocks from the assertion of the dfi_init_start 
signal on the DFI until the PHY must respond by de-asserting the dfi_init_complete signal for frequency 
set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-0

PI_TDFI_INIT_
COMPLETE_F0

Defines the DFI tinit_complete timing parameter, the maximum number of DFI clocks after the de-assertion 
of the dfi_init_start signal to the re-assertion of the dfi_init_complete signal for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.269 DENALI_PI_206 (DENALI_PI_206)

Offset

Register Offset

DENALI_PI_206 2338h

Function
This register describes the parameters of DDR PI register 206.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_INIT_START_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_INIT_COMPLETE_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_INIT_S
TART_F2

Defines the DFI tinit_start timing parameter, the number of DFI clocks from the assertion of the dfi_init_start 
signal on the DFI until the PHY must respond by de-asserting the dfi_init_complete signal for frequency 
set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-0

PI_TDFI_INIT_
COMPLETE_F1

Defines the DFI tinit_complete timing parameter, the maximum number of DFI clocks after the de-assertion 
of the dfi_init_start signal to the re-assertion of the dfi_init_complete signal for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.270 DENALI_PI_207 (DENALI_PI_207)

Offset

Register Offset

DENALI_PI_207 233Ch

Function
This register describes the parameters of DDR PI register 207.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCKEHDQS_F0 

W

Reset u u u u u u u u u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_INIT_COMPLETE_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

—

Reserved

21-16

PI_TCKEHDQS
_F0

Defines the DRAM tCKEHDQS term, the minimum delay from CKE high to strobe high impedance for 
frequency set 0, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-0

PI_TDFI_INIT_
COMPLETE_F2

Defines the DFI tinit_complete timing parameter, the maximum number of DFI clocks after the de-assertion 
of the dfi_init_start signal to the re-assertion of the dfi_init_complete signal for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.271 DENALI_PI_208 (DENALI_PI_208)

Offset

Register Offset

DENALI_PI_208 2340h

Function
This register describes the parameters of DDR PI register 208.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCKEHDQS_F1 

W

Reset u u u u u u u u u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TFC_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

—

Reserved

21-16

PI_TCKEHDQS
_F1

Defines the DRAM tCKEHDQS term, the minimum delay from CKE high to strobe high impedance for 
frequency set 1, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TFC_F0

Defines the frequency set point switching time (DRAM tFC term), in memory clocks for frequency set 0. 
This parameter should be programmed with the worst-case value, i.e. tFC_LONG.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this parameter must be cleared to 0x000.

75.9.1.272 DENALI_PI_209 (DENALI_PI_209)

Offset

Register Offset

DENALI_PI_209 2344h

Function
This register describes the parameters of DDR PI register 209.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5452 / 5781



Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCKEHDQS_F2 

W

Reset u u u u u u u u u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TFC_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-22

—

Reserved

21-16

PI_TCKEHDQS
_F2

Defines the DRAM tCKEHDQS term, the minimum delay from CKE high to strobe high impedance for 
frequency set 2, in memory clocks.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TFC_F1

Defines the frequency set point switching time (DRAM tFC term), in memory clocks for frequency set 1. 
This parameter should be programmed with the worst-case value, i.e. tFC_LONG.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this parameter must be cleared to 0x000.

75.9.1.273 DENALI_PI_210 (DENALI_PI_210)

Offset

Register Offset

DENALI_PI_210 2348h

Function
This register describes the parameters of DDR PI register 210.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_WDQLVL_WR_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TFC_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_WDQL
VL_WR_F0

Switch time from write to read for frequency set 0.

15-10

—

Reserved

9-0

PI_TFC_F2

Defines the frequency set point switching time (DRAM tFC term), in memory clocks for frequency set 2. 
This parameter should be programmed with the worst-case value, i.e. tFC_LONG.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this parameter must be cleared to 0x000.

75.9.1.274 DENALI_PI_211 (DENALI_PI_211)

Offset

Register Offset

DENALI_PI_211 234Ch

Function
This register describes the parameters of DDR PI register 211.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PI_WDQLVL_VREF_INITIAL_STOP_POINT_F0 
Reserv

ed 
PI_WDQLVL_VREF_INITIAL_START_POINT_F0 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_WDQLVL_RW_F0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PI_WDQLVL_V
REF_INITIAL_S
TOP_POINT_F

0

The ending value for VREF(DQ) adjustment during initial write DQ training for frequency set 0.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23

—

Reserved

22-16

PI_WDQLVL_V
REF_INITIAL_S
TART_POINT_

F0

The starting value for VREF(DQ) adjustment during initial write DQ training for frequency set 0.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TDFI_WDQL
VL_RW_F0

Switch time from read to write for frequency set 0.
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75.9.1.275 DENALI_PI_212 (DENALI_PI_212)

Offset

Register Offset

DENALI_PI_212 2350h

Function
This register describes the parameters of DDR PI register 212.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_NTP_TRAIN
_EN...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_WDQLVL_E
N_F0 

Reserved PI_WDQLVL_VREF_DELTA_F0 
W

Reset u u u u u u 0 0 u u u u 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-16

PI_NTP_TRAIN
_EN_F0

Indicates whether the no topology WDQ training is enabled. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

15-10

—

Reserved

9-8

PI_WDQLVL_E
N_F0

Indicates if Write DQ leveling is enabled for frequency set 0. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

7-4

—

Reserved

3-0 The delta from the current VREF(DQ) setting to create the starting value and ending value for VREF(DQ) 
adjustment during post-initial write DQ training for frequency set 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_WDQLVL_V
REF_DELTA_F

0

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.276 DENALI_PI_213 (DENALI_PI_213)

Offset

Register Offset

DENALI_PI_213 2354h

Function
This register describes the parameters of DDR PI register 213.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_WDQLVL_RW_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_WDQLVL_WR_F1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PI_TDFI_WDQL
VL_RW_F1

Switch time from read to write for frequency set 1.

15-10

—

Reserved

Table continues on the next page...

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5457 / 5781



Table continued from the previous page...

Field Function

9-0

PI_TDFI_WDQL
VL_WR_F1

Switch time from write to read for frequency set 1.

75.9.1.277 DENALI_PI_214 (DENALI_PI_214)

Offset

Register Offset

DENALI_PI_214 2358h

Function
This register describes the parameters of DDR PI register 214.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_WDQLVL_E
N_F1 

Reserved PI_WDQLVL_VREF_DELTA_F1 
W

Reset u u u u u u 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R Reserv
ed 

PI_WDQLVL_VREF_INITIAL_STOP_POINT_F1 
Reserv

ed 
PI_WDQLVL_VREF_INITIAL_START_POINT_F1 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-24

PI_WDQLVL_E
N_F1

Indicates if Write DQ leveling is enabled for frequency set 1. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

23-20

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

19-16

PI_WDQLVL_V
REF_DELTA_F

1

The delta from the current VREF(DQ) setting to create the starting value and ending value for VREF(DQ) 
adjustment during post-initial write DQ training for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15

—

Reserved

14-8

PI_WDQLVL_V
REF_INITIAL_S
TOP_POINT_F

1

The ending value for VREF(DQ) adjustment during initial write DQ training for frequency set 1.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

7

—

Reserved

6-0

PI_WDQLVL_V
REF_INITIAL_S
TART_POINT_

F1

The starting value for VREF(DQ) adjustment during initial write DQ training for frequency set 1.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.278 DENALI_PI_215 (DENALI_PI_215)

Offset

Register Offset

DENALI_PI_215 235Ch

Function
This register describes the parameters of DDR PI register 215.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TDFI_WDQL
VL_...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_WDQLVL_WR_F2 Reserved 

PI_NTP_TRAIN
_EN...W

Reset 0 0 0 0 0 0 0 0 u u u u u u 0 0

Fields

Field Function

31-18

—

Reserved

17-8

PI_TDFI_WDQL
VL_WR_F2

Switch time from write to read for frequency set 2.

7-2

—

Reserved

1-0

PI_NTP_TRAIN
_EN_F1

Indicates whether the no topology WDQ training is enabled. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

75.9.1.279 DENALI_PI_216 (DENALI_PI_216)

Offset

Register Offset

DENALI_PI_216 2360h

Function
This register describes the parameters of DDR PI register 216.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PI_WDQLVL_VREF_INITIAL_STOP_POINT_F2 
Reserv

ed 
PI_WDQLVL_VREF_INITIAL_START_POINT_F2 

W

Reset u 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TDFI_WDQLVL_RW_F2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PI_WDQLVL_V
REF_INITIAL_S
TOP_POINT_F

2

The ending value for VREF(DQ) adjustment during initial write DQ training for frequency set 2.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

23

—

Reserved

22-16

PI_WDQLVL_V
REF_INITIAL_S
TART_POINT_

F2

The starting value for VREF(DQ) adjustment during initial write DQ training for frequency set 2.

• Bit [6] = VREF(DQ) range setting.

• Bits [5:0] = VREF(DQ) setting.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

15-10

—

Reserved

9-0

PI_TDFI_WDQL
VL_RW_F2

Switch time from read to write for frequency set 2.
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75.9.1.280 DENALI_PI_217 (DENALI_PI_217)

Offset

Register Offset

DENALI_PI_217 2364h

Function
This register describes the parameters of DDR PI register 217.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TRTP_F0 Reserved 

PI_NTP_TRAIN
_EN...W

Reset 0 0 0 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PI_WDQLVL_E
N_F2 

Reserved PI_WDQLVL_VREF_DELTA_F2 
W

Reset u u u u u u 0 0 u u u u 0 0 0 0

Fields

Field Function

31-24

PI_TRTP_F0

Defines the read to precharge command delay for frequency set 0.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tRTP

• For LPDDR4/LPDDR4X memories: tRP

 
For the high-speed controller architecture, the observed minimum values may be one 
memory clock greater than the programmed value due to the nature of the half rate clocking.

  NOTE  

23-18

—

Reserved

17-16

PI_NTP_TRAIN
_EN_F2

Indicates whether the no topology WDQ training is enabled. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

15-10

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

9-8

PI_WDQLVL_E
N_F2

Indicates if Write DQ leveling is enabled for frequency set 2. Bit(1) represents the support when non-
initialization. Bit(0)represents the support when initialization.

7-4

—

Reserved

3-0

PI_WDQLVL_V
REF_DELTA_F

2

The delta from the current VREF(DQ) setting to create the starting value and ending value for VREF(DQ) 
adjustment during post-initial write DQ training for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 'b0.

75.9.1.281 DENALI_PI_218 (DENALI_PI_218)

Offset

Register Offset

DENALI_PI_218 2368h

Function
This register describes the parameters of DDR PI register 218.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TWR_F0 Reserved PI_TWTR_F0 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRCD_F0 PI_TRP_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Defines the write recovery time for frequency set 0 (DRAM tWR term), in memory clocks.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PI_TWR_F0

23-22

—

Reserved

21-16

PI_TWTR_F0

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 0.

• For LPDDR3 memories: tWTR

• For LPDDR4/LPDDR4X memories: tWTR

15-8

PI_TRCD_F0

Defines the DRAM RAS to CAS delay for frequency set 0 (DRAM tRCD term), in memory clocks.

7-0

PI_TRP_F0

Defines the DRAM tRP term for a single bank for frequency set 0, in memory clocks.

75.9.1.282 DENALI_PI_219 (DENALI_PI_219)

Offset

Register Offset

DENALI_PI_219 236Ch

Function
This register describes the parameters of DDR PI register 219.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TR
AS...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRAS_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-17

—

Reserved

16-0

PI_TRAS_MAX
_F0

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 0, in memory clocks.

75.9.1.283 DENALI_PI_220 (DENALI_PI_220)

Offset

Register Offset

DENALI_PI_220 2370h

Function
This register describes the parameters of DDR PI register 220.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCCDMW_F0 Reserved PI_TDQSCK_MAX_F0 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TRAS_MIN_F0 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

PI_TCCDMW_F
0

Defines the minimum CAS-to-CAS delay for masked writes (DRAM tCCDMW term) for frequency set 0, 
in memory clocks.

The memory specification value to be used is dependent on the memory system:

For LPDDR3 memories: No meaning for this memory type.

Table continues on the next page...
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Table continued from the previous page...

Field Function

For LPDDR4/LPDDR4X memories: tCCDMW

23-20

—

Reserved

19-16

PI_TDQSCK_M
AX_F0

Defines the maximum value of the DRAM tDQSCK term for frequency set 0, in memory clocks. This 
holds the delay between the memory clock (read latency cycles after the read command) and the first 
read DQS rising edge.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x0.

15-9

—

Reserved

8-0

PI_TRAS_MIN_
F0

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 0, in memory clocks.

75.9.1.284 DENALI_PI_221 (DENALI_PI_221)

Offset

Register Offset

DENALI_PI_221 2374h

Function
This register describes the parameters of DDR PI register 221.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TRTP_F1 PI_TMRW_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TMRD_F0 PI_TSR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_TRTP_F1

Defines the read to precharge command delay for frequency set 1.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tRTP

• For LPDDR4/LPDDR4X memories: tRP

 
For the high-speed controller architecture, the observed minimum values may be one 
memory clock greater than the programmed value due to the nature of the half rate clocking.

  NOTE  

23-16

PI_TMRW_F0

Defines the number of memory clocks required for a memory mode register write command for 
frequency set 0.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tMRW

• For LPDDR4/LPDDR4X memories: tMRW

15-8

PI_TMRD_F0

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 0. This is the time required to complete the write operation to the mode 
register.

7-0

PI_TSR_F0

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 0, in memory clocks. This 
value can be found by reviewing the initialization requirements in the memory specification.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.

75.9.1.285 DENALI_PI_222 (DENALI_PI_222)

Offset

Register Offset

DENALI_PI_222 2378h

Function
This register describes the parameters of DDR PI register 222.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TWR_F1 Reserved PI_TWTR_F1 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRCD_F1 PI_TRP_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PI_TWR_F1

Defines the write recovery time for frequency set 1 (DRAM tWR term), in memory clocks.

23-22

—

Reserved

21-16

PI_TWTR_F1

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 1.

• For LPDDR3 memories: tWTR

• For LPDDR4/LPDDR4X memories: tWTR

15-8

PI_TRCD_F1

Defines the DRAM RAS to CAS delay for frequency set 1 (DRAM tRCD term), in memory clocks.

7-0

PI_TRP_F1

Defines the DRAM tRP term for a single bank for frequency set 1, in memory clocks.

75.9.1.286 DENALI_PI_223 (DENALI_PI_223)

Offset

Register Offset

DENALI_PI_223 237Ch

Function
This register describes the parameters of DDR PI register 223.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TR
AS...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRAS_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-0

PI_TRAS_MAX
_F1

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 1, in memory clocks.

75.9.1.287 DENALI_PI_224 (DENALI_PI_224)

Offset

Register Offset

DENALI_PI_224 2380h

Function
This register describes the parameters of DDR PI register 224.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCCDMW_F1 Reserved PI_TDQSCK_MAX_F1 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TRAS_MIN_F1 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-30

—

Reserved

29-24

PI_TCCDMW_F
1

Defines the minimum CAS-to-CAS delay for masked writes (DRAM tCCDMW term) for frequency set 1, 
in memory clocks.

The memory specification value to be used is dependent on the memory system:

For LPDDR3 memories: No meaning for this memory type.

For LPDDR4/LPDDR4X memories: tCCDMW

23-20

—

Reserved

19-16

PI_TDQSCK_M
AX_F1

Defines the maximum value of the DRAM tDQSCK term for frequency set 1, in memory clocks. This 
holds the delay between the memory clock (read latency cycles after the read command) and the first 
read DQS rising edge.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x0.

15-9

—

Reserved

8-0

PI_TRAS_MIN_
F1

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 1, in memory clocks.

75.9.1.288 DENALI_PI_225 (DENALI_PI_225)

Offset

Register Offset

DENALI_PI_225 2384h

Function
This register describes the parameters of DDR PI register 225.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TRTP_F2 PI_TMRW_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TMRD_F1 PI_TSR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PI_TRTP_F2

Defines the read to precharge command delay for frequency set 2.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tRTP

• For LPDDR4/LPDDR4X memories: tRP

 
For the high-speed controller architecture, the observed minimum values may be one 
memory clock greater than the programmed value due to the nature of the half rate clocking.

  NOTE  

23-16

PI_TMRW_F1

Defines the number of memory clocks required for a memory mode register write command for 
frequency set 1.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tMRW

• For LPDDR4/LPDDR4X memories: tMRW

15-8

PI_TMRD_F1

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 1. This is the time required to complete the write operation to the mode 
register.

7-0

PI_TSR_F1

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 1, in memory clocks. This 
value can be found by reviewing the initialization requirements in the memory specification.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.
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75.9.1.289 DENALI_PI_226 (DENALI_PI_226)

Offset

Register Offset

DENALI_PI_226 2388h

Function
This register describes the parameters of DDR PI register 226.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TWR_F2 Reserved PI_TWTR_F2 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRCD_F2 PI_TRP_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PI_TWR_F2

Defines the write recovery time for frequency set 2 (DRAM tWR term), in memory clocks.

23-22

—

Reserved

21-16

PI_TWTR_F2

Sets the number of memory clocks needed to switch from a write to a read operation to different bank 
groups for frequency set 2.

• For LPDDR3 memories: tWTR

• For LPDDR4/LPDDR4X memories: tWTR

15-8

PI_TRCD_F2

Defines the DRAM RAS to CAS delay for frequency set 2 (DRAM tRCD term), in memory clocks.

7-0

PI_TRP_F2

Defines the DRAM tRP term for a single bank for frequency set 2, in memory clocks.
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75.9.1.290 DENALI_PI_227 (DENALI_PI_227)

Offset

Register Offset

DENALI_PI_227 238Ch

Function
This register describes the parameters of DDR PI register 227.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PI_TR
AS...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TRAS_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16-0

PI_TRAS_MAX
_F2

Defines the DRAM maximum row active time (DRAM tRAS term) for frequency set 2, in memory clocks.

75.9.1.291 DENALI_PI_228 (DENALI_PI_228)

Offset

Register Offset

DENALI_PI_228 2390h

Function
This register describes the parameters of DDR PI register 228.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TCCDMW_F2 Reserved PI_TDQSCK_MAX_F2 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TRAS_MIN_F2 

W

Reset u u u u u u u 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30

—

Reserved

29-24

PI_TCCDMW_F
2

Defines the minimum CAS-to-CAS delay for masked writes (DRAM tCCDMW term) for frequency set 2, 
in memory clocks.

The memory specification value to be used is dependent on the memory system:

For LPDDR3 memories: No meaning for this memory type.

For LPDDR4/LPDDR4X memories: tCCDMW

23-20

—

Reserved

19-16

PI_TDQSCK_M
AX_F2

Defines the maximum value of the DRAM tDQSCK term for frequency set 2, in memory clocks. This 
holds the delay between the memory clock (read latency cycles after the read command) and the first 
read DQS rising edge.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x0.

15-9

—

Reserved

8-0

PI_TRAS_MIN_
F2

Defines the DRAM minimum row activate time (DRAM tRAS term) for frequency set 2, in memory clocks.
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75.9.1.292 DENALI_PI_229 (DENALI_PI_229)

Offset

Register Offset

DENALI_PI_229 2394h

Function
This register describes the parameters of DDR PI register 229.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TMRW_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TMRD_F2 PI_TSR_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

PI_TMRW_F2

Defines the number of memory clocks required for a memory mode register write command for 
frequency set 2.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tMRW

• For LPDDR4/LPDDR4X memories: tMRW

15-8

PI_TMRD_F2

Defines the minimum number of memory clocks required between two memory mode register write 
commands for frequency set 2. This is the time required to complete the write operation to the mode 
register.

7-0

PI_TSR_F2

Defines the minimum self-refresh time (DRAM tTSR term) for frequency set 2, in memory clocks. This 
value can be found by reviewing the initialization requirements in the memory specification.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.
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75.9.1.293 DENALI_PI_230 (DENALI_PI_230)

Offset

Register Offset

DENALI_PI_230 2398h

Function
This register describes the parameters of DDR PI register 230.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CTRLUPD_MAX_F0 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_MAX_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-0

PI_TDFI_CTRL
UPD_MAX_F0

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks) for frequency set 0, the maximum cycles that 
dfi_ctrlupd_req can be asserted. If programmed to a non-zero, a timing violation will cause an interrupt and 
bit (1) set in the PI_UPDATE_ERROR_STATUS.

75.9.1.294 DENALI_PI_231 (DENALI_PI_231)

Offset

Register Offset

DENALI_PI_231 239Ch

Function
This register describes the parameters of DDR PI register 231.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TDFI_CTRLUPD_INTERVAL_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_INTERVAL_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PI_TDFI_CTRL
UPD_INTERVA

L_F0

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks) for frequency set 0, the maximum cycles 
between dfi_ctrlupd_req assertions. If programmed to a non-zero, a timing violation will cause an interrupt 
and bit (0) set in the PI_UPDATE_ERROR_STATUS.

75.9.1.295 DENALI_PI_232 (DENALI_PI_232)

Offset

Register Offset

DENALI_PI_232 23A0h

Function
This register describes the parameters of DDR PI register 232.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CTRLUPD_MAX_F1 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_MAX_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-21

—

Reserved

20-0

PI_TDFI_CTRL
UPD_MAX_F1

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks) for frequency set 1, the maximum cycles that 
dfi_ctrlupd_req can be asserted. If programmed to a non-zero, a timing violation will cause an interrupt and 
bit (1) set in the PI_UPDATE_ERROR_STATUS.

75.9.1.296 DENALI_PI_233 (DENALI_PI_233)

Offset

Register Offset

DENALI_PI_233 23A4h

Function
This register describes the parameters of DDR PI register 233.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TDFI_CTRLUPD_INTERVAL_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_INTERVAL_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PI_TDFI_CTRL
UPD_INTERVA

L_F1

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks) for frequency set 1, the maximum cycles 
between dfi_ctrlupd_req assertions. If programmed to a non-zero, a timing violation will cause an interrupt 
and bit (0) set in the PI_UPDATE_ERROR_STATUS.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5478 / 5781



75.9.1.297 DENALI_PI_234 (DENALI_PI_234)

Offset

Register Offset

DENALI_PI_234 23A8h

Function
This register describes the parameters of DDR PI register 234.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TDFI_CTRLUPD_MAX_F2 

W

Reset u u u u u u u u u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_MAX_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-21

—

Reserved

20-0

PI_TDFI_CTRL
UPD_MAX_F2

Defines the DFI tCTRLUPD_MAX timing (in DFI clocks) for frequency set 2, the maximum cycles that 
dfi_ctrlupd_req can be asserted. If programmed to a non-zero, a timing violation will cause an interrupt and 
bit (1) set in the PI_UPDATE_ERROR_STATUS.

75.9.1.298 DENALI_PI_235 (DENALI_PI_235)

Offset

Register Offset

DENALI_PI_235 23ACh

Function
This register describes the parameters of DDR PI register 235.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TDFI_CTRLUPD_INTERVAL_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TDFI_CTRLUPD_INTERVAL_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PI_TDFI_CTRL
UPD_INTERVA

L_F2

Defines the DFI tCTRLUPD_INTERVAL timing (in DFI clocks) for frequency set 2, the maximum cycles 
between dfi_ctrlupd_req assertions. If programmed to a non-zero, a timing violation will cause an interrupt 
and bit (0) set in the PI_UPDATE_ERROR_STATUS.

75.9.1.299 DENALI_PI_236 (DENALI_PI_236)

Offset

Register Offset

DENALI_PI_236 23B0h

Function
This register describes the parameters of DDR PI register 236.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TXSR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TXSR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

PI_TXSR_F1

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 1, in memory clocks.

The meaning of this bit depends on the memory system being used:

• For LPDDR3 memories: tXSR

• For LPDDR4/LPDDR4X memories: tXSR

15-0

PI_TXSR_F0

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 0, in memory clocks.

The meaning of this bit depends on the memory system being used:

• For LPDDR3 memories: tXSR

• For LPDDR4/LPDDR4X memories: tXSR

75.9.1.300 DENALI_PI_237 (DENALI_PI_237)

Offset

Register Offset

DENALI_PI_237 23B4h

Function
This register describes the parameters of DDR PI register 237.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TEXCKE_F1 Reserved PI_TEXCKE_F0 

W

Reset u u 0 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TXSR_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-30 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

29-24

PI_TEXCKE_F1

Defines the timing in number of memory clocks for DRAM CKE low after SREF command for frequency 
set 1, in memory clocks.

23-22

—

Reserved

21-16

PI_TEXCKE_F0

Defines the timing in number of memory clocks for DRAM CKE low after SREF command for frequency 
set 0, in memory clocks.

15-0

PI_TXSR_F2

Defines the DRAM time from a self-refresh exit to an active command that requires the memory DLL to 
be locked for frequency set 2, in memory clocks.

The meaning of this bit depends on the memory system being used:

• For LPDDR3 memories: tXSR

• For LPDDR4/LPDDR4X memories: tXSR

75.9.1.301 DENALI_PI_238 (DENALI_PI_238)

Offset

Register Offset

DENALI_PI_238 23B8h

Function
This register describes the parameters of DDR PI register 238.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_TINIT_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT_F0 Reserved PI_TEXCKE_F2 

W

Reset 0 0 0 0 0 0 0 0 u u 0 0 0 0 0 0
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Fields

Field Function

31-8

PI_TINIT_F0

Defines the DRAM initialization delay, in memory clocks for frequency set 0. This refers to the time 
required for memory clocks to be started and stabilized before clock enable becomes active.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT1

• For LPDDR4/LPDDR4X memories: tINIT4

7-6

—

Reserved

5-0

PI_TEXCKE_F2

Defines the timing in number of memory clocks for DRAM CKE low after SREF command for frequency 
set 2, in memory clocks.

75.9.1.302 DENALI_PI_239 (DENALI_PI_239)

Offset

Register Offset

DENALI_PI_239 23BCh

Function
This register describes the parameters of DDR PI register 239.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT3_F0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT3_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

Table continues on the next page...
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Field Function

23-0

PI_TINIT3_F0

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 0. 
This bit should be programmed to the DRAM tINIT3 term from the memory specification.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT3

• For LPDDR4/LPDDR4X memories: tINIT3

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000000.

75.9.1.303 DENALI_PI_242 (DENALI_PI_242)

Offset

Register Offset

DENALI_PI_242 23C8h

Function
This register describes the parameters of DDR PI register 242.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TXSNR_F0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

Table continues on the next page...
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Field Function

15-0

PI_TXSNR_F0

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 0, in memory clocks.

75.9.1.304 DENALI_PI_243 (DENALI_PI_243)

Offset

Register Offset

DENALI_PI_243 23CCh

Function
This register describes the parameters of DDR PI register 243.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT_F1

Defines the DRAM initialization delay, in memory clocks for frequency set 1. This refers to the time 
required for memory clocks to be started and stabilized before clock enable becomes active.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT1

• For LPDDR4/LPDDR4X memories: tINIT4
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75.9.1.305 DENALI_PI_244 (DENALI_PI_244)

Offset

Register Offset

DENALI_PI_244 23D0h

Function
This register describes the parameters of DDR PI register 244.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT3_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT3_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT3_F1

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 1. 
This bit should be programmed to the DRAM tINIT3 term from the memory specification.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT3

• For LPDDR4/LPDDR4X memories: tINIT3

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000000.
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75.9.1.306 DENALI_PI_246 (DENALI_PI_246)

Offset

Register Offset

DENALI_PI_246 23D8h

Function
This register describes the parameters of DDR PI register 246.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT5_F1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT5_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT5_F1

Defines the maximum number of memory clocks required from memory reset to initialization complete for 
frequency set 1.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT5

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000000.

75.9.1.307 DENALI_PI_247 (DENALI_PI_247)

Offset

Register Offset

DENALI_PI_247 23DCh
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Function
This register describes the parameters of DDR PI register 247.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TXSNR_F1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PI_TXSNR_F1

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 1, in memory clocks.

75.9.1.308 DENALI_PI_248 (DENALI_PI_248)

Offset

Register Offset

DENALI_PI_248 23E0h

Function
This register describes the parameters of DDR PI register 248.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT_F2

Defines the DRAM initialization delay, in memory clocks for frequency set 2. This refers to the time 
required for memory clocks to be started and stabilized before clock enable becomes active.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT1

• For LPDDR4/LPDDR4X memories: tINIT4

75.9.1.309 DENALI_PI_249 (DENALI_PI_249)

Offset

Register Offset

DENALI_PI_249 23E4h

Function
This register describes the parameters of DDR PI register 249.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT3_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT3_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT3_F2

Defines the number of memory clocks required from CKE assertion to memory reset for frequency set 2. 
This bit should be programmed to the DRAM tINIT3 term from the memory specification.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT3

• For LPDDR4/LPDDR4X memories: tINIT3

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000000.

75.9.1.310 DENALI_PI_251 (DENALI_PI_251)

Offset

Register Offset

DENALI_PI_251 23ECh

Function
This register describes the parameters of DDR PI register 251.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TINIT5_F2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TINIT5_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-0

PI_TINIT5_F2

Defines the maximum number of memory clocks required from memory reset to initialization complete for 
frequency set 2.

The memory specification value to be used is dependent on the memory system:

• For LPDDR3 memories: tINIT5

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000000.

75.9.1.311 DENALI_PI_252 (DENALI_PI_252)

Offset

Register Offset

DENALI_PI_252 23F0h

Function
This register describes the parameters of DDR PI register 252.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_TXSNR_F2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-0

PI_TXSNR_F2

Defines the DRAM time from a self-refresh exit to a command that does not require the memory DLL to 
be locked for frequency set 2, in memory clocks.

75.9.1.312 DENALI_PI_253 (DENALI_PI_253)

Offset

Register Offset

DENALI_PI_253 23F4h

Function
This register describes the parameters of DDR PI register 253.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TZQCAL_F0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-16

PI_TZQCAL_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000.

15-0

—

Reserved

75.9.1.313 DENALI_PI_254 (DENALI_PI_254)

Offset

Register Offset

DENALI_PI_254 23F8h

Function
This register describes the parameters of DDR PI register 254.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TZQLAT_F0 

W

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-7 Reserved

Table continues on the next page...
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Field Function

—

6-0

PI_TZQLAT_F0

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 0.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.

75.9.1.314 DENALI_PI_255 (DENALI_PI_255)

Offset

Register Offset

DENALI_PI_255 23FCh

Function
This register describes the parameters of DDR PI register 255.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TZQCAL_F1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PI_TZQCAL_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 1.
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Table continued from the previous page...

Field Function

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000.

15-0

—

Reserved

75.9.1.315 DENALI_PI_256 (DENALI_PI_256)

Offset

Register Offset

DENALI_PI_256 2400h

Function
This register describes the parameters of DDR PI register 256.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TZQLAT_F1 

W

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-7

—

Reserved
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Field Function

6-0

PI_TZQLAT_F1

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 1.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.

75.9.1.316 DENALI_PI_257 (DENALI_PI_257)

Offset

Register Offset

DENALI_PI_257 2404h

Function
This register describes the parameters of DDR PI register 257.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_TZQCAL_F2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PI_TZQCAL_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Start calibration command for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3
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Field Function

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x000.

15-0

—

Reserved

75.9.1.317 DENALI_PI_258 (DENALI_PI_258)

Offset

Register Offset

DENALI_PI_258 2408h

Function
This register describes the parameters of DDR PI register 258.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_TZQLAT_F2 

W

Reset 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-7

—

Reserved

6-0

PI_TZQLAT_F2

Specifies the duration of wait time, in memory clocks, required for the memories to complete a ZQCal 
Latch command for frequency set 2.

This bit is only applicable when the PI is programmed for the following memory systems:

LPDDR3

LPDDR4/LPDDR4X

For all other memory systems, this bit must be cleared to 0x00.
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75.9.1.318 DENALI_PI_261 (DENALI_PI_261)

Offset

Register Offset

DENALI_PI_261 2414h

Function
This register describes the parameters of DDR PI register 261.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PI_ODT_WR_MAP_CS1 Reserved PI_ODT_RD_MAP_CS1 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PI_ODT_WR_MAP_CS0 Reserved PI_ODT_RD_MAP_CS0 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PI_ODT_WR_M
AP_CS1

Sets up which (if any) chip(s) will have their ODT termination active while a write occurs on chip select 1.

0b - This chip select will NOT have ODT active when chip select 1 is performing a write.

1b - This chip select will have active ODT termination when chip select 1 is performing a write.

23-20

—

Reserved

19-16

PI_ODT_RD_M
AP_CS1

Sets up which (if any) chip(s) will have their ODT termination active while a read occurs on chip select 1.

0b - This chip select will NOT have ODT active when chip select 1 is performing a read.

1b - This chip select will have active ODT termination when chip select 1 is performing a read.

15-12

—

Reserved

11-8 Sets up which (if any) chip(s) will have their ODT termination active while a write occurs on chip select 0.

0b - This chip select will NOT have ODT active when chip select 0 is performing a write.
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Field Function

PI_ODT_WR_M
AP_CS0

1b - This chip select will have active ODT termination when chip select 0 is performing a write.

7-4

—

Reserved

3-0

PI_ODT_RD_M
AP_CS0

Sets up which (if any) chip(s) will have their ODT termination active while a read occurs on chip select 0.

0b - This chip select will NOT have ODT active when chip select 0 is performing a read.

1b - This chip select will have active ODT termination when chip select 0 is performing a read.

75.9.1.319 DENALI_PI_277 (DENALI_PI_277)

Offset

Register Offset

DENALI_PI_277 2454h

Function
This register describes the parameters of DDR PI register 277.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR11_DATA_F0_0 PI_MR3_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR2_DATA_F0_0 PI_MR1_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PI_MR11_DAT
A_F0_0

Holds the memory mode register 11 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.
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Field Function

23-16

PI_MR3_DATA_
F0_0

Holds the memory mode register 3 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR2_DATA_
F0_0

Holds the memory mode register 2 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR1_DATA_
F0_0

Holds the memory mode register 1 data for frequency set 0 for chip select 0 written during memory 
initialization.

75.9.1.320 DENALI_PI_278 (DENALI_PI_278)

Offset

Register Offset

DENALI_PI_278 2458h

Function
This register describes the parameters of DDR PI register 278.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR1_DATA_F1_0 PI_MR22_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR14_DATA_F0_0 PI_MR12_DATA_F0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Holds the memory mode register 1 data for frequency set 1 for chip select 0 written during memory 
initialization.

Table continues on the next page...
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Field Function

PI_MR1_DATA_
F1_0

23-16

PI_MR22_DAT
A_F0_0

Holds the memory mode register 22 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR14_DAT
A_F0_0

Holds the memory mode register 14 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR12_DAT
A_F0_0

Holds the memory mode register 12 data for frequency set 0 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.321 DENALI_PI_279 (DENALI_PI_279)

Offset

Register Offset

DENALI_PI_279 245Ch

Function
This register describes the parameters of DDR PI register 279.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR12_DATA_F1_0 PI_MR11_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR3_DATA_F1_0 PI_MR2_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR12_DAT
A_F1_0

Holds the memory mode register 12 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR11_DAT
A_F1_0

Holds the memory mode register 11 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR3_DATA_
F1_0

Holds the memory mode register 3 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR2_DATA_
F1_0

Holds the memory mode register 2 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.322 DENALI_PI_280 (DENALI_PI_280)

Offset

Register Offset

DENALI_PI_280 2460h

Function
This register describes the parameters of DDR PI register 280.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR2_DATA_F2_0 PI_MR1_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR22_DATA_F1_0 PI_MR14_DATA_F1_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR2_DATA_
F2_0

Holds the memory mode register 2 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR1_DATA_
F2_0

Holds the memory mode register 1 data for frequency set 2 for chip select 0 written during memory 
initialization.

15-8

PI_MR22_DAT
A_F1_0

Holds the memory mode register 22 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR14_DAT
A_F1_0

Holds the memory mode register 14 data for frequency set 1 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.323 DENALI_PI_281 (DENALI_PI_281)

Offset

Register Offset

DENALI_PI_281 2464h

Function
This register describes the parameters of DDR PI register 281.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR14_DATA_F2_0 PI_MR12_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR11_DATA_F2_0 PI_MR3_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR14_DAT
A_F2_0

Holds the memory mode register 14 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR12_DAT
A_F2_0

Holds the memory mode register 12 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR11_DAT
A_F2_0

Holds the memory mode register 11 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR3_DATA_
F2_0

Holds the memory mode register 3 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.324 DENALI_PI_282 (DENALI_PI_282)

Offset

Register Offset

DENALI_PI_282 2468h

Function
This register describes the parameters of DDR PI register 282.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR3_DATA_F0_1 PI_MR2_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR1_DATA_F0_1 PI_MR22_DATA_F2_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR3_DATA_
F0_1

Holds the memory mode register 3 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR2_DATA_
F0_1

Holds the memory mode register 2 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR1_DATA_
F0_1

Holds the memory mode register 1 data for frequency set 0 for chip select 1 written during memory 
initialization.

7-0

PI_MR22_DAT
A_F2_0

Holds the memory mode register 22 data for frequency set 2 for chip select 0 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.325 DENALI_PI_283 (DENALI_PI_283)

Offset

Register Offset

DENALI_PI_283 246Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR22_DATA_F0_1 PI_MR14_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR12_DATA_F0_1 PI_MR11_DATA_F0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24 Holds the memory mode register 22 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

Table continues on the next page...
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Field Function

PI_MR22_DAT
A_F0_1

23-16

PI_MR14_DAT
A_F0_1

Holds the memory mode register 14 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR12_DAT
A_F0_1

Holds the memory mode register 12 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR11_DAT
A_F0_1

Holds the memory mode register 11 data for frequency set 0 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.326 DENALI_PI_284 (DENALI_PI_284)

Offset

Register Offset

DENALI_PI_284 2470h

Function
This register describes the parameters of DDR PI register 284.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR11_DATA_F1_1 PI_MR3_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR2_DATA_F1_1 PI_MR1_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR11_DAT
A_F1_1

Holds the memory mode register 11 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR3_DATA_
F1_1

Holds the memory mode register 3 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR2_DATA_
F1_1

Holds the memory mode register 2 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR1_DATA_
F1_1

Holds the memory mode register 1 data for frequency set 1 for chip select 1 written during memory 
initialization.

75.9.1.327 DENALI_PI_285 (DENALI_PI_285)

Offset

Register Offset

DENALI_PI_285 2474h

Function
This register describes the parameters of DDR PI register 285.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR1_DATA_F2_1 PI_MR22_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR14_DATA_F1_1 PI_MR12_DATA_F1_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR1_DATA_
F2_1

Holds the memory mode register 1 data for frequency set 2 for chip select 1 written during memory 
initialization.

23-16

PI_MR22_DAT
A_F1_1

Holds the memory mode register 22 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR14_DAT
A_F1_1

Holds the memory mode register 14 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR12_DAT
A_F1_1

Holds the memory mode register 12 data for frequency set 1 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.328 DENALI_PI_286 (DENALI_PI_286)

Offset

Register Offset

DENALI_PI_286 2478h

Function
This register describes the parameters of DDR PI register 286.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR12_DATA_F2_1 PI_MR11_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR3_DATA_F2_1 PI_MR2_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR12_DAT
A_F2_1

Holds the memory mode register 12 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR11_DAT
A_F2_1

Holds the memory mode register 11 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR3_DATA_
F2_1

Holds the memory mode register 3 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR2_DATA_
F2_1

Holds the memory mode register 2 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.329 DENALI_PI_287 (DENALI_PI_287)

Offset

Register Offset

DENALI_PI_287 247Ch

Function
This register describes the parameters of DDR PI register 287.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR2_DATA_F0_2 PI_MR1_DATA_F0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR22_DATA_F2_1 PI_MR14_DATA_F2_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR2_DATA_
F0_2

Holds the memory mode register 2 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR1_DATA_
F0_2

Holds the memory mode register 1 data for frequency set 0 for chip select 2 written during memory 
initialization.

15-8

PI_MR22_DAT
A_F2_1

Holds the memory mode register 22 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR14_DAT
A_F2_1

Holds the memory mode register 14 data for frequency set 2 for chip select 1 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.330 DENALI_PI_288 (DENALI_PI_288)

Offset

Register Offset

DENALI_PI_288 2480h

Function
This register describes the parameters of DDR PI register 288.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR14_DATA_F0_2 PI_MR12_DATA_F0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR11_DATA_F0_2 PI_MR3_DATA_F0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR14_DAT
A_F0_2

Holds the memory mode register 14 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR12_DAT
A_F0_2

Holds the memory mode register 12 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR11_DAT
A_F0_2

Holds the memory mode register 11 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR3_DATA_
F0_2

Holds the memory mode register 3 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.331 DENALI_PI_289 (DENALI_PI_289)

Offset

Register Offset

DENALI_PI_289 2484h

Function
This register describes the parameters of DDR PI register 289.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR3_DATA_F1_2 PI_MR2_DATA_F1_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR1_DATA_F1_2 PI_MR22_DATA_F0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR3_DATA_
F1_2

Holds the memory mode register 3 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR2_DATA_
F1_2

Holds the memory mode register 2 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR1_DATA_
F1_2

Holds the memory mode register 1 data for frequency set 1 for chip select 2 written during memory 
initialization.

7-0

PI_MR22_DAT
A_F0_2

Holds the memory mode register 22 data for frequency set 0 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.332 DENALI_PI_290 (DENALI_PI_290)

Offset

Register Offset

DENALI_PI_290 2488h

Function
This register describes the parameters of DDR PI register 290.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR22_DATA_F1_2 PI_MR14_DATA_F1_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR12_DATA_F1_2 PI_MR11_DATA_F1_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR22_DAT
A_F1_2

Holds the memory mode register 22 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR14_DAT
A_F1_2

Holds the memory mode register 14 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR12_DAT
A_F1_2

Holds the memory mode register 12 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR11_DAT
A_F1_2

Holds the memory mode register 11 data for frequency set 1 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.333 DENALI_PI_291 (DENALI_PI_291)

Offset

Register Offset

DENALI_PI_291 248Ch

Function
This register describes the parameters of DDR PI register 291.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR11_DATA_F2_2 PI_MR3_DATA_F2_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR2_DATA_F2_2 PI_MR1_DATA_F2_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR11_DAT
A_F2_2

Holds the memory mode register 11 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR3_DATA_
F2_2

Holds the memory mode register 3 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR2_DATA_
F2_2

Holds the memory mode register 2 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR1_DATA_
F2_2

Holds the memory mode register 1 data for frequency set 2 for chip select 2 written during memory 
initialization.

75.9.1.334 DENALI_PI_292 (DENALI_PI_292)

Offset

Register Offset

DENALI_PI_292 2490h

Function
This register describes the parameters of DDR PI register 292.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR1_DATA_F0_3 PI_MR22_DATA_F2_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR14_DATA_F2_2 PI_MR12_DATA_F2_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR1_DATA_
F0_3

Holds the memory mode register 1 data for frequency set 0 for chip select 3 written during memory 
initialization.

23-16

PI_MR22_DAT
A_F2_2

Holds the memory mode register 22 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR14_DAT
A_F2_2

Holds the memory mode register 14 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR12_DAT
A_F2_2

Holds the memory mode register 12 data for frequency set 2 for chip select 2 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.335 DENALI_PI_293 (DENALI_PI_293)

Offset

Register Offset

DENALI_PI_293 2494h

Function
This register describes the parameters of DDR PI register 293.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR12_DATA_F0_3 PI_MR11_DATA_F0_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR3_DATA_F0_3 PI_MR2_DATA_F0_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR12_DAT
A_F0_3

Holds the memory mode register 12 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR11_DAT
A_F0_3

Holds the memory mode register 11 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR3_DATA_
F0_3

Holds the memory mode register 3 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR2_DATA_
F0_3

Holds the memory mode register 2 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.336 DENALI_PI_294 (DENALI_PI_294)

Offset

Register Offset

DENALI_PI_294 2498h

Function
This register describes the parameters of DDR PI register 294.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR2_DATA_F1_3 PI_MR1_DATA_F1_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR22_DATA_F0_3 PI_MR14_DATA_F0_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR2_DATA_
F1_3

Holds the memory mode register 2 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR1_DATA_
F1_3

Holds the memory mode register 1 data for frequency set 1 for chip select 3 written during memory 
initialization.

15-8

PI_MR22_DAT
A_F0_3

Holds the memory mode register 22 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR14_DAT
A_F0_3

Holds the memory mode register 14 data for frequency set 0 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.337 DENALI_PI_295 (DENALI_PI_295)

Offset

Register Offset

DENALI_PI_295 249Ch

Function
This register describes the parameters of DDR PI register 295.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR14_DATA_F1_3 PI_MR12_DATA_F1_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR11_DATA_F1_3 PI_MR3_DATA_F1_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR14_DAT
A_F1_3

Holds the memory mode register 14 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR12_DAT
A_F1_3

Holds the memory mode register 12 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR11_DAT
A_F1_3

Holds the memory mode register 11 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR3_DATA_
F1_3

Holds the memory mode register 3 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.338 DENALI_PI_296 (DENALI_PI_296)

Offset

Register Offset

DENALI_PI_296 24A0h

Function
This register describes the parameters of DDR PI register 296.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR3_DATA_F2_3 PI_MR2_DATA_F2_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR1_DATA_F2_3 PI_MR22_DATA_F1_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR3_DATA_
F2_3

Holds the memory mode register 3 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR2_DATA_
F2_3

Holds the memory mode register 2 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR1_DATA_
F2_3

Holds the memory mode register 1 data for frequency set 2 for chip select 3 written during memory 
initialization.

7-0

PI_MR22_DAT
A_F1_3

Holds the memory mode register 22 data for frequency set 1 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.339 DENALI_PI_297 (DENALI_PI_297)

Offset

Register Offset

DENALI_PI_297 24A4h

Function
This register describes the parameters of DDR PI register 297.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PI_MR22_DATA_F2_3 PI_MR14_DATA_F2_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PI_MR12_DATA_F2_3 PI_MR11_DATA_F2_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PI_MR22_DAT
A_F2_3

Holds the memory mode register 22 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

23-16

PI_MR14_DAT
A_F2_3

Holds the memory mode register 14 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

15-8

PI_MR12_DAT
A_F2_3

Holds the memory mode register 12 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

7-0

PI_MR11_DAT
A_F2_3

Holds the memory mode register 11 data for frequency set 2 for chip select 3 written during memory 
initialization or during a frequency scaling procedure.

75.9.1.340 DENALI_PHY_31 (DENALI_PHY_31)

Offset

Register Offset

DENALI_PHY_31 407Ch

Function
This register describes the parameters of DDR PHY register 31.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_UPDT_WAIT_CNT_0 Reserved PHY_GTLVL_CAPTURE_CNT_0 

W

Reset u u u u 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_MASK_0 Reserved 

PHY_WRLVL_UPDT_WAIT_CNT_
0 W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

PHY_GTLVL_U
PDT_WAIT_CN

T_0

Defines the number of cycles (bit + 4) to wait after changing DQS slave delay setting during gate training 
for slice 0. The valid range is 0x0 to 0xB.

23-22

—

Reserved

21-16

PHY_GTLVL_C
APTURE_CNT_

0

Defines the number of samples to take at each DQS slave delay setting during gate training for slice 0.

15-8

PHY_DQ_MAS
K_0

Provides masking capability for DQ comparison during leveling for slice 0.

7-4

—

Reserved

3-0

PHY_WRLVL_U
PDT_WAIT_CN

T_0

Defines the number of cycles to wait after changing the wrdqs slave delay during write leveling to allow 
the slave delay lines to update for slice 0.

75.9.1.341 DENALI_PHY_33 (DENALI_PHY_33)

Offset

Register Offset

DENALI_PHY_33 4084h

Function
This register describes the parameters of DDR PHY register 33.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_WDQLVL_PATT_0 Reserved PHY_WDQLVL_BURST_CNT_0 

W

Reset u u u u u 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_WDQLVL_CLK_JITTER_TOLERANCE_0 PHY_RDLVL_DATA_MASK_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_WDQLVL
_PATT_0

Defines the training patterns to be used during the write data leveling sequence for slice 0. Bit (0) 
corresponds to the LFSR data training pattern. Bit (1) corresponds to the CLK data training pattern. Bit (2) 
corresponds to user-defined data pattern training. If multiple bits are set, the training for each of the chosen 
patterns will be executed and the settings that give the smallest data valid window eye will be chosen.

23-22

—

Reserved

21-16

PHY_WDQLVL
_BURST_CNT_

0

Defines the write/read burst length in bytes during the write data leveling sequence for slice 0.

15-8

PHY_WDQLVL
_CLK_JITTER_
TOLERANCE_0

Defines the minimum data valid window DQ/DM during write DQ training for slice 0.

Bits [7:0] = Fraction of a cycle with denominator of 512.

7-0

PHY_RDLVL_D
ATA_MASK_0

Defines the per-bit mask for read leveling for slice 0. If all bits are not used, only 1 bit should be cleared to 0.

75.9.1.342 DENALI_PHY_43 (DENALI_PHY_43)

Offset

Register Offset

DENALI_PHY_43 40ACh
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_FIFO_PTR_OBS_0 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

PHY_C
AL...W SC_PHY_MANUAL_CLEAR_0 

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

—

Reserved

23-16

PHY_FIFO_PT
R_OBS_0

Observation register containing read entry FIFO pointers for slice 0.

Observation register containing read entry FIFO pointers for slice 0.

15-14

—

Reserved

13-8

SC_PHY_MAN
UAL_CLEAR_0

Manual reset/clear of internal logic for slice 0.

Manual reset/clear of internal logic for slice 0. Bit (0) initiates manual setup of the read DQS gate. Bit (1) is 
reset of read entry FIFO pointers. Bit (2) is reset of master delay min/max lock values. Bit (3) is manual reset 
of master delay unlock counter. Bit (4) is reset of leveling error bit in the leveling status registers. Bit (5) is 
clearing of the gate tracking observation register. Set each bit to 1 to initiate/reset.

7-1

—

Reserved

0

PHY_CALVL_V
REF_DRIVING_

SLICE_0

Indicates if slice 0 is used to drive the VREF value to the device during CA training.

75.9.1.343 DENALI_PHY_72 (DENALI_PHY_72)

Offset

Register Offset

DENALI_PHY_72 4120h
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Function
This register describes the parameters of DDR PHY register 72.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_S
LI...

Reserved 
PHY_D
CC...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_R
DP...

Reserved 
PHY_S

LV...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

PHY_SLICE_P
WR_RDC_DISA

BLE_0

Controls functional clock gating in the data slice. Data slice power reduction disable for slice 0.

23-17

—

Reserved

16

PHY_DCC_RX
CAL_CTRL_GA
TE_DISABLE_0

Disable for the mechanism that gates the clock for the RX offset calibration logic. Data slice RX_CAL 
block power reduction disable for slice 0.

15-9

—

Reserved

8

PHY_RDPATH_
GATE_DISABL

E_0

Controls functional clock gating in the read data path. Data slice read path power reduction disable for 
slice 0.

7-1

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

PHY_SLV_DLY
_CTRL_GATE_

DISABLE_0

Controls functional clock gating in the slave delay line calculation module. Data slice slv_dly_control 
block power reduction disable for slice 0.

75.9.1.344 DENALI_PHY_73 (DENALI_PHY_73)

Offset

Register Offset

DENALI_PHY_73 4124h

Function
This register describes the parameters of DDR PHY register 73.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_DQS_TSEL_ENAB
LE_0 

PHY_DQ_TSEL_SELECT_0 
W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_TSEL_SELECT_0 Reserved 

PHY_DQ_TSEL_ENABL
E_0 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_DQS_TSE
L_ENABLE_0

Operation type tsel enables for DQS signals for slice 0. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

23-8 Operation type tsel select values for DQ/DM signals for slice 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_DQ_TSEL
_SELECT_0

7-3

—

Reserved

2-0

PHY_DQ_TSEL
_ENABLE_0

Operation type tsel enables for DQ/DM signals for slice 0. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

75.9.1.345 DENALI_PHY_74 (DENALI_PHY_74)

Offset

Register Offset

DENALI_PHY_74 4128h

Function
This register describes the parameters of DDR PHY register 74.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_VREF_INITIAL_START_POINT_0 Reserved 
PHY_TWO_CY

C_PRE...W

Reset u 0 0 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQS_TSEL_SELECT_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24 The VREF start value for initial VREF training for slice 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_VREF_INI
TIAL_START_P

OINT_0

23-18

—

Reserved

17-16

PHY_TWO_CY
C_PREAMBLE_

0

Enables 2 cycle preamble support for slice 0. Bit (0) controls the 2 cycle read preamble. Bit (1) controls the 
2 cycle write preamble. Set each bit to 1 to enable.

15-0

PHY_DQS_TSE
L_SELECT_0

Operation type tsel select values for DQS signals for slice 0.

75.9.1.346 DENALI_PHY_75 (DENALI_PHY_75)

Offset

Register Offset

DENALI_PHY_75 412Ch

Function
This register describes the parameters of DDR PHY register 75.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_NTP_WDQ_STEP_SIZE_0 Reserved 

PHY_N
TP...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_VREF_TR
AINI...

Reserv
ed 

PHY_VREF_INITIAL_STOP_POINT_0 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PHY_NTP_WD
Q_STEP_SIZE_

0

Step size of write DQ slave delay during No-Topology training for slice 0.

23-17

—

Reserved

16

PHY_NTP_TRA
IN_EN_0

Enable for No-Topology training for slice 0.

0b - Disabled

1b - Enabled

15-10

—

Reserved

9-8

PHY_VREF_TR
AINING_CTRL_

0

Controls the enable of VREF training for slice 0.

7

—

Reserved

6-0

PHY_VREF_INI
TIAL_STOP_P

OINT_0

Data slice initial VREF training stop value for slice 0. When programming the write DQ VREF stop point 
parameter, must set it equal to a multiple of the VREF (step size + start point).

75.9.1.347 DENALI_PHY_80 (DENALI_PHY_80)

Offset

Register Offset

DENALI_PHY_80 4140h

Function
This register describes the parameters of DDR PHY register 80.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_DSLICE_IO_CFG_0 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PAD_FDBK_RX_DCD_0 Reserved PHY_PAD_DQS_RX_DCD_0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

PHY_PAD_DSL
ICE_IO_CFG_0

Controls PCLK/PARK pin for IO pad for slice 0.

15-13

—

Reserved

12-8

PHY_PAD_FDB
K_RX_DCD_0

Controls RX_DCD pin for FDBK pad for slice 0.

7-5

—

Reserved

4-0

PHY_PAD_DQ
S_RX_DCD_0

Controls RX_DCD pin for DQS pad for slice 0.

75.9.1.348 DENALI_PHY_88 (DENALI_PHY_88)

Offset

Register Offset

DENALI_PHY_88 4160h

Function
This register describes the parameters of DDR PHY register 88.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_VREF_CTRL_DQ_0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_VREF_SETTING_TIME_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PHY_PAD_VRE
F_CTRL_DQ_0

Defines the pad VREF control settings for DQ slice 0.

15-0

PHY_VREF_SE
TTING_TIME_0

Defines the settling time for a change in VREF settings for slice 0.

75.9.1.349 DENALI_PHY_89 (DENALI_PHY_89)

Offset

Register Offset

DENALI_PHY_89 4164h

Function
This register describes the parameters of DDR PHY register 89.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_RDDATA_
EN_I...

PHY_DQS_IE_TIMING_0 
W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_IE_TIMING_0 Reserved 

PHY_P
ER...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

PHY_RDDATA_
EN_IE_DLY_0

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
input enable generation for slice 0.

23-16

PHY_DQS_IE_
TIMING_0

Defines the start and end timing adjustment values for the DQS input enable signals for slice 0.

15-8

PHY_DQ_IE_TI
MING_0

Defines the start and end timing adjustment values for the DQ/DM input enable signals for slice 0.

7-1

—

Reserved

0

PHY_PER_CS_
TRAINING_EN_

0

Enables the per-rank training and read/write timing capabilities for slice 0. Must have same value in all slices.

75.9.1.350 DENALI_PHY_90 (DENALI_PHY_90)

Offset

Register Offset

DENALI_PHY_90 4168h
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Function
This register describes the parameters of DDR PHY register 90.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_OE_DLY_0 Reserved PHY_RDDATA_EN_TSEL_DLY_0 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_D
BI...

Reserved 
PHY_IE_MODE

_0 W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_OE_DLY_0

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for the 
LPDDR4 OE extension generation for slice 0.

23-21

—

Reserved

20-16

PHY_RDDATA_
EN_TSEL_DLY

_0

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
termination control generation for slice 0.

15-9

—

Reserved

8

PHY_DBI_MOD
E_0

DBI mode for slice 0. This enables return of DBI read data.

0b - Disable

1b - Enable

7-2

—

Reserved

1-0

PHY_IE_MODE
_0

Input enable mode bits for slice 0. Bit (0) enables the mode where the input enables are always on; set to 
1 to enable. Bit (1) disables the input enable on the DM signal; set to 1 to disable.
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75.9.1.351 DENALI_PHY_92 (DENALI_PHY_92)

Offset

Register Offset

DENALI_PHY_92 4170h

Function
This register describes the parameters of DDR PHY register 92.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_WRLVL_DLY_STEP_0 Reserved PHY_RPTR_UPDATE_0 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_MASTER_DELAY_HALF_MEASURE_0 PHY_MASTER_DELAY_WAIT_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_WRLVL_D
LY_STEP_0

Defines the clk_wrdqs slave delay incremental step size during write leveling for slice 0.

23-20

—

Reserved

19-16

PHY_RPTR_UP
DATE_0

Defines the number of cycles to delay the internal read gate dfi_rddata_en signal for the release of data 
from the entry FIFO for slice 0.

15-8

PHY_MASTER_
DELAY_HALF_
MEASURE_0

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle in the data slice master for slice 0.

7-0

PHY_MASTER_
DELAY_WAIT_

0

Wait cycles for master delay line locking algorithm for slice 0. Bits (3:0) are the cycle wait count after a 
calibration clock setting change. Bits (7:4) are the cycle wait count after a master delay setting change.
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75.9.1.352 DENALI_PHY_93 (DENALI_PHY_93)

Offset

Register Offset

DENALI_PHY_93 4174h

Function
This register describes the parameters of DDR PHY register 93.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_RESP_WAIT_CNT_0 Reserved PHY_GTLVL_DLY_STEP_0 

W

Reset u u u 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_WRLVL_RESP_WAIT_CNT_0 Reserved PHY_WRLVL_DLY_FINE_STEP_0 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_GTLVL_R
ESP_WAIT_CN

T_0

Defines the number cycles (bit + 4) to wait after a read burst is detected before reading the gate 
sampling result during gate training for slice 0. The valid range is 0x0 to 0x1B.

23-20

—

Reserved

19-16

PHY_GTLVL_D
LY_STEP_0

Defines the rddqs_gate_delay incremental step size (in 1/512’s of a cycle) during gate training for slice 0.

15-14

—

Reserved

13-8 Defines the number of cycles to wait between dfi_wrlvl_strobe and the sampling of the DQs during write 
leveling for slice 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_WRLVL_R
ESP_WAIT_CN

T_0

7-4

—

Reserved

3-0

PHY_WRLVL_D
LY_FINE_STEP

_0

Defines the fine DQS slave delay incremental step size during write leveling for slice 2.

Bits [3:0] = Fraction of a cycle with denominator of 512.

75.9.1.353 DENALI_PHY_95 (DENALI_PHY_95)

Offset

Register Offset

DENALI_PHY_95 417Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDLVL_DLY_STEP_0 Reserved 

PHY_T
OG...W

Reset u u u u 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WDQLVL_QTR_DLY_STEP_
0 

PHY_WDQLVL_DLY_STEP_0 
W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_RDLVL_D
LY_STEP_0

Defines the DQS rise/fall slave delay incremental step size during data eye training for slice 0.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-17

—

Reserved

16

PHY_TOGGLE_
PRE_SUPPOR

T_0

Support the toggle read preamble for LPDDR4 for slice 0.

0b - Static read preamble

1b - Toggling read preamble

15-12

—

Reserved

11-8

PHY_WDQLVL
_QTR_DLY_ST

EP_0

Defines the step granularity for the logic to use, once an edge is found for slice 0. When this occurs, the logic 
jumps back to the previous invalid value and uses this step size to determine a more accurate delay value.

7-0

PHY_WDQLVL
_DLY_STEP_0

Defines the DQ slave delay incremental coarse step size during write DQ training for slice 0.

75.9.1.354 DENALI_PHY_96 (DENALI_PHY_96)

Offset

Register Offset

DENALI_PHY_96 4180h

Function
This register describes the parameters of DDR PHY register 96.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDLVL_MAX_EDGE_0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-10

—

Reserved

9-0

PHY_RDLVL_M
AX_EDGE_0

Provides the maximun rdlvl slave delay search window for read eye training for slice 0.

75.9.1.355 DENALI_PHY_97 (DENALI_PHY_97)

Offset

Register Offset

DENALI_PHY_97 4184h

Function
This register describes the parameters of DDR PHY register 97.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_DLY_0 Reserved PHY_MEAS_DLY_STEP_ENABLE_0 

W

Reset u u u 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WRPATH_GATE_T
IMING_0 

Reserved 
PHY_WRPATH

_GATE...W

Reset u u u u u 0 0 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_DLY_0

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
DQS gate and read data return for slice 0.

23-22 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

21-16

PHY_MEAS_DL
Y_STEP_ENAB

LE_0

Data slice training step definition using phy_meas_dly_step_value for slice 0.

Controls definition of delay parameter settings.

• Bit[5]: phy_wdqlvl_qtr_dly_step

• Bit[4]: phy_ntp_wdq_step_size

• Bit[3]: phy_wrlvl_dly_fine_step

• Bit[2]: phy_wrlvl_dly_step

• Bit[1]: phy_rdlvl_dly_step

• Bit[0]: phy_gtlvl_dly_step

Data value per bit:

0b - use standard phy_*_dly_step

1b - use value calculated by hardware which represents ¼ of the average value of a delay cell

15-11

—

Reserved

10-8

PHY_WRPATH
_GATE_TIMING

_0

Write path clock gating timing for slice 0, it means additional clock number to write path clock gate.

7-2

—

Reserved

1-0

PHY_WRPATH
_GATE_DISAB

LE_0

Write path clock gating disable for slice 0. Bit[0]: disable pull in wrdata_en; Bit[1]: disable write path clock 
gating, clock always on

75.9.1.356 DENALI_PHY_98 (DENALI_PHY_98)

Offset

Register Offset

DENALI_PHY_98 4188h

Function
This register describes the parameters of DDR PHY register 98.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_DQ_DM_SWIZZLE0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_DM_SWIZZLE0_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PHY_DQ_DM_
SWIZZLE0_0

DQ/DM bit swizzling 0 for slice 0.

• Bits [3:0] = Defines the bit of the DM/DQ maps to DQ0

• Bits [7:4] = Defines the bit of the DM/DQ maps to DQ1

• Bits [11:8] = Defines the bit of the DM/DQ maps to DQ2

• Bits [15:12] = Defines the bit of the DM/DQ maps to DQ3

• Bits [19:16] = Defines the bit of the DM/DQ maps to DQ4

• Bits [23:20] = Defines the bit of the DM/DQ maps to DQ5

• Bits [27:24] = Defines the bit of the DM/DQ maps to DQ6

• Bits [31:28] = Defines the bit of the DM/DQ maps to DQ7

75.9.1.357 DENALI_PHY_100 (DENALI_PHY_100)

Offset

Register Offset

DENALI_PHY_100 4190h

Function
This register describes the parameters of DDR PHY register 100.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ1_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ0_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ1_SLAVE_D

ELAY_0

Holds the write clock slave delay setting for DQ1 for slice 0.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ0_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ0 for slice 0.

75.9.1.358 DENALI_PHY_101 (DENALI_PHY_101)

Offset

Register Offset

DENALI_PHY_101 4194h

Function
This register describes the parameters of DDR PHY register 101.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ3_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ2_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ3_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ3 for slice 0.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ2_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ2 for slice 0.

75.9.1.359 DENALI_PHY_102 (DENALI_PHY_102)

Offset

Register Offset

DENALI_PHY_102 4198h

Function
This register describes the parameters of DDR PHY register 102.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ5_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ4_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ5_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ5 for slice 0.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ4_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ4 for slice 0.

75.9.1.360 DENALI_PHY_103 (DENALI_PHY_103)

Offset

Register Offset

DENALI_PHY_103 419Ch

Function
This register describes the parameters of DDR PHY register 103.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ7_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ6_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ7_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ7 for slice 0.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ6_SLAVE_D

ELAY_0

Write clock slave delay setting for DQ6 for slice 0.

75.9.1.361 DENALI_PHY_104 (DENALI_PHY_104)

Offset

Register Offset

DENALI_PHY_104 41A0h

Function
This register describes the parameters of DDR PHY register 104.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQS_SLAVE_DELAY_0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDM_SLAVE_DELAY_0 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PHY_CLK_WR
DQS_SLAVE_D

ELAY_0

Write clock slave delay setting for DQS for slice 0.

15-11

—

Reserved

10-0

PHY_CLK_WR
DM_SLAVE_DE

LAY_0

Write clock slave delay setting for DM for slice 0.

75.9.1.362 DENALI_PHY_114 (DENALI_PHY_114)

Offset

Register Offset

DENALI_PHY_114 41C8h

Function
This register describes the parameters of DDR PHY register 114.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDQS_GATE_SLAVE_DELAY_0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDDQS_DM_FALL_SLAVE_DELAY_0 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PHY_RDDQS_
GATE_SLAVE_

DELAY_0

Read DQS slave delay setting for slice 0.

15-10

—

Reserved

9-0

PHY_RDDQS_
DM_FALL_SLA
VE_DELAY_0

Falling edge read DQS slave delay setting for DM for slice 0.

75.9.1.363 DENALI_PHY_287 (DENALI_PHY_287)

Offset

Register Offset

DENALI_PHY_287 447Ch

Function
This register describes the parameters of DDR PHY register 287.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_UPDT_WAIT_CNT_1 Reserved PHY_GTLVL_CAPTURE_CNT_1 

W

Reset u u u u 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_MASK_1 Reserved 

PHY_WRLVL_UPDT_WAIT_CNT_
1 W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_GTLVL_U
PDT_WAIT_CN

T_1

Defines the number of cycles (bit + 4) to wait after changing DQS slave delay setting during gate training 
for slice 1. The valid range is 0x0 to 0xB.

23-22

—

Reserved

21-16

PHY_GTLVL_C
APTURE_CNT_

1

Defines the number of samples to take at each DQS slave delay setting during gate training for slice 1.

15-8

PHY_DQ_MAS
K_1

Provides masking capability for DQ comparison during leveling for slice 1.

7-4

—

Reserved

3-0

PHY_WRLVL_U
PDT_WAIT_CN

T_1

Defines the number of cycles to wait after changing the wrdqs slave delay during write leveling to allow 
the slave delay lines to update for slice 1.
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75.9.1.364 DENALI_PHY_289 (DENALI_PHY_289)

Offset

Register Offset

DENALI_PHY_289 4484h

Function
This register describes the parameters of DDR PHY register 289.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_WDQLVL_PATT_1 Reserved PHY_WDQLVL_BURST_CNT_1 

W

Reset u u u u u 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_WDQLVL_CLK_JITTER_TOLERANCE_1 PHY_RDLVL_DATA_MASK_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_WDQLVL
_PATT_1

Defines the training patterns to be used during the write data leveling sequence for slice 1. Bit (0) 
corresponds to the LFSR data training pattern. Bit (1) corresponds to the CLK data training pattern. Bit (2) 
corresponds to user-defined data pattern training. If multiple bits are set, the training for each of the chosen 
patterns will be executed and the settings that give the smallest data valid window eye will be chosen.

23-22

—

Reserved

21-16

PHY_WDQLVL
_BURST_CNT_

1

Defines the write/read burst length in bytes during the write data leveling sequence for slice 1.

15-8

PHY_WDQLVL
_CLK_JITTER_
TOLERANCE_1

Defines the minimum data valid window DQ/DM during write DQ training for slice 1.

Bits [7:0] = Fraction of a cycle with denominator of 512.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

PHY_RDLVL_D
ATA_MASK_1

Defines the per-bit mask for read leveling for slice 1. If all bits are not used, only 1 bit should be cleared to 0.

75.9.1.365 DENALI_PHY_299 (DENALI_PHY_299)

Offset

Register Offset

DENALI_PHY_299 44ACh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_FIFO_PTR_OBS_1 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

PHY_C
AL...W SC_PHY_MANUAL_CLEAR_1 

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

—

Reserved

23-16

PHY_FIFO_PT
R_OBS_1

Observation register containing read entry FIFO pointers for slice 1.

Observation register containing read entry FIFO pointers for slice 1.

15-14

—

Reserved

13-8

SC_PHY_MAN
UAL_CLEAR_1

Manual reset/clear of internal logic for slice 1.

Manual reset/clear of internal logic for slice 1. Bit (0) initiates manual setup of the read DQS gate. Bit (1) is 
reset of read entry FIFO pointers. Bit (2) is reset of master delay min/max lock values. Bit (3) is manual reset 

Table continues on the next page...
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Table continued from the previous page...

Field Function

of master delay unlock counter. Bit (4) is reset of leveling error bit in the leveling status registers. Bit (5) is 
clearing of the gate tracking observation register. Set each bit to 1 to initiate/reset.

7-1

—

Reserved

0

PHY_CALVL_V
REF_DRIVING_

SLICE_1

Indicates if slice 1 is used to drive the VREF value to the device during CA training.

75.9.1.366 DENALI_PHY_328 (DENALI_PHY_328)

Offset

Register Offset

DENALI_PHY_328 4520h

Function
This register describes the parameters of DDR PHY register 328.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_S
LI...

Reserved 
PHY_D
CC...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_R
DP...

Reserved 
PHY_S

LV...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24 Controls functional clock gating in the data slice. Data slice power reduction disable for slice 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_SLICE_P
WR_RDC_DISA

BLE_1

23-17

—

Reserved

16

PHY_DCC_RX
CAL_CTRL_GA
TE_DISABLE_1

Disable for the mechanism that gates the clock for the RX offset calibration logic. Data slice RX_CAL 
block power reduction disable for slice 1.

15-9

—

Reserved

8

PHY_RDPATH_
GATE_DISABL

E_1

Controls functional clock gating in the read data path. Data slice read path power reduction disable for 
slice 1.

7-1

—

Reserved

0

PHY_SLV_DLY
_CTRL_GATE_

DISABLE_1

Controls functional clock gating in the slave delay line calculation module. Data slice slv_dly_control 
block power reduction disable for slice 1.

75.9.1.367 DENALI_PHY_329 (DENALI_PHY_329)

Offset

Register Offset

DENALI_PHY_329 4524h

Function
This register describes the parameters of DDR PHY register 329.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_DQS_TSEL_ENAB
LE_1 

PHY_DQ_TSEL_SELECT_1 
W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_TSEL_SELECT_1 Reserved 

PHY_DQ_TSEL_ENABL
E_1 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_DQS_TSE
L_ENABLE_1

Operation type tsel enables for DQS signals for slice 1. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

23-8

PHY_DQ_TSEL
_SELECT_1

Operation type tsel select values for DQ/DM signals for slice 1.

7-3

—

Reserved

2-0

PHY_DQ_TSEL
_ENABLE_1

Operation type tsel enables for DQ/DM signals for slice 1. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

75.9.1.368 DENALI_PHY_330 (DENALI_PHY_330)

Offset

Register Offset

DENALI_PHY_330 4528h

Function
This register describes the parameters of DDR PHY register 330.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_VREF_INITIAL_START_POINT_1 Reserved 
PHY_TWO_CY

C_PRE...W

Reset u 0 0 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQS_TSEL_SELECT_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PHY_VREF_INI
TIAL_START_P

OINT_1

The VREF start value for initial VREF training for slice 1.

23-18

—

Reserved

17-16

PHY_TWO_CY
C_PREAMBLE_

1

Enables 2 cycle preamble support for slice 1. Bit (0) controls the 2 cycle read preamble. Bit (1) controls the 
2 cycle write preamble. Set each bit to 1 to enable.

15-0

PHY_DQS_TSE
L_SELECT_1

Operation type tsel select values for DQS signals for slice 1.

75.9.1.369 DENALI_PHY_331 (DENALI_PHY_331)

Offset

Register Offset

DENALI_PHY_331 452Ch

Function
This register describes the parameters of DDR PHY register 331.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_NTP_WDQ_STEP_SIZE_1 Reserved 

PHY_N
TP...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_VREF_TR
AINI...

Reserv
ed 

PHY_VREF_INITIAL_STOP_POINT_1 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_NTP_WD
Q_STEP_SIZE_

1

Step size of write DQ slave delay during No-Topology training for slice 1.

23-17

—

Reserved

16

PHY_NTP_TRA
IN_EN_1

Enable for No-Topology training for slice 1.

0b - Disabled

1b - Enabled

15-10

—

Reserved

9-8

PHY_VREF_TR
AINING_CTRL_

1

Controls the enable of VREF training for slice 1.

7

—

Reserved

6-0

PHY_VREF_INI
TIAL_STOP_P

OINT_1

Data slice initial VREF training stop value for slice 1. When programming the write DQ VREF stop point 
parameter, must set it equal to a multiple of the VREF (step size + start point).
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75.9.1.370 DENALI_PHY_336 (DENALI_PHY_336)

Offset

Register Offset

DENALI_PHY_336 4540h

Function
This register describes the parameters of DDR PHY register 336.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_DSLICE_IO_CFG_1 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PAD_FDBK_RX_DCD_1 Reserved PHY_PAD_DQS_RX_DCD_1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

PHY_PAD_DSL
ICE_IO_CFG_1

Controls PCLK/PARK pin for IO pad for slice 1.

15-13

—

Reserved

12-8

PHY_PAD_FDB
K_RX_DCD_1

Controls RX_DCD pin for fdbk pad for slice 1.

7-5

—

Reserved

4-0

PHY_PAD_DQ
S_RX_DCD_1

Controls RX_DCD pin for dqs pad for slice 1.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5554 / 5781



75.9.1.371 DENALI_PHY_344 (DENALI_PHY_344)

Offset

Register Offset

DENALI_PHY_344 4560h

Function
This register describes the parameters of DDR PHY register 344.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_VREF_CTRL_DQ_1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_VREF_SETTING_TIME_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PHY_PAD_VRE
F_CTRL_DQ_1

Defines the pad VREF control settings for DQ slice 1.

15-0

PHY_VREF_SE
TTING_TIME_1

Defines the settling time for a change in VREF settings for slice 1.

75.9.1.372 DENALI_PHY_345 (DENALI_PHY_345)

Offset

Register Offset

DENALI_PHY_345 4564h
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Function
This register describes the parameters of DDR PHY register 345.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_RDDATA_
EN_I...

PHY_DQS_IE_TIMING_1 
W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_IE_TIMING_1 Reserved 

PHY_P
ER...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

PHY_RDDATA_
EN_IE_DLY_1

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
input enable generation for slice 1.

23-16

PHY_DQS_IE_
TIMING_1

Defines the start and end timing adjustment values for the DQS input enable signals for slice 1.

15-8

PHY_DQ_IE_TI
MING_1

Defines the start and end timing adjustment values for the DQ/DM input enable signals for slice 1.

7-1

—

Reserved

0

PHY_PER_CS_
TRAINING_EN_

1

Enables the per-rank training and read/write timing capabilities for slice 1. Must have same value in all slices.
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75.9.1.373 DENALI_PHY_346 (DENALI_PHY_346)

Offset

Register Offset

DENALI_PHY_346 4568h

Function
This register describes the parameters of DDR PHY register 346.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_OE_DLY_1 Reserved PHY_RDDATA_EN_TSEL_DLY_1 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_D
BI...

Reserved 
PHY_IE_MODE

_1 W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_OE_DLY_1

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for the 
LPDDR4 OE extension generation for slice 1.

23-21

—

Reserved

20-16

PHY_RDDATA_
EN_TSEL_DLY

_1

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
termination control generation for slice 1.

15-9

—

Reserved

8 DBI mode for slice 1. This enables return of DBI read data.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_DBI_MOD
E_1

0b - Disable

1b - Enable

7-2

—

Reserved

1-0

PHY_IE_MODE
_1

Input enable mode bits for slice 1. Bit (0) enables the mode where the input enables are always on; set to 
1 to enable. Bit (1) disables the input enable on the DM signal; set to 1 to disable.

75.9.1.374 DENALI_PHY_348 (DENALI_PHY_348)

Offset

Register Offset

DENALI_PHY_348 4570h

Function
This register describes the parameters of DDR PHY register 348.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_WRLVL_DLY_STEP_1 Reserved PHY_RPTR_UPDATE_1 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_MASTER_DELAY_HALF_MEASURE_1 PHY_MASTER_DELAY_WAIT_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_WRLVL_D
LY_STEP_1

Defines the clk_wrdqs slave delay incremental step size during write leveling for slice 1.

23-20 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

19-16

PHY_RPTR_UP
DATE_1

Defines the number of cycles to delay the internal read gate dfi_rddata_en signal for the release of data 
from the entry FIFO for slice 1.

15-8

PHY_MASTER_
DELAY_HALF_
MEASURE_1

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle in the data slice master for slice 1.

7-0

PHY_MASTER_
DELAY_WAIT_

1

Wait cycles for master delay line locking algorithm for slice 1. Bits (3:0) are the cycle wait count after a 
calibration clock setting change. Bits (7:4) are the cycle wait count after a master delay setting change.

75.9.1.375 DENALI_PHY_349 (DENALI_PHY_349)

Offset

Register Offset

DENALI_PHY_349 4574h

Function
This register describes the parameters of DDR PHY register 349.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_RESP_WAIT_CNT_1 Reserved PHY_GTLVL_DLY_STEP_1 

W

Reset u u u 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_WRLVL_RESP_WAIT_CNT_1 Reserved PHY_WRLVL_DLY_FINE_STEP_1 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-24

PHY_GTLVL_R
ESP_WAIT_CN

T_1

Defines the number cycles (bit + 4) to wait after a read burst is detected before reading the gate 
sampling result during gate training for slice 1. The valid range is 0x0 to 0x1B.

23-20

—

Reserved

19-16

PHY_GTLVL_D
LY_STEP_1

Defines the rddqs_gate_delay incremental step size (in 1/512’s of a cycle) during gate training for slice 1.

15-14

—

Reserved

13-8

PHY_WRLVL_R
ESP_WAIT_CN

T_1

Defines the number of cycles to wait between dfi_wrlvl_strobe and the sampling of the DQs during write 
leveling for slice 1.

7-4

—

Reserved

3-0

PHY_WRLVL_D
LY_FINE_STEP

_1

Defines the fine DQS slave delay incremental step size during write leveling for slice 1.

Bits [3:0] = Fraction of a cycle with denominator of 512.

75.9.1.376 DENALI_PHY_351 (DENALI_PHY_351)

Offset

Register Offset

DENALI_PHY_351 457Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDLVL_DLY_STEP_1 Reserved 

PHY_T
OG...W

Reset u u u u 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WDQLVL_QTR_DLY_STEP_
1 

PHY_WDQLVL_DLY_STEP_1 
W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_RDLVL_D
LY_STEP_1

Defines the DQS rise/fall slave delay incremental step size during data eye training for slice 1.

23-17

—

Reserved

16

PHY_TOGGLE_
PRE_SUPPOR

T_1

Support the toggle read preamble for LPDDR4 for slice 1.

0b - Static read preamble

1b - Toggling read preamble

15-12

—

Reserved

11-8

PHY_WDQLVL
_QTR_DLY_ST

EP_1

Defines the step granularity for the logic to use, once an edge is found for slice 1. When this occurs, the logic 
jumps back to the previous invalid value and uses this step size to determine a more accurate delay value.

7-0

PHY_WDQLVL
_DLY_STEP_1

Defines the DQ slave delay incremental coarse step size during write DQ training for slice 1.
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75.9.1.377 DENALI_PHY_352 (DENALI_PHY_352)

Offset

Register Offset

DENALI_PHY_352 4580h

Function
This register describes the parameters of DDR PHY register 352.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDLVL_MAX_EDGE_1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

PHY_RDLVL_M
AX_EDGE_1

Provides the maximun rdlvl slave delay search window for read eye training for slice 1.

75.9.1.378 DENALI_PHY_353 (DENALI_PHY_353)

Offset

Register Offset

DENALI_PHY_353 4584h

Function
This register describes the parameters of DDR PHY register 353.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_DLY_1 Reserved PHY_MEAS_DLY_STEP_ENABLE_1 

W

Reset u u u 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WRPATH_GATE_T
IMING_1 

Reserved 
PHY_WRPATH

_GATE...W

Reset u u u u u 0 0 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_DLY_1

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
DQS gate and read data return for slice 1.

23-22

—

Reserved

21-16

PHY_MEAS_DL
Y_STEP_ENAB

LE_1

Data slice training step definition using phy_meas_dly_step_value for slice 1.

Controls definition of delay parameter settings.

• Bit[5]: phy_wdqlvl_qtr_dly_step

• Bit[4]: phy_ntp_wdq_step_size

• Bit[3]: phy_wrlvl_dly_fine_step

• Bit[2]: phy_wrlvl_dly_step

• Bit[1]: phy_rdlvl_dly_step

• Bit[0]: phy_gtlvl_dly_step

Data value per bit:

0b - use standard phy_*_dly_step

1b - use value calculated by hardware which represents ¼ of the average value of a delay cell

15-11

—

Reserved

10-8 Write path clock gating timing for slice 1, it means additional clock number to write path clock gate.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_WRPATH
_GATE_TIMING

_1

7-2

—

Reserved

1-0

PHY_WRPATH
_GATE_DISAB

LE_1

Write path clock gating disable for slice 1. Bit[0]: disable pull in wrdata_en; Bit[1]: disable write path clock 
gating, clock always on

75.9.1.379 DENALI_PHY_354 (DENALI_PHY_354)

Offset

Register Offset

DENALI_PHY_354 4588h

Function
This register describes the parameters of DDR PHY register 354.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_DQ_DM_SWIZZLE0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_DM_SWIZZLE0_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PHY_DQ_DM_
SWIZZLE0_1

DQ/DM bit swizzling 0 for slice 1.

• Bits [3:0] = Defines the bit of the DM/DQ maps to DQ0

Table continues on the next page...
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Field Function

• Bits [7:4] = Defines the bit of the DM/DQ maps to DQ1

• Bits [11:8] = Defines the bit of the DM/DQ maps to DQ2

• Bits [15:12] = Defines the bit of the DM/DQ maps to DQ3

• Bits [19:16] = Defines the bit of the DM/DQ maps to DQ4

• Bits [23:20] = Defines the bit of the DM/DQ maps to DQ5

• Bits [27:24] = Defines the bit of the DM/DQ maps to DQ6

• Bits [31:28] = Defines the bit of the DM/DQ maps to DQ7

75.9.1.380 DENALI_PHY_356 (DENALI_PHY_356)

Offset

Register Offset

DENALI_PHY_356 4590h

Function
This register describes the parameters of DDR PHY register 356.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ1_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ0_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16 Holds the write clock slave delay setting for DQ1 for slice 1.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_CLK_WR
DQ1_SLAVE_D

ELAY_1

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ0_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ0 for slice 1.

75.9.1.381 DENALI_PHY_357 (DENALI_PHY_357)

Offset

Register Offset

DENALI_PHY_357 4594h

Function
This register describes the parameters of DDR PHY register 357.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ3_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ2_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

26-16

PHY_CLK_WR
DQ3_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ3 for slice 1.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ2_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ2 for slice 1.

75.9.1.382 DENALI_PHY_358 (DENALI_PHY_358)

Offset

Register Offset

DENALI_PHY_358 4598h

Function
This register describes the parameters of DDR PHY register 358.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ5_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ4_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

26-16

PHY_CLK_WR
DQ5_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ5 for slice 1.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ4_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ4 for slice 1.

75.9.1.383 DENALI_PHY_359 (DENALI_PHY_359)

Offset

Register Offset

DENALI_PHY_359 459Ch

Function
This register describes the parameters of DDR PHY register 359.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ7_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ6_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ7_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ7 for slice 1.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ6_SLAVE_D

ELAY_1

Write clock slave delay setting for DQ6 for slice 1.

75.9.1.384 DENALI_PHY_360 (DENALI_PHY_360)

Offset

Register Offset

DENALI_PHY_360 45A0h

Function
This register describes the parameters of DDR PHY register 360.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQS_SLAVE_DELAY_1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDM_SLAVE_DELAY_1 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25-16

PHY_CLK_WR
DQS_SLAVE_D

ELAY_1

Write clock slave delay setting for DQS for slice 1.

15-11

—

Reserved

10-0

PHY_CLK_WR
DM_SLAVE_DE

LAY_1

Write clock slave delay setting for DM for slice 1.

75.9.1.385 DENALI_PHY_370 (DENALI_PHY_370)

Offset

Register Offset

DENALI_PHY_370 45C8h

Function
This register describes the parameters of DDR PHY register 370.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDQS_GATE_SLAVE_DELAY_1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDDQS_DM_FALL_SLAVE_DELAY_1 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25-16

PHY_RDDQS_
GATE_SLAVE_

DELAY_1

Read DQS slave delay setting for slice 1.

15-10

—

Reserved

9-0

PHY_RDDQS_
DM_FALL_SLA
VE_DELAY_1

Falling edge read DQS slave delay setting for DM for slice 1.

75.9.1.386 DENALI_PHY_543 (DENALI_PHY_543)

Offset

Register Offset

DENALI_PHY_543 487Ch

Function
This register describes the parameters of DDR PHY register 543.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_UPDT_WAIT_CNT_2 Reserved PHY_GTLVL_CAPTURE_CNT_2 

W

Reset u u u u 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_MASK_2 Reserved 

PHY_WRLVL_UPDT_WAIT_CNT_
2 W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-28

—

Reserved

27-24

PHY_GTLVL_U
PDT_WAIT_CN

T_2

Defines the number of cycles (bit + 4) to wait after changing DQS slave delay setting during gate training 
for slice 2. The valid range is 0x0 to 0xB.

23-22

—

Reserved

21-16

PHY_GTLVL_C
APTURE_CNT_

2

Defines the number of samples to take at each DQS slave delay setting during gate training for slice 2.

15-8

PHY_DQ_MAS
K_2

Provides masking capability for DQ comparison during leveling for slice 2.

7-4

—

Reserved

3-0

PHY_WRLVL_U
PDT_WAIT_CN

T_2

Defines the number of cycles to wait after changing the wrdqs slave delay during write leveling to allow 
the slave delay lines to update for slice 2.

75.9.1.387 DENALI_PHY_545 (DENALI_PHY_545)

Offset

Register Offset

DENALI_PHY_545 4884h

Function
This register describes the parameters of DDR PHY register 545.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_WDQLVL_PATT_2 Reserved PHY_WDQLVL_BURST_CNT_2 

W

Reset u u u u u 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_WDQLVL_CLK_JITTER_TOLERANCE_2 PHY_RDLVL_DATA_MASK_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_WDQLVL
_PATT_2

Defines the training patterns to be used during the write data leveling sequence for slice 2. Bit (0) 
corresponds to the LFSR data training pattern. Bit (1) corresponds to the CLK data training pattern. Bit (2) 
corresponds to user-defined data pattern training. If multiple bits are set, the training for each of the chosen 
patterns will be executed and the settings that give the smallest data valid window eye will be chosen.

23-22

—

Reserved

21-16

PHY_WDQLVL
_BURST_CNT_

2

Defines the write/read burst length in bytes during the write data leveling sequence for slice 2.

15-8

PHY_WDQLVL
_CLK_JITTER_
TOLERANCE_2

Defines the minimum data valid window DQ/DM during write DQ training for slice 2.

Bits [7:0] = Fraction of a cycle with denominator of 512.

7-0

PHY_RDLVL_D
ATA_MASK_2

Defines the per-bit mask for read leveling for slice 2. If all bits are not used, only 1 bit should be cleared to 0.

75.9.1.388 DENALI_PHY_555 (DENALI_PHY_555)

Offset

Register Offset

DENALI_PHY_555 48ACh
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_FIFO_PTR_OBS_2 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

PHY_C
AL...W SC_PHY_MANUAL_CLEAR_2 

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

—

Reserved

23-16

PHY_FIFO_PT
R_OBS_2

Observation register containing read entry FIFO pointers for slice 2.

Observation register containing read entry FIFO pointers for slice 2.

15-14

—

Reserved

13-8

SC_PHY_MAN
UAL_CLEAR_2

Manual reset/clear of internal logic for slice 2.

Manual reset/clear of internal logic for slice 2. Bit (0) initiates manual setup of the read DQS gate. Bit (1) is 
reset of read entry FIFO pointers. Bit (2) is reset of master delay min/max lock values. Bit (3) is manual reset 
of master delay unlock counter. Bit (4) is reset of leveling error bit in the leveling status registers. Bit (5) is 
clearing of the gate tracking observation register. Set each bit to 1 to initiate/reset.

7-1

—

Reserved

0

PHY_CALVL_V
REF_DRIVING_

SLICE_2

Indicates if slice 2 is used to drive the VREF value to the device during CA training.

75.9.1.389 DENALI_PHY_584 (DENALI_PHY_584)

Offset

Register Offset

DENALI_PHY_584 4920h
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Function
This register describes the parameters of DDR PHY register 584.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_S
LI...

Reserved 
PHY_D
CC...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_R
DP...

Reserved 
PHY_S

LV...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

PHY_SLICE_P
WR_RDC_DISA

BLE_2

Controls functional clock gating in the data slice. Data slice power reduction disable for slice 2.

23-17

—

Reserved

16

PHY_DCC_RX
CAL_CTRL_GA
TE_DISABLE_2

Disable for the mechanism that gates the clock for the RX offset calibration logic. Data slice RX_CAL 
block power reduction disable for slice 2.

15-9

—

Reserved

8

PHY_RDPATH_
GATE_DISABL

E_2

Controls functional clock gating in the read data path. Data slice read path power reduction disable for 
slice 2.

7-1

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

0

PHY_SLV_DLY
_CTRL_GATE_

DISABLE_2

Controls functional clock gating in the slave delay line calculation module. Data slice slv_dly_control 
block power reduction disable for slice 2.

75.9.1.390 DENALI_PHY_585 (DENALI_PHY_585)

Offset

Register Offset

DENALI_PHY_585 4924h

Function
This register describes the parameters of DDR PHY register 585.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_DQS_TSEL_ENAB
LE_2 

PHY_DQ_TSEL_SELECT_2 
W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_TSEL_SELECT_2 Reserved 

PHY_DQ_TSEL_ENABL
E_2 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_DQS_TSE
L_ENABLE_2

Operation type tsel enables for DQS signals for slice 2. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

23-8 Operation type tsel select values for DQ/DM signals for slice 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_DQ_TSEL
_SELECT_2

7-3

—

Reserved

2-0

PHY_DQ_TSEL
_ENABLE_2

Operation type tsel enables for DQ/DM signals for slice 2. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

75.9.1.391 DENALI_PHY_586 (DENALI_PHY_586)

Offset

Register Offset

DENALI_PHY_586 4928h

Function
This register describes the parameters of DDR PHY register 586.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_VREF_INITIAL_START_POINT_2 Reserved 
PHY_TWO_CY

C_PRE...W

Reset u 0 0 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQS_TSEL_SELECT_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24 The VREF start value for initial VREF training for slice 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_VREF_INI
TIAL_START_P

OINT_2

23-18

—

Reserved

17-16

PHY_TWO_CY
C_PREAMBLE_

2

Enables 2 cycle preamble support for slice 2. Bit (0) controls the 2 cycle read preamble. Bit (1) controls the 
2 cycle write preamble. Set each bit to 1 to enable.

15-0

PHY_DQS_TSE
L_SELECT_2

Operation type tsel select values for DQS signals for slice 2.

75.9.1.392 DENALI_PHY_587 (DENALI_PHY_587)

Offset

Register Offset

DENALI_PHY_587 492Ch

Function
This register describes the parameters of DDR PHY register 587.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_NTP_WDQ_STEP_SIZE_2 Reserved 

PHY_N
TP...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_VREF_TR
AINI...

Reserv
ed 

PHY_VREF_INITIAL_STOP_POINT_2 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0
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Fields

Field Function

31-24

PHY_NTP_WD
Q_STEP_SIZE_

2

Step size of write DQ slave delay during No-Topology training for slice 2.

23-17

—

Reserved

16

PHY_NTP_TRA
IN_EN_2

Enable for No-Topology training for slice 2.

0b - Disabled

1b - Enabled

15-10

—

Reserved

9-8

PHY_VREF_TR
AINING_CTRL_

2

Controls the enable of VREF training for slice 2.

7

—

Reserved

6-0

PHY_VREF_INI
TIAL_STOP_P

OINT_2

Data slice initial VREF training stop value for slice 2. When programming the write DQ VREF stop point 
parameter, must set it equal to a multiple of the VREF (step size + start point).

75.9.1.393 DENALI_PHY_592 (DENALI_PHY_592)

Offset

Register Offset

DENALI_PHY_592 4940h

Function
This register describes the parameters of DDR PHY register 592.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_DSLICE_IO_CFG_2 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PAD_FDBK_RX_DCD_2 Reserved PHY_PAD_DQS_RX_DCD_2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

PHY_PAD_DSL
ICE_IO_CFG_2

Controls PCLK/PARK pin for IO pad for slice 2.

15-13

—

Reserved

12-8

PHY_PAD_FDB
K_RX_DCD_2

Controls RX_DCD pin for fdbk pad for slice 2.

7-5

—

Reserved

4-0

PHY_PAD_DQ
S_RX_DCD_2

Controls RX_DCD pin for dqs pad for slice 2.

75.9.1.394 DENALI_PHY_600 (DENALI_PHY_600)

Offset

Register Offset

DENALI_PHY_600 4960h

Function
This register describes the parameters of DDR PHY register 600.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_VREF_CTRL_DQ_2 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_VREF_SETTING_TIME_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PHY_PAD_VRE
F_CTRL_DQ_2

Defines the pad VREF control settings for DQ slice 2.

15-0

PHY_VREF_SE
TTING_TIME_2

Defines the settling time for a change in VREF settings for slice 2.

75.9.1.395 DENALI_PHY_601 (DENALI_PHY_601)

Offset

Register Offset

DENALI_PHY_601 4964h

Function
This register describes the parameters of DDR PHY register 601.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_RDDATA_
EN_I...

PHY_DQS_IE_TIMING_2 
W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_IE_TIMING_2 Reserved 

PHY_P
ER...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

PHY_RDDATA_
EN_IE_DLY_2

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
input enable generation for slice 2.

23-16

PHY_DQS_IE_
TIMING_2

Defines the start and end timing adjustment values for the DQS input enable signals for slice 2.

15-8

PHY_DQ_IE_TI
MING_2

Defines the start and end timing adjustment values for the DQ/DM input enable signals for slice 2.

7-1

—

Reserved

0

PHY_PER_CS_
TRAINING_EN_

2

Enables the per-rank training and read/write timing capabilities for slice 2. Must have same value in all slices.

75.9.1.396 DENALI_PHY_602 (DENALI_PHY_602)

Offset

Register Offset

DENALI_PHY_602 4968h
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Function
This register describes the parameters of DDR PHY register 602.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_OE_DLY_2 Reserved PHY_RDDATA_EN_TSEL_DLY_2 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_D
BI...

Reserved 
PHY_IE_MODE

_2 W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_OE_DLY_2

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for the 
LPDDR4 OE extension generation for slice 2.

23-21

—

Reserved

20-16

PHY_RDDATA_
EN_TSEL_DLY

_2

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
termination control generation for slice 2.

15-9

—

Reserved

8

PHY_DBI_MOD
E_2

DBI mode for slice 2. This enables return of DBI read data.

0b - Disable

1b - Enable

7-2

—

Reserved

1-0

PHY_IE_MODE
_2

Input enable mode bits for slice 2. Bit (0) enables the mode where the input enables are always on; set to 
1 to enable. Bit (1) disables the input enable on the DM signal; set to 1 to disable.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5583 / 5781



75.9.1.397 DENALI_PHY_604 (DENALI_PHY_604)

Offset

Register Offset

DENALI_PHY_604 4970h

Function
This register describes the parameters of DDR PHY register 604.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_WRLVL_DLY_STEP_2 Reserved PHY_RPTR_UPDATE_2 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_MASTER_DELAY_HALF_MEASURE_2 PHY_MASTER_DELAY_WAIT_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_WRLVL_D
LY_STEP_2

Defines the clk_wrdqs slave delay incremental step size during write leveling for slice 2.

23-20

—

Reserved

19-16

PHY_RPTR_UP
DATE_2

Defines the number of cycles to delay the internal read gate dfi_rddata_en signal for the release of data 
from the entry FIFO for slice 2.

15-8

PHY_MASTER_
DELAY_HALF_
MEASURE_2

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle in the data slice master for slice 2.

7-0

PHY_MASTER_
DELAY_WAIT_

2

Wait cycles for master delay line locking algorithm for slice 2. Bits (3:0) are the cycle wait count after a 
calibration clock setting change. Bits (7:4) are the cycle wait count after a master delay setting change.
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75.9.1.398 DENALI_PHY_605 (DENALI_PHY_605)

Offset

Register Offset

DENALI_PHY_605 4974h

Function
This register describes the parameters of DDR PHY register 605.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_RESP_WAIT_CNT_2 Reserved PHY_GTLVL_DLY_STEP_2 

W

Reset u u u 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_WRLVL_RESP_WAIT_CNT_2 Reserved PHY_WRLVL_DLY_FINE_STEP_2 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_GTLVL_R
ESP_WAIT_CN

T_2

Defines the number cycles (bit + 4) to wait after a read burst is detected before reading the gate 
sampling result during gate training for slice 2. The valid range is 0x0 to 0x1B.

23-20

—

Reserved

19-16

PHY_GTLVL_D
LY_STEP_2

Defines the rddqs_gate_delay incremental step size (in 1/512’s of a cycle) during gate training for slice 2.

15-14

—

Reserved

13-8 Defines the number of cycles to wait between dfi_wrlvl_strobe and the sampling of the DQs during write 
leveling for slice 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_WRLVL_R
ESP_WAIT_CN

T_2

7-4

—

Reserved

3-0

PHY_WRLVL_D
LY_FINE_STEP

_2

Defines the fine DQS slave delay incremental step size during write leveling for slice 2.

Bits [3:0] = Fraction of a cycle with denominator of 512.

75.9.1.399 DENALI_PHY_607 (DENALI_PHY_607)

Offset

Register Offset

DENALI_PHY_607 497Ch

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDLVL_DLY_STEP_2 Reserved 

PHY_T
OG...W

Reset u u u u 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WDQLVL_QTR_DLY_STEP_
2 

PHY_WDQLVL_DLY_STEP_2 
W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_RDLVL_D
LY_STEP_2

Defines the DQS rise/fall slave delay incremental step size during data eye training for slice 2.

Table continues on the next page...
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Table continued from the previous page...

Field Function

23-17

—

Reserved

16

PHY_TOGGLE_
PRE_SUPPOR

T_2

Support the toggle read preamble for LPDDR4 for slice 2.

0b - Static read preamble

1b - Toggling read preamble

15-12

—

Reserved

11-8

PHY_WDQLVL
_QTR_DLY_ST

EP_2

Defines the step granularity for the logic to use, once an edge is found for slice 2. When this occurs, the logic 
jumps back to the previous invalid value and uses this step size to determine a more accurate delay value.

7-0

PHY_WDQLVL
_DLY_STEP_2

Defines the DQ slave delay incremental coarse step size during write DQ training for slice 2.

75.9.1.400 DENALI_PHY_608 (DENALI_PHY_608)

Offset

Register Offset

DENALI_PHY_608 4980h

Function
This register describes the parameters of DDR PHY register 608.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDLVL_MAX_EDGE_2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5587 / 5781



Fields

Field Function

31-10

—

Reserved

9-0

PHY_RDLVL_M
AX_EDGE_2

Provides the maximun rdlvl slave delay search window for read eye training for slice 2.

75.9.1.401 DENALI_PHY_609 (DENALI_PHY_609)

Offset

Register Offset

DENALI_PHY_609 4984h

Function
This register describes the parameters of DDR PHY register 609.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_DLY_2 Reserved PHY_MEAS_DLY_STEP_ENABLE_2 

W

Reset u u u 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WRPATH_GATE_T
IMING_2 

Reserved 
PHY_WRPATH

_GATE...W

Reset u u u u u 0 0 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_DLY_2

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
DQS gate and read data return for slice 2.

23-22 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

21-16

PHY_MEAS_DL
Y_STEP_ENAB

LE_2

Data slice training step definition using phy_meas_dly_step_value for slice 2.

Controls definition of delay parameter settings.

• Bit[5]: phy_wdqlvl_qtr_dly_step

• Bit[4]: phy_ntp_wdq_step_size

• Bit[3]: phy_wrlvl_dly_fine_step

• Bit[2]: phy_wrlvl_dly_step

• Bit[1]: phy_rdlvl_dly_step

• Bit[0]: phy_gtlvl_dly_step

Data value per bit:

0b - use standard phy_*_dly_step

1b - use value calculated by hardware which represents ¼ of the average value of a delay cell

15-11

—

Reserved

10-8

PHY_WRPATH
_GATE_TIMING

_2

Write path clock gating timing for slice 2, it means additional clock number to write path clock gate.

7-2

—

Reserved

1-0

PHY_WRPATH
_GATE_DISAB

LE_2

Write path clock gating disable for slice 2. Bit[0]: disable pull in wrdata_en; Bit[1]: disable write path clock 
gating, clock always on

75.9.1.402 DENALI_PHY_610 (DENALI_PHY_610)

Offset

Register Offset

DENALI_PHY_610 4988h

Function
This register describes the parameters of DDR PHY register 610.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_DQ_DM_SWIZZLE0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_DM_SWIZZLE0_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PHY_DQ_DM_
SWIZZLE0_2

DQ/DM bit swizzling 0 for slice 2.

• Bits [3:0] = Defines the bit of the DM/DQ maps to DQ0

• Bits [7:4] = Defines the bit of the DM/DQ maps to DQ1

• Bits [11:8] = Defines the bit of the DM/DQ maps to DQ2

• Bits [15:12] = Defines the bit of the DM/DQ maps to DQ3

• Bits [19:16] = Defines the bit of the DM/DQ maps to DQ4

• Bits [23:20] = Defines the bit of the DM/DQ maps to DQ5

• Bits [27:24] = Defines the bit of the DM/DQ maps to DQ6

• Bits [31:28] = Defines the bit of the DM/DQ maps to DQ7

75.9.1.403 DENALI_PHY_612 (DENALI_PHY_612)

Offset

Register Offset

DENALI_PHY_612 4990h

Function
This register describes the parameters of DDR PHY register 612.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ1_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ0_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ1_SLAVE_D

ELAY_2

Holds the write clock slave delay setting for DQ1 for slice 2.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ0_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ0 for slice 2.

75.9.1.404 DENALI_PHY_613 (DENALI_PHY_613)

Offset

Register Offset

DENALI_PHY_613 4994h

Function
This register describes the parameters of DDR PHY register 613.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ3_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ2_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ3_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ3 for slice 2.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ2_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ2 for slice 2.

75.9.1.405 DENALI_PHY_614 (DENALI_PHY_614)

Offset

Register Offset

DENALI_PHY_614 4998h

Function
This register describes the parameters of DDR PHY register 614.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ5_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ4_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ5_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ5 for slice 2.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ4_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ4 for slice 2.

75.9.1.406 DENALI_PHY_615 (DENALI_PHY_615)

Offset

Register Offset

DENALI_PHY_615 499Ch

Function
This register describes the parameters of DDR PHY register 615.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ7_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ6_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ7_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ7 for slice 2.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ6_SLAVE_D

ELAY_2

Write clock slave delay setting for DQ6 for slice 2.

75.9.1.407 DENALI_PHY_616 (DENALI_PHY_616)

Offset

Register Offset

DENALI_PHY_616 49A0h

Function
This register describes the parameters of DDR PHY register 616.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQS_SLAVE_DELAY_2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDM_SLAVE_DELAY_2 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PHY_CLK_WR
DQS_SLAVE_D

ELAY_2

Write clock slave delay setting for DQS for slice 2.

15-11

—

Reserved

10-0

PHY_CLK_WR
DM_SLAVE_DE

LAY_2

Write clock slave delay setting for DM for slice 2.

75.9.1.408 DENALI_PHY_626 (DENALI_PHY_626)

Offset

Register Offset

DENALI_PHY_626 49C8h

Function
This register describes the parameters of DDR PHY register 626.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDQS_GATE_SLAVE_DELAY_2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDDQS_DM_FALL_SLAVE_DELAY_2 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-26

—

Reserved

25-16

PHY_RDDQS_
GATE_SLAVE_

DELAY_2

Read DQS slave delay setting for slice 2.

15-10

—

Reserved

9-0

PHY_RDDQS_
DM_FALL_SLA
VE_DELAY_2

Falling edge read DQS slave delay setting for DM for slice 2.

75.9.1.409 DENALI_PHY_799 (DENALI_PHY_799)

Offset

Register Offset

DENALI_PHY_799 4C7Ch

Function
This register describes the parameters of DDR PHY register 799.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_UPDT_WAIT_CNT_3 Reserved PHY_GTLVL_CAPTURE_CNT_3 

W

Reset u u u u 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_MASK_3 Reserved 

PHY_WRLVL_UPDT_WAIT_CNT_
3 W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_GTLVL_U
PDT_WAIT_CN

T_3

Defines the number of cycles (bit + 4) to wait after changing DQS slave delay setting during gate training 
for slice 3. The valid range is 0x0 to 0xB.

23-22

—

Reserved

21-16

PHY_GTLVL_C
APTURE_CNT_

3

Defines the number of samples to take at each DQS slave delay setting during gate training for slice 3.

15-8

PHY_DQ_MAS
K_3

Provides masking capability for DQ comparison during leveling for slice 3.

7-4

—

Reserved

3-0

PHY_WRLVL_U
PDT_WAIT_CN

T_3

Defines the number of cycles to wait after changing the wrdqs slave delay during write leveling to allow 
the slave delay lines to update for slice 3.
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75.9.1.410 DENALI_PHY_801 (DENALI_PHY_801)

Offset

Register Offset

DENALI_PHY_801 4C84h

Function
This register describes the parameters of DDR PHY register 801.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_WDQLVL_PATT_3 Reserved PHY_WDQLVL_BURST_CNT_3 

W

Reset u u u u u 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_WDQLVL_CLK_JITTER_TOLERANCE_3 PHY_RDLVL_DATA_MASK_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_WDQLVL
_PATT_3

Defines the training patterns to be used during the write data leveling sequence for slice 3. Bit (0) 
corresponds to the LFSR data training pattern. Bit (1) corresponds to the CLK data training pattern. Bit (2) 
corresponds to user-defined data pattern training. If multiple bits are set, the training for each of the chosen 
patterns will be executed and the settings that give the smallest data valid window eye will be chosen.

23-22

—

Reserved

21-16

PHY_WDQLVL
_BURST_CNT_

3

Defines the write/read burst length in bytes during the write data leveling sequence for slice 3.

15-8

PHY_WDQLVL
_CLK_JITTER_
TOLERANCE_3

Defines the minimum data valid window DQ/DM during write DQ training for slice 2.

Bits [7:0] = Fraction of a cycle with denominator of 512.

Table continues on the next page...
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Table continued from the previous page...

Field Function

7-0

PHY_RDLVL_D
ATA_MASK_3

Defines the per-bit mask for read leveling for slice 3. If all bits are not used, only 1 bit should be cleared to 0.

75.9.1.411 DENALI_PHY_811 (DENALI_PHY_811)

Offset

Register Offset

DENALI_PHY_811 4CACh

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_FIFO_PTR_OBS_3 

W

Reset u u u u u u u u 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved Reserved 

PHY_C
AL...W SC_PHY_MANUAL_CLEAR_3 

Reset u u 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-24

—

Reserved

23-16

PHY_FIFO_PT
R_OBS_3

Observation register containing read entry FIFO pointers for slice 3.

Observation register containing read entry FIFO pointers for slice 3.

15-14

—

Reserved

13-8

SC_PHY_MAN
UAL_CLEAR_3

Manual reset/clear of internal logic for slice 3.

Manual reset/clear of internal logic for slice 3. Bit (0) initiates manual setup of the read DQS gate. Bit (1) is 
reset of read entry FIFO pointers. Bit (2) is reset of master delay min/max lock values. Bit (3) is manual reset 

Table continues on the next page...
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Table continued from the previous page...

Field Function

of master delay unlock counter. Bit (4) is reset of leveling error bit in the leveling status registers. Bit (5) is 
clearing of the gate tracking observation register. Set each bit to 1 to initiate/reset.

7-1

—

Reserved

0

PHY_CALVL_V
REF_DRIVING_

SLICE_3

Indicates if slice 3 is used to drive the VREF value to the device during CA training.

75.9.1.412 DENALI_PHY_840 (DENALI_PHY_840)

Offset

Register Offset

DENALI_PHY_840 4D20h

Function
This register describes the parameters of DDR PHY register 840.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_S
LI...

Reserved 
PHY_D
CC...W

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_R
DP...

Reserved 
PHY_S

LV...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24 Controls functional clock gating in the data slice. Data slice power reduction disable for slice 3.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_SLICE_P
WR_RDC_DISA

BLE_3

23-17

—

Reserved

16

PHY_DCC_RX
CAL_CTRL_GA
TE_DISABLE_3

Disable for the mechanism that gates the clock for the RX offset calibration logic. Data slice RX_CAL 
block power reduction disable for slice 3.

15-9

—

Reserved

8

PHY_RDPATH_
GATE_DISABL

E_3

Controls functional clock gating in the read data path. Data slice read path power reduction disable for 
slice 3.

7-1

—

Reserved

0

PHY_SLV_DLY
_CTRL_GATE_

DISABLE_3

Controls functional clock gating in the slave delay line calculation module. Data slice slv_dly_control 
block power reduction disable for slice 3.

75.9.1.413 DENALI_PHY_841 (DENALI_PHY_841)

Offset

Register Offset

DENALI_PHY_841 4D24h

Function
This register describes the parameters of DDR PHY register 841.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_DQS_TSEL_ENAB
LE_3 

PHY_DQ_TSEL_SELECT_3 
W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_TSEL_SELECT_3 Reserved 

PHY_DQ_TSEL_ENABL
E_3 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31-27

—

Reserved

26-24

PHY_DQS_TSE
L_ENABLE_3

Operation type tsel enables for DQS signals for slice 3. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

23-8

PHY_DQ_TSEL
_SELECT_3

Operation type tsel select values for DQ/DM signals for slice 3.

7-3

—

Reserved

2-0

PHY_DQ_TSEL
_ENABLE_3

Operation type tsel enables for DQ/DM signals for slice 3. Bit (0) enables tsel_en during read cycles. Bit (1) 
enables tsel_en during write cycles. Bit (2) enables tsel_en during idle cycles. Set each bit to 1 to enable.

75.9.1.414 DENALI_PHY_842 (DENALI_PHY_842)

Offset

Register Offset

DENALI_PHY_842 4D28h

Function
This register describes the parameters of DDR PHY register 842.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_VREF_INITIAL_START_POINT_3 Reserved 
PHY_TWO_CY

C_PRE...W

Reset u 0 0 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQS_TSEL_SELECT_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PHY_VREF_INI
TIAL_START_P

OINT_3

The VREF start value for initial VREF training for slice 3.

23-18

—

Reserved

17-16

PHY_TWO_CY
C_PREAMBLE_

3

Enables 2 cycle preamble support for slice 3. Bit (0) controls the 2 cycle read preamble. Bit (1) controls the 
2 cycle write preamble. Set each bit to 1 to enable.

15-0

PHY_DQS_TSE
L_SELECT_3

Operation type tsel select values for DQS signals for slice 3.

75.9.1.415 DENALI_PHY_843 (DENALI_PHY_843)

Offset

Register Offset

DENALI_PHY_843 4D2Ch

Function
This register describes the parameters of DDR PHY register 843.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_NTP_WDQ_STEP_SIZE_3 Reserved 

PHY_N
TP...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_VREF_TR
AINI...

Reserv
ed 

PHY_VREF_INITIAL_STOP_POINT_3 
W

Reset u u u u u u 0 0 u 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_NTP_WD
Q_STEP_SIZE_

3

Step size of write DQ slave delay during No-Topology training for slice 3.

23-17

—

Reserved

16

PHY_NTP_TRA
IN_EN_3

Enable for No-Topology training for slice 3.

0b - Disabled

1b - Enabled

15-10

—

Reserved

9-8

PHY_VREF_TR
AINING_CTRL_

3

Controls the enable of VREF training for slice 3.

7

—

Reserved

6-0

PHY_VREF_INI
TIAL_STOP_P

OINT_3

Data slice initial VREF training stop value for slice 3. When programming the write DQ VREF stop point 
parameter, must set it equal to a multiple of the VREF (step size + start point).

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5604 / 5781



75.9.1.416 DENALI_PHY_848 (DENALI_PHY_848)

Offset

Register Offset

DENALI_PHY_848 4D40h

Function
This register describes the parameters of DDR PHY register 848.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_DSLICE_IO_CFG_3 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PAD_FDBK_RX_DCD_3 Reserved PHY_PAD_DQS_RX_DCD_3 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Fields

Field Function

31-23

—

Reserved

22-16

PHY_PAD_DSL
ICE_IO_CFG_3

Controls PCLK/PARK pin for IO pad for slice 3.

15-13

—

Reserved

12-8

PHY_PAD_FDB
K_RX_DCD_3

Controls RX_DCD pin for fdbk pad for slice 3.

7-5

—

Reserved

4-0

PHY_PAD_DQ
S_RX_DCD_3

Controls RX_DCD pin for dqs pad for slice 3.
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75.9.1.417 DENALI_PHY_856 (DENALI_PHY_856)

Offset

Register Offset

DENALI_PHY_856 4D60h

Function
This register describes the parameters of DDR PHY register 856.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_VREF_CTRL_DQ_3 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_VREF_SETTING_TIME_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-16

PHY_PAD_VRE
F_CTRL_DQ_3

Defines the pad VREF control settings for DQ slice 3.

15-0

PHY_VREF_SE
TTING_TIME_3

Defines the settling time for a change in VREF settings for slice 3.

75.9.1.418 DENALI_PHY_857 (DENALI_PHY_857)

Offset

Register Offset

DENALI_PHY_857 4D64h
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Function
This register describes the parameters of DDR PHY register 857.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_RDDATA_
EN_I...

PHY_DQS_IE_TIMING_3 
W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_IE_TIMING_3 Reserved 

PHY_P
ER...W

Reset 0 0 0 0 0 0 0 0 u u u u u u u 0

Fields

Field Function

31-26

—

Reserved

25-24

PHY_RDDATA_
EN_IE_DLY_3

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
input enable generation for slice 3.

23-16

PHY_DQS_IE_
TIMING_3

Defines the start and end timing adjustment values for the DQS input enable signals for slice 3.

15-8

PHY_DQ_IE_TI
MING_3

Defines the start and end timing adjustment values for the DQ/DM input enable signals for slice 3.

7-1

—

Reserved

0

PHY_PER_CS_
TRAINING_EN_

3

Enables the per-rank training and read/write timing capabilities for slice 3. Must have same value in all slices.
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75.9.1.419 DENALI_PHY_858 (DENALI_PHY_858)

Offset

Register Offset

DENALI_PHY_858 4D68h

Function
This register describes the parameters of DDR PHY register 858.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_OE_DLY_3 Reserved PHY_RDDATA_EN_TSEL_DLY_3 

W

Reset u u u 0 0 0 0 0 u u u 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_D
BI...

Reserved 
PHY_IE_MODE

_3 W

Reset u u u u u u u 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_OE_DLY_3

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for the 
LPDDR4 OE extension generation for slice 3.

23-21

—

Reserved

20-16

PHY_RDDATA_
EN_TSEL_DLY

_3

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
termination control generation for slice 3.

15-9

—

Reserved

8 DBI mode for slice 3. This enables return of DBI read data.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_DBI_MOD
E_3

0b - Disable

1b - Enable

7-2

—

Reserved

1-0

PHY_IE_MODE
_3

Input enable mode bits for slice 3. Bit (0) enables the mode where the input enables are always on; set to 
1 to enable. Bit (1) disables the input enable on the DM signal; set to 1 to disable.

75.9.1.420 DENALI_PHY_860 (DENALI_PHY_860)

Offset

Register Offset

DENALI_PHY_860 4D70h

Function
This register describes the parameters of DDR PHY register 860.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_WRLVL_DLY_STEP_3 Reserved PHY_RPTR_UPDATE_3 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_MASTER_DELAY_HALF_MEASURE_3 PHY_MASTER_DELAY_WAIT_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

PHY_WRLVL_D
LY_STEP_3

Defines the clk_wrdqs slave delay incremental step size during write leveling for slice 3.

23-20 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

19-16

PHY_RPTR_UP
DATE_3

Defines the number of cycles to delay the internal read gate dfi_rddata_en signal for the release of data 
from the entry FIFO for slice 3.

15-8

PHY_MASTER_
DELAY_HALF_
MEASURE_3

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle in the data slice master for slice 3.

7-0

PHY_MASTER_
DELAY_WAIT_

3

Wait cycles for master delay line locking algorithm for slice 3. Bits (3:0) are the cycle wait count after a 
calibration clock setting change. Bits (7:4) are the cycle wait count after a master delay setting change.

75.9.1.421 DENALI_PHY_861 (DENALI_PHY_861)

Offset

Register Offset

DENALI_PHY_861 4D74h

Function
This register describes the parameters of DDR PHY register 861.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_GTLVL_RESP_WAIT_CNT_3 Reserved PHY_GTLVL_DLY_STEP_3 

W

Reset u u u 0 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_WRLVL_RESP_WAIT_CNT_3 Reserved PHY_WRLVL_DLY_FINE_STEP_3 

W

Reset u u 0 0 0 0 0 0 u u u u 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-24

PHY_GTLVL_R
ESP_WAIT_CN

T_3

Defines the number cycles (bit + 4) to wait after a read burst is detected before reading the gate 
sampling result during gate training for slice 3. The valid range is 0x0 to 0x1B.

23-20

—

Reserved

19-16

PHY_GTLVL_D
LY_STEP_3

Defines the rddqs_gate_delay incremental step size (in 1/512’s of a cycle) during gate training for slice 3.

15-14

—

Reserved

13-8

PHY_WRLVL_R
ESP_WAIT_CN

T_3

Defines the number of cycles to wait between dfi_wrlvl_strobe and the sampling of the DQs during write 
leveling for slice 3.

7-4

—

Reserved

3-0

PHY_WRLVL_D
LY_FINE_STEP

_3

Defines the fine DQS slave delay incremental step size during write leveling for slice 3.

Bits [3:0] = Fraction of a cycle with denominator of 512.

75.9.1.422 DENALI_PHY_863 (DENALI_PHY_863)

Offset

Register Offset

DENALI_PHY_863 4D7Ch
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDLVL_DLY_STEP_3 Reserved 

PHY_T
OG...W

Reset u u u u 0 0 0 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WDQLVL_QTR_DLY_STEP_
3 

PHY_WDQLVL_DLY_STEP_3 
W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_RDLVL_D
LY_STEP_3

Defines the DQS rise/fall slave delay incremental step size during data eye training for slice 3.

23-17

—

Reserved

16

PHY_TOGGLE_
PRE_SUPPOR

T_3

Support the toggle read preamble for LPDDR4 for slice 3.

0b - Static read preamble

1b - Toggling read preamble

15-12

—

Reserved

11-8

PHY_WDQLVL
_QTR_DLY_ST

EP_3

Defines the step granularity for the logic to use, once an edge is found for slice 3. When this occurs, the logic 
jumps back to the previous invalid value and uses this step size to determine a more accurate delay value.

7-0

PHY_WDQLVL
_DLY_STEP_3

Defines the DQ slave delay incremental coarse step size during write DQ training for slice 3.
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75.9.1.423 DENALI_PHY_864 (DENALI_PHY_864)

Offset

Register Offset

DENALI_PHY_864 4D80h

Function
This register describes the parameters of DDR PHY register 864.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDLVL_MAX_EDGE_3 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-10

—

Reserved

9-0

PHY_RDLVL_M
AX_EDGE_3

Provides the maximun rdlvl slave delay search window for read eye training for slice 3.

75.9.1.424 DENALI_PHY_865 (DENALI_PHY_865)

Offset

Register Offset

DENALI_PHY_865 4D84h

Function
This register describes the parameters of DDR PHY register 865.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDATA_EN_DLY_3 Reserved PHY_MEAS_DLY_STEP_ENABLE_3 

W

Reset u u u 0 0 0 0 0 u u 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_WRPATH_GATE_T
IMING_3 

Reserved 
PHY_WRPATH

_GATE...W

Reset u u u u u 0 0 0 u u u u u u 0 0

Fields

Field Function

31-29

—

Reserved

28-24

PHY_RDDATA_
EN_DLY_3

Defines the cycle delay of the controller dfi_rddata_en signal to create the internal version used for read 
DQS gate and read data return for slice 3.

23-22

—

Reserved

21-16

PHY_MEAS_DL
Y_STEP_ENAB

LE_3

Data slice training step definition using phy_meas_dly_step_value for slice 3.

Controls definition of delay parameter settings.

• Bit[5]: phy_wdqlvl_qtr_dly_step

• Bit[4]: phy_ntp_wdq_step_size

• Bit[3]: phy_wrlvl_dly_fine_step

• Bit[2]: phy_wrlvl_dly_step

• Bit[1]: phy_rdlvl_dly_step

• Bit[0]: phy_gtlvl_dly_step

Data value per bit:

0b - use standard phy_*_dly_step

1b - use value calculated by hardware which represents ¼ of the average value of a delay cell

15-11

—

Reserved

10-8 Write path clock gating timing for slice 3, it means additional clock number to write path clock gate.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_WRPATH
_GATE_TIMING

_3

7-2

—

Reserved

1-0

PHY_WRPATH
_GATE_DISAB

LE_3

Write path clock gating disable for slice 3. Bit[0]: disable pull in wrdata_en; Bit[1]: disable write path clock 
gating, clock always on

75.9.1.425 DENALI_PHY_866 (DENALI_PHY_866)

Offset

Register Offset

DENALI_PHY_866 4D88h

Function
This register describes the parameters of DDR PHY register 866.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_DQ_DM_SWIZZLE0_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DQ_DM_SWIZZLE0_3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PHY_DQ_DM_
SWIZZLE0_3

DQ/DM bit swizzling 0 for slice 3.

• Bits [3:0] = Defines the bit of the DM/DQ maps to DQ0

Table continues on the next page...
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Field Function

• Bits [7:4] = Defines the bit of the DM/DQ maps to DQ1

• Bits [11:8] = Defines the bit of the DM/DQ maps to DQ2

• Bits [15:12] = Defines the bit of the DM/DQ maps to DQ3

• Bits [19:16] = Defines the bit of the DM/DQ maps to DQ4

• Bits [23:20] = Defines the bit of the DM/DQ maps to DQ5

• Bits [27:24] = Defines the bit of the DM/DQ maps to DQ6

• Bits [31:28] = Defines the bit of the DM/DQ maps to DQ7

75.9.1.426 DENALI_PHY_868 (DENALI_PHY_868)

Offset

Register Offset

DENALI_PHY_868 4D90h

Function
This register describes the parameters of DDR PHY register 868.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ1_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ0_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

26-16 Holds the write clock slave delay setting for DQ1 for slice 3.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_CLK_WR
DQ1_SLAVE_D

ELAY_3

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ0_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ0 for slice 3.

75.9.1.427 DENALI_PHY_869 (DENALI_PHY_869)

Offset

Register Offset

DENALI_PHY_869 4D94h

Function
This register describes the parameters of DDR PHY register 869.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ3_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ2_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

26-16

PHY_CLK_WR
DQ3_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ3 for slice 3.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ2_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ2 for slice 3.

75.9.1.428 DENALI_PHY_870 (DENALI_PHY_870)

Offset

Register Offset

DENALI_PHY_870 4D98h

Function
This register describes the parameters of DDR PHY register 870.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ5_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ4_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-27 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

26-16

PHY_CLK_WR
DQ5_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ5 for slice 3.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ4_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ4 for slice 3.

75.9.1.429 DENALI_PHY_871 (DENALI_PHY_871)

Offset

Register Offset

DENALI_PHY_871 4D9Ch

Function
This register describes the parameters of DDR PHY register 871.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQ7_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDQ6_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-27

—

Reserved

26-16

PHY_CLK_WR
DQ7_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ7 for slice 3.

15-11

—

Reserved

10-0

PHY_CLK_WR
DQ6_SLAVE_D

ELAY_3

Write clock slave delay setting for DQ6 for slice 3.

75.9.1.430 DENALI_PHY_872 (DENALI_PHY_872)

Offset

Register Offset

DENALI_PHY_872 4DA0h

Function
This register describes the parameters of DDR PHY register 872.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CLK_WRDQS_SLAVE_DELAY_3 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CLK_WRDM_SLAVE_DELAY_3 

W

Reset u u u u u 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25-16

PHY_CLK_WR
DQS_SLAVE_D

ELAY_3

Write clock slave delay setting for DQS for slice 3.

15-11

—

Reserved

10-0

PHY_CLK_WR
DM_SLAVE_DE

LAY_3

Write clock slave delay setting for DM for slice 3.

75.9.1.431 DENALI_PHY_882 (DENALI_PHY_882)

Offset

Register Offset

DENALI_PHY_882 4DC8h

Function
This register describes the parameters of DDR PHY register 882.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_RDDQS_GATE_SLAVE_DELAY_3 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_RDDQS_DM_FALL_SLAVE_DELAY_3 

W

Reset u u u u u u 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-26

—

Reserved

25-16

PHY_RDDQS_
GATE_SLAVE_

DELAY_3

Read DQS slave delay setting for slice 3.

15-10

—

Reserved

9-0

PHY_RDDQS_
DM_FALL_SLA
VE_DELAY_3

Falling edge read DQS slave delay setting for DM for slice 3.

75.9.1.432 DENALI_PHY_1030 (DENALI_PHY_1030)

Offset

Register Offset

DENALI_PHY_1030 5018h

Function
This register describes the parameters of DDR PHY register 1030.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_A
DR...

Reserved 
W

Reset u u u u u u u 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_ADR_TYP
E_0 

Reserved 
PHY_A
DR...W

Reset u u u u u u 0 0 u u u u u u u 0
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Fields

Field Function

31-25

—

Reserved

24

PHY_ADR_IE_
MODE_0

Input enable control for address slice 0.

0b - Input enables off

1b - Input enables on

23-10

—

Reserved

9-8

PHY_ADR_TYP
E_0

Defines the DRAM type for address slice 0.

01b - LPDDR3 mode

10b - LPDDR4/LPDDR4X mode

7-1

—

Reserved

0

PHY_ADR_SLV
_DLY_CTRL_G
ATE_DISABLE_

0

Power reduction slv_dly_control block gate disable for address slice 0.

75.9.1.433 DENALI_PHY_1055 (DENALI_PHY_1055)

Offset

Register Offset

DENALI_PHY_1055 507Ch

Function
This register describes the parameters of DDR PHY register 1055.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_PAD_ADR_IO_CF
G_0 W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ADR_IO_CFG_0 PHY_ADR_TSEL_SELECT_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18-8

PHY_PAD_ADR
_IO_CFG_0

Controls I/O pads for address pad for address slice 0. Bits (10:5) = Park value, bits (4) park override, bits 
(2:0) clk divider.

7-0

PHY_ADR_TSE
L_SELECT_0

Tsel select values for address slice 0.

75.9.1.434 DENALI_PHY_1063 (DENALI_PHY_1063)

Offset

Register Offset

DENALI_PHY_1063 509Ch

Function
This register describes the parameters of DDR PHY register 1063.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_ADR_CALVL_DLY_STEP_0 PHY_ADR_MASTER_DELAY_HALF_MEASURE_0 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

—

Reserved

11-8

PHY_ADR_CAL
VL_DLY_STEP

_0

Sets the delay step size plus 1 during CA training for address slice 0.

7-0

PHY_ADR_MA
STER_DELAY_
HALF_MEASU

RE_0

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle for the master in address slice 0.

75.9.1.435 DENALI_PHY_1286 (DENALI_PHY_1286)

Offset

Register Offset

DENALI_PHY_1286 5418h

Function
This register describes the parameters of DDR PHY register 1286.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_A
DR...

Reserved 
W

Reset u u u u u u u 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_ADR_TYP
E_1 

Reserved 
PHY_A
DR...W

Reset u u u u u u 0 0 u u u u u u u 0

Fields

Field Function

31-25

—

Reserved

24

PHY_ADR_IE_
MODE_1

Input enable control for address slice 1.

0b - Input enables off

1b - Input enables on

23-10

—

Reserved

9-8

PHY_ADR_TYP
E_1

Defines the DRAM type for address slice 1.

01b - LPDDR3 mode

10b - LPDDR4/LPDDR4X mode

7-1

—

Reserved

0

PHY_ADR_SLV
_DLY_CTRL_G
ATE_DISABLE_

1

Power reduction slv_dly_control block gate disable for address slice 1.

75.9.1.436 DENALI_PHY_1311 (DENALI_PHY_1311)

Offset

Register Offset

DENALI_PHY_1311 547Ch
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Function
This register describes the parameters of DDR PHY register 1311.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_PAD_ADR_IO_CF
G_1 W

Reset u u u u u 0 0 0 u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ADR_IO_CFG_1 PHY_ADR_TSEL_SELECT_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-19

—

Reserved

18-8

PHY_PAD_ADR
_IO_CFG_1

Controls I/O pads for address pad for address slice 1. Bits (10:5) = Park value, bits (4) park override, bits 
(2:0) clk divider.

7-0

PHY_ADR_TSE
L_SELECT_1

Tsel select values for address slice 1.

75.9.1.437 DENALI_PHY_1319 (DENALI_PHY_1319)

Offset

Register Offset

DENALI_PHY_1319 549Ch

Function
This register describes the parameters of DDR PHY register 1319.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_ADR_CALVL_DLY_STEP_1 PHY_ADR_MASTER_DELAY_HALF_MEASURE_1 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

—

Reserved

11-8

PHY_ADR_CAL
VL_DLY_STEP

_1

Sets the delay step size plus 1 during CA training for address slice 1.

7-0

PHY_ADR_MA
STER_DELAY_
HALF_MEASU

RE_1

Defines the number of delay line elements to be considered in determing whether to lock to a half clock 
cycle for the master in address slice 1.

75.9.1.438 DENALI_PHY_1536 (DENALI_PHY_1536)

Offset

Register Offset

DENALI_PHY_1536 5800h
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_FREQ_SE
L W

Reset u u u u u u u u u u u u u u 0 0

Fields

Field Function

31-2

—

Reserved

1-0

PHY_FREQ_SE
L

Specifies which set of the frequency-dependent timing bit will be used by the PHY.

75.9.1.439 DENALI_PHY_1537 (DENALI_PHY_1537)

Offset

Register Offset

DENALI_PHY_1537 5804h

Function
This register describes the parameters of DDR PHY register 1537.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_SW_GRP0_SHIFT_0 Reserved 

PHY_FREQ_SE
L_IN...W

Reset u u u 0 0 0 0 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_F
RE...

Reserved 
PHY_F
RE...W

Reset u u u u u u u 1 u u u u u u u 0
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Fields

Field Function

31-29

—

Reserved

28-24

PHY_SW_GRP
0_SHIFT_0

Address slice slave delay setting for address slice 4.

23-18

—

Reserved

17-16

PHY_FREQ_SE
L_INDEX

Selects which frequency set to update when PHY_FREQ_SEL_MULTICAST_EN is not set.

15-9

—

Reserved

8

PHY_FREQ_SE
L_MULTICAST_

EN

When set, a register write will update parameters for all frequency sets simultaneously. Set to 1 to enable.

7-1

—

Reserved

0

PHY_FREQ_SE
L_FROM_REGI

F

Indicates which source is used to select the frequency set. When set to 1, the frequency select source is 
given by bit PHY_FREQ_SEL from register I/F. When cleared to 0, the frequency select source is the PHY 
input signal dfi_frequency.

75.9.1.440 DENALI_PHY_1547 (DENALI_PHY_1547)

Offset

Register Offset

DENALI_PHY_1547 582Ch

Function
This register describes the parameters of DDR PHY register 1547.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_L
P4...

Reserved 
PHY_C

SL...W

Reset u u u u u u u 0 u u u u u u u 0

Fields

Field Function

31-9

—

Reserved

8

PHY_LP4_BOO
T_DISABLE

Controls the handling of the DFI frequency. When set to 1, DFI frequency 0 is considered the first 
operational frequency. When cleared to 0, DFI frequency 0 is the boot frequency and other DFI frequency 
values are operational frequencies. Must be cleared to 0 for LPDDR3 devices operating in an LPDDR4 
capable configuration.

7-1

—

Reserved

0

PHY_CSLVL_E
NABLE

CS Training Enable

Set to 1 to enable CS training during CA training.

75.9.1.441 DENALI_PHY_1555 (DENALI_PHY_1555)

Offset

Register Offset

DENALI_PHY_1555 584Ch

Function
This register describes the parameters of DDR PHY register 1555.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_L
P4...W

Reset u u u u u u u u u u u u u u u 0

Fields

Field Function

31-1

—

Reserved

0

PHY_LP4_BOO
T_PLL_BYPAS

S

PHY clock PLL bypass select.

75.9.1.442 DENALI_PHY_1564 (DENALI_PHY_1564)

Offset

Register Offset

DENALI_PHY_1564 5870h

Function
This register describes the parameters of DDR PHY register 1564.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PHY_PLL_OBS_1 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PHY_PLL_OBS_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-16

PHY_PLL_OBS
_1

Reports the PHY TOP level clock PLL_1 observe values.

• Bits [10:3] = pll_lock_deassert_cnt. Count of PLL lock deassertions.

• Bit [2] = pll_lock_deassert. PLL lock deassert indicator.

• Bit [1] = pll_ready. PLL ready signal.

• Bit [0] = pll_lock. Raw PLL lock signal.

All other bits are reserved for future use and return 'b0.

15-0

PHY_PLL_OBS
_0

Reports the PHY TOP level clock PLL_0 observe values.

• Bits [10:3] = pll_lock_deassert_cnt. Count of PLL lock deassertions.

• Bit [2] = pll_lock_deassert. PLL lock deassert indicator.

• Bit [1] = pll_ready. PLL ready signal.

• Bit [0] = pll_lock. Raw PLL lock signal.

All other bits are reserved for future use and return 'b0.

75.9.1.443 DENALI_PHY_1565 (DENALI_PHY_1565)

Offset

Register Offset

DENALI_PHY_1565 5874h

Function
This register describes the parameters of DDR PHY register 1565.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_L
P4...

Reserved 
PHY_PLL_TES

TOUT...W

Reset u u u u u u u 0 u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PHY_PLL_OBS_2 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-25

—

Reserved

24

PHY_LP4_BOO
T_LOW_FREQ_

SEL

Control the PLL domain enter/exit from the negative clock edge for LPDDR4 boot frequency.

23-18

—

Reserved

17-16

PHY_PLL_TES
TOUT_SEL

PHY PLL Testout Select

Defines the PHY testout signal source.

15-0

PHY_PLL_OBS
_2

Reports the PHY TOP level clock PLL_2 observe values.

• Bits [10:3] = pll_lock_deassert_cnt. Count of PLL lock deassertions.

• Bit [2] = pll_lock_deassert. PLL lock deassert indicator.

• Bit [1] = pll_ready. PLL ready signal.

• Bit [0] = pll_lock. Raw PLL lock signal.

All other bits are reserved for future use and return 'b0.

75.9.1.444 DENALI_PHY_1566 (DENALI_PHY_1566)

Offset

Register Offset

DENALI_PHY_1566 5878h

Function
This register describes the parameters of DDR PHY register 1566.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_L
S_...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_LP_WAKEUP Reserved PHY_TCKSRE_WAIT 

W

Reset 0 0 0 0 0 0 0 0 u u u u 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16

PHY_LS_IDLE_
EN

Indicates the Reduced Idle Power State is enabled in low power mode.

15-8

PHY_LP_WAKE
UP

Specifies the number of cycles the PHY takes to wakeup in low power mode.

7-4

—

Reserved

3-0

PHY_TCKSRE_
WAIT

Specifies the number of cycles the PHY should wait before turning off the PLL for a deep sleep or DFS 
event.

75.9.1.445 DENALI_PHY_1569 (DENALI_PHY_1569)

Offset

Register Offset

DENALI_PHY_1569 5884h

Function
This register describes the parameters of DDR PHY register 1569.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_PAD_FDB
K_TE...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_FDBK_TERM 

W

Reset 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-0

PHY_PAD_FDB
K_TERM

Controls term settings for gate feedback pads.

75.9.1.446 DENALI_PHY_1580 (DENALI_PHY_1580)

Offset

Register Offset

DENALI_PHY_1580 58B0h

Function
This register describes the parameters of DDR PHY register 1580.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_TST_CLK_PAD_CTRL3 

W

Reset u u u u u u u u u 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_TST_CLK_PAD_CTRL3 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5636 / 5781



Fields

Field Function

31-23

—

Reserved

22-0

PHY_TST_CLK
_PAD_CTRL3

PHY test clock pad additional controls.

75.9.1.447 DENALI_PHY_1582 (DENALI_PHY_1582)

Offset

Register Offset

DENALI_PHY_1582 58B8h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved Reserved 

W
PHY_C

AL...
PHY_C

AL...

Reset u u u u u u u 0 u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_CAL_MODE_0 

W

Reset u u u 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-25

—

Reserved

24

PHY_CAL_STA
RT_0

Manual start for the pad calibration state machine for block 0.

Manual start for the pad calibration state machine for block 0. Set to 1 to trigger.

23-17

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

16

PHY_CAL_CLE
AR_0

Clear the pad calibration state machine and results for block 0.

Clear the pad calibration state machine and results for block 0. Set to 1 to trigger.

15-13

—

Reserved

12-0

PHY_CAL_MO
DE_0

Pad calibration mode bits for block 0.

Pad calibration mode bits for block 0. Bit (0) disables pad calibration upon initialization. Bit (1) enables 
automatic interval based calibration. Bits (3:2) set the base interval for the interval counter. Bits (7:4) are 
direct connections to pad control signals.

75.9.1.448 DENALI_PHY_1594 (DENALI_PHY_1594)

Offset

Register Offset

DENALI_PHY_1594 58E8h

Function
This register describes the parameters of DDR PHY register 1594.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CAL_SLOPE_ADJ_0 

W

Reset u u u u 0 1 0 0 0 0 0 1 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_CAL_SLOPE_ADJ_0 PHY_ADRCTL_PVT_MAP_0 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

27-8

PHY_CAL_SLO
PE_ADJ_0

Slope adjustment applied to the final algorithm result.

7-0

PHY_ADRCTL_
PVT_MAP_0

Defines the mapping of the address/control signals to pass 1 or pass 2 calibration results.

0000_0000b - Use pass 1 results

0000_0001b - Use pass 2 results

75.9.1.449 DENALI_PHY_1607 (DENALI_PHY_1607)

Offset

Register Offset

DENALI_PHY_1607 591Ch

Function
This register describes the parameters of DDR PHY register 1607.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_A
C_...W

Reset u u u u u u u u u u u u u u u 0

Fields

Field Function

31-1

—

Reserved

0

PHY_AC_SLV_
DLY_CTRL_GA
TE_DISABLE

Controls functional clock gating in the address/control slice slave delay line calculation module.

0b - Slave delay control clock gating is enabled.

1b - Slave delay control clock gating is disabled.
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75.9.1.450 DENALI_PHY_1608 (DENALI_PHY_1608)

Offset

Register Offset

DENALI_PHY_1608 5920h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_DATA_BYTE_ORDER_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_DATA_BYTE_ORDER_SEL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PHY_DATA_BY
TE_ORDER_SE

L

Used to define the data slice's byte swap for CA bits 7:0.

75.9.1.451 DENALI_PHY_1622 (DENALI_PHY_1622)

Offset

Register Offset

DENALI_PHY_1622 5958h

Function
This register describes the parameters of DDR PHY register 1622.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_PAD_CAL
_IO_...W

Reset u u u u u u u u u u u u u u 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CAL_IO_CFG_0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-18

—

Reserved

17-0

PHY_PAD_CAL
_IO_CFG_0

Pad calibration Controls PCLK/PARK pin and vref switch.

75.9.1.452 DENALI_PHY_1624 (DENALI_PHY_1624)

Offset

Register Offset

DENALI_PHY_1624 5960h

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

W

Reset u u u u u u u u u u u u u u u u

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved 

PHY_P
LL...W

Reset u u u u u u u u u u u u u u u 0
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Fields

Field Function

31-1

—

Reserved

0

PHY_PLL_BYP
ASS

PHY clock PLL bypass select.

Enables the functional mode bypassing of the deskew PLL by replacing the PLL output clock with a 2x 
clock received on the clk_phy_bypass pin

0b - No bypass

1b - Bypass

75.9.1.453 DENALI_PHY_1625 (DENALI_PHY_1625)

Offset

Register Offset

DENALI_PHY_1625 5964h

Function
This register describes the parameters of DDR PHY register 1625.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_L
OW...W

Reset u u u u u u u u u u u u u u u 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PLL_CTRL 

W

Reset u u u 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-17

—

Reserved

16 Enables the PHY to enter/exit the PLL domain from the negative clock edge. Set to 1 at low frequencies 
to enable.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_LOW_FR
EQ_SEL

15-13

—

Reserved

12-0

PHY_PLL_CTR
L

PHY clock PLL controls.

Controls the PHY deskew PLL for the LPDDR4 frequency.

• Bit [12] = pll_vcosel; VCO select

0b - VCO/2

1b - VCO

• Bit [11:9] = pll_postdiv; POST VCO divider

divider value = 2^pll_postdiv

• Bit [8:7] = pll_refdiv: Reference divider

2’b00=4

2’b01=2

2’b1X=1

• Bit [1] = pll_pd_n: Powerdown, active low.

0b - Disables PLL.

1b - Enables PLL

• Other bits are reserved

Output Freq (DRAM freq) = 2 * reference clock / pll_refdiv

VCO Freq (internal) = Output Freq * 2^(pll_postdiv+1)

75.9.1.454 DENALI_PHY_1626 (DENALI_PHY_1626)

Offset

Register Offset

DENALI_PHY_1626 5968h

Function
This register describes the parameters of DDR PHY register 1626.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_CSLVL_DLY_STEP Reserved PHY_CSLVL_CAPTURE_CNT 

W

Reset u u u u 0 0 0 0 u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
Reserved PHY_PAD_VREF_CTRL_AC 

W

Reset u u u u 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

PHY_CSLVL_D
LY_STEP

Sets the delay step size plus 1 during CS training.

23-20

—

Reserved

19-16

PHY_CSLVL_C
APTURE_CNT

Defines the number of samples to take at each GRP slave delay setting during CS training.

15-12

—

Reserved

11-0

PHY_PAD_VRE
F_CTRL_AC

Defines the pad VREF control settings for the address/control.

75.9.1.455 DENALI_PHY_1635 (DENALI_PHY_1635)

Offset

Register Offset

DENALI_PHY_1635 598Ch

Function
This register describes the parameters of DDR PHY register 1635.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_FDBK_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_FDBK_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_FDB
K_DRIVE

PAD Control for internal dqs gate feedback cell.

Bit[18:15] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.456 DENALI_PHY_1636 (DENALI_PHY_1636)

Offset

Register Offset

DENALI_PHY_1636 5990h

Function
This register describes the parameters of DDR PHY register 1636.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved 

PHY_PAD_FDBK_DRIVE
2 W

Reset u u u u u u u u u u u u u 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_FDBK_DRIVE2 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-19

—

Reserved

18-0

PHY_PAD_FDB
K_DRIVE2

Controls drive settings (enslice/boost) for gate feedback pads.

75.9.1.457 DENALI_PHY_1637 (DENALI_PHY_1637)

Offset

Register Offset

DENALI_PHY_1637 5994h

Function
This register describes the parameters of DDR PHY register 1637.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_PAD_DATA_DRIVE 
W

Reset u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_DATA_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30-0

PHY_PAD_DAT
A_DRIVE

PAD Control for DDR_DQ[31:0] inout pins.

Bit[9:6] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[5:3] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[2:0] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.458 DENALI_PHY_1639 (DENALI_PHY_1639)

Offset

Register Offset

DENALI_PHY_1639 599Ch

Function
This register describes the parameters of DDR PHY register 1639.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_PAD_DQS_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_DQS_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-0

PHY_PAD_DQ
S_DRIVE

PAD Control for DDR_DQS[3:0]_N/P inout differential pins.

Bit[9:6] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[5:3] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[2:0] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.459 DENALI_PHY_1641 (DENALI_PHY_1641)

Offset

Register Offset

DENALI_PHY_1641 59A4h

Function
This register describes the parameters of DDR PHY register 1641.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_ADDR_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ADDR_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
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Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_ADD
R_DRIVE

PAD Control for DDR_A[11:0] output pins.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.460 DENALI_PHY_1642 (DENALI_PHY_1642)

Offset

Register Offset

DENALI_PHY_1642 59A8h

Function
This register describes the parameters of DDR PHY register 1642.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_ADDR_DRIVE2 

W

Reset u u u 0 0 0 0 0 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ADDR_DRIVE2 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-0

PHY_PAD_ADD
R_DRIVE2

Controls drive settings for the address/control pads.

75.9.1.461 DENALI_PHY_1643 (DENALI_PHY_1643)

Offset

Register Offset

DENALI_PHY_1643 59ACh

Function
This register describes the parameters of DDR PHY register 1643.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
PHY_PAD_CLK_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CLK_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-0

PHY_PAD_CLK
_DRIVE

PAD Control for DDR_CK[1:0]_N/P differential output pins.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

Table continues on the next page...
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Field Function

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[7:4] Pull Up drive strength control.

• 4’b0000 : Hi-Z

• 4’b0011 : 240Ω

• 4’b0100 : 120Ω

• 4’b0111 : 80Ω

• 4’b1000 : 60Ω

• 4’b1011 : 48Ω

• 4’b1100 : 40Ω

Bit[3:0] Pull Down drive strength control

• 4’b0000 : Hi-Z

• 4’b0011 : 240Ω

• 4’b0100 : 120Ω

• 4’b0111 : 80Ω

• 4’b1000 : 60Ω

• 4’b1011 : 48Ω

• 4’b1100 : 40Ω

• Others : reserved

75.9.1.462 DENALI_PHY_1644 (DENALI_PHY_1644)

Offset

Register Offset

DENALI_PHY_1644 59B0h

Function
This register describes the parameters of DDR PHY register 1644.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_CLK_DRIVE2 

W

Reset u u u u u u u u u u u u 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CLK_DRIVE2 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-20

—

Reserved

19-0

PHY_PAD_CLK
_DRIVE2

Controls drive settings for clock pads.

75.9.1.463 DENALI_PHY_1645 (DENALI_PHY_1645)

Offset

Register Offset

DENALI_PHY_1645 59B4h

Function
This register describes the parameters of DDR PHY register 1645.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_CKE_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CKE_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
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Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_CKE
_DRIVE

PAD Control for DDR_CKE[1:0] output pins.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.464 DENALI_PHY_1646 (DENALI_PHY_1646)

Offset

Register Offset

DENALI_PHY_1646 59B8h

Function
This register describes the parameters of DDR PHY register 1646.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_CKE_DRIVE2 

W

Reset u u u 0 0 0 0 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CKE_DRIVE2 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28-0

PHY_PAD_CKE
_DRIVE2

Controls drive settings for CKE pads.

75.9.1.465 DENALI_PHY_1647 (DENALI_PHY_1647)

Offset

Register Offset

DENALI_PHY_1647 59BCh

Function
This register describes the parameters of DDR PHY register 1647.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_RST_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_RST_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_RST
_DRIVE

PAD Control for DDR_RAM_RST_b output pin.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

Table continues on the next page...
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Table continued from the previous page...

Field Function

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.466 DENALI_PHY_1648 (DENALI_PHY_1648)

Offset

Register Offset

DENALI_PHY_1648 59C0h

Function
This register describes the parameters of DDR PHY register 1648.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_RST_DRIVE2 

W

Reset u u u 0 0 0 0 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_RST_DRIVE2 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

28-0

PHY_PAD_RST
_DRIVE2

Controls drive settings for reset_n pads.

75.9.1.467 DENALI_PHY_1649 (DENALI_PHY_1649)

Offset

Register Offset

DENALI_PHY_1649 59C4h

Function
This register describes the parameters of DDR PHY register 1649.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_CS_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CS_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_CS_
DRIVE

PAD Control for DDR_CS[1:0]* output pins.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

Table continues on the next page...
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Table continued from the previous page...

Field Function

• 4’b1001 : LPDDR4X (Range 0)

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.468 DENALI_PHY_1650 (DENALI_PHY_1650)

Offset

Register Offset

DENALI_PHY_1650 59C8h

Function
This register describes the parameters of DDR PHY register 1650.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_CS_DRIVE2 

W

Reset u u u 0 0 0 0 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_CS_DRIVE2 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-0 Controls drive settings for CS pads.

Table continues on the next page...
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Table continued from the previous page...

Field Function

PHY_PAD_CS_
DRIVE2

75.9.1.469 DENALI_PHY_1651 (DENALI_PHY_1651)

Offset

Register Offset

DENALI_PHY_1651 59CCh

Function
This register describes the parameters of DDR PHY register 1651.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_ODT_DRIVE 

W

Reset u u 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ODT_DRIVE 

W

Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Fields

Field Function

31-30

—

Reserved

29-0

PHY_PAD_ODT
_DRIVE

PAD Control for DDR_ODT[1:0] output pin.

Bit[17:14] Mode selection

• 4’b0011 : LPDDR3(ODT)

• 4’b0110 : LPDDR4 (Range 1)

• 4’b0111 : LPDDR4 (Range 0)

• 4’b1001 : LPDDR4X (Range 0)

Table continues on the next page...
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Table continued from the previous page...

Field Function

• 4’b1010 : LPDDR4X (Range 1)

• Others : reserved

Bit[13:11] Controls the slew rate on the pull up side of the driver. When set to 3’b000 the slew rate is as slow 
as possible and increases to the maximum slew rate at the 3’b111 setting.

Bit[10:8] Controls the slew rate on the pull down side of the driver. When set to 3’b000 the slew rate is as 
slow as possible and increases to the maximum slew rate at the 3’b111 setting.

Other bits are reserved.

75.9.1.470 DENALI_PHY_1652 (DENALI_PHY_1652)

Offset

Register Offset

DENALI_PHY_1652 59D0h

Function
This register describes the parameters of DDR PHY register 1652.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
Reserved PHY_PAD_ODT_DRIVE2 

W

Reset u u u 0 0 0 0 1 1 1 1 1 1 1 1 1

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_PAD_ODT_DRIVE2 

W

Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0

Fields

Field Function

31-29

—

Reserved

28-0

PHY_PAD_ODT
_DRIVE2

Controls drive settings for ODT pads.
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75.9.1.471 DENALI_PHY_1653 (DENALI_PHY_1653)

Offset

Register Offset

DENALI_PHY_1653 59D4h

Function
This register describes the parameters of DDR PHY register 1653.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R Reserv
ed 

PHY_CAL_SETTLING_PRD_0 PHY_CAL_VREF_SWITCH_TIMER_0 
W

Reset u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
PHY_CAL_VREF_SWITCH_TIMER_0 Reserved 

PHY_CAL_CLK_SELEC
T_0 W

Reset 0 0 0 0 0 0 0 0 u u u u u 0 0 0

Fields

Field Function

31

—

Reserved

30-24

PHY_CAL_SET
TLING_PRD_0

Number of clock cycles to extend dfi_phyupd_req after the dfi_phyupd_ack is received for settling of final 
values.

23-8

PHY_CAL_VRE
F_SWITCH_TI

MER_0

The settling time for a switch in VREF during IO pad calibration.

7-3

—

Reserved

2-0

PHY_CAL_CLK
_SELECT_0

Defines the frequency of the clock to the pad calibration cell for calibration block 0.

NXP Semiconductors
Low-Power DDR Controller (LPDDR4)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5660 / 5781



Chapter 76
Debug Architecture
76.1 Debug Subsystem
It is necessary to be able to debug a device from several viewpoints and to ensure that access to those viewpoints is properly 
controlled. Within this device, there are multiple objects which need to be debugged and an overall infrastructure to enable that 
to occur.

76.1.1 Debug methods
Debug may be carried out by several different methods irrespective of the actual viewpoint of the operation.

• Debug via a host: A hardware debug unit is connected to an external PC is used via the CoreSight infrastructure.

• Debug via logic analyzer: Hardware debug via the debug mechanisms or scan dump primarily, but it may also include parts 
of the CoreSight infrastructure.

• Self-hosted debug: A monitor is running on one or more of the cores.

• Software level debug: Includes a running Linux system, for example, and the system monitor tools, such as a USB connection.

Different methods are applicable to different paths and require different infrastructures. This chapter deals with the first two as they 
are the ones which require hardware support.

76.1.2 Debug viewpoints
• Hardware debug: Debug by the design team of hardware issues within specific cores during development

• DFT/Failure analysis: Debug of a part after production to understand issues or for manufacturing test.

• Firmware debug: Debug of chip level firmware (primarily in the system controller)

• Secure/privileged debug: Debug of software which is required to be controlled to specific scenarios, as an example 
secure debug

• Debug of a particular context: Debug of an AP core or cluster or of an embedded M33 core

• Noninvasive debug: Tracing or monitoring of the behavior of a particular context or set of contexts

• Performance analysis: Collection of information to understand overall system behavior at a high-level for performance or 
power analysis

• User part: Extremely limited or no access

As these are all different, different approaches are needed but these are all based on two underlying mechanisms.

• CoreSight debug: A mechanism provided by Arm to allow access for debug to particular cores.

• Hardware test and debug: A mechanism which gives access to underlying hardware.

Control and access to these mechanisms is dependent on credentials and is largely managed in the security functions of the chip 
where they will be described. This chapter simply provides a set of the controls which are driven by that security function.

76.1.3 Debug architecture
The overall debug system is partitioned among system level blocks as shown in the following diagram.
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Figure 532. High-Level Debug System Architecture

• JTAG-TAP: Test access port is used by NXP Product and Test Engineering team to do DFT testing and for boundary 
scan testing.

• DAP: Debug Access Port which has Serial Wire port (SWJ-DP) which interprets the data coming in and routes to appropriate 
Access Port (AP).

— This block is always enabled.

— To disable this function ROM/SW should set the JTAG/SWD pins in GPIO mode or select other functions for these pin 
IOMUX (IO multiplexer).

• Cortex-M33 AHB-AP: Debug Access port for Cortex-M33 core.

— Is disabled on reset and enabled by EdgeLock secure enclave.

• Cortex-A35 APB-AP: Debug Access port for Cortex-A35 cores.

— Is disabled on reset and enabled by EdgeLock secure enclave.

• HiFi4 APB-AP: Debug Access port for HiFi4 core.

— Is disabled on reset and enabled by EdgeLock secure enclave.

• Fusion DSP APB-AP: Debug Access port for Fusion DSP core.

— Is disabled on reset and enabled by EdgeLock secure enclave.
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• EdgeLock secure enclave AHB-AP: Debug Access port for the security subsystem.

— Is disabled on reset and enabled by EdgeLock secure enclave.

• uPower AHB-AP: Debug Access port in uPower subsystem.

— Is disabled on reset and enabled by EdgeLock secure enclave.

• AHB AP: Debug Access port for accessing to system bus.

— Is disabled on reset and enabled by HW state machine and through a register.

• JTAG AP: Debug Access port for accessing to the secure JTAG controller.

— This port is disabled on reset and enabled by HW state machine and through a register.

• ISP-AP: Debug Access port for Debug Mailbox.

— This port is always enabled.

— This port is used to implement NXP Debug Authentication Protocol version 1.0.

As mentioned above, there are actually two separate debug mechanisms provided so they will be described separately in 
subsequent sections.

The following debug features of the HiFi4 and Fusion DSPs are implemented in this chip.

• OCD (On-Chip Debug)

• Performance Monitor with 2 counters

• Multiprocessor Support, also referred to as Break-in Break-out

• The APB Access Port

The following Debug features of the HiFi4 and Fusion DSPs are not supported on this chip.

• TRAX

For more details of the HiFi4/Fusion debug and trace, see User Manual of the corresponding DSP from Cadence.

The following debug features of EdgeLock secure enclave and uPower, are implemented on this chip.

• DBGV interface

• Indirect memory map access to debug registers

• 4 breakpoints: HW Breakpoint, SW Breakpoint, Force Breakpoint, and External Breakpoint

For more information and details, see the RISC-V User Manual.

76.1.4 Hardware test and debug
In general, the subsystem contains two functions for this.

• A register (or set of registers) which selects a set of outputs to a debug bus. These are setup using the Coresight debug 
mechanism OR potentially via SCAN.

• A set of monitor points within the logic of the subsystem (for example, state machines etc,) desired to be output. These are 
muxed together (selected by the registers) to form a single output bus (also used by scan chain output) which is 32-bit wide. 
Thus a set of 32 monitor points (of which there may be several different ones can be selected out of a subsystem).

In general, this chapter does not contain the detail for hardware test and debug. Such information can be found in the Test 
Requirement Specification for this device.

76.1.5 Debug port connectivity
The following figure shows connection of JTAG/SWD debug ports to the JTAG controller and the DAP SWJ port.
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Figure 533. JTAG/SW Pin Connections

The following table shows JTAG and SWD signals multiplexing on test and debug pins.

Table 694. Debug and Test pins multiplexing

Pin Name JTAG SWD Internal Pull up/Down

Type Description Type Description

TMS/SWDIO I/O mode selection I/O Data Pull-up

TCLK/SWCLK I Clock I Clock Pull-down

TDI I Data input - - Pull-up

TDO O Data output - - NC

JTAG-to-SWD change sequence has following steps.

• Send more than 50 TCK cycles with TMS(SWDIO)=1

• Send the 16-bit sequence on TMS(SWDIO)=0111_1001_1110_0111(MSB transmitted first)

• Send more than 50 TCK cycles with TMS(SWDIO)=1.

SWCLKTCK

0 1 1 1 1 0 0 1 1 1 1 0 0 1 1 1

At least 50 clocks
with SWDIOTMS

HIGH

At least 50 clocks
with SWDIOTMS

HIGH
JTAG-to-SWD sequence

SWDIOTMS

Figure 534. JTAG-to-SWD Change Sequence

When an external debugger is connected to the JTAG/SWD port, debug access through JTAGC or DAP SWJ is based on the 5-bit 
Instruction Regiters (IR) code. The JTAGC IR codes overlay the ARM DAP controller IR codes. JTAGC uses 12 instructions and 
the DAP uses the remaining 4. The outputs of the TAPs (TDO) are multiplexed based on the selected IR code. This design is fully 
JTAG compliant and appears to the JTAG chain as a single TAP.

See JTAGC block instructions for IR codes for the system JTAG controller instructions. For the instructions used by ARM DAP 
TAP refer to ARM DAP IR Codes.

Challenge response mechanism
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The following instructions are used for challenge response mechanism.

• ENABLE_CENSOR_CTRL (IR Code: 4'd5): Used as Security JTAG Input Response

• ENABLE_SOC_DATA1 (IR Code: 4'd6): Used as Security JTAG Output Challenge

The following table shows the debug's components ID code and their respective composition.

Table 695. ID code of debug components

Parameter ID Description Value used on i.MX 8ULP Notes

IDCODE_DESIGN_CENTER IDCODE Design Center 
Value

6'b10_0010 ID of MCD, Austin, TX

IDCODE_COMPANY IDCODE Company Value 11'b000_0000_1110 ID of NXP

PART_ID_NUM Part Identification Number 10'b00_1110_1000 i.MX Series Core Number 
(00111) + iMX8ULP (01000)

PART_REV_NUM Part Revision Number (low 4 
bits)

4'b0000 Revision Number

76.1.6 CoreSight Debug
For CoreSight debug at the chip level there are 3 large divisions

• The DAP and associated functions which provide control of the overall Coresight system. Typically, the DAP can be 
accessed via JTAG/SWD pins or via an internal set of registers.

• The trace infrastructure which is used to transfer trace information to the trace port output or to a memory location in the 
system. Software trace and instruction trace are supported for Cortex-M33 and Cortex-A35 cores.

• The trigger infrastructure which is used to propagate events across the system to allow for breakpoints, interrupts or other 
related behaviors.

76.1.6.1 Debug Access Port (DAP)

The DAP IR overlay with the system JTAG controller IR. The DAP Instruction Registers is listed in the following table. DAP uses 
five Instructions but since BYPASS is identical with JTAGC it has been dropped out.

Table 696. ARM DAP IR Codes

Code DAP IR

4’b1000 ABORT

4’b1010 DPACC

4’b1011 APACC

4’b1110 IDCODE

For 8ULP the AHB AP provides the debugger access to all memory and registers in the system. System access is independent 
of the processor status. The AHB AP’s AHB transfers are burst size of 1 only; no out of order transactions, no multiple 
outstanding accesses.

The selection of different access ports in the DAP is done based on the APSEL value set in the SELECT register of SWJ-DP. 
APSEL is 31:24 bit field of the DAP SELECT register. The APSEL will be decoded as given in the following table.
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Table 697. APSEL decode

APSEL (SELECT[31:24]) Selection Identification Register (IDR) value

8’h00 AHB-AP0 to CM33 h84770001

8’h01 APB-AP0 to CoreSight System h54770002

APB-AP0 to CA35_0 h54770002

APB-AP0 to CA35_1 h54770002

8’h02 APB-AP1 to HiFi4 h54770002

8’h03 APB-AP2 to Fusion DSP h54770002

8’h04 AHB-AP1 to EdgeLock secure enclave h84770001

8’h05 AHB-AP2 to uPower h84770001

8’h06 AHB-AP3 to System Bus h84770001

8’h07 JTAG-AP to JTAGC h34760010

8’h08 Debug Mailbox ISP-AP h002A0000

76.1.6.2 ROM tables

The ROM tables hold information about different debug components and help identify them. There are three ROM tables:

1. CM33 ROM table: This table resides in the CM33 AHB AP and contains entries for CM33 debug components. The
CM33 ROM table is at address 0XE00FF000.

2. APBIC ROM table: This table contains entries for CoreSight debug components and a pointer to CA35 ROM table.
The APBIC ROM table is at address 0x00000000 from the Debugger point of view, but this ROM table is at address
0x28080000 from the CM33 and CA35 point of view.

3. CA35 ROM table: This table contains entries of CA35 debug components.

There is no debug ROM table for DSP cores. 

Table 698. M33 Debug ROM table

Entry Value Component

Component's base

Address (Debugger view)

Component's base

Address (CM33 view)

0 32'hFFF0F003 SCS 32'hE000E000 32'hE000E000

1 32'hFFF02003 DWT 32'hE0001000 32'hE0001000

2 32'hFFF03003 BPU 32'hE0002000 32'hE0002000

3 32'hFFF01003 ITM 32'hE0000000 32'hE0000000

4 32'hFFF42003 ETM 32'hE0041000 32'hE0041000

5 32'hFFF43003 CTI 32'hE0042000 32'hE0042000
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Table 699. CoreSight Debug ROM table

Entry Value Component
Component's base address 

(Debugger view)
Component's base address 

(CM33/CA35 view)

0 32'h00001003 CS-FNL 32'h00001000 32'h28081000

1 32'h00002003 CS-ETF 32'h00002000 32'h28082000

2 32'h00003003 CS-TPIU 32'h00003000 32'h28083000

3 32'h00004003 CS-ETR 32'h00004000 32'h28084000

4 32'h00005003 CS-CTI 32'h00005000 32'h28085000

5 32'h00006003 CS-SWO 32'h00006000 32'h28086000

6 32'h00007003 CS-TSGEN 32'h00007000 32'h28087000

7 32'h00008003 CS-CTI1 32'h00008000 32'h28097000

8 32'h00400003 A35-DBGROM 32'h00400000 32'h28088000

Table 700. CA35 Debug ROM table

Entry Value Component
Component's base address 
(Debugger view)

Component's base address 
(CM33/CA35 view)

0 32'h00010003 A35-DBG0 32'h00410000 32'h28089000

1 32'h00020003 A35-CTI0 32'h00420000 32'h2808B000

2 32'h00030003 A35-PMU0 32'h00430000 32'h2808A000

3 32'h00040003 A35-ETM0 32'h00440000 32'h2808C000

4 32'h00110003 A35-DBG1 32'h00510000 32'h2808D000

5 32'h00120003 A35-CTI1 32'h00520000 32'h2808F000

6 32'h00130003 A35-PMU1 32'h00530000 32'h2808E000

7 32'h00140003 A35-ETM1 32'h00540000 32'h28090000

76.1.6.3 Software trace and instruction trace

i.MX 8ULP supports software trace and instruction trace for Cortex-M33 core and instruction only for Cortex-A33 cores. There is 
no software or instruction trace in the security subsystem and uPower subsystem, Fusion DSP, and HiFi4 DSP.

Trace features

• Trace sources

— Cortex-M33 ITM

— Cortex-M33 ETM

— Cortex-A35 ETM0 (ETM of the first A35 core)
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— Cortex-A35 ETM1 (ETM of the second A35 core)

• 16KB Embedded Trace FIFO (ETF)

• Embedded Trace Router (ETR) to route trace data to on-chip or off chip memory.

• 16, 8, 4-bit parallel trace port (TPIU)

• 1-bit Serial Wire Output (SWO) trace port

• Trace timestamp

 
The RTD system reset caused by SYSRESETREQ resets the ETF content.

  NOTE  

 
When RTD_SIM_SEC_SYSCTRL0[CM33_RST_REQ] is used to force the CM33 to reset and Debug requests it to 
halt, CM33 will halt in the first branched instruction, not in the reset vector address.

  NOTE  

76.1.6.4 Trace architecture topology

Components shown in brown color are on Cortex-A35 clock domain. Everything else is on Cortex-M33 clock domain. The 32 bit 
AHB port is a trace master port on Cortex-M33 platform.
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Figure 535. Trace Architecture Topology

76.1.6.5 Debug trace timestamping

Timestamp solution establishes correlation between the trace data across the two cores. The above figure represents the 
timestamp topology for the timestamp values observed along with the traces.

• The timestamp generator is a 64-bit counter, working in the CM33 clock domain.

• The tsasyncbridge separates the two clock domains. The tssyncbridge acts as a register slice to achieve timing closure.

• The CA35 atclk must be faster than CM33 clk to assure the correctness of timestamp counter value, otherwise the FIFO 
inside tsasyncbridge would overrun.

• Since the frequency ratio of the timestamp generator clock to CM33 ETM/ITM clock is always 1:1, tsclk_change input of 
CM33 ETM and CM33 ITM needs to be tied to 0.

• The tsgen has control register to enable/disable the timestamp counter.

 
CM33 Timestamp components are reset by POR, RESET0_B pin and external debugger.

  NOTE  

1. When TSGEN.CNTCR=0x3 and user wants to have CA35_0 ETM trace with time stamps

a. if CM33 is running, CA35_0/1 ETM trace will have incrementing timestamp messages.
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b. if CM33 is halted, CA35_0/1 ETM trace will have same timestamp messages as counter is halted and current 
counter value is timestamped in trace.

c. Workaround options:

i. Keep CM33 running when user wants to have CA35_0 ETM trace with correct time stamps.

ii. Clear the "Halt On Debug" bit by setting the TSGEN.CNTCR=0x1, then CM33 halt will not affect the 
TSGEN counter.

2. User wants to halt the TSGEN counter when either CA35 Core 0 or CA35 Core 1 is halted

a. This feature is not available.
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Figure 536. Debug Trace Timestamp

See the following Arm documents containing timestamp descriptions:

• Chapter 6 of DGI0018F_coresight_soc_r3p2_sdg

• Chapter 7 of DDI0480G_coresight_soc_r3p2_trm

76.1.6.6 Debug Embedded Cross Trigger

Debug Embedded Cross Trigger (ECT) comprises a set of CoreSight Cross Trigger Interface (CTI) and Cross Trigger Matrix 
(CTM) components connected together. The main function of the ECT is to pass debug events from one core to another. For 
example, the ECT can communicate debug state information from one core to another, so that program execution on both cores 
can be stopped at the same time if required.

ARM document containing ECT descriptions:

• Chapter 4 of DDI0314H_coresight_components_trm

The following figure illustrates the ECT implemented on this device.

The following figure illustrates the ECT implemented on this device.
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Figure 537. High-Level Cross Trigger Connections
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76.1.6.7 CM33 CTI Triggers

Table 701. CM33 CTI input trigger

Trigger Bit Signal Connection Description

7 CTITRIGIN[7] ETM to CTI --

6 CTITRIGIN[6] ETM to CTI --

5 CTITRIGIN[5] ETM to CTI ETM event output 1

4 CTITRIGIN[4] ETM/Processor to CTI ETM Event Output 0 or Comparator Output 3

3 CTITRIGIN[3] Processor to CTI DWT comparator output 2

2 CTITRIGIN[2] Processor to CTI DWT comparator output 1

1 CTITRIGIN[1] Processor to CTI DWT comparator output 0

0 CTITRIGIN[0] Processor to CTI Processor halted

Table 702. CM33 CTI output trigger

Trigger Bit Signal Connection Description

7 CTITRIGOUT[7] CTI to ETM Request CM33 core to quit the debug mode

6 CTITRIGOUT[6] CTI to ETM --

5 CTITRIGOUT[5] CTI to ETM or MTB ETM Event Input 1 or MTB Trace stop

4 CTITRIGOUT[4] CTI to ETM or MTB ETM Event Input 0 or MTB Trace stop

3 CTITRIGOUT[3] CTI to NVIC CTI interrupt request 1 (interrupts combined)

2 CTITRIGOUT[2] CTI to NVIC CTI interrupt request 0 (interrupts combined)

1 CTITRIGOUT[1] CTI to processor Processor restarted

0 CTITRIGOUT[0] CTI to processor Processor debug request

 
CM33 CTI is not reset by external debugger reset. A workaround is to disable the CM33 CTI after an external 
debugger reset.

  NOTE  

Following are the steps to reset the CM33 CTI:

1. Write 0x1 at CTICONTROL (0xE0042000) register.

2. Write 0x0 at ITCTRL (0xE0042F00) register.

3. Write 0xFF at CTIINTACK (0xE0042010) register.

4. Write 0xF at CTIAPPCLEAR (0xE0042018) register.

5. Write 0x0 at registers from CTIINEN0 (0xE0042020) to CTIINEN7 (0xE004203C).

6. Write 0x0 at registers from CTIOUTEN0 (0xE00420A0) to CTIOUTEN7 (0xE00420BC).
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7. Write 0xF at CTIGATE (0xE0042140) register.

8. Write 0x0 at CTICONTROL (0xE0042000) register.

76.1.6.8 CA35 CTI Triggers

Table 703. CA35 CTI input trigger

Trigger Bit Source Signal Source Module Description

7 EXTOUT[3] CA35 ETM Output from the ETM

6 EXTOUT[2] CA35 ETM Output from the ETM

5 EXTOUT[1] CA35 ETM Output from the ETM

4 EXTOUT[0] CA35 ETM Output from the ETM

3 -- -- --

2 -- -- --

1 PMUIRQ CA35 PMU CA35 PMU generated interrupt

0 DBGTRIGGER CA35 Debug Pulsed on entry to debug state

 
“Source Signal” is the output port of the “Source Module”. They are connected to the input triggers of the CTI.

  NOTE  

Table 704. CA35 CTI output trigger

Trigger Bit Destination Signal Destination Module Description

7 EXTIN[3] CA35 ETM CA35 ETM external input

6 EXTIN[2] CA35 ETM CA35 ETM external input

5 EXTIN[1] CA35 ETM CA35 ETM external input

4 EXTIN[0] CA35 ETM CA35 ETM external input

3 -- -- --

2 CTIIRQ GIC CTI interrupt

1 DBGRESTART CA35 Debug Causes the CA35 processor to exit 
debug state

0 DBGRQ CA35 Debug Causes the CA35 processor to enter 
debug state

 
“Destination Signal” is the input port of the “Destination Module”. The output triggers of the CTI are connected to 
the input port of the destination modules.

  NOTE  
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76.1.6.9 SoC CTI0 Triggers

Table 705. SoC CTI0 input trigger

Trigger Bit Source Signal Source Module Description

7 BreakOut HiFi4 DSP A signal indicating the DSP processor 
went to the Stopped state.

6 BreakOut Fusion DSP A signal indicating the DSP processor 
went to the Stopped state.

5 -- -- --

4 -- -- --

3 ACQCOMP ETR ETR trace capture has stopped

2 FULL ETR ETR buffer is full

1 ACQCOMP ETF ETF trace capture has stopped

0 FULL ETF ETF buffer is full

Table 706. SoC CTI0 output trigger

Trigger Bit Destination Signal Destination Module Description

7 BreakIn HiFi4 DSP A Debug interrupt to HiFi4 DSP

6 BreakIn Fusion DSP A Debug interrupt to Fusion DSP

5 TRIGIN TPIU TPIU trigger input

4 FLUSHIN TPIU TPIU flush request

3 TRIGIN ETR ETR trigger input

2 FLUSHIN ETR ETR flush request

1 TRIGIN ETF ETF trigger input

0 FLUSHIN ETF ETF flush request

76.1.6.10 SoC CTI1 Triggers

Table 707. SoC CTI1 input trigger

Trigger Bit Source Signal Source Module Description

7 -- -- --

6 -- -- --

Table continues on the next page...
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Table 707. SoC CTI1 input trigger (continued)

5 -- -- --

4 HALTED EdgeLock secure enclave EdgeLock secure enclave 
output indicating that it has 
entered the debug mode.

3 -- -- --

2 -- -- --

1 -- -- --

0 HALTED uPower uPower output indicating 
that it has entered the 
debug mode.

Table 708. SoC CTI1 output trigger

Trigger Bit Destination Signal Destination Module Description

7 -- -- --

6 -- -- --

5 -- -- --

4 EDBGRQ EdgeLock secure enclave External request EdgeLock 
secure enclave to enter 
the debug

3 -- -- --

2 -- -- --

1 -- -- --

0 EDBGRQ uPower External request uPowerto 
enter the debug mode

76.1.6.11 Debug mailbox ISP-AP

The In-System-Programming Access Port (ISP-AP) is a small register-based mailbox accessible via both AHB bus and debug port 
of the chip. Its purpose is to allow the debugger to communicate with on-board ROM code (using AHB bus) even when Code Read 
Protection is present. As such, whereas the ARM debug AP’s will be cut off when Code Read Protection is present, the debug 
mailbox would still be available.

76.1.7 Cortex-M33 Debug
This section covers the debug mechanisms associated with the CM33 processor.

76.1.7.1 Data watchpoint and trace

The CM33 Data Watchpoint and Trace (DWT) module generates trace information in the core. It has 4 independent watchpoints 
which can be programmed to compare data, address, or PC (Program Counter) to trigger ETM or to function as a hardware 
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watchpoint. The DWT can be configured to generate PC samples at defined intervals and to generate interrupt event information. 
The CM33 DWT also provides periodic requests for protocol synchronization to the ITM and the TPIU (or SWO.)

76.1.7.2 Breakpoint unit (BPU)

The CM33 Breakpoint Unit (BPU) module comprises up to 8 instruction address comparators. It provides breakpoint functionality 
on all instructions fetched across the entire address range in which code can be located.

76.1.7.3 Instruction Trace Macrocell (ITM)

The ITM generates trace information as packets. There are multiple sources that can generate packets. If multiple sources 
generate packets at the same time, the ITM arbitrates the order in which packets are output. The sources in decreasing order of 
priority are:

• Software Trace: Application software can write console messages directly to ITM stimulus ports, and output them to the 
host as trace packets.

• Hardware trace: The DWT generates these packets, and the ITM outputs them.

• Timestamping: ITM can generate timestamp packets that are inserted in to the trace stream, to help the host debugger to 
find out the timing of events. Timestamps are generated relative to packets. The ITM contains a 21-bit counter to generate 
the timestamp.

Trace data from ITM will be forwarded to either TPIU or SWO and streamed out via the trace port. Trace data from ITM can also 
be collected to the embedded trace buffer.

76.1.7.4 Embedded Trace Macrocell (ETM)

Instruction trace is a continuously collected sequence of every executed instruction for a selected portion of the application. ETM 
generates trace packets and sends them to the trace bus.

ETM does not actually output every address or instruction that the processor has reached or executed; it generates compressed 
information about the program flow and outputs full addresses only if needed (for example, if a branch has taken place). Because 
the debugger knows the application code image, the debugger can then reconstruct the full instruction sequence from the 
trace data.

76.1.8 HiFi4 and Fusion DSPs debug
The following Debug features of the HiFi4 and Fusion DSPs are implemented in this chip.

• OCD (On-Chip Debug)

• Performance Monitor with 2 counters

• Multiprocessor Support, also referred to as Break-in Break-out

• The APB Debug Access Port

For more details of the Fusion and HiFi4 DSPs debug are available in Cadence documents.

• A register (or set of registers) which selects a set of outputs to a debug bus. These are setup using the Coresight debug 
mechanism OR potentially via SCAN.

• A set of monitor points within the logic of the subsystem (eg state machines etc) which we desire to output. These are 
muxed together (selected by the registers) to form a single output bus (also used by scan chain output) which is 32 bits 
wide. Thus a set of 32 monitor points (of which there may be several different ones can be selected out of a subsystem).

In general this document will not contain the detail for hardware test and debug. Such information can be found in the Test 
Requirement Specification for this IC.

76.1.9 Cortex-A35 debug
In general the subsystem contains two functions for this.
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The CA35 processor supports breakpoints and watchpoints for software debug and instruction trace via ETM similar to the CM33 
debug capabilities, but the CA35 processor doesn't support Instruction Trace Macrocell. In addition, the CA35 processor includes 
a Performance Monitor Unit.

76.1.9.1 Embedded Trace Macrocell (ETM)

The CA35 processor supports six breakpoints, four watchpoints, and a standard Debug Communications Channel (DCC). Four 
of the breakpoints match only to virtual address and the other two match against either virtual address or context ID, or Virtual 
Machine Identifier (VMID). All the watchpoints can be linked to two breakpoints to enable a memory request to be trapped in a 
given process context.

76.1.9.2 Performance Monitor Unit (PMU)

The CA35 includes performance monitors that enable user to gather various statistics on the operation of the processor and its 
memory system during runtime. They provide useful information that user can use when debugging or profiling code.

The PMU provides six counters. Each counter can count any of the events available in the processor. The absolute counts that 
the PMU records might vary because of pipeline effects. This variability only has an impact on the operation of the PMU when a 
counter is enabled for a short time.

76.1.10 Debug Authentication
Debug authentication is documented in the Security Reference Manual.

76.1.11 Resets
The debug system receives the following sources of reset:

• Debug Reset (CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register) which is in the TCLK domain that allows the 
debugger to reset the debug logic.

• System POR request. The debug system gets reset on POR and the JTAG interface on TCK clock domain is available 
after POR subject to security clearance.

• A functional reset in the ISP_AP control register that can reset the debug mailbox module and leads to loss of debugger 
connection, and debugger needs to re-initiate the connection.

The RESET1_b pin reset will also reset the debug logic related to AD preventing the CA35 reset debug. Use the MU reset hold 
feature as a workaround to re-configure the debug components that gets reset by the RESET1_b reset. Use following steps:

1. Set the MU reset hold.

2. Trigger the AD reset.

3. The debugger should wait until the AD reset-exit.

4. Configure the CA35_0 CTI to trigger the entry in debug mode (Halt).

5. Write 0xC5ACCE55 at CTI_LAR (0x00420FB0) register.

6. Set bit0 at CTICONTROL (0x00420000) register.

7. Set bit0 at CTIOUTEN0 (0x004200A0) register.

8. Set bit0 at CTIAPPPULSE (0x0042001C) register.

9. Clear the MU reset hold.

10. Poll the EDPRSR (0x00410314) register until bit4 (HALTED) equals to 1.

11. Release the CA35_0 CTI, writing 0x1 at CTIINTACK (0x00420010) register.

12. The debugger can re-configure the CA35_0 internal registers and perform the configurations needed before the Halt 
release.
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These addresses are to be used with CA35 APB-AP (APSEL = 0x1).

  NOTE  

76.1.12 Debug in low power modes
The Debug Mailbox, DAP and most of the CoreSight debug components reside in the RTD power domain. Therefore, the RTD 
power supply must be on for the external debugger to access any debug logic in the SoC.

When a core or its power domain is powered off, the debugger will lose connection with the core's debug port. Therefore, debug 
access to a core is not available when it is powered off. When a core is in sleep or deep sleep mode, access to that core debug 
port is only possible if the debug port clock is not gated.

 
The Real Time Domain debugger accessing Application Domain when it's in Deep Power Down will not have 
transfer errors generated.

  NOTE  

 
1. Do not de-attach the debugger while in low power.

2. Enter in low power modes with CKMODE=0 while in debug mode.

  NOTE  
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Chapter 77
Debugger Mailbox
77.1 MCU Debugger Mailbox
Introduction

The Debugger Mailbox AP (DM) is a small register based mailbox accessible by both AHB and the debug port DP of the MCU.

Its purpose is to allow the debugger to communicate with onboard ROM code (using AHB bus) even when Code Read Protection 
(CRP) level 3 is present.

As such, whereas the ARM debug AP’s will be cut off when CRP level 3 is present, the DM would still be available. The DM is 
clocked whenever CDBGPWRUPACK is active from the DP (i.e debugger attached to DP).

Communication Protocol

Initiation (Resynchronisation request)

The communication to the DM is initiated by the debugger. It does so by writing the RESYNCH_REQ bit of the CSW (Control and 
Status Word) register to 1. It then needs to reset the chip so that ROM code can observe this request.

In order to reset the chip, the debugger can either pull the reset line of the chip, or set the CHIP_RESET_REQ (This can be done 
at the same time as setting the RESYNCH_REQ bit).

Acknowledgement of initiation

After performing the initiation, the debugger must readback the CSW register. The DM will stall the debugger until the ROM code 
has serviced the resynchronization request. The ROM does this by performing a soft reset of the DM block, thus resetting the 
request bit/s which were set by the debugger.

Therefore, the debugger must read back 0x0 in CSW to know that the initiation request has been serviced.

The ROM code, on the other hand has the responsibility to check whether an initiation request is present in the DM. If it is, it must 
write the SOFT_RESET bit in order to perform the soft reset. It then can go into a control loop whereby it is polling the REQUEST 
register to collect requests from the debugger.

Request -> Return Phase

Information exchanged between the Debugger and the ROM is in the form of 32bit data writes from the debugger into the 
REQUEST register, and 32 bit writes from the ROM into the RETURN register.

The debugger writes to REQUEST register. The ROM polls CSW until it gets a REQ_PENDING set. Once this happens, the ROM 
can go ahead and read the REQUEST register, this would automatically clear the REQ_PENDING until the request arrives.

Whenever the debugger reads the RETURN register, the DM will stall the debugger from any further reading of this register until 
the new data is available.

Overrun ERROR handling

There are two possible sources for overrun errors, they are Debug Overrun and AHB side Overrun. Whenever either occurs, the 
CSW bits for DBG_OR_ERR and AHB_OR_ERR will be set. These will remain set and will also have the effect of causing the DP 
to issue a sticky error to the debugger upon subsequent accesses.

The only way to clear these bits is through the debugger going through a new Resynchronisation request.

It is the ROM code’s responsibility to check for a RESYNCH_REQ bit being set whenever it is polling for a new request.

Register Definition
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Table 709.

Reg Name Offset R/W Reset Value Bit Name Description

CSW 0x00 R/W 0x00000000 RESYNCH_REQ

REQ_PENDING

DBG_OR_ERR

AHB_OR_ERR

SOFT_RESET

CHIP_RESET_REQ

Bit0 – Debugger will set this bit to 1 to request 
a resynchronrisation

Bit1 - Request is pending from debugger (i.e 
unread value in REQUEST)

Bit2 – Debugger overrun error (previous 
REQUEST overwritten before being picked up 
by ROM)

Bit3 – AHB overrun Error (Return value 
overwritten by ROM)

Bit4 – Soft Reset for DM (write-only from AHB, 
not readable and self-clearing). A write to this 
bit will cause a soft reset for DM.

Bit5 – Write only bit. Once written will cause 
the chip to reset (note that the DM is not reset 
by this reset as it is only resettable by a SOFT 
reset or a POR/BOD event)

REQUEST 0x04 R/W 0x00000000 REQ Bits 31:0 Request value

Read as 0x0 when no new request is present.

Note that only an AHB side read will clear the 
request. The debugger is allowed to read back 
the request register, if it wants to confirm that 
the communication is established (i.e that the 
MD is clocking correctly)

RETURN 0x08 R/W 0x00000000 RET Bits 31:0 are the Return value from ROM.

Any read from debugger side will be stalled 
until new data is present.

IDR 0xfc R 0x002a0000 AP ID register

Where NXP JEDEC ID is 0x15 and JEDEC 
BANK is 0

As per ARM’s spec, the JEDEC id begins 
at bit17
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Chapter 78
Joint Test Action Group Controller (JTAGC)
78.1 Chip-specific JTAGC information
Table 710. Reference links to related information

Topic Related module Reference

Full description JTAGC JTAGC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

78.1.1 Module instances
This device has one instance of the JTAGC module.

78.2 Overview
The JTAGC block provides the means to test chip functionality and connectivity while remaining transparent to system logic when 
not in test mode. Testing is performed via a boundary scan technique, as defined in the IEEE 1149.1-2001 standard. All data input 
to and output from the JTAGC block is communicated in serial format.

78.2.1 Block diagram
The following is a simplified block diagram of the JTAG Controller (JTAGC) block. See the chip-specific configuration information 
within this chapter as well as Register description for more information about the JTAGC registers.

TRST

TMS

TCK

TDI

1-bit Bypass Register

32-bit Device Identification Register

Boundary Scan Register

TAP Instruction Decoder

TAP Instruction Register

TDO

Test Access Port (TAP) 
Controller

Figure 538. JTAG (IEEE 1149.1) block diagram
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78.2.2 Features
The JTAGC block is compliant with the IEEE 1149.1-2001 standard, and supports the following features:

• IEEE 1149.1-2001 TAP interface

— Four pins (TDI, TMS, TCK, and TDO)

• TRST_b (active-low) or TRST* (as per IEEE 1149.1 standard) input that provides reset control

• Instruction register that supports several IEEE 1149.1–2001 defined instructions as well as several public and private 
device-specific instructions (see JTAGC block instructions for a list of supported instructions).

• Bypass register, boundary scan register, and device identification register

• Test Control Register, which helps Boundary Scan to handle security, power domain enablement and PAD features.

• TAP controller state machine that controls the operation of the data registers, instruction register, and associated circuitry

78.3 Functional description
This section explains the JTAGC functional description.

78.3.1 Modes of operation
The JTAGC block uses TRST_b and a power-on reset indication as its primary reset signals. Several IEEE 1149.1–2001 defined 
test modes are supported, as well as a bypass mode.

78.3.1.1 Reset

The JTAGC block is placed in reset when:

• Power-on reset is asserted

• TRST_b is negated

• TMS input is held high for enough consecutive rising edges of TCK to sequence the TAP controller state machine into the 
Test-Logic-Reset state

Holding TMS high for five consecutive rising edges of TCK guarantees entry into the Test-Logic-Reset state regardless of the 
current TAP controller state. Asserting power-on reset or setting TRST_b to a value other than the value required to enable the 
JTAGC block results in asynchronous entry into the reset state.

When in reset, the following actions occur:

• The TAP controller is forced into the Test-Logic-Reset state, thereby disabling the test logic and allowing normal operation 
of the on-chip system logic to continue unhindered.

• The instruction register is loaded with the IDCODE instruction.

• Test Control Register is reset.

78.3.1.2 IEEE 1149.1–2001 defined test modes

The JTAGC block supports several IEEE 1149.1–2001 defined test modes. A test mode is selected by loading the appropriate 
instruction into the instruction register when the JTAGC is enabled. Supported test instructions include EXTEST, HIGHZ, CLAMP, 
and SAMPLE/PRELOAD.

Each instruction defines the set of data register(s) that may operate and interact with the on-chip system logic when the instruction 
is loaded. Only one test data register path is enabled to shift data between TDI and TDO for each instruction.

The Boundary Scan Register (BSR) is enabled for serial access between TDI and TDO when the EXTEST, or SAMPLE/
PRELOAD instructions are active. The single-bit bypass register shift stage is enabled for serial access between TDI and TDO 
when the following instructions are active:

• BYPASS
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• HIGHZ

• CLAMP

The functionality of each test mode is explained in more detail in JTAGC block instructions.

78.3.1.3 Bypass mode

When no test operation is required, the BYPASS instruction can be loaded to place the JTAGC block into bypass mode. When 
in bypass mode, the single-bit bypass shift register is used to provide a minimum-length serial path to shift data between TDI 
and TDO.

78.3.2 JTAGC reset configuration
When in reset, the TAP controller is forced into the Test-Logic-Reset state, thus disabling the test logic and allowing normal 
operation of the on-chip system logic. In addition, the instruction register is loaded with the IDCODE instruction.

78.3.3 IEEE 1149.1-2001 (JTAG) TAP
The JTAGC block uses the IEEE 1149.1-2001 TAP for accessing registers. This port can be shared with other TAP controllers on 
the MCU. Ownership of the port is determined by the value of the currently loaded instruction.

Data is shifted between TDI and TDO through the selected register starting with the least significant bit, as illustrated in the 
following figure. This applies for the instruction register, test data registers, and the bypass register.

Selected register

LSBMSB

TDI
TDO

TCK

Figure 539. Shifting data through a register

78.3.4 TAP controller state machine
The TAP controller is a synchronous state machine that interprets the sequence of logical values on the TMS pin.

The following figure shows the machine's states. The value shown next to each state is the value of the TMS signal sampled on 
the rising edge of the TCK signal. As the figure shows, holding TMS at logic 1 when clocking TCK through a sufficient number of 
rising edges also causes the state machine to enter the Test-Logic-Reset state.

NXP Semiconductors
Joint Test Action Group Controller (JTAGC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5681 / 5781



The value shown adjacent to each state transition in this figure represents the value of TMS at the time 
of a rising edge of TCK.

TEST LOGIC 
RESET

RUN-TEST/IDLE SELECT-DR-SCAN SELECT-IR-SCAN

CAPTURE-DR CAPTURE-IR

SHIFT-IRSHIFT-DR

EXIT1-DR EXIT1-IR

PAUSE-DR PAUSE-IR

EXIT2-IREXIT2-DR

UPDATE-DR UPDATE-IR

1

1

1

1

1

1

1 1

1

1

11

1 1

1 1

0

0
0 0

00

0 0

00

0 0

00

00

Figure 540. IEEE 1149.1-2001 TAP controller finite state machine

78.3.4.1 Enabling the TAP controller

To enable the JTAGC TAP controller, it needs to wait for the security block authentication to release JTAG interface pins TCK 
and TMS.

78.3.4.2 Selecting an IEEE 1149.1-2001 register

Access to the JTAGC data registers is achieved by selecting the Data Registers with any of the JTAGC block instructions when 
the JTAGC is enabled.
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Load the instruction desired on Instruction Register. This is achieved by shifting the instruction during Shift-IR and then Update-IR. 
The instruction will be decoded and the Data Path will be assembled between TDI and TDO. For loading data to the data path, 
it is necessary to shift data during Shift-DR and then transfer from Shift Registers to the Update Registers during Update-DR 
for Boundary Scan Register and Test Control Register, only shift data (Bypass Register) or retrieve IDCODE information 
(IDCODE Register).

78.3.5 JTAGC block instructions
The JTAGC block implements the IEEE 1149.1-2001 defined instructions listed in the following table. This section gives an 
overview of each instruction. See the IEEE 1149.1-2001 standard for more details. All undefined opcodes are reserved.

Table 711. General 5-bit JTAG instructions

Instruction Code[4:0] Instruction Summary

IDCODE 00101 Selects device identification register for shift

SAMPLE/PRELOAD 00001 Selects boundary scan register for shifting, sampling, and 
preloading without disturbing functional operation

EXTEST 00010 Selects boundary scan register and applies preloaded values 
to output pins

 
Execution of this instruction asserts 
functional reset.

  NOTE  

CLAMP 00100 Selects bypass register and applies preloaded values to output 
and bidirectional pins.

HIGHZ 000011 Selects bypass register and tristates all output and 
bidirectional pins.

 
Execution of this instruction asserts 
functional reset

  NOTE  

BYPASS 00000 Bypasses the device, by providing a direct path between TDI 
and TDO.

BYPASS 11111 Bypasses the device, by providing a direct path between TDI 
and TDO.

TEST_CTRL_REG 00111 Selects TEST_CTRL register

TEST_LEAKAGE 00110 Selects bypass register while tristating all output pins and 
asserts the jtag_leakage signal

DAP_ABORT 10000

DAP_ABORT 10001

DAP_APACC 10110

DAP_APACC 10110

Table continues on the next page...
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Table 711. General 5-bit JTAG instructions (continued)

Instruction Code[4:0] Instruction Summary

DAP_DPACC

DAP_DPACC 10101

DAP_IDCODE 11100

DAP_IDCODE 11101

DDRTAPEN 11001

PADEOR 01110

TCB_APD_CCR 01101

TCB_AVD_CCR 01100

TCB_CRACK 10010

TCB_GPR 01011

TCB_PCR 01001

TCB_RTD_CCR 01010

TCB_SCR 01000

TEST_LEAKAGE 00110

78.3.5.1 IDCODE instruction

IDCODE selects the 32-bit device identification register as the shift path between TDI and TDO. This instruction allows 
interrogation of the MCU to determine its version number, part number identification, manufacturer identity and the LSB is 1 by 
IEEE 1149.1 Requirements. IDCODE is the instruction placed into the instruction register when the JTAGC block is reset.

78.3.5.2 SAMPLE/PRELOAD instruction

The SAMPLE/PRELOAD instruction has two functions:

• The SAMPLE portion of the instruction obtains a sample of the system data and control signals present at the MCU input 
pins, and just before the boundary scan register cells at the output pins. This sampling occurs on the rising edge of TCK in 
the Capture-DR state when the SAMPLE/PRELOAD instruction is active. The sampled data is viewed by shifting it through 
the boundary scan register to the TDO output during the Shift-DR state. Both the data capture and the shift operation are 
transparent to system operation.

• The PRELOAD portion of the instruction initializes the boundary scan register cells before selecting the EXTEST or CLAMP 
instructions to perform boundary scan tests. This is achieved by shifting in initialization data to the boundary scan register 
during the Shift-DR state. The initialization data is transferred to the parallel outputs of the boundary scan register cells on 
the falling edge of TCK in the Update-DR state. The data is applied to the external output pins by the EXTEST or CLAMP 
instruction. System operation is not affected.

78.3.5.3 EXTEST instruction

EXTEST selects the boundary scan register as the shift path between TDI and TDO. It allows testing of off-chip circuitry and 
board-level interconnections by driving preloaded data contained in the boundary scan register onto the system output pins. 
Typically, the preloaded data is loaded into the boundary scan register using the SAMPLE/PRELOAD instruction before the 
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selection of EXTEST. EXTEST asserts the internal system reset for the MCU to force a predictable and safe internal state when 
performing external boundary scan operations.

78.3.5.4 HIGHZ instruction

HIGHZ selects the bypass register as the shift path between TDI and TDO. When HIGHZ is active all output drivers are placed 
in an inactive drive state (for example, high impedance). HIGHZ also asserts the internal system reset for the MCU to force a 
predictable and safe internal state.

78.3.5.5 CLAMP instruction

CLAMP instruction places the bypass register between TDI and TDO and it passes the control of output and bidirectional pins to 
Boundary Scan Register which should be previously set up with a PRELOAD sequence. CLAMP also asserts the internal system 
reset for the MCU to force a predictable internal state.

78.3.5.6 BYPASS instruction

BYPASS selects the bypass register, creating a single-bit shift register path between TDI and TDO. BYPASS enhances test 
efficiency by reducing the overall shift path when no test operation of the MCU is required. This allows more rapid movement of 
test data to and from other components on a board that are required to perform test functions. When the BYPASS instruction is 
active the system logic operates normally.

78.3.5.7 Test Control Register

It is a 3-bit register which is responsible to align Boundary Scan operations with Security and Power Management blocks.

• Bit 2: security and power control.

• Bit 1: power control.

• Bit 0: power control

78.3.6 Boundary scan
The boundary scan technique allows signals at component boundaries to be controlled and observed through the shift-register 
and update register stages associated with each pad. Each stage is part of a larger boundary scan register cell, and cells for each 
pad are interconnected serially to form a shift-register chain around the border of the design and the Update Register stage is 
responsible for controlling and driving values to PADs during invasive or pin-permission operational modes. The boundary scan 
register consists of this shift-register chain, and is connected between TDI and TDO when the EXTEST, or SAMPLE/PRELOAD 
instructions are loaded. The shift-register chain contains a serial input and serial output, as well as clock and control signals.

78.4 External signal description
The JTAGC consists of a set of signals that connect to off-chip development tools and allow access to test support functions. The 
JTAGC signals are outlined in the following table and described in the following sections.

Table 712. JTAG signal properties

Name I/O Function Reset state

TCK Input Test clock Weak pulldown

TDI Input Test data in Weak pullup

TDO Output Test data out High Z1

Table continues on the next page...
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Table 712. JTAG signal properties (continued)

Name I/O Function Reset state

TMS Input Test mode select Weak pullup

TRST_b2 Input Test Reset pin Weak pullup

1. TDO output buffer enable is negated when the JTAGC is not in the Shift-IR or Shift-DR states.
2. The suffix "_b" or an overbar is used to represent a active-low signal.

78.4.1 Test clock input (TCK)
Test Clock Input (TCK) is an input pin used to synchronize the test logic and control register access through the TAP.

78.4.2 Test data input (TDI)
Test Data Input (TDI) is an input pin that receives serial test instructions and data. TDI is sampled on the rising edge of TCK.

78.4.3 Test data output (TDO)
Test Data Output (TDO) is an output pin that transmits serial output for test instructions and data. TDO is tristateable and is 
actively driven only in the Shift-IR and Shift-DR states of the TAP controller state machine, which is described in TAP controller 
state machine.

78.4.4 Test mode select (TMS)
Test Mode Select (TMS) is an input pin used to sequence the IEEE 1149.1-2001 test control state machine. TMS is sampled on 
the rising edge of TCK.

78.4.5 TRST_b
The TRST_b pin is used to reset assynchrousnly the JTAG Controller and its logic.

78.5 Initialization/application information
The test logic is a static logic design, and TCK can be stopped in either a high or low state without loss of data. However, the system 
clock is not synchronized to TCK internally. Any mixed operation using both the test logic and the system functional logic requires 
external synchronization.

To initialize the JTAGC block and enable access to registers, the following sequence is required.

Non-invasive instructions:

1. The chip is supplied (VDD_DIG1 and VDD_DIG2 must be powered on)

• Digital filter for PADS PTA19-23 must be disabled.

2. Security block ungates TCK and TMS. Wait for 550us in order to security block to ungate TCK and TMS.

3. Apply non-invasive operations.

• For SAMPLE/PRELOAD, power switches PS[16], PS[12:9] and PS[6] must be closed.

4. BS scan exit

• Pulse TRST* or hold TMS high for 5 TCK rising-edges for resetting JTAG Controller

Invasive instructions:

1. The chip is supplied (VDD_DIG1 and VDD_DIG2 must be powered on)

• Digital filter for PADS PTA19-23 must be disabled
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2. Security block ungates TCK and TMS. Wait for 550us in order to security block to ungate TCK and TMS.

3. Wait 1.24 ms or more for the Power Management block reach IDLE state to allow power switches configurations.

4. Load JTAG TCRs instruction (5’h7) and load 3’b100 on JTAG TCRs.

• Security and 1st step power control configuration

5. Wait 2.2us or more.

6. Load JTAG TCRs with 3’b111.

• 2nd step power control configuration

7. Wait 2.2 us for the switches be properly closed

8. Run desired invasive Boundary Scan instructions

• Can be run mixing invasive/non-invasive instructions

• If TRST* pulses are used on consecutive tests, keep in mind that among them is necessary 2ms for SoC recovery 
and startup.

• In order to speed up tests, run consecutive sequences without asserting TRST* among them.

9. BS scan exit

• Execute a dummy Boundary Scan intrusive instruction. Boundary Scan intrusive instructions cause a system_reset 
which resets whole SoC except JTAG Controller.

• Pulse TRST* or hold TMS high for 5 TCK rising-edges for resetting JTAG Controller

78.6 Register description
This section provides a detailed description of the JTAGC block registers accessible through the TAP interface, including data 
registers and the instruction register. Individual bit-level descriptions and reset states of each register are included. These 
registers are not memory-mapped and can only be accessed through the TAP.

78.6.1 Instruction register
The JTAGC block uses a 5-bit instruction register as shown in the following figure.

The instruction register allows instructions to be loaded into the block to select the test to be performed, and, with instruction 
loaded, the Instruction Decoder provides a signal to TDO mux in order to select the corresponding data path register. Instructions 
are shifted in through TDI when the TAP controller is in the Shift-IR state, and latched on the falling edge of TCK in the Update-IR 
state. The latched instruction value can only be changed in the Update-IR and Test-Logic-Reset TAP controller states.

Synchronous entry into the Test-Logic-Reset state results in the IDCODE instruction being loaded on the falling edge of TCK. 
Asynchronous entry into the Test-Logic-Reset state results in asynchronous loading of the IDCODE instruction. During the 
Capture-IR TAP controller state, the instruction shift register must capture 2'b01; these bits are used later for 1149.1 logic 
checking, making this value the register's read value when the TAP controller is sequenced into the Shift-IR state.

Figure 541. Instruction register

When reset, the Instruction Register loads the IDCODE register which in i.MX 8ULP is the value 5'b00101.
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78.6.2 Bypass register
The bypass register is a single-bit shift register path selected for serial data transfer between TDI and TDO when the following 
instructions are active:

• BYPASS

• HIGHZ

• CLAMP

After entry into the Capture-DR state, the single-bit shift register is set to a logic 0. Therefore, the first bit shifted out after selecting 
the bypass register is always a logic 0.

78.6.3 Device identification register
The device identification (DEVICE ID) register, shown in the following figure allows the revision number, part number and 
manufacturer identity derived from JEDEC (Joint Electron Device Engineering Council) to be retrieved through the TAP.

The device identification register is selected for serial data transfer between TDI and TDO when the IDCODE instruction is active. 
Entry into the Capture-DR state when the device identification register is selected loads the IDCODE into the shift register to be 
shifted out on TDO in the Shift-DR state. No action occurs in the Update-DR state.

Figure 542. Device identification register

The following table describes the device identification register functions. The device identification register values are described 
in the chip-specific JTAGC information.

Table 713. Device identification register field descriptions

Field Function

31–28

PRN

Part revision number (PRN)

Contains the revision number of the part. The value is: 0x0 (4'b0001)

27–12

MPN

Manufacturer's Part Number (MPN)

Indicates the design center. The value is: (16'b10001000_11101000)

11–1

MIC

Manufacturer identity code

Contains the reduced Joint Electron Device Engineering Council (JEDEC) ID .

IDCODE ID IDCODE register ID

Identifies this register as the device identification register and not the bypass register. Always set to 1.
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78.6.4 Boundary scan register
The boundary scan register is connected between TDI and TDO when the EXTEST, or SAMPLE/PRELOAD instructions are 
active. It is used to:

• Capture input pin data

• Force fixed values on output pins

• Select a logic value and direction for bidirectional pins

Each bit of the boundary scan register represents a separate boundary scan register cell, as described in the IEEE 1149.1-2001 
standard and discussed in Boundary scan. The size of the boundary scan register and bit ordering is device-dependent and can 
be found in the device Boundary Scan Description Language (BSDL) file.

In i.MX 8ULP, there are two BSDLs: one for 15 x 15 mm package and the other for 9.4 x 9.4 mm package.

78.7 Glossary
TAP Test access port

TCK Test clock

TDI Test data in

TDO Test data out

TMS Test mode select

TRST Test Reset
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Chapter 79
Analog-to-Digital Converter (ADC)
79.1 Chip-specific ADC information
Table 714. Reference links to related information

Topic Related module Reference

Full description ADC ADC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

79.1.1 Module instances
This device has 2 instances of the ADC module.

79.1.2 ADC trigger sources
ADC trigger sources get routed through TRIGMUX. For ADC0 and ADC1 trigger sources, see TRIGMUX input and output triggers.

79.1.3 Analog channel mapping
To know the input/output sources and channel mapping of ADC0 and ADC1 instances, see the attached 
spreadsheet (Analog_channels_mapping.xls).

79.2 Overview
The 12-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation within an integrated 
microcontroller system-on-a-chip.

 
For chip-specific modes of operation, see the power management information for the device.

  NOTE  
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79.2.1 Block diagram
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Figure 543. ADC block diagram

79.2.2 Features
ADC has these features:

• Linear successive approximation algorithm

— Differential operation with 13-bit resolution

— Single-ended operation with 12-bit resolution

• Channel scaling, to allow input voltage levels higher than the ADC reference voltage

• Configurable analog input sample time

• Configurable speed options to accommodate operation in low-power modes of SoC

• Trigger detection with up to 4 trigger sources with priority level configuration. Software or hardware trigger option for each.

• 15 command buffers, to allow independent options selection and channel sequence scanning
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• Automatic comparisons for less-than, greater-than, within range, or out-of-range with "store on true" and "repeat until true" 
options

• 16-entry conversion result data FIFO with configurable watermark and overflow detection

• Interrupt, DMA, or polled operation

79.3 Functional description
ADC performs analog-to-digital conversions on any of the software-selectable analog input channels via a successive 
approximation algorithm.

The ADC module can average the result of multiple conversions on a channel before storing the calculated result. The hardware 
average function is enabled by setting CMDHn[AVGS] to a non-zero value. The function operates in any conversion mode 
or configuration.

ADC can compare the result of a conversion with the contents of two value registers for less-than, greater-than, inside-range, or 
outside-range detection. The compare function operates in any conversion mode or configuration.

When the conversion and averaging loops finish, the resulting data is placed in a FIFO data buffer. The data includes tag 
information associated with the result. When the number of stored data words exceeds the setting, a configurable watermark level 
supports interrupts or DMA requests. Interrupts can also be enabled to indicate when FIFO overflow errors occur.

The module initializes to its lowest power state during reset.

The ADC analog circuits can be pre-enabled to begin conversions sooner at the expense of higher idle currents. Conversions are 
initiated by selectable trigger events from software or hardware sources.

The trigger-detection logic includes a configurable enable and priority scheme for available trigger sources.

ADC includes multiple command buffers to provide flexibility for channel scanning and independent channel selections for different 
trigger sources. These command buffers can be configured for:

• Input scaling factor

• Differential or single-ended conversion

• Sample time

• Averaging on a per-channel basis

The sequencing of an ADC command is summarized in the flow diagram below.
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Figure 544. ADC command execution flow diagram
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79.3.1 Power control mode
By default, the ADC analog circuits are disabled while ADC is in its idle state. When a trigger is detected and ADC 
command processing is initiated, the analog circuits are enabled. These circuits require a period of initialization before the first 
conversion cycle.

The value of CFG[PUDLY] should be set to incur a delay longer than tADCSTUP. The accuracy of initial conversions after activation 
is degraded if the value of CFG[PUDLY] is too low.

You can achieve faster conversion startup times by setting CFG[PWREN] to pre-enable the analog circuits of ADC. This faster 
conversion consumes extra power, even while ADC is in an idle state. When CFG[PWREN] is 1, the Power Enable timer is 
activated. The timer enforces the minimum time required (configured by CFG[PUDLY]) before detected triggers can initiate 
ADC conversions.

ADC also has options for controlling power and performance summarized in the table below. See the device data sheet for 
specification of the available power modes.

Table 715. Power option settings

CFG[PWRSEL] Description

00b (Default) Slowest speed and lowest power

01b Faster speed and higher power

10b Even faster speed and even higher power

11b Fastest speed and highest power

In the two highest power mode settings (CFG[PWRSEL] = 2h and CFG[PWRSEL] = 3h) the ADC delays sampling for 16 ADC 
clock cycles after leaving the idle state. This delay is in addition to any configured power-up delay or trigger delay.

79.3.2 ADC modes of operation
The ADC module supports the chip low power modes described in the following table. See section Clock operation for 
more information.

Table 716. Chip modes supported by the ADC module

Chip mode ADC Operation

Run Normal operation

Deepsleep/Sleep When the Doze Enable bit (CTRL[DOZEN]) is 0, the ADC can continue to operate 
and the module is using an external or internal clock source which remains 
operating during Deepsleep/Sleep modes. ADC is allowed to continue operation 
while the system is transitioned to the low power state. Any conversion in progress 
is not disrupted. External hardware trigger detect and active conversions are 
operational. When the DOZEN bit is 1, the module waits for the current averaging 
iteration/FIFO storage to complete before acknowledging Deepsleep or Sleep 
mode entry. There is no associated ack/handshake and the system transitions 
to low power state without ADC interaction. ADC operation should terminate after 
completion of any conversion in progress.

Deep Powerdown The Doze Enable (CTRL[DOZEN]) bit is ignored and the module waits for the 
current transfer to complete any pending operation before acknowledging Deep 
Powerdown mode entry.
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79.3.3 Voltage reference
The voltage reference high (VREFH) used by ADC is supplied from either an on-chip voltage reference source or from an 
off-chip source via external pins. VREFL is always from an external pin and must be at the same voltage as the Analog Power 
Domain Ground.

This block supports a programmable selection of the Voltage Reference High used for ADC conversions (via CFG[REFSEL]).

See the chip configuration information on the voltage reference options specific to this packaged device.

79.3.4 Trigger detect and command execution
See Figure 544 for a flow diagram of command execution sequencing.

ADC command execution is initiated from up to 4 trigger sources. Each trigger can be software-generated by writing 1b to the 
corresponding SWTRIG[SWTn] field. Alternatively, asynchronous input sources at the periphery of the module can generate 
hardware triggers. The number and sources of hardware triggers implemented is device-specific. See the chip-specific ADC 
information for descriptions of available hardware trigger sources for this device.

Each hardware trigger source is enabled by setting the associated enable field (TCTRLn[HTEN]). Each trigger source is assigned 
a priority via the associated priority control field (TCTRLn[TPRI]). Each of the trigger sources is associated with a command buffer 
via the associated command select field (TCTRLn[TCMD]).

When a hardware trigger input is enabled, hardware trigger events are detected on the rising edge of the associated hardware 
trigger source.

Each trigger source has an associated priority field TCTRLn[TPRI] which allows arbitration between trigger sources. Arbitration 
selects two things: which trigger sequence to execute next, and how to handle a trigger exception. Trigger exceptions are 
defined as allowing a higher-priority trigger sequence to interrupt operation of a lower-priority sequence. When a trigger exception 
occurs, programmable arbitration allows the configurable stop and resume points for low-priority sequences. The fields affecting 
arbitration are CFG[HPT_EXDI], CFG[TCMDRES], CFG[TRES], and CFG[TPRICTRL].

1. When CFG[HPT_EXDI] = 1b, trigger exceptions are disabled and any higher priority triggers are left pending until the 
current sequence completes. New triggers are accepted based on priority.

2. When CFG[HPT_EXDI] = 0b (default), exceptions are enabled and the higher-priority sequence begins executing at a 
user-specified breakpoint.

Breakpoint locations are determined by CFG[TPRICTRL], which affects latency for accepting trigger exceptions.

1. When CFG[TPRICTRL] = 0h, a higher-priority trigger causes an immediate command abort and the new command 
specified by the trigger is immediately started.

2. When CFG[TPRICTRL] = 1h, the current conversion is allowed to complete (including averaging) before the higher-
priority exception starts. In this mode, if the command is running through a series of averages, this series completes. 
However, there is no requirement to finish the entire command before being interrupted. For example, if the command 
consists of four loop iterations, there is no requirement to complete all four iterations before the interrupt occurs.

3. When CFG[TPRICTRL] = 2h, a higher-priority trigger begins once the current command is completed. If a command 
consists of five loop iterations each containing eight averages, then all 40 conversions must be completed before 
accepting the trigger exception.

CFG[TCMDRES] and CFG[TRES] determine what ADC does after accepting a trigger exception. The module can be programmed 
to resume commands after returning from a trigger exception.

1. When CFG[TRES] = 0h, commands are not automatically resumed after being stopped by an exception. However, an 
interrupt is set to indicate that this case has occurred. The flag TSTAT[TEXC_NUM] can be used to resolve which 
trigger was stopped by the exception.

2. When CFG[TRES] = 1h, ADC automatically resumes commands after they were stopped by an exception.

Using CFG[TRES] with CFG[TCMDRES], the module can be programmed to resume commands at one of two possible locations.
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1. When CFG[TCMDRES] = 0h, the trigger which was stopped by an exception is resumed from the beginning of 
its associated command sequence. Triggers that are waiting to be resumed take the same priority programmed to 
TCTRLn[TPRI].

2. When CFG[TCMDRES] = 1h, the trigger is resumed from the command that it was executing before being interrupted 
by an exception.

If a trigger occurs with priority lower than the priority of the currently executing command, trigger detection is left pending until the 
current command sequence finishes. Lower-priority trigger events cannot be serviced until a higher-priority triggered command 
(or command sequence) completes.

When a conversion is completed (including hardware averaging when CMDHn[AVGS] is non-zero), the result is placed in a 
RESFIFO buffer. When an ADC command selects looping (when CMDHn[LOOP] is non-zero) a command stores multiple 
conversion results to the FIFO during execution of that command.

At the end of command execution, CMDHn[NEXT] selects the next command to be executed. Multiple commands can be 
executed sequentially by configuring the CMDHn[NEXT] field of each command. Setting the next command to 0h causes 
conversions to terminate at the completion of the current command. Unending circular command execution is allowed by setting 
the CMDHn[NEXT] field of the last command in a sequence to the first command in the sequence.

By default, command sequences execute automatically in the order in which CMDHn[NEXT] fields are programmed. However, by 
using CMDHn[WAIT_TRIG], command execution can be stalled and launched based on trigger inputs. For example, if TRIGGER2 
is programmed to start the command sequence CMD1, CMD2, CMD3, then this sequence is run once unconditionally to 
completion upon receiving TRIGGER2. If CMDH2[WAIT_TRIG] = 1h, however, the sequence pauses after CMD1 until TRIGGER2 
is received again. In this way, sequences can be stalled until a trigger assertion is received.

Disabling ADC by writing 0b to CTRL[ADCEN] terminates any active ADC command processing. Writing 0b to CTRL[ADCEN] 
causes the current command (or command sequence) to terminate, clears any pending triggers, and sends the ADC module to 
an idle state.

79.3.5 Pause option
When an application does not require the maximum conversion rate, the effective conversion rate can be reduced:

• By implementing periodic trigger events to initiate ADC conversions, or

• By selecting a reduced-frequency clock as the ADCK source.

Both options are chip-specific and are dependent on ADC triggering and clocking options external to the ADC module. The latency 
associated with ADC analog power-up delays limits the maximum conversion rate when using periodic triggering.

Conversion rates can also be reduced by inserting a pause of a programmable duration:

• Between loop iterations

• Between commands in a sequence

• Between conversions, when a command is executing in the Compare Until True configuration

When PAUSE[PAUSEEN] = 1, PAUSE[PAUSEDLY] controls the duration of pausing during command execution sequencing. The 
pause delay is a count of (PAUSE[PAUSEDLY] * 4) ADCK cycles.

 
Do not change the PAUSE register while CTRL[ADCEN] = 1. Writes to the PAUSE register while CTRL[ADCEN] 
is 1 can lead to metastable operation.

  NOTE  

See Figure 544 for the places during command execution sequencing where the pause can be inserted.

79.3.6 Result FIFO operation
ADC includes 1 16-entry FIFO in which the result of ADC conversions are stored. In addition, a valid indicator bit, the trigger source, 
the source command, and the loop count are also stored with the data. FCTRLn[FCOUNT] indicates how many valid data words 
are stored in each RESFIFO.

NXP Semiconductors
Analog-to-Digital Converter (ADC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5696 / 5781



A programmable watermark threshold supports configurable notification of data availability. When FCTRLn[FCOUNT] is greater 
than FCTRLn[FWMARK], the associated RDY flag is asserted. When IE[FWMIEn] = 1, a watermark interrupt request is issued. 
When DE[FWMDEn] = 1, a DMA request is issued. Reading RESFIFO provides the oldest unread data word entry in the FIFO and 
decrements FCTRLn[FCOUNT]. When FCTRLn[FCOUNT] falls equal to or below FCTRLn[FWMARK], the RDY flag is cleared.

Each FIFO can be emptied by successive reads of RESFIFOn. When RESFIFOn[VALID] is 1, the associated FIFO entry is valid. 
Reading RESFIFOn when the FIFO is empty (when RESFIFOn[VALID] = 0 and FCTRLn[FCOUNT] = 0h) provides an undefined 
data word. All FIFOs are reset by writing 1b to CTRL[RSTFIFOn].

If ADC attempts to store a data word to the FIFO when the FIFO is full, the FIFO overflow flag (FCTRLn[FOF]) is set. When 
IE[FOFIEn] = 1, an overflow interrupt request is issued. The FOF flag is cleared by writing 1 to STAT[FOFn]. When overflow events 
occur, no new data is stored and the data associated with the storage event that triggered the overflow is lost.

Conversion results can be steered to any FIFO in the design. TCTRLn[FIFO_SEL_A] and TCTRLn[FIFO_SEL_B] determine into 
which FIFO the final result is written. Depending on which trigger is executing, the results can be steered to different locations. 
Depending on the type of conversion selected, the FIFO destination register fields are interpreted differently. During either 
differential or single-ended mode (CMDLn[CTYPE] != 3h) only one result is produced. The destination during these modes is 
determined from TCTRLn[FIFO_SEL_A]. In dual-single-ended mode, both TCTRLn[FIFO_SEL_A] and TCTRLn[FIFO_SEL_B] 
determine the Channel A and Channel B destinations respectively.

79.3.7 Compare Function
After the input is sampled and converted and any averaging iterations are performed, CMDHn[CMPEN] determines:

• Whether to use the automatic compare function, storing the conversion result when true.

• Whether to repeat the channel acquisition until the automatic compare function returns a true result.

The command-sequencing options related to the compare function are summarized in the table below.

 
Not all command buffers have an associated compare value register. The compare function is only available on 
command buffers that have a corresponding compare value register.

  NOTE  

Table 717. Compare modes

CMDHn[CMPEN] Compare function Description

00b Compare disabled Do not perform compare operation. Always store the conversion result 
to the FIFO.

01b Reserved

10b Store on true Perform compare operation. Store conversion result to FIFO after 
averaging only when the result of the comparison is true. Regardless 
of the comparison result, the LOOP setting is considered. The LOOP 
counter is incremented before deciding whether the current command 
has completed or additional LOOP iterations are required.

11b Repeat compare until true Perform compare operation. Store conversion result to FIFO after 
averaging only when the result of the comparison is true. Once 
a comparison is true, the LOOP setting is considered. The LOOP 
counter is incremented before deciding whether the current command 
has completed or additional LOOP iterations are required. When a 
comparison is false, the conversion is repeated without considering the 
LOOP setting, and the LOOP counter is not incremented.

The compare operation checks the result based on the values of CVn[CVH] and CVn[CVL], as shown in the following table.
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Table 718. Compare operations

CVn[CVL] vs.

CVn[CVH]

Operation Description

set CVn[CVL] < CVn[CVH] Outside range

(General form)

True if the result is less than CVn[CVL] or greater than CVn[CVH].

set CVn[CVH] to 
maximum value

set CVn[CVL] to 
compare point

Less than True if the result is less than CVn[CVL].

set CVn[CVL] to 
minimum value

set CVn[CVH] to 
compare point

Greater than True if the result is greater than CVn[CVH].

set CVn[CVL] > CVn[CVH] Inside range True if the result is less than CVn[CVL] and greater than CVn[CVH].

 
When ADC continues operating in a low-power mode, the compare function can monitor the voltage and wake the 
device only when the compare condition is met.

  NOTE  

79.3.8 Cycles per conversion
The number of ADCK cycles needed to complete a conversion, varies based on the selected resolution (CMDLa[MODE]), the 
sample time configured, and several other configuration options discussed below.

To calculate the cycle count, first, determine the Base Cycles Count from Table 719. Next, add the Sample Time Adder based on 
CMDHa[STS] setting as summarized in Table 720. If averaging is enabled (CMDHa[AVGS] does not equal to 0), then the total 
cycle (Base Cycles Count + Sample Time Adder) should be multiplied by the number of averages configured as summarized in 
Table 721.

Equation 32. Cycle Count/Conversion

Note that there is latency associated with trigger detection and starting an initial conversion. There is additional latency associated 
with offset and gain error adjustment of a raw conversion result and storage of a final result to the FIFO. Due to the pipe-lining of 
conversions when looping or command chaining is configured, the next conversion is immediately started while a raw conversion 
result is being adjusted and stored and thus the conversion rate is maximized.

The base cycles per conversion are variable depending on CMDLa[MODE] setting as summarized in the following table:

Table 719. Base cycles per conversion

Base ADCK cycles/conversion1

16-bit CMDLa[MODE] = 1 12-bit CMDLa[MODE] = 0

24 19

1. This cycle count includes min sample time of 3.5 ADCK cycles.

In addition to the base cycles per conversion, the configured sample time needs to be considered. The sample time adder is 
variable depending on CMDHa[STS] setting and is summarized in the following table:
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Table 720. Sample time cycle adder

CMDHa[STS] (default 000) Add ADCK cycles/conversion

000 0

001 2

010 4

011 8

100 16

101 32

110 64

111 128

Table 721. Averaging multiplier

CMDHa[AVGS] (default 000) Averaging multiplier

000 1

001 2

010 4

011 8

100 16

101 32

110 64

111 128

When LOOPing is used:

CMDHa[LOOP] allows iteration of a command (that is a channel can be converted multiple times). This feature adds 3 additional 
cycles between conversions.

 
When commands are chained using CMDHa[NEXT] to execute back-to-back conversions the ADC does not have 
the 3 stall cycles between commands.

  NOTE  

For a command that executes multiple conversions of the same channel using LOOPing the total cycle count is:

Equation 33. Cycle Count/Command

79.3.9 Clock operation
The ADC operates from the ADCK clock input provided from an on-chip clock select block and is used by the SAR conversion 
control sequencing logic and the FIFO storage buffer. The ADCK frequency must be within the specified frequency range for 
ADCK and varies based on configuration of CFG[PWRSEL]. Refer to the device datasheet for supported frequency ranges.

The ADC continues operating in Deepsleep and Sleep modes provided the Doze Enable bit (CTRL[DOZEN]) is clear and the 
on-chip clock select block continues to supply an ADCK clock source. Note, in Deepsleep mode with CTRL[DOZEN] == 0b0, the 
bus clock can be shut off, and asynchronous interrupts and DMA requests can be configured. In addition, the ADC continues 

NXP Semiconductors
Analog-to-Digital Converter (ADC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5699 / 5781



processing commands and writing data to the internal FIFO. The ADC has four sources for async interrupts during Deepsleep 
mode: watermark, FIFO overflow, TCOMP, and TEXC. To enable them, properly configure the bits IE[FWMIEx], IE[FOFIEx], 
IE[TCOMP_IE], and IE[TEXC_IE] before entering Deepsleep mode.

When the DOZEN bit is set in Deepsleep and Sleep modes, the ADC waits for the current averaging iteration/FIFO storage to 
complete before acknowledging Deepsleep or Sleep mode entry. Any pending triggers are dropped when a Deepsleep/Sleep 
mode request is made with DOZEN set. The ADC is forced into its lowest power setting after acknowledging the DOZEN 
Deepsleep/Sleep mode request. The same behavior is observed when entering a Deep Powerdown Mode.

79.3.10 Resets

Table 722. ADC Resets

Reset source Description

Chip reset The logic and registers for ADC are reset to their default states on a chip reset.

Software reset ADC implements a software reset field in its control register. CTRL[RST] resets all logic and 
registers to their default states, except for the CTRL register itself.

FIFO reset ADC implements write-only control that resets FIFO0 (CTRL[RSTFIFO0]). After a FIFO is reset, 
that FIFO is empty.

79.3.11 Interrupts and DMA requests
ADC includes several sources for interrupts and DMA requests. The table below summarizes these sources.

A programmable watermark threshold supports configurable notification of data availability and can generate either an interrupt 
exception or a DMA request. When FCTRLn[COUNT] is greater than FCTRLn[FWMARK], the associated STAT[RDYn] flag is 
asserted. The IE[FWMIEn] and DE[FWMDEn] control fields control the masking for this exception. When STAT[RDYn] becomes 
1 and IE[FWMIEn] = 1, a watermark interrupt request is issued. When STAT[RDYn] becomes 1 and DE[FWMDEn] = 1, a DMA 
request is issued.

The other exception sources can only generate interrupts and do not have a DMA request option. Each source has a mask control 
field in the IE register and no corresponding field in the DE register.

Table 723. ADC Interrupts and DMA Requests

Status Register (STAT) Description Can generate

Flag Name Interrupt? DMA 
request?

Low-power 
wake-up?

RDYn Result FIFO n 
Ready Flag

Conversion result data is written to Result 
FIFO and has a watermark configurable 
trigger level to generate an exception request 
as controlled by FCTRLn[FWMARK].

Y Y Y

FOFn Result FIFO n 
Overflow Flag

Attempting to store data to the FIFO when 
the FIFO is full is an error condition.

Y N Y

TCOMP_INT Trigger 
Completion 

Flag

A trigger sequence has been completed. All 
associated commands have been run.

Y N Y

TEXC_INT High Priority 
Trigger Flag

A high priority trigger exception has occurred. Y N Y

79.4 External signals
The ADC module supports analog channel inputs with differential and single-ended conversion options for all channels.
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See chip-specific section for supply and ground connections.

Table 724. ADC signal descriptions

Signal Description I/O

VDDA_BIAS Analog Supply Bias. See note below discussing in more detail. I

CHnA - CH0A1 A-side Analog Channel Inputs I

CHnB - CH0B1 B-side Analog Channel Inputs I

1. where n is the maximum channel number supported in the chip. See the chip-specific information for the number of 
channels supported on your device.

 
The VDDA_BIAS supply used by ADC is chip-specific. It is connected to a shared supply source in some 
implementations. In other implementations, VDDA_BIAS is supplied through an external pin from an off-chip 
source. See the chip configuration information on the VDDA_BIAS connections specific to this packaged device. 
When connected to an external pin, VDDA_BIAS should be connected to the same supply source as the one 
used by the GPIO for analog channel inputs. For chips supporting multiple I/O supply levels via pad segments, 
the VDDA_BIAS supply should be the highest I/O supply level associated with ADC analog channels used in 
the application.

  NOTE  

79.4.1 Analog channel inputs (CHnA and CHnB)
CMDLn[ADCH], CMDLn[DIFF], and CMDLn[ABSEL] control selection of paired or individual input channels. Each ADC command 
independently selects a channel. Each CMDLn[ADCH] channel selection has an associated A-side and B-side input. Each 
CMDLn[ADCH] pair can be converted in differential mode, but only limited pairs should be converted as differential channels (for 
example, adjacent pins designed with matched impedance). For the pin pairings available for differential conversions for your 
device, see the Chip Configuration details.

 
Some input channels from on-chip sources, such as temperature sensors and reference voltage sources, may only 
be connected to individual instances of ADC. Some input channel options in the field-setting descriptions may not 
be available for your device. See chip-specific information for the channels supported on this device.

  NOTE  

79.5 Initialization

79.6 ADC register descriptions
This section describes the ADC registers.

79.6.1 ADC memory map
ADC0 base address: 2804_0000h

ADC1 base address: 280A_2000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0200_101Ah

4h Parameter Register (PARAM) 32 R 0F04_1004h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

10h Control Register (CTRL) 32 RW 0000_0000h

14h Status Register (STAT) 32 RW 0000_0000h

18h Interrupt Enable Register (IE) 32 RW 0000_0000h

1Ch DMA Enable Register (DE) 32 RW 0000_0000h

20h Configuration Register (CFG) 32 RW 0080_0000h

24h Pause Register (PAUSE) 32 RW 0000_0000h

34h Software Trigger Register (SWTRIG) 32 RW 0000_0000h

38h Trigger Status Register (TSTAT) 32 RW 0000_0000h

A0h - ACh Trigger Control Register (TCTRL0 - TCTRL3) 32 RW 0000_0000h

E0h FIFO Control Register (FCTRL0) 32 RW 0000_0000h

100h Command Low Buffer Register (CMDL1) 32 RW 0000_2000h

104h Command High Buffer Register (CMDH1) 32 RW 0000_0000h

108h Command Low Buffer Register (CMDL2) 32 RW 0000_2000h

10Ch Command High Buffer Register (CMDH2) 32 RW 0000_0000h

110h Command Low Buffer Register (CMDL3) 32 RW 0000_2000h

114h Command High Buffer Register (CMDH3) 32 RW 0000_0000h

118h Command Low Buffer Register (CMDL4) 32 RW 0000_2000h

11Ch Command High Buffer Register (CMDH4) 32 RW 0000_0000h

120h Command Low Buffer Register (CMDL5) 32 RW 0000_2000h

124h Command High Buffer Register (CMDH5) 32 RW 0000_0000h

128h Command Low Buffer Register (CMDL6) 32 RW 0000_2000h

12Ch Command High Buffer Register (CMDH6) 32 RW 0000_0000h

130h Command Low Buffer Register (CMDL7) 32 RW 0000_2000h

134h Command High Buffer Register (CMDH7) 32 RW 0000_0000h

138h Command Low Buffer Register (CMDL8) 32 RW 0000_2000h

13Ch Command High Buffer Register (CMDH8) 32 RW 0000_0000h

140h Command Low Buffer Register (CMDL9) 32 RW 0000_2000h

144h Command High Buffer Register (CMDH9) 32 RW 0000_0000h

148h Command Low Buffer Register (CMDL10) 32 RW 0000_2000h

14Ch Command High Buffer Register (CMDH10) 32 RW 0000_0000h

150h Command Low Buffer Register (CMDL11) 32 RW 0000_2000h

Table continues on the next page...
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Table continued from the previous page...

Offset Register Width

(In bits)

Access Reset value

154h Command High Buffer Register (CMDH11) 32 RW 0000_0000h

158h Command Low Buffer Register (CMDL12) 32 RW 0000_2000h

15Ch Command High Buffer Register (CMDH12) 32 RW 0000_0000h

160h Command Low Buffer Register (CMDL13) 32 RW 0000_2000h

164h Command High Buffer Register (CMDH13) 32 RW 0000_0000h

168h Command Low Buffer Register (CMDL14) 32 RW 0000_2000h

16Ch Command High Buffer Register (CMDH14) 32 RW 0000_0000h

170h Command Low Buffer Register (CMDL15) 32 RW 0000_2000h

174h Command High Buffer Register (CMDH15) 32 RW 0000_0000h

200h - 20Ch Compare Value Register (CV1 - CV4) 32 RW 0000_0000h

300h Data Result FIFO Register (RESFIFO0) 32 R 0000_0000h

79.6.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function

Indicates the version integrated for this instance on the device and the inclusion of optional features.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 NUM_FIFO 
NUM_
SEC 

CALO
FSI 

IADCK
I 

VR1R
NGI 

0 CSW MVI 0
DIFFE

N 
RES 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 0
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Fields

Field Function

31-24

MAJOR

Major Version Number

Returns the major version number for the module specification.

23-16

MINOR

Minor Version Number

Returns the minor version number for the module specification.

15

—

Reserved

14-12

NUM_FIFO

Number of FIFOs

Indicates the number of result FIFOs implemented in the design.

000b - N/A

001b - One

010b - Two

011b - Three

100b - Four

11

NUM_SEC

Number of Single-Ended Outputs Supported

Indicates the number of single-ended channels which can be processed simultaneously.

0b - One

1b - Two

10

CALOFSI

Calibration Function Implemented

Indicates whether a calibration function and trimming control register are implemented. 

0b - Not implemented

1b - Implemented

9

IADCKI

Internal ADC Clock Implemented

Indicates whether this implementation of the ADC block includes an internal clock source.

0b - Not implemented

1b - Implemented

8

VR1RNGI

Voltage Reference 1 Range Control Bit Implemented

Indicates whether a control bit is implemented to select the input voltage range on Voltage Reference 
Option 1.

0b - Range control not required.

1b - Range control required.

7 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

6-4

CSW

Channel Scale Width

Indicates whether channel scaling is supported. When supported, each command buffer has a control 
field (CMDLn[CSCALE]) for setting input scaling.

000b - Not supported.

001b - Supported with one-bit CSCALE control field.

110b - Supported with six-bit CSCALE control field.

3

MVI

Multiple Vref Implemented

Indicates whether multiple voltage reference high (VREFH) inputs are supported. When multiple voltage 
references are supported, CFG[REFSEL] selects voltage reference high options.

0b - Single VREFH input supported.

1b - Multiple VREFH inputs supported.

2

—

Reserved

1

DIFFEN

Differential Supported

Indicates whether differential operation is supported. When supported, each command buffer has control 
fields (CMDLn[DIFF] and CMDLn[ABSEL]) for configuring for differential operation and expanding the 
number of supported channels from 32 to 64.

0b - Not supported

1b - Supported. CMDLn[DIFF] and CMDLn[ABSEL] control fields implemented.

0

RES

Resolution

Indicates the maximum accuracy supported.

0b - Up to 13-bit differential or 12-bit single-ended resolution supported.

1b - Up to 16-bit differential or 15-bit single-ended resolution supported. CMDLn[MODE] available 
for selecting the resolution of conversions for the associated command.

79.6.3 Parameter Register (PARAM)

Offset

Register Offset

PARAM 4h

Function

The Parameter register indicates the size of several variable integration options for this instance on the device.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R CMD_NUM CV_NUM 

W

Reset 0 0 0 0 1 1 1 1 0 0 0 0 0 1 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FIFOSIZE TRIG_NUM 

W

Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

Fields

Field Function

31-24

CMD_NUM

Command Buffer Number

Indicates number of command buffers implemented.

23-16

CV_NUM

Compare Value Number

Indicates number of compare value registers implemented.

15-8

FIFOSIZE

Result FIFO Depth

Indicates the maximum number of conversion data words that can be stored in the result FIFO before an 
overflow occurs.

0000_0001b - 2

0000_0100b - 4

0000_1000b - 8

0001_0000b - 16

0010_0000b - 32

0100_0000b - 64

7-0

TRIG_NUM

Trigger Number

Number of Triggers implemented.

79.6.4 Control Register (CTRL)

Offset

Register Offset

CTRL 10h

Function
Includes primary control bits.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0
DOZE

N 
RST 

ADCE
N W

RSTFI
FO0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-9

—

Reserved

8

RSTFIFO0

Reset FIFO 0

0b - No effect.

1b - FIFO 0 is reset.

7-5

—

Reserved

4

—

Reserved

3

—

Reserved

2

DOZEN

Doze Enable

Controls system transition to Deep-sleep/ and Sleep power modes while ADC is converting. When 0, 
immediate entries to Deep-sleep or Sleep modes are allowed and ADC conversion functions remain 
enabled. Any conversion in progress is not disrupted. The selected clock source provided from the on-
chip clock source must be able to continue operating. When 1, the ADC waits for the current averaging 
iteration or FIFO storage to complete before acknowledging the low-power entry request. After entering 
the low-power state, ADC is kept inactive until the system exits the low-power state.

When the system enters Deep Power-down mode, the DOZEN bit is ignored and ADC waits for the current 
transfer to complete any pending operation.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - ADC is enabled in low-power mode.

1b - ADC is disabled in low-power mode.

1

RST

Software Reset

Resets all internal logic and registers, except the CTRL register. Remains 1 until cleared by software.

0b - ADC logic is not reset.

1b - ADC logic is reset.

0

ADCEN

ADC Enable

0b - Disabled

1b - Enabled

79.6.5 Status Register (STAT)

Offset

Register Offset

STAT 14h

Function
Provides the status of the ADC module.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 CMDACT 0 TRGACT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
ADC_
ACT...

0
TCOM
P_I...

TEXC_
INT 

0 FOF0 RDY0 

W W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-24

CMDACT

Command Active

Indicates the command actively being processed. Commands are only shown here when they are 
actively being processed by the SAR routine. Use with STAT[ADC_ACTIVE] to determine which 
conversion is running.

0000b - No command currently in progress.

0001b - Command 1 currently being executed.

0010b - Command 2 currently being executed.

0011b-1111b - Associated command number currently being executed.

23-18

—

Reserved

17-16

TRGACT

Trigger Active

Indicates the trigger actively being processed. This field can be used to determine which trigger is 
running through a trigger delay or being converted by the SAR routine. The command associated with 
this field is running through a conversion when STAT[CMDACT] is not zero.

00b - Command (sequence) associated with Trigger 0 currently being executed.

01b - Command (sequence) associated with Trigger 1 currently being executed.

10b - Command (sequence) associated with Trigger 2 currently being executed.

11b - Command (sequence) associated with Trigger 3 currently being executed.

15-12

—

Reserved

11

ADC_ACTIVE

ADC Active

Indicates whether the module is processing a conversion, or has pending triggers to service.

0b - ADC is idle. There are no pending triggers to service and no active commands are being 
processed.

1b - ADC is processing a conversion, running through the power-up delay, or servicing a trigger.

10

—

Reserved

9

TCOMP_INT

Interrupt Flag For Trigger Completion

Indicates when a trigger sequence has been completed (all associated commands have been run). 
IE[TCOMP_IE] must be 1 for the specific trigger source to flag an interrupt upon completion.

0b - Either IE[TCOMP_IE] = 0, or no trigger sequences have run to completion.

1b - Trigger sequence has been completed and all data is stored in the associated FIFO.

Table continues on the next page...
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Table continued from the previous page...

Field Function

8

TEXC_INT

Interrupt Flag For High-Priority Trigger Exception

Indicates when a high-priority trigger exception has occurred and CFG[TRES] = 0. This flag only 
asserts if trigger exception interrupts are enabled (IE[TEXC_IE] = 1h). This flag can be used with 
TSTAT[TEXC_NUM] to resolve which trigger source was interrupted.

0b - No trigger exceptions have occurred.

1b - A trigger exception has occurred and is pending acknowledgment.

7-2

—

Reserved

1

FOF0

Result FIFO 0 Overflow Flag

Indicates that more data has been written to the Result FIFO 0 than it can hold. The newer data is not 
stored and the FIFO holds the original contents. This flag asserts regardless of the value of IE[FOFIE0]. 
However, an interrupt request is issued only if IE[FOFIE0] is 1.

0b - No result FIFO 0 overflow has occurred since the last time that the flag was cleared.

1b - At least one result FIFO 0 overflow has occurred since the last time that the flag was cleared.

0

RDY0

Result FIFO 0 Ready Flag

Indicates when the number of valid data words in the result FIFO 0 is greater than the watermark set 
in FCTRL0[FWMARK]. This flag asserts regardless of the value of IE[FWMIE0]. However, an interrupt 
request or DMA request occurs only when the associated control field (IE[FWMIE0] and DE[FWMDE0]) 
is 1. This flag is cleared when the FCTRL0[FCOUNT] (which decrements on each read of the RESFIFO 
register) is less than or equal to the level set in FCTRL0[FWMARK].

0b - Not above watermark

1b - Above watermark

79.6.6 Interrupt Enable Register (IE)

Offset

Register Offset

IE 18h

Function
Includes system interrupt masking control bits.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TCOMP_IE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TEXC_
IE 

0 FOFIE
0 

FWMI
E0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-16

TCOMP_IE

Trigger Completion Interrupt Enable

Enables generation of interrupt requests to indicate when complete trigger command sequences are 
executed. Each bit in TCOMP_IE corresponds to a trigger source. (TCOMP_IE[0] corresponds to trigger 
0, and so on.) All results are stored in the FIFO when a sequence is considered complete.

0000b - All disabled

0001b - Trigger completion interrupts are enabled for trigger source 0 only.

0010b - Trigger completion interrupts are enabled for trigger source 1 only.

0011b-1110b - Associated trigger completion interrupts are enabled.

1111b - All enabled

15-9

—

Reserved

8

TEXC_IE

Trigger Exception Interrupt Enable

Enables ADC to assert an interrupt request when a high-priority trigger exception occurs. 
TSTAT[TEXC_NUM] contains the value of the corresponding trigger affected by the exception.

0b - Disabled

1b - Enabled

7-2

—

Reserved

1

FOFIE0

Result FIFO 0 Overflow Interrupt Enable

Enables generation of overflow interrupt requests when FOF flag is asserted.

Table continues on the next page...

NXP Semiconductors
Analog-to-Digital Converter (ADC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5711 / 5781



Table continued from the previous page...

Field Function

0b - Disabled

1b - Enabled

0

FWMIE0

FIFO 0 Watermark Interrupt Enable

Enables generation of watermark interrupt requests when STAT[RDY0] flag is asserted.

0b - Disabled

1b - Enabled

79.6.7 DMA Enable Register (DE)

Offset

Register Offset

DE 1Ch

Function
Includes DMA request-masking control bits.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FWMD
E0 W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-1

—

Reserved

0

FWMDE0

FIFO 0 Watermark DMA Enable

Enables generation of DMA requests when STAT[RDY0] flag is asserted.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disabled

1b - Enabled

79.6.8 Configuration Register (CFG)

Offset

Register Offset

CFG 20h

Function
Controls ADC functions common to all commands. When CTRL[ADCEN] = 1, this register cannot be changed and writes to 
this register are ignored.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 0 0 PWRE
N 

0
PUDLY 

W

Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 HPT_
EXDI 

TCMD
RES 

TRES REFSEL PWRSEL 
0

TPRICTRL 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

—

Reserved

29

—

Reserved

28 ADC Analog Pre-Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

PWREN Enables the ADC analog circuits. When setting this field, user code should delay for a period exceeding 
the analog startup time of tADCSTUP before enabling ADC for operation. The module is still operational 
even when this field is 0, but command execution start is delayed for a period defined by CFG[PUDLY]. 
See the device data sheet for ADC idle and active power consumption parameters.

0b - ADC analog circuits are only enabled while conversions are active. Analog startup delays 
affect performance.

1b - ADC analog circuits are pre-enabled and ready to execute conversions without startup 
delays, at the cost of higher DC current consumption. A single power-up delay (CFG[PUDLY]) 
is executed immediately once PWREN is set. No detected triggers begin ADC operation until 
the power-up delay time has passed. After this initial delay expires, the analog circuits remain 
pre-enabled, and no additional delays are executed.

27-24

—

Reserved

23-16

PUDLY

Power-up Delay

Defines the power-up delay executed after an initial trigger wakes ADC from its idle state. Must be 
programmed to a non-zero value to enable the ADC. Depending on the value of CFG[PWREN], the delay 
is executed in one of two modes:

• When CFG[PWREN] = 0, the ADC analog circuits are only powered on while the module is 
active. The power-up delay allows time for the analog circuits to stabilize after being powered 
on. The startup delay count of (PUDLY * 4) ADCK cycles must result in a longer delay than the 
analog startup time of tADCSTUP. Accuracy of the initial conversions after activation is degraded if 
CFG[PUDLY] is set to too small a value. After active conversions, if no subsequent conversions are 
pending, the ADC analog circuits are automatically reverted to their low-power idle state. When ADC 
is awakened with a later trigger, the power-up delay runs again.

• When CFG[PWREN] = 1 prior to ADC activation, the analog circuits are pre-enabled and the 
activation delay defined by CFG[PUDLY] is executed immediately. After the delay has been 
executed, the analog circuits remain enabled regardless of ADC activity. This configuration 
begins conversions immediately after trigger event detection, at the cost of increased DC power 
consumption in the analog circuits.

 
ADC does not begin an initial conversion until the power-up delay has executed, regardless 
of the value of CFG[PWREN].

  NOTE  

15

—

Reserved

14-11

—

Reserved

10

HPT_EXDI

High-Priority Trigger Exception Disable

Table continues on the next page...
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Table continued from the previous page...

Field Function

Disables high-priority trigger exceptions. See Trigger detect and command execution for a detailed 
description on trigger exception handling. When 1, exceptions are disabled and CFG[TCMDRES], 
CFG[TRES], and CFG[TPRICTRL] are ignored.

0b - Enabled

1b - Disabled

9

TCMDRES

Trigger Command Resume

Determines where a trigger sequence resumes when interrupted by a high-priority trigger exception. To 
use this field, CFG[TRES] must be 1.

0b - Trigger sequence automatically restarted.

1b - Trigger sequence resumed from the command that was executed prior to the exception.

8

TRES

Trigger Resume Enable

Determines whether trigger sequences interrupted by a high-priority exception are automatically resumed 
or restarted.

If 1, the sequence can be resumed along command boundaries or restarted from the beginning of a 
sequence, as determined by CFG[TCMDRES].

If 0, interrupted triggers can be resumed via software by monitoring STAT[TEXC_INT] (or via ISR handling 
for trigger exception interrupt when IE[TEXC_IE] = 1). Software determines which trigger was interrupted 
by reading TSTAT[TEXC_NUM] and restarts the trigger by writing 1 to the corresponding field in the 
SWTRIG register.

0b - Not automatically resumed or restarted

1b - Automatically resumed or restarted

7-6

REFSEL

Voltage Reference Selection

Selects the voltage reference high used for conversions.

 
See the chip-specific ADC information for voltage reference options specific to this 
packaged device.

  NOTE  

00b - Option 1

01b - Option 2

10b - Option 3

11b - Reserved

5-4

PWRSEL

Power Configuration Select

Configures the module for power and performance. In the highest-power setting, the highest conversion 
rates are possible. Refer to the device data sheet for power and performance capabilities for each 
setting.

00b - Lowest power

Table continues on the next page...
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Field Function

01b - Higher power than 00b

10b - Higher power than 01b

11b - Highest power

3-2

—

Reserved

1-0

TPRICTRL

ADC Trigger Priority Control

Controls how higher-priority trigger exceptions are handled when they are received during command 
processing. See Trigger detect and command execution for a detailed explanation of trigger event 
handling.

00b - Current conversion is aborted and the new command specified by the trigger is started.

01b - Current command is stopped after completing the current conversion. If averaging is 
enabled, the averaging loop is completed. CMDHn[LOOP] is ignored and the higher-priority 
trigger is serviced.

10b - Current command is completed (averaging, looping, compare) before servicing the higher-
priority trigger.

11b - Reserved

79.6.9 Pause Register (PAUSE)

Offset

Register Offset

PAUSE 24h

Function
Controls the optional inserted delay between conversions. When CTRL[ADCEN] = 1, this register should not be modified.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PAUS
EEN 

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
PAUSEDLY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

PAUSEEN

Pause Enable

Enables the ADC pausing function. When enabled, a programmable delay is inserted during command 
execution sequencing:

• Between LOOP iterations.

• Between commands in a sequence.

• Between conversions, when a command is executing in compare-until-true configuration.

 
CMDHn[WAIT_TRIG] and PAUSE are mutually exclusive. CMDHn[WAIT_TRIG] takes 
priority over PAUSE between commands when both are enabled.

  NOTE  

0b - Disabled

1b - Enabled

30-9

—

Reserved

8-0

PAUSEDLY

Pause Delay

Controls the duration of pauses during command execution sequencing when PAUSE[PAUSEEN] = 1. 
The pause delay is a count of (PAUSEDLY * 4) ADCK cycles.

79.6.10 Software Trigger Register (SWTRIG)

Offset

Register Offset

SWTRIG 34h

Function
Initiates software-triggered conversions when written to. Writes to this register are ignored while CTRL[ADCEN] = 0. There is 
an approximately three ADC-clock-cycle synchronization delay between asserting CTRL[ADCEN] and when SWTRIG can be 
accepted.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0

W SWT3 SWT2 SWT1 SWT0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-4

—

Reserved

3

SWT3

Software Trigger 3

Write 1 to SWT3 generates a trigger 3 event. Writing 1 to SWT3 is ignored while the trigger 3 event is 
being serviced or is pending.

0b - No trigger 3 event generated.

1b - Trigger 3 event generated.

2

SWT2

Software Trigger 2

Write 1 to SWT2 generates a trigger 2 event. Writing 1 to SWT2 is ignored while the trigger 2 event is 
being serviced or is pending.

0b - No trigger 2 event generated.

1b - Trigger 2 event generated.

1

SWT1

Software Trigger 1

Write 1 to SWT1 generates a trigger 1 event. Writing 1 to SWT1 is ignored while the trigger 1 event is 
being serviced or is pending.

0b - No trigger 1 event generated.

1b - Trigger 1 event generated.

0

SWT0

Software Trigger 0

Generates a trigger 0 event. Writing 1 to this field is ignored while the trigger 0 event is being serviced or 
is pending.

0b - No trigger 0 event generated.

1b - Trigger 0 event generated.
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79.6.11 Trigger Status Register (TSTAT)

Offset

Register Offset

TSTAT 38h

Function
Contains status flags to indicate when trigger sequences have been completed or interrupted by a high-priority trigger 
exception. Each field in this register is set by hardware and cleared by software.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 TCOMP_FLAG 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 TEXC_NUM 

W W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-20

—

Reserved

19-16

TCOMP_FLAG

Trigger Completion Flag

Indicates which triggers have been completed. Each bit in this field corresponds to a trigger. When a trigger 
sequence has completed, the corresponding bit in TCOMP_FLAG is set. For example, if trigger 3 has been 
completed, then bit 19 is set in the TSTAT register. This register is active only if the corresponding bit in 
IE[TCOMP_IE] = 1.

 
A synchronization delay may be added to the end of the final conversion in a sequence, prior 
to this flag being set. This delay can range from two to four ADC CLK cycles.

  NOTE  

0000b - No triggers have been completed. Trigger completion interrupts are disabled.

0001b - Trigger 0 has been completed and trigger 0 has enabled completion interrupts.

0010b - Trigger 1 has been completed and trigger 1 has enabled completion interrupts.

0011b-1110b - Associated trigger sequence has completed and has enabled completion 
interrupts.

Table continues on the next page...
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Field Function

1111b - Every trigger sequence has been completed and every trigger has enabled completion 
interrupts.

15-4

—

Reserved

3-0

TEXC_NUM

Trigger Exception Number

Indicates which triggers have been interrupted by exceptions. Each bit in this field corresponds to a 
trigger. When the corresponding trigger sequence is interrupted by a high-priority trigger exception, the 
corresponding bit is set. For example, if trigger 3 has been interrupted, then bit 3 is set in this register. 
This register is active regardless of the value in IE[TEXC_IE].

0000b - No triggers have been interrupted by a high-priority exception. Or CFG[TRES] = 1.

0001b - Trigger 0 has been interrupted by a high-priority exception.

0010b - Trigger 1 has been interrupted by a high-priority exception.

0011b-1110b - Associated trigger sequence has interrupted by a high-priority exception.

1111b - Every trigger sequence has been interrupted by a high-priority exception.

79.6.12 Trigger Control Register (TCTRL0 - TCTRL3)

Offset

Register Offset

TCTRL0 A0h

TCTRL1 A4h

TCTRL2 A8h

TCTRL3 ACh

Function

Implements control fields associated with each trigger source. When ADC is executing commands, only one TCTRLn register 
controls ADC conversions.

Do not update the controlling TCTRLn register while ADC is active. Writing to a TCTRLn register while that trigger control register 
controls the ADC operation may cause unpredictable behavior.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
TCMD 

0
TDLY 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0
TPRI 

0
HTEN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

TCMD

Trigger Command Select

Selects the command from the command buffer to execute upon detection of the associated trigger event.

When a higher-priority trigger is received while ADC is converting, the command in this register associated 
with the new trigger is executed. This execution is done under the control of CFG[TPRICTRL].

See Trigger detect and command execution for details about the relationship between CFG[TPRICTRL] 
and TCMD.

0000b - Not a valid selection from the command buffer. Trigger event is ignored.

0001b - CMD1

0010b-1110b - Corresponding CMD is executed

1111b - CMD15

23-20

—

Reserved

19-16

TDLY

Trigger Delay Select

Selects the trigger delay duration for the start of servicing a trigger event. Each trigger source has an 
associated programmable delay prior to beginning an initial conversion. When this field is 0, no delay is 
incurred. When this field is set to a non-zero value, the duration of the delay is 2TDLY ADCK cycles.

15

—

Reserved

14-10

—

Reserved

9-8 Trigger Priority Setting

Table continues on the next page...
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Field Function

TPRI Sets the priority of the associated trigger source. If two or more triggers have the same priority level, 
the lower-order trigger event has the higher priority. If Trigger 0 and Trigger 1 are pending triggers and 
TCTRL0[TPRI] is configured the same as TCTRL1[TPRI], the Trigger 0 command is serviced first.

00b - Highest priority, Level 1

01b-10b - Set to corresponding priority level.

11b - Lowest priority, Level 4

7-1

—

Reserved

0

HTEN

Trigger Enable

Enables hardware trigger source to initiate conversion on the rising edge of the input trigger source.

 
Enabling the hardware trigger does not disable software triggers.

  NOTE  

0b - Disabled

1b - Enabled

79.6.13 FIFO Control Register (FCTRL0)

Offset

Register Offset

FCTRL0 E0h

Function

Contains control and status fields for each FIFO in the design. A programmable watermark can be set for each FIFO, 
which can be used to trigger an interrupt. In addition, the number of entries stored in each FIFO can be monitored by 
reading FCTRLn[FCOUNT].

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FWMARK 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FCOUNT 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-20

—

Reserved

19-16

FWMARK

Watermark Level Selection

Selects the storage threshold for the ADC Result FIFO. When the number of data words stored in the 
FIFO is greater than this value, the STAT[RDY0] flag is asserted. When IE[FWMIEn] = 1, an interrupt 
request is generated. When DE[FWMDEn] = 1, a DMA request is generated.

15-5

—

Reserved

4-0

FCOUNT

Result FIFO Counter

Indicates the number of data words stored in the result FIFO. This value may be used with 
PARAM[FIFOSIZE] to calculate how much room is left in the result FIFO. This field is incremented 
with each storage of new data into the result FIFO and decrements with each read of the result FIFO. 
The FIFO is reset by writing to CTRL[RSTFIFOn], which initializes FCTRLn[FCOUNT] to 0h.

79.6.14 Command Low Buffer Register (CMDL1 - CMDL15)

Offset

For a = 1 to 15:

Register Offset

CMDLa F8h + (a × 8h)

Function

Controls channel selection and conversion options. There are 15 command buffers (CMDn), each constructed from two 32-bit 
registers (CMDHn:CMDLn) that can be configured for different channel selection and varying conversion options. Any command 
buffer is selected and used as the controlling command by association with a trigger event via configuration of TCTRLn[TCMD]. 
When ADC is executing commands, only one of the CMD buffers controls ADC conversions. Do not update the controlling 
CMD buffer while ADC is active. A write to a CMD buffer while that CMD buffer controls the ADC operation may cause 
unpredictable behavior.

 
The 15 command buffers are numbered [CMDH1:CMDL1] through [CMDH15:CMDL15]. In NXP-supplied header 
files, these buffers are likely to be defined as two 15-element arrays that are indexed from 0. For example, the type 
declaration would be:

unsigned int CMDH[15];

unsigned int CMDL[15];

and software would access ADC0 CMDH1 as ADC0->CMDH[0] and ADC0 CMDL15 as ADC0->CMDL[14].

  NOTE  

The CMDLn[ADCH], CMDLn[DIFF], and CMDLn[ABSEL] fields control selection of paired or individual input channels. Each ADC 
command independently selects a channel. Each ADCH channel selection has an associated A-side and B-side input. Each 
ADCH pair can be converted in differential mode, but only limited pairs should be converted as differential channels (for example, 
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adjacent pins designed with matched impedance). For the pin pairings available for differential conversions for your device, see 
the Chip Configuration details.

 
Some input channels are from on-chip sources such as temperature sensors and reference voltage sources and 
may only be connected to individual instances of ADC. Some input channel options in the field descriptions may 
not be available for your device. See the chip-specific information for the channels supported on this device.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 CSCA
LE 

0 0
DIFF ABSEL ADCH 

W

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

—

Reserved

15-14

—

Reserved

13

CSCALE

Channel Scale

Reduces the selected ADC analog channel input voltage level by a factor. When selecting a CSCALE 
value, consider the maximum voltage on the ADC channel input. Your selection can ensure that the 
reducing factor always results in a voltage level at or below the VREFH reference. This reducing 
capability allows conversion of analog inputs higher than VREFH. A-side and B-side channel inputs are 
both scaled using the CSCALE field.

0b - Scale selected analog channel (factor of 30/64)

1b - Full-scale (factor of 1)

12-8

—

Reserved

7

—

Reserved

6 Differential Mode Enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

DIFF Configures ADC to operate in differential mode or dual-single-ended mode.

0b - Dual-single-ended mode

1b - Differential mode

5

ABSEL

A-side or B-side Select

Selects which channel to convert when CMDLn[DIFF] = 0b. Configures the ADC result to be (CHnA - CHnB) 
or (CHnB - CHnA) when CMDLn[DIFF] = 1b.

0b - When CMDLn[DIFF] = 0b, the associated A-side channel is converted as single-ended. 
When CMDLn[DIFF] = 1b, the ADC result is (CHnA - CHnB).

1b - When CMDLn[DIFF] = 0b, the associated B-side channel is converted as single-ended. 
When CMDLn[DIFF] = 1b, the ADC result is (CHnB - CHnA).

4-0

ADCH

Input Channel Select

Selects the input from one of the channel inputs or one of the input pairs, with CMDLn[DIFF] and 
CMDLn[ABSEL]. Each ADCH channel selection has an associated A-side and B-side input.

 
Not all pairs should be converted as differential channels. See the chip-specific information 
for the pin pairings available for differential conversions for your device.

  NOTE  

 
Some input channels are from internal resources such as temperature sensors and band 
gap voltage sources and may only be connected to individual instances of ADC. Some 
input channel options in field descriptions might not be available for your device. See the 
chip-specific information for the ADC channel assignments for your device.

  NOTE  

0_0000b - CH0A or CH0B or CH0A/CH0B pair.

0_0001b - CH1A or CH1B or CH1A/CH1B pair.

0_0010b - CH2A or CH2B or CH2A/CH2B pair.

0_0011b - CH3A or CH3B or CH3A/CH3B pair.

0_0100b-1_1101b - Select corresponding channel CHnA or CHnB or CHnA/CHnB pair.

1_1110b - CH30A or CH30B or CH30A/CH30B pair.

1_1111b - CH31A or CH31B or CH31A/CH31B pair.

79.6.15 Command High Buffer Register (CMDH1 - CMDH4)

Offset

Register Offset

CMDH1 104h

CMDH2 10Ch

Table continues on the next page...
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Table continued from the previous page...

Register Offset

CMDH3 114h

CMDH4 11Ch

Function

Controls channel selection and conversion options. There are 15 command buffers (CMDn), each constructed from two 32-bit 
registers (CMDHn:CMDLn) that can be configured for different channel selection and conversion options. Any command buffer 
is selected and used as the controlling command by association with a trigger event via configuration of TCTRLn[TCMD]. When 
ADC is executing commands, only one of the CMD buffers controls ADC conversions. Do not update the controlling CMD buffer 
while ADC is active. A write to a CMD buffer while that CMD buffer controls the ADC operation may cause unpredictable behavior.

 
The 15 command buffers are numbered [CMDH1:CMDL1] through [CMDH15:CMDL15]. In NXP-supplied header 
files, these buffers are likely to be defined as two 15-element arrays that are indexed from 0. For example, the type 
declaration would be:

unsigned int CMDH[15];

unsigned int CMDL[15];

and software would access ADC0 CMDH1 as ADC0->CMDH[0] and ADC0 CMDL15 as ADC0->CMDL[14].

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
NEXT 

0
LOOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AVGS 

0
STS LWI 

0 WAIT_
TR...

CMPEN 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

NEXT

Next Command Select

Selects the next command to be executed after this command completes. Multiple commands can be 
configured in a scan configuration by linking the next command in a daisy-chain sequence. The command 

Table continues on the next page...

NXP Semiconductors
Analog-to-Digital Converter (ADC)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5726 / 5781



Table continued from the previous page...

Field Function

buffer number is not indicative of any particular order. The order of execution is strictly controlled by this field. 
For example, a sequence of commands could be CMD2 to CMD1 to CMD3.

Unending circular command execution can be configured by setting the NEXT field in the last command 
in a sequence to the first command in the sequence. It is also allowed for a command to set the next 
command to itself, resulting in a continuous conversion configuration. Setting the next command to 0h 
causes conversions to terminate at the completion of the command. Lower-priority trigger events cannot be 
serviced until a higher-priority triggered command (or sequence of commands) completes.

0000b - No next command defined. Terminate conversions at completion of current command. If 
lower priority trigger pending, begin command associated with lower priority trigger.

0001b - CMD1

0010b-1110b - Select corresponding CMD command buffer register as next command

1111b - CMD15

23-20

—

Reserved

19-16

LOOP

Loop Count Select

Selects the number of times that this command executes (and stores conversion result to RESFIFO) before 
finishing and transitioning to the next command or idle state. CMDHn[LWI] controls whether a single channel 
is converted on each iteration or an automatic channel increment results in channel scanning functionality.

0000b - Looping not enabled. Command executes one time.

0001b - Loop one time. Command executes two times.

0010b - Loop two times. Command executes three times.

0011b-1110b - Loop corresponding number of times. Command executes LOOP + 1 times.

1111b - Loop 15 times. Command executes 16 times.

15

—

Reserved

14-12

AVGS

Hardware Average Select

Selects how many ADC conversions are averaged to create the ADC result (2AVGS). An internal storage 
buffer captures temporary results while the averaging iterations are executed. Hardware averaging is a 
nested loop control and does not extend across LOOP boundaries. See Functional description for usage 
of AVGS, LOOP, and NEXT fields in command execution sequencing.

000b - Single conversion

001b - 2

010b - 4

011b - 8

100b - 16

Table continues on the next page...
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Table continued from the previous page...

Field Function

101b - 32

110b - 64

111b - 128

11

—

Reserved

10-8

STS

Sample Time Select

Selects the total sampling time. When this field contains a non-zero value, the sample time is 
(3.5 + 2STS) ADCK cycles. The shortest sample time maximizes conversion speed for lower-impedance 
inputs. Extending sample time allows higher-impedance inputs to be sampled accurately. Longer sample 
times can lower overall power consumption when command looping and sequencing are configured and 
high conversion rates are not required.

000b - Minimum sample time of 3.5 ADCK cycles.

001b - 5.5 ADCK cycles. (3.5 + 21 ADCK cycles)

010b - 7.5 ADCK cycles. (3.5 + 22 ADCK cycles)

011b - 11.5 ADCK cycles. (3.5 + 3 ADCK cycles)

100b - 19.5 ADCK cycles. (3.5 + 24 ADCK cycles)

101b - 35.5 ADCK cycles. (3.5 + 25 ADCK cycles)

110b - 67.5 ADCK cycles. (3.5 + 26 ADCK cycles)

111b - 131.5 ADCK cycles. (3.5 + 27 ADCK cycles)

7

LWI

Loop with Increment

Enables automatic channel incrementing. When 0, the LOOP field selects the number of times the selected 
channel is converted consecutively. When 1, automatic channel incrementing is enabled and the LOOP field 
defines how many consecutive channels are converted as part of the command execution.

Example 1: LOOP = 8h, LWI = 0b, ABSEL = 0b, CMDLn[ADCH] = Dh. Convert on channel 13A 9 times.

Example 2: LOOP = 8h, LWI = 1b, ABSEL = 0b, CMDLn[ADCH] = Dh. Run channels 13A-21A each 
one time.

Maximum channel scanning using a single command buffer is defined by the maximum value of the LOOP 
field (16).

0b - Disabled

1b - Enabled

6-3

—

Reserved

2

WAIT_TRIG

Wait for Trigger Assertion Before Execution

Selects whether commands execute automatically or a trigger must be received before execution.

Table continues on the next page...
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Field Function

When 0, wait states are added before the command until the active trigger is asserted again.

When WAIT_TRIG = 0, each command is automatically executed when called.

0b - Command executes automatically.

1b - Active trigger must be asserted again before executing this command.

1-0

CMPEN

Compare Function Enable

Enables the automatic compare function. Selects whether to store only when the comparison operation 
is true, following ADC channel input sampling, conversion, and averaging. When the compare function is 
enabled, the conversion result is compared to the compare value registers (CVn[CVH] and CVn[CVL]). See 
Compare Function for details about the options for command sequencing related to the compare function.

 
Not all Command Buffers have implemented the CMPEN field. The CMPEN field is only 
available in Command Buffers that have a corresponding Compare Value register.

  NOTE  

00b - Disabled

01b - Reserved

10b - Enabled. Store on true.

11b - Enabled. Repeat channel acquisition (sample, convert, and compare) until true.

79.6.16 Command High Buffer Register (CMDH5 - CMDH15)

Offset

For a = 5 to 15:

Register Offset

CMDHa FCh + (a × 8h)

Function

Controls channel selection and conversion options. There are 15 command buffers (CMDn), each constructed from two 32-bit 
registers (CMDHn:CMDLn) that can be configured for different channel selection and conversion options. Any command buffer 
is selected and used as the controlling command by association with a trigger event via configuration of TCTRLn[TCMD]. When 
ADC is executing commands, only one of the CMD buffers controls ADC conversions. Do not update the controlling CMD buffer 
while ADC is active. A write to a CMD buffer while that CMD buffer controls the ADC operation may cause unpredictable behavior.

 
The 15 command buffers are numbered [CMDH1:CMDL1] through [CMDH15:CMDL15]. In NXP-supplied header 
files, these buffers are likely to be defined as two 15-element arrays that are indexed from 0. For example, the type 
declaration would be:

unsigned int CMDH[15];

unsigned int CMDL[15];

and software would access ADC0 CMDH1 as ADC0->CMDH[0] and ADC0 CMDL15 as ADC0->CMDL[14].

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
NEXT 

0
LOOP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
AVGS 

0
STS LWI 

0 WAIT_
TR...

0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-28

—

Reserved

27-24

NEXT

Next Command Select

Selects the next command to be executed after this command completes. Multiple commands can be 
configured in a scan configuration by linking the next command in a daisy-chain sequence. The command 
buffer number is not indicative of any particular order. The order of execution is strictly controlled by this field. 
For example, a sequence of commands could be CMD2 to CMD1 to CMD3.

Unending circular command execution can be configured by setting the NEXT field in the last command 
in a sequence to the first command in the sequence. It is also allowed for a command to set the next 
command to itself, resulting in a continuous conversion configuration. Setting the next command to 0h 
causes conversions to terminate at the completion of the command. Lower-priority trigger events cannot be 
serviced until a higher-priority triggered command (or sequence of commands) completes.

0000b - No next command defined. Terminate conversions at completion of current command. If 
lower priority trigger pending, begin command associated with lower priority trigger.

0001b - CMD1

0010b-1110b - Select corresponding CMD command buffer register as next command

1111b - CMD15

23-20

—

Reserved

19-16

LOOP

Loop Count Select

Selects the number of times that this command executes (and stores conversion result to RESFIFO) before 
finishing and transitioning to the next command or idle state. CMDHn[LWI] controls whether a single channel 
is converted on each iteration or an automatic channel increment results in channel scanning functionality.

0000b - Looping not enabled. Command executes one time.

0001b - Loop one time. Command executes two times.

Table continues on the next page...
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Field Function

0010b - Loop two times. Command executes three times.

0011b-1110b - Loop corresponding number of times. Command executes LOOP + 1 times.

1111b - Loop 15 times. Command executes 16 times.

15

—

Reserved

14-12

AVGS

Hardware Average Select

Selects how many ADC conversions are averaged to create the ADC result (2AVGS). An internal storage 
buffer captures temporary results while the averaging iterations are executed. Hardware averaging is a 
nested loop control and does not extend across LOOP boundaries. See Functional description for usage 
of AVGS, LOOP, and NEXT fields in command execution sequencing.

000b - Single conversion

001b - 2

010b - 4

011b - 8

100b - 16

101b - 32

110b - 64

111b - 128

11

—

Reserved

10-8

STS

Sample Time Select

Selects the total sampling time. When this field contains a non-zero value, the sample time is 
(3.5 + 2STS) ADCK cycles. The shortest sample time maximizes conversion speed for lower-impedance 
inputs. Extending sample time allows higher-impedance inputs to be sampled accurately. Longer sample 
times can lower overall power consumption when command looping and sequencing are configured and 
high conversion rates are not required.

000b - Minimum sample time of 3.5 ADCK cycles.

001b - 5.5 ADCK cycles. (3.5 + 21 ADCK cycles)

010b - 7.5 ADCK cycles. (3.5 + 22 ADCK cycles)

011b - 11.5 ADCK cycles. (3.5 + 3 ADCK cycles)

100b - 19.5 ADCK cycles. (3.5 + 24 ADCK cycles)

101b - 35.5 ADCK cycles. (3.5 + 25 ADCK cycles)

110b - 67.5 ADCK cycles. (3.5 + 26 ADCK cycles)

111b - 131.5 ADCK cycles. (3.5 + 27 ADCK cycles)

Table continues on the next page...
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Table continued from the previous page...

Field Function

7

LWI

Loop with Increment

Enables automatic channel incrementing. When 0, the LOOP field selects the number of times the selected 
channel is converted consecutively. When 1, automatic channel incrementing is enabled and the LOOP field 
defines how many consecutive channels are converted as part of the command execution.

Example 1: LOOP = 8h, LWI = 0b, ABSEL = 0b, CMDLn[ADCH] = Dh. Convert on channel 13A 9 times.

Example 2: LOOP = 8h, LWI = 1b, ABSEL = 0b, CMDLn[ADCH] = Dh. Run channels 13A-21A each 
one time.

Maximum channel scanning using a single command buffer is defined by the maximum value of the LOOP 
field (16).

0b - Disabled

1b - Enabled

6-3

—

Reserved

2

WAIT_TRIG

Wait for Trigger Assertion Before Execution

Selects whether commands execute automatically or a trigger must be received before execution.

When 0, wait states are added before the command until the active trigger is asserted again.

When WAIT_TRIG = 0, each command is automatically executed when called.

0b - Command executes automatically.

1b - Active trigger must be asserted again before executing this command.

1-0

—

Reserved

79.6.17 Compare Value Register (CV1 - CV4)

Offset

Register Offset

CV1 200h

CV2 204h

CV3 208h

CV4 20Ch

Function

Contains values used to compare the conversion result when the compare function is enabled. This register is formatted like the 
D field in Data Result FIFO Register (RESFIFO0), which has in different definitions for bit position and value format in different 
modes. There is a direct association of each compare value register to a specific command buffer register. For example, CV1 is 
only used during execution of CMD1 command.
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Not all command buffers have an associated compare value register. The compare function is only available on 
command buffers that have a corresponding compare value register.

  NOTE  

When ADC is executing commands, do not update the CVn register associated with the active command (CMDn). Writes to 
associated CVn register during this time may result in unpredictable behavior.

 
The 4 compare value registers are numbered [CV1] through [CV4]. In NXP-supplied header files, these registers 
are likely to be defined as a 4-element array indexed from 0. For example, the type declaration would be:

unsigned int CV[4];

and software would access ADC0 CV1 as ADC0->CV[0] and ADC0 CV4 as ADC0->CV[3].

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
CVH 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
CVL 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-16

CVH

Compare Value High

Determines the high compare value.

The compare function can be configured to check whether the result:

• Is less than comparison values

• Is greater than comparison values

• Falls within a range of two comparison values

• Falls outside a range of two comparison values.

After the input is sampled and converted and any averaging iterations are performed, CVL and CVH can be 
used in a compare operation on the result. See Compare Function for a description of CVH usage.

15-0

CVL

Compare Value Low

Determines the low compare value.

The compare function can be configured to check whether the result:

• Is less than comparison values

Table continues on the next page...
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Field Function

• Is greater than comparison values

• Falls within a range of two comparison values

• Falls outside a range of two comparison values.

After the input is sampled and converted and any averaging iterations are performed, CVL and CVH can be 
used in a compare operation on the result. See Compare Function for a description of CVL usage.

79.6.18 Data Result FIFO Register (RESFIFO0)

Offset

Register Offset

RESFIFO0 300h

Function

Stores the data result of ADC conversions in a 16-entry FIFO. Several tag fields of source command and trigger information are 
stored with the data. FCTRLn[FCOUNT] indicates how many valid data words are stored in the RESFIFO. Reading RESFIFO 
provides the oldest unread data word entry in the FIFO and decrements FCTRLn[FCOUNT]. The FIFO can be emptied by 
successive reads of RESFIFO. The FIFO is reset by writing 0b1 to CTRL[RSTFIFOn].

The following table describes the format of data in the result FIFO in different modes of operation. The sign bit is the MSB in 
signed 2's complement modes. For example, when configured for 12-bit single-ended mode, D[15] and D[2:0] become 0. When 
configured for 13-bit differential mode, D[15] is the sign bit, and D[2:0] becomes 0.

Table 725. Data result register format description

Conversion 
mode

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 Format

13-bit 
differential

S D D D D D D D D D D D D 0 0 0 Signed 2's 
complement, 
left justified, 
zero extended

12-bit single-
ended

0 D D D D D D D D D D D D 0 0 0 Unsigned, zero in 
D[15] and D[2:0]

 
S: Sign bit;

D: Data, 2's complement data when indicated

  NOTE  
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R VALID 0 CMDSRC LOOPCNT 0 TSRC 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R D 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

VALID

FIFO Entry is Valid

Indicates whether the FIFO entry is valid, which determines what happens to reads from RESFIFO.

0b - FIFO is empty. Discard any read from RESFIFO.

1b - FIFO contains data. FIFO record read from RESFIFO is valid.

30-28

—

Reserved

27-24

CMDSRC

Command Buffer Source

Indicates the executed command buffer that generated this result.

0000b - Not a valid value CMDSRC value for a data word in RESFIFO. 0h is only found in the 
initial FIFO state, prior to the storage of an ADC conversion result into a RESFIFO buffer.

0001b - CMD1

0010b-1110b - Corresponding command buffer used as control settings for this conversion.

1111b - CMD15

23-20

LOOPCNT

Loop Count Value

Indicates the loop count value during the command that generated this result. When CMDHn[LOOP] is 
non-zero, results are stored multiple times during command execution at the loop boundary.

0000b - Result is from initial conversion in command.

0001b - Result is from second conversion in command.

0010b-1110b - Result is from (LOOPCNT + 1) conversion in command.

1111b - Result is from 16th conversion in command.

19-18

—

Reserved

Table continues on the next page...
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Field Function

17-16

TSRC

Trigger Source

Indicates the trigger source that initiated a conversion and generated this result. When multiple 
commands are chained together using CMDHn[NEXT], this field indicates the trigger source that started 
the command sequence.

00b - Trigger source 0

01b - Trigger source 1

10b - Trigger source 2

11b - Trigger source 3

15-0

D

Data Result

Contains the result of an ADC conversion.

The formatting for the data in D is summarized in Table 725.
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Chapter 80
Analog Comparator (CMP)
80.1 Chip-specific CMP information
Table 726. Reference links to related information

Topic Related module Reference

Full description CMP CMP

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

80.1.1 Module instances
This device has two instances of the CMP module: CMP0 and CMP1.

80.1.2 CMP trigger options
CMP trigger sources get routed through TRIGMUX. For CMP0 and CMP1 trigger sources, see TRIGMUX input and 
output triggers.

80.1.3 Analog channel mapping
To know the input/output sources and channel mapping of ACMP0 and ACMP1 instances, see the attached 
spreadsheet (Analog_channels_mapping.xls).

80.2 Overview
ACMP includes the following submodules:

• High-speed comparator (CMP) (see ACMP block diagram)

• Digital-to-analog converter (DAC) (see CMP block diagram)

• Analog mux (ANMUX) (see ANMUX key features)

CMP provides a circuit to compare two analog input voltages. The comparator circuit operates across the full range of the supply 
voltage, known as rail-to-rail operation.

ANMUX provides a circuit to select an analog input signal from eight channels. DAC provides one signal. The mux circuit operates 
across the full range of the supply voltage.

DAC is a 256-tap resistor ladder network that provides a selectable voltage reference for applications requiring a voltage 
reference. It divides the supply reference, Vin, into 256 voltage levels. An 8-bit digital register input selects the output voltage level, 
which varies from Vin to Vin/256. You can select Vin from two voltage sources—Vin1 or Vin2.
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80.2.1 ACMP block diagram

ATX_TEST

DAC output

VREFL

INA_1P8[4:1]

PSEL[2:0]

Vi
n1

Vi
n2

256-level

DMOD

DACEN

VOSEL[7:0]

VRSEL
DAC8B

ACMP

0 1

7

0

7

[4]

[1]

[4]

[1]

TST2PE

TST2ME

0

Filter
DMA_REQ
IRQ

CMPO

EN PM
O

D
E

H
YS

TC
TR

[1
:0

]

COUT
bus_clock

NCHCTEN

PCHCTEN

MSEL[2:0]

Figure 545. ACMP block diagram

80.2.2 CMP block diagram
In Figure 546 CMP:

• Bypasses the window control block when C0[WE] = 0.

• Samples the comparator output on every bus clock when the Window signal is 1 to generate COUTA, if C0[WE] = 1. Sampling 
does not occur when the Window signal is 0.

• Bypasses the filter block when it is not in use.
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Figure 546. CMP block diagram

The filter block bypass operates as follows:

• The filter block acts as a simple sampler if you bypass the filter and C0[FILTER_CNT] becomes 01h.

• The filter block filters based on multiple samples when you bypass the filter and C0[FILTER_CNT] becomes greater than 01h.

— If C0[SE] = 1, use the external Sample input as the sampling clock.

— If C0[SE] = 0, use the divided bus clock as the sampling clock.

• If enabled, the filter block incurs an additional latency penalty of up to one bus clock on COUT. This is because COUT, which 
crosses clock domain boundaries, must resynchronize with the bus clock.

• C0[WE] and C0[SE] are mutually exclusive.

• If enabled, the filter clock and sample period must be at least four times slower than the system clock to the comparator.

• If C0[SE] = 0, ACMP bypasses the filter block when you write 00h to C0[FILTER_CNT] or when you write 00h to C0[FPR].

80.2.3 Features
The following subsections list the features of high-speed CMP, 8-bit DAC, and ANMUX.

80.2.3.1 CMP features

• Operates over the entire supply range

• Supports rail-to-rail inputs

• Supports programmable hysteresis control

• Provides a selectable interrupt on rising-edge, falling-edge, or both comparator outputs

• Provides a selectable inversion on comparator output

• Includes the capability to produce a wide range of outputs, such as:

— Sampled
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— Windowed, which is ideal for certain PWM zero-crossing-detection applications

— Digitally filtered:

◦ Bypass filter

◦ Clocks via an external Sample signal or a scaled bus clock

• Uses external hysteresis at the same time that the output filter is used for internal functions

• Supports two software selectable performance levels:

— Shorter propagation delay at the expense of higher power

— Low power, with a longer propagation delay

• Supports DMA transfer (CMP can select a comparison event to trigger a DMA transfer)

• Functional in all MCU power modes

CMP's window and filter functions are unavailable in Stop modes.

Other peripherals trigger the comparator.

80.2.3.2 8-bit DAC key features

• 8-bit resolution

• Selectable supply reference source

• Low-Power mode or High-Speed mode that you can configure

• Power-Down mode to conserve power when not in use

• Routing of the output of the 8-bit DAC to the internal comparator input, where you can select it as one of the CMP inputs as 
a reference for comparison

80.2.3.3 ANMUX key features

• Two 8-to-1 channel MUXes that can be selected as the source for comparator input

• Operation over the entire supply range

80.3 CMP functional description
CMP can compare two analog input voltages applied to INP and INM. CMPO is high when the non inverting input is greater than 
the inverting input, and it is low when the non inverting input is less than the inverting input. Write 1 to C0[INVT] to selectively invert 
this signal.

C0[IER] and C0[IEF] select the condition that causes CMP to assert an interrupt to the processor. C0[CFF] sets on a falling 
edge, and C0[CFR] sets on a rising edge of the comparator output. You can read the optionally filtered CMPO directly 
through C0[COUT].

80.3.1 CMP functional modes
CMP includes the following main sub-blocks:

• Comparator

• Window function

• Filter function

You can clock C0[FILTER_CNT] from an internal or external clock source. The filter is programmable with respect to the number 
of samples that must agree before a change in the output is registered. In the simplest case, only one sample must agree. In this 
case, the filter acts as a simple sampler.
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Enable the external sample input using C0[SE]. When C0[SE] is 1, sample the output of the comparator only on the rising edges 
of the sample input.

Write 1 to C0[WE] to enable the window function. When C0[WE] is 1, sample the comparator output only when the Window signal 
is 1. You can use this feature to ignore the comparator output during time periods in which the input voltages are not valid. This 
is useful when you implement zero-crossing detection for certain PWM applications.

Combine the comparator filter and sampling features as shown in the following table. Individual modes are also discussed.

Table 727. Comparator sample or filter controls

Mode C0[EN] C0[WE] C0[SE] C0[FILTER_CNT] C0[FPR] Operation

Name #

Disabled 1 0 X X X X See Disabled mode.

Continuous 2A 1 0 0 00h X See Continuous mode.

2B 1 0 0 X 00h

Sampled, 
Nonfiltered

3A 1 0 1 01h X See Sampled, 
Nonfiltered mode.

3B 1 0 0 01h > 00h

Sampled, 
Filtered

4A 1 0 1 > 01h X See Sampled, Filtered mode.

4B 1 0 0 > 01h > 00h

Windowed 5A 1 1 0 00h X Sample the comparator output 
on every rising bus clock edge 
when the Sample signal is 1 to 

generate COUTA.

See Windowed mode.

5B 1 1 0 X 00h

Windowed/
Resampled

6 1 1 0 01h 01h–FFh Sample the comparator output 
on every rising bus clock edge 
when the Sample signal is 1 
to generate COUTA, which is 
then resampled on an interval 
that C0[FPR] determines to 

generate COUT.

See Windowed/
Resampled mode.

Windowed/
Filtered

7 1 1 0 > 01h 01h–FFh Sample the comparator output 
on every rising bus clock 

edge when the Sample signal 
is 1 to generate COUTA, 

which resamples and filters to 
generate COUT.

See Windowed/Filtered mode.

Table continues on the next page...
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Table 727. Comparator sample or filter controls (continued)

Mode C0[EN] C0[WE] C0[SE] C0[FILTER_CNT] C0[FPR] Operation

Name #

Trigger 8 1 1 1 X X In Run mode, comparator 
is configured to the 

modes same with Windowed 
mode, Windowed/Resampled 
mode, and Windowed/Filtered 

mode as described in 
the aforementioned rows, 
depending on the settings 
of C0[FILTER_CNT] and 
C0[FPR]. In Stop mode, 

trigger the comparator, and 
possibly the 8-bit DAC 

works periodically. The active 
channels follow the round-

robin cycling scheme.

See Trigger mode.

All other combinations of C0[EN], C0[WE], C0[SE], C0[FILTER_CNT], and C0[FPR] are illegal.

For cases where a comparator drives a fault input, for example, for a motor-control module such as FTM or FlexPWM, it must 
configure to operate in Continuous mode so that an external fault can immediately pass through the comparator to the target 
fault circuitry.

 
Filtering and sampling settings must change only after writing 0 to C0[SE] and C0[FPR], and 00h to 
C0[FILTER_CNT]. This resets the filter to a known state.

  NOTE  

80.3.1.1 Disabled mode

In this mode:

• The analog comparator is nonfunctional and consumes no power.

• CMPO is 0.

80.3.1.2 Continuous mode

In this mode, the analog comparator block is powered and active. CMPO may be optionally inverted but is not subject to external 
sampling or filtering. CMP completely bypasses both window control and filter blocks and update C0[COUT] continuously. The 
path from comparator input pins to output pins operates in a combinational unclocked mode. COUT and COUTA are identical.

See CMP block diagram section for control configurations that result in disabling the filter block.

 
See the chip-specific ACMP information for the source of sample or window input.

  NOTE  

Figure 547 describes the comparator operation in Continuous mode.
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Figure 547. Comparator operation in Continuous mode

80.3.1.3 Sampled, Nonfiltered mode

In this mode, the analog comparator block is powered and active. The path from analog inputs to COUTA is combinational 
unclocked. CMP completely bypasses the windowing control. Sample COUTA whenever you detect a rising edge on the filter 
block clock input.

The only operational difference between Sampled, Nonfiltered and Sampled, Nonfiltered modes (3A and 3B in Table 727) is how 
the clock to the filter block is derived. In Sampled, Nonfiltered mode (3A in Table 727) , the clock-to-filter block is externally derived 
(see Figure 548) and in Sampled, Nonfiltered mode (3B in Table 727), the clock-to-filter block is internally derived (see Figure 549).

The comparator filter has no other function than sampling or holding the comparator output in this mode (3B in Table 727).
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Figure 549. Sampled, Nonfiltered (# 3B): sampling interval internally derived

80.3.1.4 Sampled, Filtered mode

In this mode, the analog comparator block is powered and active. The path from analog inputs to COUTA is combinational 
unclocked. Completely bypass the windowing control and sample COUTA whenever you detect a rising edge on the filter block 
clock input.
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The only operational difference between Sampled, Nonfiltered and Sampled, Filtered modes (3A and 4A in Table 727) is 
C0[FILTER_CNT] > 1, which activates the filter operation (see Figure 550).
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Figure 550. Sampled, Filtered (# 4A): sampling point externally driven

The only operational difference between Sampled, Nonfiltered, and Sampled, Filtered modes (3B and 4B in Table 727) is 
C0[FILTER_CNT] > 1, which activates the filter operation (see Figure 551).
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Figure 551. Sampled, Filtered (# 4B): sampling point internally derived
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80.3.1.5 Windowed mode

Figure 552 shows the following:

• Comparator operation in Windowed mode

• Ignoring the latency of the analog comparator (see Latency issues)

• Polarity select

• Window control block

It also assumes that the polarity select sets to a noninverting state.

 
The analog comparator output passes to COUTA only after the Window signal becomes high.

  NOTE  

In actual operation, COUTA may lag the analog inputs by up to one bus clock cycle plus the combinational path delay through the 
comparator and polarity select logic.

See CMP block diagram section for control configurations that result in disabling the filter block.

When a windowed mode is active, the bus clock clocks COUTA whenever the Window signal is 1. The bus clock holds the last 
latched value when the Window signal is 0.
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Figure 552. Windowed mode
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Figure 553. Windowed mode timing diagram

80.3.1.6 Windowed/Resampled mode

Figure 554 uses the same input stimulus as shown in Figure 553, and adds resampling of COUTA to generate COUT. The arrows 
in the figure indicate the time points at which the samples are taken. You can ignore prop delays and latency for clarity.

This example demonstrates operation of the comparator in Windowed/Resampled mode, and does not reflect any specific 
application. Depending upon the sampling rate and window placement, COUT may not see zero-crossing events, which the 
analog comparator detects. You must carefully consider the sampling period and window placement for a given application.

This mode of operation results in an unfiltered string of comparator samples where C0[FPR] and the bus clock rate determine 
the interval between the samples. The next section describes that the configuration for this mode is identical to that of Windowed/
Filtered mode. The only difference is that the value of C0[FILTER_CNT] must be 1.

CMPO

WINDOW

Plus input

Minus input

COUTA

COUT

Figure 554. Windowed/Resampled mode operation

80.3.1.7 Windowed/Filtered mode

This is the most complex mode of operation for the comparator block, because this mode uses both windowing and filtering 
features. It also has the highest latency of any of the modes. This is approximately: up to 1 bus clock synchronization in the window 
function + ((C0[FILTER_CNT] × C0[FPR]) + 1) × bus clock for the filter function.
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When any windowed mode is active, the bus clock clocks the COUTA whenever the Window signal is 1. The bus clock holds the 
last latched value when the Window signal is 0.
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Figure 555. Windowed/Filtered mode

80.3.2 Low-pass filter
The low-pass filter operates on the unfiltered, unsynchronized, and optionally inverted comparator output, COUTA, and generates 
the filtered and synchronized output, COUT. You can configure both COUTA and COUT as module outputs, and use them for 
different purposes within the system.

Synchronization and edge detection always determine the status register bit values. They also apply to COUT for all sampling and 
windowed modes. You can perform filtering using an internal timebase defined by C0[FPR], or use an external sample input to 
determine sample time.

The need for digital filtering and the amount of filtering depends on your requirements. Filtering can become more useful in the 
absence of an external hysteresis circuit, without which you can generate high-frequency oscillations at COUTA when the selected 
INM and INP input voltages differ by less than the offset voltage of the differential comparator.

80.3.2.1 Enabling filter modes

To enable filter modes:

1. Write a value greater than 1h to C0[FILTER_CNT].

2. Write a nonzero value to C0[FPR] or write 1 to C0[SE].

If you use the divided bus clock to drive the filter, it samples COUTA at every bus clock cycle that C0[FPR] defines.

The filter output is at logic 0 when first initialized and later changes when all the consecutive samples that C0[FILTER_CNT] 
specifies agree that the output value has changed. In other words, C0[COUT] is 0 for some initial period, even when COUTA is 
at logic 1.

Writing 0 to C0[SE], C0[FPR] and C0[FILTER_CNT] disables the filter and eliminates the switching current associated with the 
filtering process.
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Always switch to this setting before you make any changes in filter parameters. This resets the filter to a known 
state. Switching C0[FILTER_CNT] on the fly without this intermediate step can result in unexpected behavior.

  NOTE  

If C0[SE] = 1, the filter samples COUTA on each positive transition of the sample input. The output state of the filter changes when 
all the consecutive samples that C0[FILTER_CNT] specifies agree that the output value has changed.

80.3.2.2 Latency issues

Program the value of C0[FPR] or the sample period in a way that the sampling period is longer than the period of the expected 
noise. This way, a noise spike corrupts only one sample. You must choose the value of C0[FILTER_CNT] to reduce the probability 
of noisy samples causing an incorrect transition to recognize. The probability of an incorrect transition is defined as the probability 
of an incorrect sample raised to the power of the value in C0[FILTER_CNT].

You must trade off the values of C0[FPR] or the sample period and C0[FILTER_CNT] against the desire for minimal latency in 
recognizing actual comparator output transitions. The probability of detecting an actual output change within the nominal latency 
is the probability of a correct sample raised to the power of the value in C0[FILTER_CNT].

The following table summarizes the maximum latency values for the various modes of operation in the absence of noise. Filtering 
latency restarts each time the noise masks an actual output transition.

Table 728. Comparator sample or filter maximum latencies

Mode # C0[EN] C0[WE] C0[SE] C0[FILTER_CNT] C0[FPR] Operation Maximum latency1

1 0 X X X X Disabled N/A

2A 1 0 0 00h X Continuous mode TPD

2B 1 0 0 X 00h

3A 1 0 1 01h X Sampled, 
Nonfiltered mode

TPD + TSAMPLE + Tper

3B 1 0 0 01h > 00h TPD + (C0[FPR] × 
Tper) + Tper

4A 1 0 1 > 01h X Sampled, Filtered 
mode

TPD + 
(C0[FILTER_CNT] × 

TSAMPLE) + Tper

4B 1 0 0 > 01h > 00h TPD + 
(C0[FILTER_CNT] × 

C0[FPR] × Tper) + Tper

5A 1 1 0 00h X Windowed mode TPD + Tper

5B 1 1 0 X 00h TPD + Tper

6 1 1 0 01h 01h – FFh Windowed/
Resampled mode

TPD + (C0[FPR] × 
Tper) + 2Tper

7 1 1 0 > 01h 01h – FFh Windowed/
Filtered mode

TPD + 
(C0[FILTER_CNT] × 

C0[FPR] × Tper) 
+ 2Tper

1. TPD represents the intrinsic delay of the analog component plus the polarity select logic. TSAMPLE is the clock period of the 
external sample clock. Tper is the period of the bus clock.

NXP Semiconductors
Analog Comparator (CMP)

i.MX 8ULP Processor Reference Manual , Rev. 1, 09/2023
Reference Manual 5749 / 5781



80.3.3 CMP clocks
This module contains the following clocks:

• Bus clock for register access and window or filter operation

• Round-robin clock for Trigger mode

80.3.4 Interrupts
CMP generates an interrupt on either the rising- or falling-edge of the comparator output, or both. Assuming that C0[DMAEN] is 
not 1, the following table presents the conditions in which the interrupt request is asserted and deasserted.

Table 729. CMP interrupt generations

Condition Result

C0[IER] and C0[CFR] are 1. The interrupt request is asserted.

C0[IEF] and C0[CFF] are 1. The interrupt request is asserted.

C0[IER] and C0[CFR] are 0 for a rising-edge interrupt. The interrupt request is deasserted.

C0[IEF] and C0[CFF] are 0 for a falling-edge interrupt. The interrupt request is deasserted.

80.3.5 DMA support
CMP generates a CPU interrupt if there is a change on the COUT. The corresponding change on COUT forces a DMA transfer 
request rather than a CPU interrupt after you write 1 to C0[DMAEN] to enable the DMA support, and write 1 to C0[IER], C0[IEF], 
or both to enable the interrupt. After the DMA completes the transfer, it sends a transfer-completing indicator signal that deasserts 
the DMA transfer request and clears the flags (C0[CFR] and C0[CFF]) to allow a subsequent change on the comparator output 
to occur and force another DMA request.

The comparator can remain functional in stop modes. The corresponding change on COUT forces a DMA transfer request to wake 
up the system from stop modes after you write 1 to C0[DMAEN] to enable the DMA support and write 1 to C0[IER], C0[IEF], or 
both, to enable the interrupt. After the data transfer has finished, the system goes back to stop modes. See the DMA chapters in 
this document for more information on the asynchronous DMA function.

80.4 DAC functional description

80.4.1 DAC block diagram
The following figure shows a 256-tap resistor ladder network and a 256-to-1 multiplexer. They select an output voltage from one 
of the 256 distinct levels that outputs from DACO.

CMP Control 1 (C1) controls DAC. You can select its supply reference source from two sources, Vin1 and Vin2. Power down or 
disable the module when not in use. In Disabled mode, DACO is connected to the analog ground.
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Figure 556. 8-bit DAC block diagram

80.4.2 Voltage reference source select
You must use:

• Vin1 to connect to the primary voltage source as a supply reference of the 256-tap resistor ladder.

• Vin2 to connect to an alternate voltage source, or primary source, if an alternate voltage source is not available.

80.4.3 DAC resets
This module contains a single reset input corresponding to the chip-wide peripheral reset.

80.4.4 DAC clocks
This module contains a single clock input—the bus clock.

80.4.5 DAC interrupts
This module contains no interrupts.

80.4.6 Trigger mode
CMP and the 8-bit DAC support the trigger mode operation, which is enabled when the MCU enters Stop mode with C0[WE], 
C0[SE], and C0[EN] = 1.

When this mode is enabled, the trigger events that include the operation clock and a trigger start signal initiate a compare 
sequence that must first enable CMP and DAC before performing a CMP operation and capturing the output. You can select a fixed 
channel for either the plus side mux or the minus side mux with C2[FXMP] and C2[FXMXCH]. You must set the round-robin cycling 
period for a longer duration than the time that all active channels take to complete the comparison cycles specified by C2[NSAM].

The active channels that C1[CHNn] selects route to the non fixed channel mux and compare with the reference input in a 
round-robin manner. To meet the comparator stabilization time, after the configurable number of operation clocks that C2[NSAM] 
defines, sample the comparison result for the selected channel. Write to C2[ACOn] to configure a software pre-programmed state 
for each channel. After you sample all the active channels, if the comparison result changes from its pre-programmed state, the 
corresponding flag in C2[CHnF] sets. An asynchronous reset asserts to bring the MCU out of Stop mode, if C2[RRIE] becomes 1.

Note that these flags do not support generating a DMA transfer event.
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This mode is active when the MCU is in Stop mode, so no window or filter functions are available. A basic assumption of this mode 
is that the selected inputs change at a much slower rate than the operation clock. NXP recommends configuring the comparator in 
Low-Power Comparison mode as well. To program C2[INITMOD], you must ensure that the INITMOD × round-robin clock period 
must be longer than the initialization delay (see the chip data sheet for more information).

Figure 557 shows the basic flow of this mode. In the diagram, C1[CHN1], C1[CHN3], and C1[CHN4] are 1, so channels #1, #3, 
and #4 are selected for round-robin based on their polarity setting. When you write 1 to C2[NSAM], CMP samples the clock after 
one round-robin clock cycle. After you compare channel #3, the result is sampled, and round-robin ends. If any of the comparison 
results from channel #1, #3, or #4 deviates from its programmed value (written to C2[ACO1], C2[ACO3], and C2[ACO4]), an 
interrupt is generated to wake up the MCU from Stop mode. During Stop mode, you can poll C2[CHnF] to see the values of which 
channel input(s) are changed.

 
In Round-Robin mode, you must ensure that the RTC_CLK period is greater than the comparison time 
corresponding to the value of C0[PMODE].

  NOTE  

Must be longer than the initialization delay

CMP_C2[INITMOD]

CH1Idle

MCU
STOP

Round-robin clock
(see the chip-specific
ACMP information)

Trigger
(see the chip-specific
ACMP information)

Round-robin starts

CMP (and possible DAC)
enable

Sample channel
comparison result

Active channel selection
states

(for example using
channel 1,3, and 4)

Channel results

Possible interrupt

Interrupt asserts here if any of the comparison
results are different from the values programmed to ACOn.

This will wake up the chip from Stop mode.

CH3 CH4

ACO1 ACO1, ACO3 ACO1, ACO3, ACO4

Figure 557. Trigger mode

80.5 CMP external signals
C1[PSEL] and C1[MSEL] mux the external 1.8 V domain inputs, INA_1P8 [4:1], INA_1P8_0_P, and INA_1P8_0_M, before going 
to the positive and negative ports of the comparator, respectively.
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Table 730. CMP external signals

Signal Description I/O

INA_1P8 [4:1] Analog 1.8 V input channels [4:1] I

INA_1P8_0_P Analog 1.8 V input channel 0 positive I

INA_1P8_0_m Analog 1.8 V input channel 0 minus I

80.5.1 External pins
CMP contains two analog inputs:

• INP

• INM

Each pin can accept an input voltage that varies across the full operating range of the MCU. If the module is not enabled, you can 
use each pin as a digital input or output. See the specific MCU documentation for more information on what functions are shared 
with these analog inputs.

You can select either filtered or unfiltered comparator outputs for use on an external I/O pad.

80.6 Initialization
The time required to stabilize COUT is the power on delay of the comparators plus the largest propagation delay from a selected 
analog source through the analog comparator, windowing function, and filter. The windowing function has a maximum of one bus 
clock period delay. Low-pass filter specifies the filter delay.

During operation, you must always consider the propagation delay of the selected data paths. It may take many bus clock cycles 
for COUT and C0[CFR] or C0[CFF] to reflect an input change or a configuration change to one of the components involved in the 
data path.

When programmed for filtering modes, COUT initially equals 0 until sufficient clock cycles have elapsed to fill all stages of the filter. 
This occurs even if COUTA is at a logic 1.

80.7 ACMP register descriptions

80.7.1 ACMP memory map
CMP0 base address: 2804_1000h

CMP1 base address: 2804_2000h

Offset Register Width

(In bits)

Access Reset value

0h Version ID Register (VERID) 32 R 0100_0000h

4h Parameter Register (PARAM) 32 R 0000_0000h

8h CMP Control 0 (C0) 32 RW 0000_0000h

Ch CMP Control 1 (C1) 32 RW 0000_0000h

10h CMP Control 2 (C2) 32 RW 0000_0000h

14h CMP Control 3 (C3) 32 RW 1100_0000h
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80.7.2 Version ID Register (VERID)

Offset

Register Offset

VERID 0h

Function
Indicates the version integrated for this instance on the chip.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major Version Number

Indicates the major version number for the module specification.

23-16

MINOR

Minor Version Number

Indicates the minor version number for the module specification.

15-0

FEATURE

Feature Specification Number

Indicates the feature set number.

80.7.3 Parameter Register (PARAM)

Offset

Register Offset

PARAM 4h

Function
Indicates the feature parameters for this instance on the chip.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R PARAM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R PARAM 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-0

PARAM

Parameters

Indicates the feature parameters implemented along with Version ID Register (VERID).

80.7.4 CMP Control 0 (C0)

Offset

Register Offset

C0 8h

Function
Contains configuration options for the CMP function, such as DMA, interrupt control, and filter function.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LINKE
N 

DMAE
N 

0
IER IEF 

CFR CFF COUT 
FPR 

W W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
SE WE 

0 PMOD
E 

INVT COS OPE EN 
0

FILTER_CNT 
0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

LINKEN

CMP to DAC Link Enable

Enables the link from CMP to DAC. If this field is 1, C0[EN] instead of C1[DACEN] controls the DAC 
enable and disable function.

0b - Disable

1b - Enable

30

DMAEN

DMA Enable

Enables the DMA transfer that CMP triggers. If this field and the corresponding interrupt enable field are 
1, a DMA request is asserted when C0[CFR] or C0[CFF] is set.

0b - Disable

1b - Enable

29

—

Reserved

28

IER

Comparator Interrupt Enable Rising

Enables the CFR interrupt from CMP. If this field is 1, an interrupt asserts when C0[CFR] is set.

0b - Disable

1b - Enable

27

IEF

Comparator Interrupt Enable Falling

Enables the CFF interrupt from CMP. If this field is 1, an interrupt asserts when C0[CFF] is set.

0b - Disable

1b - Enable

26

CFR

Analog Comparator Flag Rising

Detects a rising edge on COUT, when set, during normal operation. In stop mode, this field is level 
sensitive.

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not detected

1b - Detected

When writing

0b - No effect

1b - Clear the flag

25 Analog Comparator Flag Falling

Table continues on the next page...
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Table continued from the previous page...

Field Function

CFF Detects a falling edge on COUT, when set, during normal operation. In Stop mode, this field is 
level sensitive .

 
This field behaves differently for read and write operations.

  NOTE  

 
This field behaves differently for read and write operations.

  NOTE  

When reading

0b - Not detected

1b - Detected

When writing

0b - No effect

1b - Clear the flag

24

COUT

Analog Comparator Output

Returns the current value of the analog comparator output, when read. The field resets to 0 and read as 
C0[INVT] when ACMP is disabled, that is, when C0[EN] = 0. Writes to this field are ignored.

23-16

FPR

Filter Sample Period

Specifies the sampling period, in bus clock cycles, of the comparator output filter, when C0[SE] = 0. 
Writing 0h to this field disables the filter. See CMP functional description for more information on filter 
programming and latency. This field has no effect when C0[SE] = 1. In that case, the external sample 
signal determines the sampling period.

15

SE

Sample Enable

Enables Sampling mode.

If a write to this register writes 1 both this field and C0[WE], then only Sampling mode is effective in MCU 
Run mode, and the round-robin cycling (Trigger mode) is enabled in MCU Stop mode.

0b - Disable

1b - Enable

14

WE

Windowing Enable

Enables Windowing mode.

If a write to this register writes 1 to both C0[SE] and this field, then only Sampling mode is effective in MCU 
Run mode, and the round-robin cycling (Trigger mode) is enabled in MCU Stop mode.

0b - Disable

1b - Enable

13

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

12

PMODE

Power Mode Select

Selects the power mode.

0b - Low-speed (LS)

1b - High-speed (HS)

11

INVT

Comparator Invert

Selects the polarity of the analog comparator function. It is also driven to the COUT output (on the chip pin 
and as C0[COUT]) when C0[OPE] = 0.

If the value of this field is 1, it inverts the comparator output.

If the value of this field is 0, it does not invert the comparator output.

0b - Do not invert

1b - Invert

10

COS

Comparator Output Select

Specifies whether CMPO must be set to equal COUT (filtered comparator output) or COUTA (unfiltered 
comparator output).

0b - COUT

1b - COUTA

9

OPE

Comparator Output Pin Enable

Enables the path from the comparator output to a selected pin.

If the value of this field is 0, the comparator output (after window or filter settings depending on software 
configuration) is not available to a packaged pin.

If the value of this field is 1 and the software configures the comparator to own a packaged pin, the 
comparator is available in a packaged pin.

0b - Disable

1b - Enable

8

EN

Analog Comparator Module Enable

Enables ACMP. When the module is not enabled, the analog part remains in the off state, and consumes 
no power. When you select the same input from the analog mux to the positive and negative ports, the 
comparator is disabled automatically.

0b - Disable

1b - Enable

7

—

Reserved

6-4 Filter Sample Count

Table continues on the next page...
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Table continued from the previous page...

Field Function

FILTER_CNT Specifies the number of consecutive samples that must agree prior to the comparator output filter 
accepting a new output state.

000b - Filter is disabled (if C0[SE] = 1, then COUT is a logic zero (this is not a legal state, and is 
not recommended); if C0[SE] = 0, COUT = COUTA)

001b - One consecutive sample (comparator output is simply sampled)

010b - Two consecutive samples

011b - Three consecutive samples

100b - Four consecutive samples

101b - Five consecutive samples

110b - Six consecutive samples

111b - Seven consecutive samples

3-2

—

Reserved

1-0

—

Reserved

80.7.5 CMP Control 1 (C1)

Offset

Register Offset

C1 Ch

Function
Contains configuration options for CMP channel selection as well as the control for the analog DAC.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
PSEL 

0
MSEL 

0
CHN5 CHN4 CHN3 CHN2 CHN1 CHN0 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DACE
N 

VRSE
L 

DMOD
E 

VOSEL 
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31

—

Reserved

30-28

PSEL

Plus Input MUX Control

Determines which input is selected for the positive mux. See the chip configuration chapters for more 
information on connections about reference inputs {0,1,2,3,4,5} and internal positive input 0. The 8-bit DAC 
output connects internally.

Note: In Round-Robin mode of operation, you must exclude internal positive input 0 from the active and fixed 
channel ports. C1[MSEL] and this field must have different values.

000b - Internal positive input 0 for plus channel (internal plus input)

001b - External input 1 for plus Channel (reference input 0)

010b - External input 2 for plus channel (reference input 1)

011b - External input 3 for plus channel (reference input 2)

100b - External input 4 for plus channel (reference input 3)

101b - Reserved

110b - Reserved

111b - Internal 8-bit DAC output

27

—

Reserved

26-24

MSEL

Minus Input MUX Control

Determines which input is selected for the negative mux. See the chip configuration chapters for more 
information on connections about reference inputs {0,1,2,3,4,5} and internal negative input 0. The 8-bit DAC 
output connects internally.

Note:In Round-Robin mode of operation, you must exclude internal negative input 0 from the active and 
fixed channel ports. This field and C1[PSEL] must have different values.

000b - Internal negative input 0 for minus channel (internal minus input)

001b - External input 1 for minus channel (reference input 0)

010b - External input 2 for minus channel (reference input 1)

011b - External input 3 for minus channel (reference input 2)

100b - External input 4 for minus channel (reference input 3)

101b - Reserved

110b - Reserved

111b - Internal 8-bit DAC output

23-22

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

21

CHN5

Channel 5 Input Enable

Enables channel 5 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

0b - Disable

1b - Enable

20

CHN4

Channel 4 Input Enable

Enables channel 4 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

0b - Disable

1b - Enable

19

CHN3

Channel 3 Input Enable

Enables channel 3 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

0b - Disable

1b - Enable

18

CHN2

Channel 2 Input Enable

Enables channel 2 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

0b - Disable

1b - Enable

17

CHN1

Channel 1 Input Enable

Enables channel 1 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Disable

1b - Enable

16

CHN0

Channel 0 Input Enable

Enables channel 0 of the input for the round-robin checker.

Writing 1 to this field enables the corresponding channel to the non fixed mux port to check its voltage value 
in Round-Robin mode.

If you select the same channel as the reference voltage, this field has no effect.

0b - Disable

1b - Enable

15-11

—

Reserved

10

DACEN

DAC Enable

Enables the DAC. After the DAC is disabled, it is powered down to conserve power.

0b - Disable

1b - Enable

9

VRSEL

Supply Voltage Reference Source Select

Selects a supply voltage reference source.

If this field is 0, Vin1 is selected as resistor ladder network supply reference Vin. Vin1 is from internal PMC.

If this field is 1, Vin2 is selected as resistor ladder network supply reference Vin. Vin2 is from PAD.

0b - Vin1

1b - Vin2

8

DMODE

DAC Mode Select

Selects a DAC mode.

0b - Low-Speed and Low-Power mode

1b - High-Speed and High-Power mode

7-0

VOSEL

DAC Output Voltage Select

Selects an output voltage from one of 256 distinct levels. DACO = (Vin/256) * (VOSEL[7:0] + 1), so the 
DACO range is from Vin/256 to Vin.
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80.7.6 CMP Control 2 (C2)

Offset

Register Offset

C2 10h

Function
Contains configuration options for Trigger mode.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
RRIE FXMP 

0
FXMXCH Reserved 

CH5F CH4F CH3F CH2F CH1F CH0F 

W W1C W1C W1C W1C W1C W1C

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
NSAM INITMOD 

0
ACOn 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31

—

Reserved

30

RRIE

Round-Robin Interrupt Enable

Enables the interrupt or wake-up when the comparison result changes for a given channel from the last 
sample.

0b - Disable

1b - Enable

29

FXMP

Fixed MUX Port

Fixes the analog mux port for Round-Robin mode.

If this field is 0, it fixes the plus port. Sweeps only the minus port in each round.

If this field is 1, it fixes the minus port. Sweeps only the plus port in each round.

0b - Fix plus port

1b - Fix minus port

28 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

27-25

FXMXCH

Fixed Channel Select

Indicates which channel is selected as the fixed reference input for the fixed mux port in a given 
round-robin mode.

000b - External reference input 0

001b - External reference input 1

010b - External reference input 2

011b - External reference input 3

100b - External reference input 4

101b - External reference input 5

110b - Reserved

111b - 8-bit DAC

24-22

—

Reserved

21

CH5F

External Channel 5 Input Changed Flag

Sets if the channel 5 input is changed from the last comparison with the fixed mux port.

20

CH4F

External Channel 4 Input Changed Flag

Sets if the channel 4 input is changed from the last comparison with the fixed mux port.

19

CH3F

External Channel 3 Input Changed Flag

Sets if the channel 3 input is changed from the last comparison with the fixed mux port.

18

CH2F

External Channel 2 Input Changed Flag

Sets if the channel 2 input is changed from the last comparison with the fixed mux port.

17

CH1F

External Channel 1 Input Changed Flag

Sets if the channel 1 input is changed from the last comparison with the fixed mux port.

16

CH0F

External Channel 0 Input Changed Flag

Sets if the channel 0 input is changed from the last comparison with the fixed mux port.

15-14

NSAM

Number of Sample Clocks

Specifies the number of round-robin clock cycles after which the sampling takes place.

00b - As soon as the active channel is scanned in one round-robin clock

01b - After one round-robin clock cycle

Table continues on the next page...
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Table continued from the previous page...

Field Function

10b - After two round-robin clock cycles

11b - After three round-robin clock cycles

13-8

INITMOD

Comparator and DAC Initialization Delay Modulus

Specifie the number of round robin clock cycles that determines the comparator and DAC initialization 
delays specified in the chip data sheet. For example, if the initialization delay is 80 µs and the round robin 
clock is 100 kHz, then program this field to 80 µs/10 µs = 8.

000000 - 64 (same with 111111)

Other values - Initialization delay sets to INITMOD × round robin clock period

7-6

—

Reserved

5-0

ACOn

ACOn

Specifies the result of the input comparison for channel n. This field stores the latest comparison result of 
the input channel n with the fixed mux port.

Reading this field returns the latest comparison result.

Writing to this field defines the pre-set state of channel n.

80.7.7 CMP Control 3 (C3)

Offset

Register Offset

C3 14h

Function
Contains configuration options for MUX gating only when you remove the 3 V domain..

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 PCHC
TEN 

0 NCHC
TEN 

0 0 0 0

W

Reset 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-29

—

Reserved

28

PCHCTEN

Positive Channel Enable

Enables the plus channel.

0b - Disable

1b - Enable

27-25

—

Reserved

24

NCHCTEN

Negative Channel Enable

Enables the minus channel.

0b - Disable.

1b - Enable.

23-21

—

Reserved

20

—

Reserved

19-17

—

Reserved

16

—

Reserved

15

—

Reserved

14-12

—

Reserved

11

—

Reserved

10-8

—

Reserved

7 Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

—

6-4

—

Reserved

3-0

—

Reserved
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Chapter 81
Digital-to-Analog Converter (DAC)
81.1 Chip-specific DAC information
Table 731. Reference links to related information

Topic Related module Reference

Full description DAC DAC

System memory map System memory map

Clocking Clock distribution

Power Management Power Management

Signal multiplexing Port control Signal multiplexing

81.1.1 Module instances
This device has two instances of the DAC module: DAC0 and DAC1.

81.1.2 DAC voltage reference selection
Following are the two DAC reference voltage sources (DACREF_1 and DACREF_2), with referece of CR[DACRFS] bit.

• When DACRFS=0, VREFH Selected = VREFH_ANA18, which is connected to VREFH PAD.

• When DACRFS=1, VREFH Selected = VDD_ANA18 ,which is connected to VDDA PAD.

81.2 Overview
The 12-bit digital-to-analog converter (DAC) is a low-power, general-purpose DAC. The output of the DAC can be placed on an 
external pin or set as one of the inputs to the analog comparator, op-amps, or ADC.

81.2.1 Block diagram
The block diagram of the DAC module is as follows:
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Figure 558. DAC block diagram

81.2.2 Features
The features of the DAC module include:

• On-chip programmable reference generator output. The voltage output range is from 1⁄4096 Vin to Vin, and the step is 1⁄4096 
Vin, where Vin is the input voltage.

• Vin can be selected from two reference sources. See Chip-Specific Information section.

• 16 -word data buffer supported with configurable watermark and multiple operation modes

• DMA support
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81.3 Functional description
The 12-bit DAC module can select one of the two reference inputs - DACREF_1 and DACREF_2 as the DAC reference voltage, 
Vin by C0[DACRFS]. See the chip-specific DAC information to determine the source options for DACREF_1 and DACREF_2.

When the DAC is enabled, it converts the data in DATA[11:0] or the data from the DAC data buffer to a stepped analog output 
voltage. The output voltage range is from Vin to Vin/4096, and the step is Vin/4096.

81.3.1 FIFO mode

In FIFO mode, the buffer is organized as a FIFO. For a valid write to the DATA register, the data is put into the FIFO, and the write 
pointer is automatically incremented. The module is connected internally to a 32-bit interface. For any 16-bit or 8-bit FIFO access, 
address bit[1] needs to be 0; otherwise, the write is ignored. A successful 32-bit FIFO write increases the write pointer by one.

For an 8-bit write, the LSB determines which byte lane is written to. Only if both the byte lanes are written to, will the write pointer 
increase. The user needs to ensure that an 8-bit access is done in pair, and both the upper and lower bytes are written. There is 
no priority for which byte is written to first.

FIFO mode needs to be enabled with DACCR[FIFOEN].

81.3.2 DAC data buffer operation
When the DAC FIFO is disabled, and the one entry buffer is enabled, the DAC converts the data in the buffer to analog 
output voltage. Any write to the DATA register will replace the data in the buffer and push data to analog conversion without 
trigger support.

When the IP interface bus access (IPS) is in write state, the write speed of DATA[DATA0] is high. However, the analog part of the 
DAC cannot convert data at the same speed. Therefore, the multi write speed limit needs to be defined in the firmware.

81.3.3 DAC interrupts
There are several interrupts and associated flags that can be configured for the DAC buffer.

FIFO request flag

The FIFO request flag is set based on the number of entries in the FIFO and the FIFO watermark configuration. This flag is 
set when the number of entries in any of the enabled FIFOs is less than or equal to the FIFO watermark configuration and is 
automatically cleared when the number of entries in FIFO is greater than the FIFO watermark configuration. The FIFO request 
flag can generate an interrupt or a DMA request.

FIFO warning flag

The FIFO warning flag is set based on the number of entries in the FIFO. The empty flag and full flags are both warning flags. The 
FIFO warning flag can generate an interrupt, or a DMA request (for empty flag only).

FIFO error flag

The FIFO error flag is set when overflow and underflow happens.

81.3.4 DMA operation
When DMA is enabled, DMA requests are generated instead of interrupt requests. The DMA Done signal clears the DMA request.

The status register flags are still set and are cleared automatically when the DMA completes.

81.3.5 Resets
During reset, the DAC is configured in the default mode and is disabled.

81.3.6 Low-Power mode operation
The following table shows the wait mode and the stop mode operation of the DAC module.
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Table 732. Modes of operation

Modes of operation Description

Wait mode The DAC will operate normally, if enabled.

Stop mode
If enabled, the DAC module continues to operate 
normally, with the hardware trigger initiating 
the conversion.

 
The assignment of module modes to core modes is chip-specific. For module-to-core mode assignments, see the 
chapter that describes how modules are configured.

  NOTE  

81.3.7 Background Debug Mode Operation
When the microcontroller is in active background debug mode, the DAC continues to operate normally.

81.4 Memory map/register definition
The DAC has registers to control analog comparator and programmable voltage divider to perform the digital-to-analog functions.

81.4.1 DAC register descriptions

81.4.1.1 DAC memory map

DAC0 base address: 2804_3000h

DAC1 base address: 2804_4000h

Offset Register Width

(In bits)

Access Reset value

0h Version Identifier Register (VERID) 32 R 0100_0000h

4h Parameter Register (PARAM) 32 R 0000_0003h

8h DAC Data Register (DATA) 32 RW 0000_0000h

Ch DAC Status and Control Register (CR) 32 RW 0000_0002h

10h DAC FIFO Pointer Register (PTR) 32 R 0000_0000h

14h DAC Status and Control Register 2 (CR2) 32 RW 0000_0000h

81.4.1.2 Version Identifier Register (VERID)

Offset

Register Offset

VERID 0h

Function
The Version ID register indicates the version integrated for this instance on the device.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R MAJOR MINOR 

W

Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R FEATURE 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

MAJOR

Major version number

This read-only field returns the major version number for the module specification.

23-16

MINOR

Minor version number

This read-only field returns the minor version number for the module specification.

15-0

FEATURE

Feature Identification Number

This read-only field returns the feature set number.

0000_0000_0000_0000b - Standard feature set

0000_0000_0000_0001b - C40 feature set

0000_0000_0000_0010b - 5V DAC feature set

0000_0000_0000_0100b - ADC BIST feature set

81.4.1.3 Parameter Register (PARAM)

Offset

Register Offset

PARAM 4h

Function
The Parameter register indicates the feature parameters for this instance on the device.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 FIFOSZ 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Fields

Field Function

31-3

—

Reserved

2-0

FIFOSZ

FIFO size

The number of words in the DAC FIFO is 2^(FIFOSZ+1).

000b - FIFO depth is 2

001b - FIFO depth is 4

010b - FIFO depth is 8

011b - FIFO depth is 16

100b - FIFO depth is 32

101b - FIFO depth is 64

110b - FIFO depth is 128

111b - FIFO depth is 256

81.4.1.4 DAC Data Register (DATA)

Offset

Register Offset

DATA 8h

Function
The DAC Data Register holds the entry of FIFO in FIFO mode. It also works as the data buffer for buffer mode.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0

W DATA0 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-12

—

Reserved

11-0

DATA0

FIFO DATA0

81.4.1.5 DAC Status and Control Register (CR)

Offset

Register Offset

CR Ch

Function
The DAC Status and Control Register contains configuration options for the DAC operation, such as DMA and interrupt, trigger 
select and FIFO mode select. It also includes the FIFO status flags.
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Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R
WML 

DMAE
N 

0 0 0
UVIE SWMD 

FIFOE
N W

SWRS
T 

FIFOR
ST 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
DACE

N 
DACR

FS 
TRGS

EL 

0 0
WTMI

E 
EMPTI

E 
FULLI

E 

0
OVFF UDFF WMF 

NEMP
TF 

FULLF 
W

SWTR
G 

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Fields

Field Function

31-24

WML

Watermark Level Select

MAX is the FIFO size.

 
If the FIFO depth is 2, then all settings are treated the same. That is, if the FIFO is not full, 
the watermark status bit and NEMPTF will be set. One of the status bits maybe needed for 
DMA or IRQ request.

  NOTE  

23

DMAEN

DMA Enable Select

0b - DMA is disabled.

1b - DMA is enabled. When DMA is enabled, the DMA request will be generated by original 
interrupts. The interrupts will not be presented on this module at the same time.

22

SWRST

Software reset

Resets all internal logic and registers, in case of any failure during the Low-power mode. This field is 
written to only to trigger reset, self clear, or read 0.

21

FIFORST

FIFO Reset

Resets the FIFO pointers. Reading this field will always return zero. FIFO pointers should only be reset 
when the DAC is disabled. This field can be used to configure both pointers to the same address to reset 
the FIFO as empty. This field is written to only to trigger reset, self clear, or read zero.

0b - No effect

1b - FIFO reset

20-19

—

Reserved

18

UVIE

Underflow and overflow interrupt enable

Table continues on the next page...
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Table continued from the previous page...

Field Function

0b - Underflow and overflow interrupt is disabled.

1b - Underflow and overflow interrupt is enabled.

17

SWMD

DAC FIFO Mode Select

In Swing back mode, the FIFO must be set up such that the FIFO is full. In Swing back mode, a trigger 
changes the read pointer to make it swing between the FIFO Full and Nearly Empty state. That is, the 
trigger increases the read pointer till FIFO is nearly empty and decreases the read pointer till the FIFO is 
full, and so on.

0b - Normal mode

1b - Swing back mode

16

FIFOEN

FIFO Enable

0b - FIFO is disabled and only one level buffer is enabled. Any data written from this buffer goes 
to conversion.

1b - FIFO is enabled. Data will first read from FIFO to buffer then go to conversion.

15

DACEN

DAC Enable

Starts the Programmable Reference Generator operation.

0b - The DAC system is disabled.

1b - The DAC system is enabled.

14

DACRFS

DAC Reference Select

0b - The DAC selects DACREF_1 as the reference voltage.

1b - The DAC selects DACREF_2 as the reference voltage.

13

TRGSEL

DAC Trigger Select

0b - The DAC hardware trigger is selected.

1b - The DAC software trigger is selected.

12

SWTRG

DAC Software Trigger

Active high. This is a write-only field, which always reads 0. If DAC software trigger is selected and FIFO 
is enabled, writing 1 to this field will advance the FIFO read pointer once.

 
It is not suggested to adopt hardware trigger and software trigger in mixed use, during 
continuous conversions.

  NOTE  

0b - The DAC soft trigger is not valid.

1b - The DAC soft trigger is valid.

11

—

Reserved

Table continues on the next page...
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Table continued from the previous page...

Field Function

10

WTMIE

Watermark Interrupt Enable

0b - Watermark interrupt is disabled.

1b - Watermark interrupt is enabled.

9

EMPTIE

Nearly Empty Interrupt Enable

0b - FIFO Nearly Empty interrupt is disabled.

1b - FIFO Nearly Empty interrupt is enabled.

8

FULLIE

Full Interrupt Enable

0b - FIFO Full interrupt is disabled.

1b - FIFO Full interrupt is enabled.

7-5

—

Reserved

4

OVFF

Overflow Flag

This is the FIFO overflow status flag. This flag indicates that more data has been written into FIFO than 
it can hold. This field asserts regardless of the value of UVIE. However, an interrupt is issued to the host 
only if UVIE is set. This flag is cleared by writing a 1 to it.

0b - No overflow has occurred since the last time the flag was cleared.

1b - At least one FIFO overflow has occurred since the last time the flag was cleared.

3

UDFF

Underflow Flag

This is the FIFO underflow status flag. If this field is set, it means that there is a new trigger after 
NEMPTF is set. This field asserts regardless of the value of UVIE. However, an interrupt is issued to the 
host only if UVIE is set. This flag is cleared by writing a 1 to it.

0b - No underflow has occurred since the last time the flag was cleared.

1b - At least one trigger underflow has occurred since the last time the flag was cleared.

2

WMF

FIFO Watermark Status Flag

This field is set if the remaining FIFO data is less than or equal to the watermark setting. It is cleared 
automatically by writing data into FIFO by DMA or CPU. Write to this bit is ignored in FIFO mode.

0b - The DAC buffer read pointer has not reached the watermark level.

1b - The DAC buffer read pointer has reached the watermark level.

1

NEMPTF

Nearly Empty Flag

This is the FIFO nearly empty flag. It is set when only one data remains in FIFO.

0b - More than one data is available in the FIFO.

1b - One data is available in the FIFO.

0 Full Flag

Table continues on the next page...
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Table continued from the previous page...

Field Function

FULLF This is the FIFO Full status bit. This means that the FIFO read pointer equals the write pointer, because 
of the write pointer increase. This field is cleared if any DAC trigger is making the DAC read pointer 
increase. Any write to this field is ignored in FIFO mode.

0b - FIFO is not full.

1b - FIFO is full.

81.4.1.6 DAC FIFO Pointer Register (PTR)

Offset

Register Offset

PTR 10h

Function
The DAC FIFO Pointer Register contains the FIFO read pointer and write pointer.

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 DACRFP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0 DACWFP 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fields

Field Function

31-24

—

Reserved

23-16

DACRFP

DACRFP

This is the FIFO read pointer.

Table continues on the next page...
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Table continued from the previous page...

Field Function

 
The read pointer is later than the trigger for one cycle. After the conversion finishes and the 
next trigger comes, then the read pointer updates in the hardware trigger mode.

  NOTE  

15-8

—

Reserved

7-0

DACWFP

DACWFP

This is the FIFO write pointer. It's value is initially set to equal the read pointer value automatically, and 
the FIFO status is empty. Both write pointer and read pointer in FIFO mode do not change by IPS read 
access.

81.4.1.7 DAC Status and Control Register 2 (CR2)

Offset

Register Offset

CR2 14h

Function
The DAC Status and Control Register 2 contains configuration options for the analog DAC.

 
For CR2[6:4] (IREF, IREF1 and IREF2), it is suggested to enable one of the bits to reduce power. If more than one 
bit is selected, the power consumption will increase but the conversion rate will also speed up.

  NOTE  

 
IREF works in all modes, but the operation mode of IREF1 or IREF2 depends on PMC'.

  NOTE  

Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R 0
IREF IREF1 IREF2 BFHS BFMS OEN BFEN 

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Fields

Field Function

31-7

—

Reserved

6

IREF

Internal Current Reference Select

0b - Internal Current Reference not selected

1b - Internal Current Reference selected

5

IREF1

Internal ZTC (Zero Temperature Coefficient) Current Reference Select

0b - Internal ZTC Current Reference not selected

1b - Internal ZTC Current Reference selected

4

IREF2

Internal PTAT (Proportional To Absolute Temperature) Current Reference Select

0b - Internal PTAT Current Reference not selected

1b - Internal PTAT Current Reference selected

3

BFHS

Buffer High Speed Select

0b - Buffer high speed not selected

1b - Buffer high speed selected

2

BFMS

Buffer Middle Speed Select

0b - Buffer middle speed not selected

1b - Buffer middle speed selected

1

OEN

Optional Enable

0b - Output buffer is not bypassed

1b - Output buffer is bypassed

0

BFEN

Buffer Enable

0b - Opamp is not used as buffer

1b - Opamp is used as buffer
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		Description of worksheets in this spreadsheet.

		1. Power and Ground Pins: This worksheet contains descriptions of all Power Supply and Ground pins and their package coordinates.

		2. Dedicated IO Pins: This worksheet contains descriptions of all dedicated IO pins, i.e. IO pins without signals multiplexing, their package coordinates and pad states.

		3. Muxing IO Pins: This worksheet contains a table of IO signals multiplexed on general purpose IO pins and their package coordinates.

		4. Muxing IO Signal Descriptions: This worksheet provides descriptions of all signals on the Muxing IO Pins 

		5. Muxing IO Pad Control: This worksheet provides pad states and progamming registers of all Muxing IO Pins.

		6. Input Muxing: This worksheet shows locations of input signals that are multiplexed on multiple pins.

		7. IO Pad Register Description: This worksheet provides the defintion of IO Pad register and descriptions of each register field.

		8. 15x15 Package Ballmap: This worksheet shows the ballmap of 15x15 package.

		9. 9.4x9.4 Package Ballmap: This worksheet shows the ballmap of 9.4x9.4 package.





Power and Ground Pins

		Pin		Nominal Supply Voltage (V)		Description		Pad Type		15x15mm Package		9.4x9.4mm Package		Note

		VDD18_IOREF_1		1.8		I/O voltage reference. Shorted internally to VDD_18_IOREF_2		COREVDD		Y16		J13				

		VDD18_IOREF_2		1.8		I/O voltage reference. Shorted internally to VDD_18_IOREF_1		COREVDD		G8 G9		AD8				

		VDDQX_AO_DDR		1.1 ~ 1.2		DDR IO supply for CKE and RESET_N pads		IOVDD_DDR		U22		U27				

		VDDQX_DDR		1.1 ~ 1.2		DDR IO supply (Pre-Driver)		IOVDD_DDR		AA22 AC22 G22 J22 M22 V22		AC25 L25 R25 W25				

		VDDQ_DDR		0.6 ~ 1.2		DDR IO supply (Output Driver)		IOVDD_DDR		AA24 AB23 AB24 H23 H24 J24 M24 N24 U24 V24		AB26 AD26 H26 K26 M26 P26 T26 U25 Y26				

		VDD_ANA18		1.8		1.8V analog supply to ADCs. DACs. Alternate reference source for ADC's . DAC's		IOVDD18		AC13 AC15		J11 K12				

		VDD_ANA33		1.8 . 3.3		3.3V analog supply to ADCs. CMPs		IOVDD33		Y15		M14				

		VDD_CSI11		1.0		MIPI CSI 1.0v supply		COREVDD		G17		AC21				

		VDD_CSI18		1.8		MIPI CSI 1.8v analog supply		IOVDD18		F17		AD16				

		VDD_DDR_PLL		0.7 ~ 1.1		DDR PLL 1.0v supply		IOVDD_DDR		N22 R22		U23 W23				

		VDD_DIG0		0.7 ~ 1.15		RTD Supply		COREVDD		V11 W12 W14 W16 W18		K18 K20 K22 M12				

		VDD_DIG1		0.7 ~ 1.15		APD Supply		COREVDD		L12 L14 L16 M10 M11 N10 P10 P11		AB10 AB12 AB14 P10 T10 U11 Y10				

		VDD_DIG2		0.7 ~ 1.15		AVD Supply		COREVDD		M19 M20 N20 P19 P20 R20 T19 T20 U20 V19 V20		AA23 AB16 AB18 AB20 AB22 AC23 AF24 AF26 G25 J21 J23 L23 M18 M20 M22 N17 N21 N23 P22 R23 T22 V22 Y16 Y22				

		VDD_DSI11		1.0		MIPI DSI 1.0v supply		COREVDD		K17 K18 L18		AD20 AD22				

		VDD_DSI18		1.8		MIPI DSI 1.8v analog  supply		IOVDD18		G18 H21		AD18				

		VDD_FUSE18		1.8		Fuses 1.8v supply		COREVDD		AC12 AD9		H8				

		VDD_PLL18_0		1.8		1.8v supply to FRO, RTD PLL0, RTD PLL1		COREVDD		V6		K10				

		VDD_PLL18_1		1.8		1.8v supply to APD PLL2, ADP PLL3		COREVDD		R7		V10				

		VDD_PLL18_2		1.8		1.8v supply to AVD PLL4		COREVDD		R5		V8				

		VDD_PMC11_DIG0_CAP		0.7 ~ 1.15		RTD driver output		COREVDD		AA7 AB7		H6 J7				

		VDD_PMC18		1.8		1.8v supply to ADCs, CMPs, DACs, OSC, LPOSC, PowerSys, MIPI DSI , MIPI CSI. Alternate reference to CMP's		IOVDD18		AC8 AC9		K14 L9				

		VDD_PMC18_DIG0		1.8		RTD driver input		COREVDD		U6 V7		K8 L7				

		VDD_PTA		1.8 , 3.3		Port A I/O supply		IOVDD		Y12 Y13 Y14		H10 J9				

		VDD_PTB		1.8		Port B I/O supply		IOVDD33		AC17 AC18 AD17		J15 K16				

		VDD_PTC		1.8 , 3.3		Port C I/O supply		IOVDD33		AB21 Y17 Y18		J17 J19				

		VDD_PTD		1.8 , 3.3		Port D I/O supply		IOVDD33		K13 K14 K15 K16		AD12 AD14				

		VDD_PTE		1.8 , 3.3		Port E I/O supply		IOVDD33		F13 G12 G13 K12		AC9 AD10				

		VDD_PTF		1.8 , 3.3		Port F I/O supply		IOVDD		H7 J7 M7 N7		AB8 Y8				

		VDD_USB0_18		1.8		USB0 1.8v supply		COREVDD		R10 T11		U9				

		VDD_USB0_33		3.3		USB0 3.3v supply		IOVDD33		T4		T8				

		VDD_USB1_18		1.8		USB1 1.8v supply		COREVDD		T10 U10		R9				

		VDD_USB1_33		3.3		USB1 3.3v supply		IOVDD33		U4		P8				

		VDD_VBAT18_CAP		1.8		VBAT driver output (I/O , VBAT domain)		IOVDD18		U7		M10				

		VDD_VBAT42		2.7 ~ 4.4		Battery Supply		ANAIO5V		V10		M8				

		VREFH_ANA18		1.1 ~ 1.8		ADCs reference High		ANAIO		AJ10		G13				

		VREFL_ANA		0.0		ADCs reference Low		ANAIO		AH10		F12				

		VSS		0.0		Global Ground		IOVSS IOVSS COREVSS		A1 A29 AA23 AA8 AB12 AB13 AB15 AB17 AB18 AB27 AB3 AB9 AC2 AC21 AD25 AD27 AD3 AF27 AF3 AG12 AG14 AG16 AG18 AG20 AG22 AG24 AG26 AG4 AG6 AJ1 AJ29 C10 C12 C14 C16 C18 C20 C22 C24 C26 C4 C6 C8 D27 D3 F27 F3 G15 G21 H12 H13 H15 H17 H18 H27 H3 H9 J23 J8 K10 K11 K19 K20 K27 K3 L10 L20 M12 M13 M14 M15 M16 M17 M18 M23 M27 M3 M8 N12 N15 N18 N23 N8 P12 P15 P18 P27 P3 R12 R13 R14 R15 R16 R17 R18 R23 R8 T12 T15 T18 T27 T3 U12 U15 U18 U23 U8 V12 V13 V14 V15 V16 V17 V18 V23 V27 V3 V8 W10 W20 Y10 Y11 Y19 Y20 Y27 Y3		A1 A31 AA11 AA13 AA15 AA17 AA19 AA21 AA25 AA27 AA7 AA9 AB24 AB28 AB30 AC11 AC13 AC15 AC17 AC19 AC3 AC5 AC7 AD24 AD6 AE11 AE13 AE15 AE17 AE19 AE21 AE23 AE25 AE27 AE7 AE9 AF10 AF12 AF14 AF16 AF18 AF20 AF22 AF28 AF30 AF8 AG3 AG5 AH10 AH14 AH18 AH22 AH26 AH6 AK10 AK14 AK18 AK22 AK26 AK30 AK6 AL1 AM2 AM32 B32 C11 C15 C19 C23 C27 C3 C7 E11 E15 E19 E23 E27 E7 F14 F28 F30 G11 G15 G17 G19 G21 G23 G3 G5 G7 G9 H12 H14 H16 H18 H20 H22 H24 J25 J27 K24 K28 K30 L11 L13 L15 L17 L19 L21 L3 L5 M16 M24 M6 N11 N13 N15 N19 N25 N27 N7 N9 P14 P16 P18 P20 P24 P28 P30 R11 R15 R17 R19 R21 R3 R5 R7 T12 T14 T16 T18 T20 T24 T6 U13 U15 U17 U19 U21 U7 V12 V14 V16 V18 V20 V24 V26 V28 V30 W11 W13 W15 W17 W19 W21 W3 W5 W7 W9 Y12 Y14 Y18 Y20 Y24 Y6				

		VSS_ANA		0.0		Isolatad GND		IOVSS		AG8 AG10		-				On 9.4x9.4 package VSS_ANA is shorted to VSS

																



















































































































































































































Dedicated IO Pins

		Port		Function		Module		Description		Direction		Pad Type		15x15 mm Package		9.4x9.4 mm Package		Pad State During POR		Pad State During Reset		Pad State After Reset		I/O Power Domain		I/O Power Segment		Core Domain

		CSI_CLK_N		CSI_CLK_N		CSI		MIPI CSI Clock Signal Neg		I		ANAIO		A20		AM24		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		CSI_CLK_P		CSI_CLK_P		CSI		MIPI CSI Clock Signal Pos		I		ANAIO		B20		AL25		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		CSI_DATA0_N		CSI_DATA0_N		CSI		MIPI CSI Data0 Signal Neg		I		ANAIO		B23		AM20		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		CSI_DATA0_P		CSI_DATA0_P		CSI		MIPI CSI Data0 Signal Pos		I		ANAIO		B22		AL21		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		CSI_DATA1_N		CSI_DATA1_N		CSI		MIPI CSI Data1 Signal Neg		I		ANAIO		B19		AM22		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		CSI_DATA1_P		CSI_DATA1_P		CSI		MIPI CSI Data1 Signal Pos		I		ANAIO		B18		AL23		Hiz		Hiz		Hiz		VDD_CSI18		-		1

		DAC0_OUT		DAC0_OUT		DAC0		DAC0 output		O		ANAIO		AH8		C9		Hiz		Hiz		Hiz		VDD_ANA18		-		0

		DAC1_OUT		DAC1_OUT		DAC1		DAC1 output		O		ANAIO		AJ8		-		Hiz		Hiz		Hiz		VDD_ANA18		-		0

		DDR_A0		DDR_A0		DDR		LPDDR Address signals to the memories		O		DDR_SE		V28		R27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A1		DDR_A1		DDR		LPDDR Address signals to the memories		O		DDR_SE		T26		L31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A10		DDR_A10		DDR		LPDDR Address signals to the memories		O		DDR_SE		AA25		T30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A11		DDR_A11		DDR		LPDDR Address signals to the memories		O		DDR_SE		AB25		T28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A2		DDR_A2		DDR		LPDDR Address signals to the memories		O		DDR_SE		U26		M32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A3		DDR_A3		DDR		LPDDR Address signals to the memories		O		DDR_SE		U25		P32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A4		DDR_A4		DDR		LPDDR Address signals to the memories		O		DDR_SE		V29		R29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A5		DDR_A5		DDR		LPDDR Address signals to the memories		O		DDR_SE		V25		N31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A6		DDR_A6		DDR		LPDDR Address signals to the memories		O		DDR_SE		Y29		AC31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A7		DDR_A7		DDR		LPDDR Address signals to the memories		O		DDR_SE		W28		Y28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A8		DDR_A8		DDR		LPDDR Address signals to the memories		O		DDR_SE		V26		Y30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_A9		DDR_A9		DDR		LPDDR Address signals to the memories		O		DDR_SE		Y28		W31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_CK0_N		DDR_CK0_N		DDR		LPDDR Differential clock signal to the memories		I/O		DDR_DIFF		T29		T32		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CK0_P		DDR_CK0_P		DDR		LPDDR Differential clock signal to the memories		I/O		DDR_DIFF		T28		R31		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CK1_N		DDR_CK1_N		DDR		LPDDR Differential clock signal to the memories		I/O		DDR_DIFF		P29		U31		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CK1_P		DDR_CK1_P		DDR		LPDDR Differential clock signal to the memories		I/O		DDR_DIFF		P28		V32		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CKE0		DDR_CKE0		DDR		LPDDR Active-high clock enable signal to the memories		I/O		DDR_SE_CR		N26		N29		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CKE1		DDR_CKE1		DDR		LPDDR Active-high clock enable signal to the memories		I/O		DDR_SE_CR		P26		Y32		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CS0_A_b		DDR_CS0_A_b		DDR		LPDDR Active-low chip select signal to the memories		O		DDR_SE		L28		M30		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CS0_B_b		DDR_CS0_B_b		DDR		LPDDR Active-low chip select signal to the memories		O		DDR_SE		M28		AB32		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CS1_A_b		DDR_CS1_A_b		DDR		LPDDR Active-low chip select signal to the memories		O		DDR_SE		M26		M28		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_CS1_B_b		DDR_CS1_B_b		DDR		LPDDR Active-low chip select signal to the memories		O		DDR_SE		N25		AA31		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_DM0		DDR_DM0		DDR		LPDDR Data mask signal to the memories		O		DDR_SE		AH26		C31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DM1		DDR_DM1		DDR		LPDDR Data mask signal to the memories		O		DDR_SE		AD28		G27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DM2		DDR_DM2		DDR		LPDDR Data mask signal to the memories		O		DDR_SE		B26		AM30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DM3		DDR_DM3		DDR		LPDDR Data mask signal to the memories		O		DDR_SE		F28		AH30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ0		DDR_DQ0		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AF24		A27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ1		DDR_DQ1		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AJ26		B28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ10		DDR_DQ10		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AF29		D30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ11		DDR_DQ11		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AD29		E29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ12		DDR_DQ12		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AB26		H30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ13		DDR_DQ13		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AA26		J29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ14		DDR_DQ14		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AB29		L27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ15		DDR_DQ15		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		Y26		L29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ16		DDR_DQ16		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		D24		AM26		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ17		DDR_DQ17		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		D25		AL27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ18		DDR_DQ18		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		A26		AM28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ19		DDR_DQ19		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		A28		AL29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ2		DDR_DQ2		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AF25		A29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ20		DDR_DQ20		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		D26		AJ31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ21		DDR_DQ21		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		C28		AH32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ22		DDR_DQ22		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		D28		AG31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ23		DDR_DQ23		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		B29		AF32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ24		DDR_DQ24		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		E26		AJ27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ25		DDR_DQ25		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		F26		AK28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ26		DDR_DQ26		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		D29		AJ29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ27		DDR_DQ27		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		F29		AH28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ28		DDR_DQ28		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		H26		AE29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ29		DDR_DQ29		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		H29		AD28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ3		DDR_DQ3		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AJ28		B30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ30		DDR_DQ30		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		J26		AD30		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ31		DDR_DQ31		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		K26		AC29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ4		DDR_DQ4		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AF26		F32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ5		DDR_DQ5		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AG28		G31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ6		DDR_DQ6		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AH29		H32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ7		DDR_DQ7		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AF28		J31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ8		DDR_DQ8		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AE26		D28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQ9		DDR_DQ9		DDR		LPDDR Data bus to/from the memories		I/O		DDR_SE		AD26		C29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS0_N		DDR_DQS0_N		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		AH28		E31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS0_P		DDR_DQS0_P		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		AH27		D32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS1_N		DDR_DQS1_N		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		AB28		H28		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS1_P		DDR_DQS1_P		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		AC28		G29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS2_N		DDR_DQS2_N		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		B28		AK32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS2_P		DDR_DQS2_P		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		B27		AL31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS3_N		DDR_DQS3_N		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		H28		AG27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DQS3_P		DDR_DQS3_P		DDR		LPDDR Differential data strobes to/from the memories		I/O		DDR_DIFF		G28		AG29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DTO0		DDR_DTO0		DDR		LPDDR IO pad Analog Test Bus (ATB)		I/O		DDR_ATB		J25		AA29		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_DTO1		DDR_DTO1		DDR		LPDDR IO pad Analog Test Bus (ATB)		I/O		DDR_ATB		H25		AC27		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_ODT0		DDR_ODT0		DDR		LPDDR Memory on-die termination		I/O		DDR_SE		R28		K32		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_ODT1		DDR_ODT1		DDR		LPDDR Memory on-die termination		I/O		DDR_SE		R25		U29		Hiz		Output		Output		VDDQ_DDR		-		2

		DDR_PLL_TEST_N		DDR_PLL_TEST_N		DDR		LPDDR Differential PLL test clock output		I/O		DDR_DIFF		K28		AD32		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_PLL_TEST_P		DDR_PLL_TEST_P		DDR		LPDDR Differential PLL test clock output		I/O		DDR_DIFF		K29		AE31		Hiz		Hiz		Hiz		VDDQ_DDR		-		2

		DDR_RAM_RST_b		DDR_RAM_RST_b		DDR		LPDDR Active-low reset signal to the memories		O		DDR_SE_CR		M29		W29		Hiz		Pull0		????		VDDQ_DDR		-		2

		DDR_ZQ		DDR_ZQ		DDR		LPDDR Calibration resistor pad connection		I/O		DDR_CAL		M25		W27		Input		Input		Input		VDDQ_DDR		-		2

		DSI_CLK_N		DSI_CLK_N		DSI		MIPI DSI Clock Signal Neg 		I		ANAIO		E21		AJ23		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_CLK_P		DSI_CLK_P		DSI		MIPI DSI Clock Signal Pos 		I		ANAIO		F21		AG23		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA0_N		DSI_DATA0_N		DSI		MIPI DSI Data0 Signal Neg 		O		ANAIO		E22		AG25		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA0_P		DSI_DATA0_P		DSI		MIPI DSI Data0 Signal Pos 		O		ANAIO		F22		AJ25		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA1_N		DSI_DATA1_N		DSI		MIPI DSI Data1 Signal Neg 		O		ANAIO		A24		AH24		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA1_P		DSI_DATA1_P		DSI		MIPI DSI Data1 Signal Pos 		O		ANAIO		B24		AK24		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA2_N		DSI_DATA2_N		DSI		MIPI DSI Data2 Signal Neg 		O		ANAIO		E24		-		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA2_P		DSI_DATA2_P		DSI		MIPI DSI Data2 Signal Pos 		O		ANAIO		F25		-		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA3_N		DSI_DATA3_N		DSI		MIPI DSI Data3 Signal Neg 		O		ANAIO		D21		-		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		DSI_DATA3_P		DSI_DATA3_P		DSI		MIPI DSI Data3 Signal Pos 		O		ANAIO		D22		-		Hiz		Hiz		Hiz		VDD_DSI18		-		1

		EXTAL0		EXTAL0		OSC0		External Clock/Oscillator input		I		ANAIO		AD2		K2		EXTAL0		EXTAL0		EXTAL0		VDD_PMC18		-		0

		EXTAL32		EXTAL32		RTC		Analog Input of the RTC Oscillator		I		ANAIO		AB2		K4		EXTAL32		EXTAL32		EXTAL32		VDD_PMC18		-		0

		LDO_EN		LDO_EN		POWERSYS		low-dropout (LDO) regulator enable		I		FSGPIO		AA6		K6		Hiz		Input		Input		VDD_PMC18		-		0

		ONOFF		ONOFF		SYSTEM		On Off Button Press		I		ANAIO		W2		N5		Hiz		Input/WeakPull1		Input/WeakPull1		VDD_VBAT18_CAP		-		0

		PMIC_ON_REQ		PMIC_ON_REQ		SYSTEM		External PMIC ON/OFF		O		ANAIO		Y2		M2		Hiz		Output		usb*		VDD_VBAT18_CAP		-		0

		RESET0_b		RESET0_b		CMC		CM4 domain Reset		I/O		RESET		AB4		J3		WeakPull0		Pull0		WeakPull1		VDD_PMC18		-		0

		RESET1_b		RESET1_b		CMC		CA7 domain Reset		I/O		RESET		AA5		J1		WeakPull0		Pull0		WeakPull1		VDD_PMC18		-		0

		STANDBY_REQ		STANDBY_REQ		SYSTEM		External PMIC Standby Request		I		ANAIO		Y1		N3		Hiz		Output		Output		VDD_VBAT18_CAP		-		0

		TAMPER0		TAMPER0		SNVS		External Tamper		I		ANAIO		V4		N1		Hiz		Input		Input		VDD_VBAT18_CAP		-		0

		TAMPER1		TAMPER1		SNVS		External Tamper		I		ANAIO		V5		-		Hiz		Input		Input		VDD_VBAT18_CAP		-		0

		TESTCLK_N		TESTCLK_N		SYSTEM		Hi Speed Test Clock (Neg)		I		LVDS		AA4		P12		Hiz		Hiz		Hiz		VDD_PMC18		-		1

		TESTCLK_P		TESTCLK_P		SYSTEM		Hi Speed Test Clock (Pos)		I		LVDS		Y4		R13		Hiz		Hiz		Hiz		VDD_PMC18		-		1

		USB0_DM		USB0_DM		USB0_1		USB0 D- Analog Data Signal		I/O		ANAIO		T2		T2		Hiz		WeakPull0		WeakPull0		VDD_USB0_33		-		1

		USB0_DP		USB0_DP		USB0_1		USB0 D+ Analog Data Signal		I/O		ANAIO		T1		U1		Hiz		WeakPull0		WeakPull0		VDD_USB0_33		-		1

		USB0_VBUS_DETECT		USB0_VBUS_DETECT		USB0_1		USB0 VBUS Detect		I		ANAIO5V		R2		P6		USB0_VBUS_DETECT		USB0_VBUS_DETECT		USB0_VBUS_DETECT		VDD_USB0_33		-		1

		USB1_DM		USB1_DM		USB0_1		USB1 D- Analog Data Signal		I/O		ANAIO		V2		P2		Hiz		WeakPull0		WeakPull0		VDD_USB1_33		-		1

		USB1_DP		USB1_DP		USB0_1		USB1 D+ Analog Data Signal		I/O		ANAIO		V1		R1		Hiz		WeakPull0		WeakPull0		VDD_USB1_33		-		1

		USB1_VBUS_DETECT		USB1_VBUS_DETECT		USB0_1		USB1 VBUS Detect		I		ANAIO5V		U5		P4		USB1_VBUS_DETECT		USB1_VBUS_DETECT		USB1_VBUS_DETECT		VDD_USB1_33		-		1

		XTAL0		XTAL0		OSC0		System Oscillator output		I		ANAIO		AD1		L1		XTAL		XTAL		XTAL		VDD_PMC18		-		0

		XTAL32		XTAL32		RTC		Analog output of the RTC oscillator module		I		ANAIO		AB1		M4		XTAL32		XTAL32		XTAL32		VDD_PMC18		-		0

																												





Muxing IO Pins



				15x15mm		9.4x9.4mm		PORT		CR		Output0		Output1		Output2		Output3		Output4		Output5		Output6		Output7		Output8		Output9		Output10		Output11		Output12		Output13		Output14		Output15		Input0		Input1		Input2		Input3		Input4		Input5		Input6		Input7		Input8		Input9		Input10		Input11		Input12		Input13		Input14		Input15		I/O Power Domain		I/O Power Segment		Pad State During POR		Pad State During Reset		Pad State After Reset

								BOOT_MODE0		PCR0_BOOT_MODE0																																		BOOT_MODE0																																VDD_PTA		PTA		Hiz		Input		Input

								BOOT_MODE1		PCR0_BOOT_MODE1																																		BOOT_MODE1																																VDD_PTA		PTA		Hiz		Input		Input

				AB5		G1		PTA0		PCR0_PTA0				PTA0				LPSPI0_PCS1				LPI2C0_SCL				I2S0_RX_BCLK																		CMP1_IN2		PTA0				LPSPI0_PCS1		LPUART0_CTS_b		LPI2C0_SCL		TPM0_CLKIN		I2S0_RX_BCLK								BT0_CFG0		LPTMR0_ALT1		WUU0_P0						VDD_PTA		PTA		Hiz		Input(BT0_CFG0)		Hiz

				AD5		H4		PTA1		PCR0_PTA1				PTA1				LPSPI0_PCS2		LPUART0_RTS_b		LPI2C0_SDA		TPM0_CH0		I2S0_RX_FS										EWM0_OUT_b		RTC_CLKOUT_b						CMP1_IN3		PTA1				LPSPI0_PCS2				LPI2C0_SDA		TPM0_CH0		I2S0_RX_FS								BT0_CFG1										VDD_PTA		PTA		Hiz		Input(BT0_CFG1)		Hiz

				AH2		D2		PTA10		PCR0_PTA10				PTA10		FXIO0_D2		LPSPI1_PCS3		LPUART1_TX				I3C0_PUR		I2S1_RX_FS																		ADC1_CH1A		PTA10		FXIO0_D2		LPSPI1_PCS3		LPUART1_TX		LPI2C0_HREQ				I2S1_RX_FS								BT0_CFG10		EWM0_IN		WUU0_P7						VDD_PTA		PTA		Hiz		Input(BT0_CFG10)		Hiz

				AH3		C1		PTA11		PCR0_PTA11				PTA11		FXIO0_D3								I3C0_PUR								WDOG0_RST												ADC1_CH1B		PTA11		FXIO0_D3				LPUART1_RX		LPI2C1_HREQ				I2S1_RXD0								BT0_CFG11		LPTMR0_ALT1		WUU0_P8						VDD_PTA		PTA		Hiz		Input(BT0_CFG11)		Hiz

				AE6		D4		PTA12		PCR0_PTA12				PTA12		FXIO0_D4		LPSPI1_SIN				LPI2C1_SCL								CAN0_TX		PMIC0_SDA												ADC1_CH2A		PTA12		FXIO0_D4		LPSPI1_SIN		LPUART0_CTS_b		LPI2C1_SCL				I2S1_RXD1						PMIC0_SDA		BT0_CFG12		EWM0_IN		WUU0_P9						VDD_PTA		PTA		Hiz		Input(BT0_CFG12)		Hiz

				AJ2		B2		PTA13		PCR0_PTA13				PTA13		FXIO0_D5		LPSPI1_SOUT		LPUART0_RTS_b		LPI2C1_SDA				I2S1_MCLK						PMIC0_SCL				CMP0_OUT								ADC1_CH2B		PTA13		FXIO0_D5		LPSPI1_SOUT				LPI2C1_SDA						EXT_AUD_MCLK0		CAN0_RX		PMIC0_SCL		BT0_CFG13				WUU0_P10						VDD_PTA		PTA		Hiz		Input(BT0_CFG13)		Hiz

				AF5		F8		PTA14		PCR0_PTA14				PTA14		FXIO0_D6		LPSPI1_SCK		LPUART0_TX		I3C0_SCL				I2S1_TX_BCLK										EWM0_OUT_b								ADC1_CH3A		PTA14		FXIO0_D6		LPSPI1_SCK		LPUART0_TX		I3C0_SCL		TPM0_CLKIN		I2S1_TX_BCLK												WUU0_P11						VDD_PTA		PTA		Hiz		Hiz		Hiz

				AH4		D6		PTA15		PCR0_PTA15				PTA15		FXIO0_D7		LPSPI1_PCS0				I3C0_SDA		TPM0_CH0		I2S1_TX_FS						CLKOUT0				CMP1_OUT								ADC1_CH3B		PTA15		FXIO0_D7		LPSPI1_PCS0		LPUART0_RX		I3C0_SDA		TPM0_CH0		I2S1_TX_FS												WUU0_P12						VDD_PTA		PTA		Hiz		Hiz		Hiz

				AH6		C5		PTA16		PCR0_PTA16				PTA16		FXIO0_D8		LPSPI1_SIN				LPI2C0_SCL		TPM0_CH1		I2S1_TXD0				CAN0_TX						RTC_CLKOUT_b								ADC1_CH4A		PTA16		FXIO0_D8		LPSPI1_SIN		LPUART0_CTS_b		LPI2C0_SCL		TPM0_CH1										BT0_CFG14				WUU0_P13						VDD_PTA		PTA		Hiz		Input(BT0_CFG14)		Hiz

				AD8		A3		PTA17		PCR0_PTA17				PTA17		FXIO0_D9		LPSPI1_SOUT		LPUART0_RTS_b		LPI2C0_SDA		TPM0_CH2		I2S1_TXD1						WDOG1_RST				RTC_CLKOUT								ADC1_CH4B		PTA17		FXIO0_D9		LPSPI1_SOUT				LPI2C0_SDA		TPM0_CH2						CAN0_RX				BT0_CFG15				WUU0_P14						VDD_PTA		PTA		Hiz		Input(BT0_CFG15)		Hiz

				AF6		B4		PTA18		PCR0_PTA18				PTA18		FXIO0_D10		LPSPI1_SCK		LPUART0_TX				TPM0_CH3		I2S1_TXD2																		ADC1_CH5A		PTA18		FXIO0_D10		LPSPI1_SCK		LPUART0_TX		LPI2C0_HREQ		TPM0_CH3												NMI1_b		WUU0_P15						VDD_PTA		PTA		Hiz		Hiz		Hiz

				AJ4		A5		PTA19		PCR0_PTA19				PTA19		FXIO0_D11		LPSPI1_PCS0								I2S1_TXD3		MQS0_LEFT																		PTA19		FXIO0_D11		LPSPI1_PCS0		LPUART0_RX		LPI2C1_HREQ		TPM1_CLKIN								JTAG0_TRST_b				LPTMR0_ALT2								VDD_PTA		PTA		Hiz		Input(TRST_b)/WeakPU		Input(TRST_b)/WeakPU

				AB6		H2		PTA2		PCR0_PTA2				PTA2				LPSPI0_PCS3		LPUART0_TX				TPM0_CH1								WDOG0_RST						RTC_CLKOUT						CMP1_IN4		PTA2				LPSPI0_PCS3		LPUART0_TX		LPI2C0_HREQ		TPM0_CH1		I2S0_RXD0								BT0_CFG2		LPTMR0_ALT2								VDD_PTA		PTA		Hiz		Input(BT0_CFG2)		Hiz

				AF8		E9		PTA20		PCR0_PTA20				PTA20		FXIO0_D12		LPSPI0_SIN				LPI2C1_SCL		TPM1_CH0								JTAG0_TMS/SWD0_DIO														PTA20		FXIO0_D12		LPSPI0_SIN		LPUART1_CTS_b		LPI2C1_SCL		TPM1_CH0		I2S1_RXD2						JTAG0_TMS/SWD0_DIO				LPTMR0_ALT3								VDD_PTA		PTA		Hiz		Input(TMS)/WeakPU		Input(TMS)/WeakPU

				AE8		D8		PTA21		PCR0_PTA21				PTA21		FXIO0_D13		LPSPI0_SOUT		LPUART1_RTS_b		LPI2C1_SDA		TPM1_CH1				MQS0_RIGHT				JTAG0_TDO														PTA21		FXIO0_D13		LPSPI0_SOUT				LPI2C1_SDA		TPM1_CH1		I2S1_RXD3																		VDD_PTA		PTA		Hiz		Output(TDO)		Output(TDO)

				AF9		A7		PTA22		PCR0_PTA22				PTA22		FXIO0_D14		LPSPI0_SCK		LPUART1_TX		I3C0_SCL						MQS0_LEFT																		PTA22		FXIO0_D14		LPSPI0_SCK		LPUART1_TX		I3C0_SCL										JTAG0_TDI												VDD_PTA		PTA		Hiz		Input(TDI)/WeakPU		Input(TDI)/WeakPU

				AE9		F10		PTA23		PCR0_PTA23				PTA23		FXIO0_D15		LPSPI0_PCS0				I3C0_SDA						MQS0_RIGHT																		PTA23		FXIO0_D15		LPSPI0_PCS0		LPUART1_RX		I3C0_SDA										JTAG0_TCLK/SWD0_CLK												VDD_PTA		PTA		Hiz		Input(TCLK)/WeakPD		Input(TCLK)/WeakPD

				AJ6		B6		PTA24		PCR0_PTA24				PTA24								I3C0_PUR										WDOG2_RST												ADC1_CH5B		PTA24														EXT_AUD_MCLK0								LPTMR1_ALT1		WUU0_P16						VDD_PTA		PTA		Hiz		Hiz		Hiz

				AE4		J5		PTA3		PCR0_PTA3				PTA3										TPM0_CH2								PMIC0_MODE2				CMP0_OUT								CMP1_IN5		PTA3						LPUART0_RX		LPI2C1_HREQ		TPM0_CH2		I2S0_RXD1								BT0_CFG3				WUU0_P1						VDD_PTA		PTA		Hiz		Input(BT0_CFG3)		Hiz

				AD4		F4		PTA4		PCR0_PTA4				PTA4				LPSPI0_SIN				LPI2C1_SCL		TPM0_CH3		I2S0_MCLK				CAN0_TX		PMIC0_MODE1												CMP0_IN2		PTA4				LPSPI0_SIN		LPUART1_CTS_b		LPI2C1_SCL		TPM0_CH3				EXT_AUD_MCLK0						BT0_CFG4		LPTMR0_ALT3		WUU0_P2						VDD_PTA		PTA		Hiz		Input(BT0_CFG4)		Hiz

				AH1		F2		PTA5		PCR0_PTA5				PTA5				LPSPI0_SOUT		LPUART1_RTS_b		LPI2C1_SDA		TPM0_CH4		I2S0_TX_BCLK												RTC_CLKOUT_b						CMP0_IN3		PTA5				LPSPI0_SOUT				LPI2C1_SDA		TPM0_CH4		I2S0_TX_BCLK				CAN0_RX				BT0_CFG5		LPTMR1_ALT1								VDD_PTA		PTA		Hiz		Input(BT0_CFG5)		Hiz

				AF1		E1		PTA6		PCR0_PTA6				PTA6				LPSPI0_SCK		LPUART1_TX		I3C0_SCL		TPM0_CH5		I2S0_TX_FS										RTC_CLKOUT								CMP0_IN4		PTA6				LPSPI0_SCK		LPUART1_TX		I3C0_SCL		TPM0_CH5		I2S0_TX_FS								BT0_CFG6				WUU0_P3						VDD_PTA		PTA		Hiz		Input(BT0_CFG6)		Hiz

				AF2		E3		PTA7		PCR0_PTA7				PTA7				LPSPI0_PCS0				I3C0_SDA				I2S0_TXD0						WDOG1_RST												CMP0_IN5		PTA7				LPSPI0_PCS0		LPUART1_RX		I3C0_SDA		TPM1_CLKIN										BT0_CFG7		LPTMR1_ALT2		WUU0_P4						VDD_PTA		PTA		Hiz		Input(BT0_CFG7)		Hiz

				AF4		F6		PTA8		PCR0_PTA8				PTA8		FXIO0_D0		LPSPI1_PCS1				LPI2C0_SCL		TPM1_CH0		I2S0_TXD1						PMIC0_MODE0												ADC1_CH0A		PTA8		FXIO0_D0		LPSPI1_PCS1		LPUART1_CTS_b		LPI2C0_SCL		TPM1_CH0										BT0_CFG8		LPTMR1_ALT3		WUU0_P5						VDD_PTA		PTA		Hiz		Input(BT0_CFG8)		Hiz

				AG2		E5		PTA9		PCR0_PTA9				PTA9		FXIO0_D1		LPSPI1_PCS2		LPUART1_RTS_b		LPI2C0_SDA		TPM1_CH1		I2S1_RX_BCLK																		ADC1_CH0B		PTA9		FXIO0_D1		LPSPI1_PCS2				LPI2C0_SDA		TPM1_CH1		I2S1_RX_BCLK								BT0_CFG9		NMI0_b		WUU0_P6						VDD_PTA		PTA		Hiz		Input(BT0_CFG9)		Hiz

				AD12		A9		PTB0		PCR0_PTB0				PTB0		FXIO0_D16		LPSPI2_PCS1				LPI2C2_SCL						MQS0_LEFT		MICFIL0_CLK01														ADC0_CH0A		PTB0		FXIO0_D16		LPSPI2_PCS1		LPUART2_CTS_b		LPI2C2_SCL		TPM2_CLKIN		I2S2_RXD1												WUU0_P17						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AH11		B10		PTB1		PCR0_PTB1				PTB1		FXIO0_D17		LPSPI2_PCS2		LPUART2_RTS_b		LPI2C2_SDA		TPM2_CH0		I2S2_RX_BCLK						WDOG2_RST												ADC0_CH0B		PTB1		FXIO0_D17		LPSPI2_PCS2				LPI2C2_SDA		TPM2_CH0		I2S2_RX_BCLK				MICFIL0_DATA01								WUU0_P18						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AH14		A15		PTB10		PCR0_PTB10				PTB10		FXIO0_D26		LPSPI3_SIN						TPM3_CH2		I2S3_TX_FS				MICFIL0_CLK01		PMIC0_SDA												ADC0_CH5A		PTB10		FXIO0_D26		LPSPI3_SIN		LPUART3_RX		LPI2C3_HREQ		TPM3_CH2		I2S3_TX_FS						PMIC0_SDA												VDD_PTB		PTB		Hiz		Hiz		Hiz

				AJ14		B16		PTB11		PCR0_PTB11				PTB11		FXIO0_D27		LPSPI3_SOUT		LPUART3_TX		LPI2C3_SDA		TPM3_CH3		I2S3_TXD0						PMIC0_SCL												ADC0_CH5B		PTB11		FXIO0_D27		LPSPI3_SOUT		LPUART3_TX		LPI2C3_SDA		TPM3_CH3						MICFIL0_DATA23		PMIC0_SCL												VDD_PTB		PTB		Hiz		Hiz		Hiz

				AE15		F16		PTB12		PCR0_PTB12				PTB12		FXIO0_D28		LPSPI3_SCK				LPI2C3_SCL		TPM3_CH4						MICFIL0_CLK01														CMP1_IN0		PTB12		FXIO0_D28		LPSPI3_SCK		LPUART3_CTS_b		LPI2C3_SCL		TPM3_CH4		I2S3_RXD0												WUU0_P24						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AF16		D16		PTB13		PCR0_PTB13				PTB13		FXIO0_D29		LPSPI3_PCS0		LPUART3_RTS_b		I3C1_SCL		TPM3_CH5		I2S3_RX_BCLK						WDOG2_RST												CMP1_IN1		PTB13		FXIO0_D29		LPSPI3_PCS0				I3C1_SCL		TPM3_CH5		I2S3_RX_BCLK				MICFIL0_DATA45						LPTMR1_ALT3		WUU0_P25						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AH16		C17		PTB14		PCR0_PTB14				PTB14		FXIO0_D30				LPUART3_TX		I3C1_SDA				I2S3_RX_FS				MICFIL0_CLK01														CMP0_IN0		PTB14		FXIO0_D30				LPUART3_TX		I3C1_SDA				I2S3_RX_FS										LPTMR1_ALT2		WUU0_P26						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AH15		E17		PTB15		PCR0_PTB15				PTB15		FXIO0_D31						I3C1_PUR				I2S3_MCLK																		CMP0_IN1		PTB15		FXIO0_D31				LPUART3_RX								EXT_AUD_MCLK1		MICFIL0_DATA67						LPTMR1_ALT1		WUU0_P27						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AE12		D12		PTB2		PCR0_PTB2				PTB2		FXIO0_D18		LPSPI2_PCS3		LPUART2_TX				TPM2_CH1		I2S2_RX_FS				MICFIL0_CLK01														ADC0_CH1A		PTB2		FXIO0_D18		LPSPI2_PCS3		LPUART2_TX		LPI2C2_HREQ		TPM2_CH1		I2S2_RX_FS										LPTMR0_ALT1		WUU0_P19						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AH12		A11		PTB3		PCR0_PTB3				PTB3		FXIO0_D19		LPSPI2_SIN						I3C1_PUR																				ADC0_CH1B		PTB3		FXIO0_D19		LPSPI2_SIN		LPUART2_RX		LPI2C2_HREQ				I2S2_RXD0				MICFIL0_DATA23						LPTMR0_ALT2		WUU0_P20						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AD13		B12		PTB4		PCR0_PTB4				PTB4		FXIO0_D20		LPSPI2_SOUT				LPI2C2_SCL				I2S2_TX_BCLK				MICFIL0_CLK01		WDOG0_RST												ADC0_CH2A		PTB4		FXIO0_D20		LPSPI2_SOUT		LPUART2_CTS_b		LPI2C2_SCL				I2S2_TX_BCLK										LPTMR0_ALT3		WUU0_P21						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AF12		E13		PTB5		PCR0_PTB5				PTB5		FXIO0_D21		LPSPI2_SCK		LPUART2_RTS_b		LPI2C2_SDA				I2S2_TX_FS						WDOG1_RST												ADC0_CH2B		PTB5		FXIO0_D21		LPSPI2_SCK				LPI2C2_SDA				I2S2_TX_FS				MICFIL0_DATA45								WUU0_P22						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AE13		A13		PTB6		PCR0_PTB6				PTB6		FXIO0_D22		LPSPI2_PCS0		LPUART2_TX		I3C1_SCL				I2S2_TXD0				MICFIL0_CLK01														ADC0_CH3A		PTB6		FXIO0_D22		LPSPI2_PCS0		LPUART2_TX		I3C1_SCL																WUU0_P23						VDD_PTB		PTB		Hiz		Hiz		Hiz

				AF13		C13		PTB7		PCR0_PTB7				PTB7		FXIO0_D23		LPSPI3_PCS1				I3C1_SDA				I2S2_MCLK						PMIC0_MODE2												ADC0_CH3B		PTB7		FXIO0_D23		LPSPI3_PCS1		LPUART2_RX		I3C1_SDA		TPM3_CLKIN				EXT_AUD_MCLK1		MICFIL0_DATA67														VDD_PTB		PTB		Hiz		Hiz		Hiz

				AF14		B14		PTB8		PCR0_PTB8				PTB8		FXIO0_D24		LPSPI3_PCS2				LPI2C3_SCL		TPM3_CH0		I2S2_TXD1		MQS0_RIGHT		MICFIL0_CLK01		PMIC0_MODE1												ADC0_CH4A		PTB8		FXIO0_D24		LPSPI3_PCS2		LPUART3_CTS_b		LPI2C3_SCL		TPM3_CH0																				VDD_PTB		PTB		Hiz		Hiz		Hiz

				AJ12		D14		PTB9		PCR0_PTB9				PTB9		FXIO0_D25		LPSPI3_PCS3		LPUART3_RTS_b		LPI2C3_SDA		TPM3_CH1		I2S3_TX_BCLK						PMIC0_MODE0												ADC0_CH4B		PTB9		FXIO0_D25		LPSPI3_PCS3				LPI2C3_SDA		TPM3_CH1		I2S3_TX_BCLK				MICFIL0_DATA01														VDD_PTB		PTB		Hiz		Hiz		Hiz

				AF18		A17		PTC0		PCR0_PTC0				PTC0				LPSPI2_SIN		FLEXSPI1_B_DQS								FLEXSPI0_A_DQS		MQS0_LEFT																PTC0				LPSPI2_SIN		FLEXSPI1_B_DQS				TPM2_CLKIN		I2S3_RXD1		FLEXSPI0_A_DQS																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AJ16		B18		PTC1		PCR0_PTC1				PTC1				LPSPI2_SOUT		FLEXSPI1_B_DATA7				TPM2_CH0		I2S3_TXD1		FLEXSPI0_A_DATA7		MQS0_RIGHT																PTC1				LPSPI2_SOUT		FLEXSPI1_B_DATA7				TPM2_CH0				FLEXSPI0_A_DATA7																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH22		B22		PTC10		PCR0_PTC10				PTC10						FLEXSPI1_B_DATA0						I2S0_MCLK		FLEXSPI0_A_DATA0																		PTC10						FLEXSPI1_B_DATA0								FLEXSPI0_A_DATA0		EXT_AUD_MCLK1														VDD_PTC		PTC		Hiz		Hiz		Hiz

				AF20		E21		PTC11		PCR0_PTC11				PTC11						FLEXSPI1_B_SS0_b		FLEXSPI1_B_SS1_b						FLEXSPI0_A_SS0_b		FLEXSPI0_A_SS1_b		CLKOUT0														PTC11										TPM3_CLKIN		I2S1_RXD3																		VDD_PTC		PTC		Hiz		Hiz		Hiz

				AF21		A23		PTC12		PCR0_PTC12				PTC12						FLEXSPI1_A_DQS				TPM3_CH0				FLEXSPI0_B_DQS				TRACE0_CLKOUT														PTC12						FLEXSPI1_A_DQS				TPM3_CH0		I2S1_RXD2		FLEXSPI0_B_DQS																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH20		D22		PTC13		PCR0_PTC13				PTC13				LPSPI3_SIN		FLEXSPI1_A_DATA7				TPM3_CH1		I2S1_TXD3		FLEXSPI0_B_DATA7				TRACE0_D0														PTC13				LPSPI3_SIN		FLEXSPI1_A_DATA7				TPM3_CH1				FLEXSPI0_B_DATA7																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AE21		B24		PTC14		PCR0_PTC14				PTC14				LPSPI3_SOUT		FLEXSPI1_A_DATA6				TPM3_CH2		I2S1_TXD2		FLEXSPI0_B_DATA6				TRACE0_D1														PTC14				LPSPI3_SOUT		FLEXSPI1_A_DATA6				TPM3_CH2				FLEXSPI0_B_DATA6																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AJ22		A25		PTC15		PCR0_PTC15				PTC15				LPSPI3_SCK		FLEXSPI1_A_DATA5				TPM3_CH3		I2S1_RX_BCLK		FLEXSPI0_B_DATA5				TRACE0_D2														PTC15				LPSPI3_SCK		FLEXSPI1_A_DATA5				TPM3_CH3		I2S1_RX_BCLK		FLEXSPI0_B_DATA5																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AD21		F22		PTC16		PCR0_PTC16				PTC16				LPSPI3_PCS0		FLEXSPI1_A_DATA4				TPM3_CH4		I2S1_RX_FS		FLEXSPI0_B_DATA4				TRACE0_D3														PTC16				LPSPI3_PCS0		FLEXSPI1_A_DATA4				TPM3_CH4		I2S1_RX_FS		FLEXSPI0_B_DATA4																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH23		D24		PTC17		PCR0_PTC17				PTC17				LPSPI3_PCS1		FLEXSPI1_A_SS0_b		FLEXSPI1_A_SCLK_b		TPM3_CH5				FLEXSPI0_B_SS0_b		FLEXSPI0_B_SCLK_b																PTC17				LPSPI3_PCS1						TPM3_CH5		I2S1_RXD0																		VDD_PTC		PTC		Hiz		Hiz		Hiz

				AF22		C25		PTC18		PCR0_PTC18				PTC18				LPSPI3_PCS2		FLEXSPI1_A_SCLK								FLEXSPI0_B_SCLK																		PTC18				LPSPI3_PCS2		FLEXSPI1_A_SCLK						I2S1_RXD1		FLEXSPI0_B_SCLK																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AJ24		D26		PTC19		PCR0_PTC19				PTC19				LPSPI3_PCS3		FLEXSPI1_A_DATA3						I2S1_TXD1		FLEXSPI0_B_DATA3				TRACE0_D4														PTC19				LPSPI3_PCS3		FLEXSPI1_A_DATA3								FLEXSPI0_B_DATA3																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AE17		D18		PTC2		PCR0_PTC2				PTC2				LPSPI2_SCK		FLEXSPI1_B_DATA6				TPM2_CH1		I2S0_RX_BCLK		FLEXSPI0_A_DATA6																		PTC2				LPSPI2_SCK		FLEXSPI1_B_DATA6				TPM2_CH1		I2S0_RX_BCLK		FLEXSPI0_A_DATA6																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AE22		B26		PTC20		PCR0_PTC20				PTC20						FLEXSPI1_A_DATA2						I2S1_TXD0		FLEXSPI0_B_DATA2				TRACE0_D5														PTC20						FLEXSPI1_A_DATA2								FLEXSPI0_B_DATA2																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH24		F24		PTC21		PCR0_PTC21				PTC21						FLEXSPI1_A_DATA1						I2S1_TX_BCLK		FLEXSPI0_B_DATA1				TRACE0_D6														PTC21						FLEXSPI1_A_DATA1						I2S1_TX_BCLK		FLEXSPI0_B_DATA1																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AD22		E25		PTC22		PCR0_PTC22				PTC22						FLEXSPI1_A_DATA0						I2S1_TX_FS		FLEXSPI0_B_DATA0				TRACE0_D7														PTC22						FLEXSPI1_A_DATA0						I2S1_TX_FS		FLEXSPI0_B_DATA0																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AE24		F26		PTC23		PCR0_PTC23				PTC23						FLEXSPI1_A_SS0_b		FLEXSPI1_A_SS1_b				I2S1_MCLK		FLEXSPI0_B_SS0_b		FLEXSPI0_B_SS1_b		CLKOUT0														PTC23																														VDD_PTC		PTC		Hiz		Hiz		Hiz

				AJ18		F18		PTC3		PCR0_PTC3				PTC3				LPSPI2_PCS0		FLEXSPI1_B_DATA5						I2S0_RX_FS		FLEXSPI0_A_DATA5																		PTC3				LPSPI2_PCS0		FLEXSPI1_B_DATA5						I2S0_RX_FS		FLEXSPI0_A_DATA5																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AF17		A19		PTC4		PCR0_PTC4				PTC4				LPSPI2_PCS1		FLEXSPI1_B_DATA4								FLEXSPI0_A_DATA4																		PTC4				LPSPI2_PCS1		FLEXSPI1_B_DATA4						I2S0_RXD0		FLEXSPI0_A_DATA4																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH18		B20		PTC5		PCR0_PTC5				PTC5				LPSPI2_PCS2		FLEXSPI1_B_SS0_b		FLEXSPI1_B_SCLK_b		FLEXSPI1_A_SS0_b				FLEXSPI0_A_SS0_b		FLEXSPI0_A_SCLK_b																PTC5				LPSPI2_PCS2								I2S0_RXD1																		VDD_PTC		PTC		Hiz		Hiz		Hiz

				AE18		D20		PTC6		PCR0_PTC6				PTC6				LPSPI2_PCS3		FLEXSPI1_B_SCLK				FLEXSPI1_A_SCLK		I2S0_TXD1		FLEXSPI0_A_SCLK																		PTC6				LPSPI2_PCS3		FLEXSPI1_B_SCLK				FLEXSPI1_A_SCLK				FLEXSPI0_A_SCLK																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AH19		A21		PTC7		PCR0_PTC7				PTC7						FLEXSPI1_B_DATA3						I2S0_TXD0		FLEXSPI0_A_DATA3																		PTC7						FLEXSPI1_B_DATA3								FLEXSPI0_A_DATA3																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AD18		C21		PTC8		PCR0_PTC8				PTC8						FLEXSPI1_B_DATA2						I2S0_TX_BCLK		FLEXSPI0_A_DATA2																		PTC8						FLEXSPI1_B_DATA2						I2S0_TX_BCLK		FLEXSPI0_A_DATA2																VDD_PTC		PTC		Hiz		Hiz		Hiz

				AJ20		F20		PTC9		PCR0_PTC9				PTC9						FLEXSPI1_B_DATA1						I2S0_TX_FS		FLEXSPI0_A_DATA1																		PTC9						FLEXSPI1_B_DATA1						I2S0_TX_FS		FLEXSPI0_A_DATA1																VDD_PTC		PTC		Hiz		Hiz		Hiz

				A22		AH20		PTD0		PCR1_PTD0				PTD0												I2S6_RX_BCLK		SDHC0_RESET_b		FLEXSPI2_B_DQS		CLKOUT2		EPDC0_SDCLK_b				CLKOUT1				DEBUG_MUX1_0				PTD0												I2S6_RX_BCLK				FLEXSPI2_B_DQS														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D20		AG21		PTD1		PCR1_PTD1				PTD1												I2S6_RX_FS		SDHC0_CMD		FLEXSPI2_B_DATA7				EPDC0_SDCLK		DPI0_PCLK						DEBUG_MUX1_1				PTD1												I2S6_RX_FS		SDHC0_CMD		FLEXSPI2_B_DATA7														VDD_PTD		PTD		Hiz		Hiz		Hiz

				A16		AM18		PTD10		PCR1_PTD10				PTD10										TPM8_CH0		I2S6_TXD3		SDHC0_D0		FLEXSPI2_B_DATA0				EPDC0_D5		DPI0_D5						DEBUG_MUX1_10				PTD10										TPM8_CH0				SDHC0_D0		FLEXSPI2_B_DATA0														VDD_PTD		PTD		Hiz		Hiz		Hiz

				E15		AG15		PTD11		PCR1_PTD11				PTD11										TPM8_CH5						FLEXSPI2_B_SS0_b		FLEXSPI2_A_SS1_b		EPDC0_D6		DPI0_D6										PTD11										TPM8_CH5		I2S6_RXD2		SDHC0_DQS																VDD_PTD		PTD		Hiz		Hiz		Hiz

				D14		AK16		PTD12		PCR1_PTD12				PTD12										SDHC2_D3		I2S7_RX_BCLK				FLEXSPI2_A_SS0_b		FLEXSPI2_B_SS1_b		EPDC0_D7		DPI0_D7										PTD12								USB0_ID		SDHC2_D3		I2S7_RX_BCLK		SDHC1_DQS																VDD_PTD		PTD		Hiz		Hiz		Hiz

				B15		AL17		PTD13		PCR1_PTD13				PTD13								USB0_PWR		SDHC2_D2		I2S7_RX_FS		SDHC1_RESET_b		FLEXSPI2_A_SCLK		CLKOUT2		EPDC0_D8		DPI0_D8		CLKOUT1								PTD13						SPDIF_IN4				SDHC2_D2		I2S7_RX_FS				FLEXSPI2_A_SCLK														VDD_PTD		PTD		Hiz		Hiz		Hiz

				A14		AM16		PTD14		PCR1_PTD14				PTD14						SPDIF_SRCLK				SDHC2_D1				SDHC1_D7		FLEXSPI2_A_DATA3		TRACE0_D7		EPDC0_D9		DPI0_D9										PTD14								USB0_OC		SDHC2_D1		I2S7_RXD0		SDHC1_D7		FLEXSPI2_A_DATA3														VDD_PTD		PTD		Hiz		Hiz		Hiz

				B14		AJ15		PTD15		PCR1_PTD15				PTD15								SDHC1_VS		SDHC2_D0		I2S7_TX_BCLK		SDHC1_D6		FLEXSPI2_A_DATA2		TRACE0_D6		EPDC0_D10		DPI0_D10										PTD15						SPDIF_IN3				SDHC2_D0		I2S7_TX_BCLK		SDHC1_D6		FLEXSPI2_A_DATA2														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D13		AL15		PTD16		PCR1_PTD16				PTD16		FXIO1_D31		LPSPI4_PCS1		SPDIF_PLOCK				SDHC2_CLK		I2S7_TX_FS		SDHC1_D5		FLEXSPI2_A_DATA1		TRACE0_D5		EPDC0_D11		DPI0_D11										PTD16		FXIO1_D31		LPSPI4_PCS1				SDHC1_CD		SDHC2_CLK		I2S7_TX_FS		SDHC1_D5		FLEXSPI2_A_DATA1														VDD_PTD		PTD		Hiz		Hiz		Hiz

				E13		AG13		PTD17		PCR1_PTD17				PTD17		FXIO1_D30		LPSPI4_PCS2						SDHC2_CMD		I2S7_TXD0		SDHC1_D4		FLEXSPI2_A_DATA0		TRACE0_D4		EPDC0_D12		DPI0_D12										PTD17		FXIO1_D30		LPSPI4_PCS2		EXT_AUD_MCLK3		SDHC1_WP		SDHC2_CMD				SDHC1_D4		FLEXSPI2_A_DATA0														VDD_PTD		PTD		Hiz		Hiz		Hiz

				A12		AM14		PTD18		PCR1_PTD18				PTD18		FXIO1_D29		LPSPI4_PCS3		SPDIF_OUTCLK				TPM8_CH0		I2S7_MCLK		SDHC1_D3		FLEXSPI2_A_DQS		TRACE0_D3		EPDC0_D13		DPI0_D13										PTD18		FXIO1_D29		LPSPI4_PCS3				EXT_AUD_MCLK3		TPM8_CH0				SDHC1_D3		FLEXSPI2_A_DQS														VDD_PTD		PTD		Hiz		Hiz		Hiz

				B12		AJ13		PTD19		PCR1_PTD19				PTD19		FXIO1_D28								TPM8_CH1				SDHC1_D2		FLEXSPI2_A_DATA7		TRACE0_D2		EPDC0_D14		DPI0_D14										PTD19		FXIO1_D28				SPDIF_IN1				TPM8_CH1		I2S6_RXD3		SDHC1_D2		FLEXSPI2_A_DATA7														VDD_PTD		PTD		Hiz		Hiz		Hiz

				E18		AJ21		PTD2		PCR1_PTD2				PTD2														SDHC0_CLK		FLEXSPI2_B_DATA6				EPDC0_SDLE		DPI0_HSYNC						DEBUG_MUX1_2				PTD2												I2S6_RXD0		SDHC0_CLK		FLEXSPI2_B_DATA6														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D12		AH12		PTD20		PCR1_PTD20				PTD20		FXIO1_D27		LPSPI4_SIN		SPDIF_OUT1								SDHC1_D1		FLEXSPI2_A_DATA6		TRACE0_D1		EPDC0_D15		DPI0_D15										PTD20		FXIO1_D27		LPSPI4_SIN						TPM8_CLKIN		I2S7_RXD1		SDHC1_D1		FLEXSPI2_A_DATA6														VDD_PTD		PTD		Hiz		Hiz		Hiz

				E12		AL13		PTD21		PCR1_PTD21				PTD21		FXIO1_D26		LPSPI4_SOUT				USB1_PWR		TPM8_CH2		I2S7_TXD1		SDHC1_D0		FLEXSPI2_A_DATA5		TRACE0_D0				DPI0_D16		WDOG5_RST								PTD21		FXIO1_D26		LPSPI4_SOUT		SPDIF_IN2				TPM8_CH2				SDHC1_D0		FLEXSPI2_A_DATA5														VDD_PTD		PTD		Hiz		Hiz		Hiz

				F12		AG11		PTD22		PCR1_PTD22				PTD22		FXIO1_D25		LPSPI4_SCK		SPDIF_OUT2				TPM8_CH3		I2S7_TXD2		SDHC1_CLK		FLEXSPI2_A_DATA4		TRACE0_CLKOUT				DPI0_D17										PTD22		FXIO1_D25		LPSPI4_SCK				USB1_OC		TPM8_CH3				SDHC1_CLK		FLEXSPI2_A_DATA4														VDD_PTD		PTD		Hiz		Hiz		Hiz

				B11		AK12		PTD23		PCR1_PTD23				PTD23		FXIO1_D24		LPSPI4_PCS0						TPM8_CH4		I2S7_TXD3		SDHC1_CMD		FLEXSPI2_A_SS0_b		FLEXSPI2_A_SCLK_b				DPI0_D18										PTD23		FXIO1_D24		LPSPI4_PCS0				USB1_ID		TPM8_CH4				SDHC1_CMD																VDD_PTD		PTD		Hiz		Hiz		Hiz

				F18		AG19		PTD3		PCR1_PTD3				PTD3														SDHC0_D7		FLEXSPI2_B_DATA5				EPDC0_GDSP		DPI0_VSYNC						DEBUG_MUX1_3				PTD3												I2S6_RXD1		SDHC0_D7		FLEXSPI2_B_DATA5														VDD_PTD		PTD		Hiz		Hiz		Hiz

				E17		AJ19		PTD4		PCR1_PTD4				PTD4								SDHC0_VS		TPM8_CH5		I2S6_MCLK		SDHC0_D6		FLEXSPI2_B_DATA4				EPDC0_SDCE0		DPI0_DE						DEBUG_MUX1_4				PTD4						EXT_AUD_MCLK3				TPM8_CH5				SDHC0_D6		FLEXSPI2_B_DATA4														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D18		AG17		PTD5		PCR1_PTD5				PTD5										TPM8_CH4		I2S6_TX_BCLK		SDHC0_D5		FLEXSPI2_B_SS0_b		FLEXSPI2_B_SCLK_b		EPDC0_D0		DPI0_D0						DEBUG_MUX1_5				PTD5								SDHC0_CD		TPM8_CH4		I2S6_TX_BCLK		SDHC0_D5																VDD_PTD		PTD		Hiz		Hiz		Hiz

				A18		AJ17		PTD6		PCR1_PTD6				PTD6										TPM8_CH3		I2S6_TX_FS		SDHC0_D4		FLEXSPI2_B_SCLK				EPDC0_D1		DPI0_D1						DEBUG_MUX1_6				PTD6								SDHC0_WP		TPM8_CH3		I2S6_TX_FS		SDHC0_D4		FLEXSPI2_B_SCLK														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D17		AK20		PTD7		PCR1_PTD7				PTD7										TPM8_CH2		I2S6_TXD0		SDHC0_D3		FLEXSPI2_B_DATA3				EPDC0_D2		DPI0_D2						DEBUG_MUX1_7				PTD7										TPM8_CH2				SDHC0_D3		FLEXSPI2_B_DATA3														VDD_PTD		PTD		Hiz		Hiz		Hiz

				B16		AH16		PTD8		PCR1_PTD8				PTD8										TPM8_CH1		I2S6_TXD1		SDHC0_D2		FLEXSPI2_B_DATA2				EPDC0_D3		DPI0_D3						DEBUG_MUX1_8				PTD8										TPM8_CH1				SDHC0_D2		FLEXSPI2_B_DATA2														VDD_PTD		PTD		Hiz		Hiz		Hiz

				D16		AL19		PTD9		PCR1_PTD9				PTD9												I2S6_TXD2		SDHC0_D1		FLEXSPI2_B_DATA1				EPDC0_D4		DPI0_D4						DEBUG_MUX1_9				PTD9										TPM8_CLKIN				SDHC0_D1		FLEXSPI2_B_DATA1														VDD_PTD		PTD		Hiz		Hiz		Hiz

				A10		AJ11		PTE0		PCR1_PTE0				PTE0		FXIO1_D23						LPI2C4_SCL						SDHC2_D1		FLEXSPI2_B_DQS				DBI0_WRX		DPI0_D19						DEBUG_MUX1_11				PTE0		FXIO1_D23		SPDIF_IN4		LPUART4_CTS_b		LPI2C4_SCL		TPM8_CLKIN		I2S7_RXD2		SDHC2_D1		FLEXSPI2_B_DQS		ENET0_CRS						WUU1_P0						VDD_PTE		PTE		Hiz		Hiz		Hiz

				B10		AM12		PTE1		PCR1_PTE1				PTE1		FXIO1_D22		SPDIF_SRCLK		LPUART4_RTS_b		LPI2C4_SDA		TPM8_CH0				SDHC2_D0		FLEXSPI2_B_DATA7				DBI0_CSX		DPI0_D20						DEBUG_MUX1_12				PTE1		FXIO1_D22						LPI2C4_SDA		TPM8_CH0		I2S7_RXD3		SDHC2_D0		FLEXSPI2_B_DATA7		ENET0_COL						WUU1_P1						VDD_PTE		PTE		Hiz		Hiz		Hiz

				E8		AM6		PTE10		PCR1_PTE10				PTE10		FXIO1_D13		LPSPI4_PCS3		LPUART6_TX		I3C2_SCL		TPM4_CH2		I2S6_TX_BCLK				FLEXSPI2_B_DATA0		ENET0_1588_TMR2		DBI0_D5		EPDC0_VCOM0						DEBUG_MUX1_21				PTE10		FXIO1_D13		LPSPI4_PCS3		LPUART6_TX		I3C2_SCL		TPM4_CH2		I2S6_TX_BCLK		SDHC2_DQS		FLEXSPI2_B_DATA0		ENET0_1588_TMR2												VDD_PTE		PTE		Hiz		Hiz		Hiz

				B7		AL7		PTE11		PCR1_PTE11				PTE11		FXIO1_D12		SPDIF_OUT2				I3C2_SDA		TPM4_CH3		I2S6_TX_FS		FLEXSPI2_B_SCLK_b		FLEXSPI2_B_SS0_b		ENET0_1588_TMR1		DBI0_D6		EPDC0_PWRCTRL0										PTE11		FXIO1_D12				LPUART6_RX		I3C2_SDA		TPM4_CH3		I2S6_TX_FS						ENET0_1588_TMR1												VDD_PTE		PTE		Hiz		Hiz		Hiz

				F8		AG7		PTE12		PCR1_PTE12				PTE12		FXIO1_D11		LPSPI4_SIN				LPI2C7_SCL		TPM4_CH4		I2S6_TXD0		SDHC2_RESET_b		FLEXSPI2_B_SS1_b		ENET0_1588_TMR0		DBI0_D7		EPDC0_PWRCTRL1										PTE12		FXIO1_D11		LPSPI4_SIN		LPUART7_CTS_b		LPI2C7_SCL		TPM4_CH4								ENET0_1588_TMR0						WUU1_P5						VDD_PTE		PTE		Hiz		Hiz		Hiz

				B6		AJ7		PTE13		PCR1_PTE13				PTE13		FXIO1_D10		LPSPI4_SOUT		LPUART7_RTS_b		LPI2C7_SDA		TPM4_CH5		I2S6_TXD1								DBI0_D8		EPDC0_PWRCTRL2										PTE13		FXIO1_D10		LPSPI4_SOUT				LPI2C7_SDA		TPM4_CH5				SDHC1_WP				ENET0_1588_CLKIN												VDD_PTE		PTE		Hiz		Hiz		Hiz

				E6		AL5		PTE14		PCR1_PTE14				PTE14		FXIO1_D9		LPSPI4_SCK		LPUART7_TX						I2S6_TXD2						ENET0_MDIO		DBI0_D9		EPDC0_PWRCTRL3										PTE14		FXIO1_D9		LPSPI4_SCK		LPUART7_TX		LPI2C7_HREQ		TPM5_CLKIN				SDHC1_CD				ENET0_MDIO												VDD_PTE		PTE		Hiz		Hiz		Hiz

				A4		-		PTE15		PCR1_PTE15				PTE15		FXIO1_D8		LPSPI4_PCS0				I3C2_PUR		TPM5_CH0		I2S6_TXD3		MQS1_LEFT				ENET0_MDC		DBI0_D10		EPDC0_PWRCOM										PTE15		FXIO1_D8		LPSPI4_PCS0		LPUART7_RX				TPM5_CH0														WUU1_P6						VDD_PTE		PTE		Hiz		Hiz		Hiz

				B4		AM4		PTE16		PCR1_PTE16				PTE16		FXIO1_D7		LPSPI5_PCS1				LPI2C4_SCL		TPM5_CH1		MQS1_LEFT		MQS1_RIGHT				ENET0_TXEN		DBI0_D11				WDOG3_RST								PTE16		FXIO1_D7		LPSPI5_PCS1		LPUART4_CTS_b		LPI2C4_SCL		TPM5_CH1						USB0_ID						EPDC0_PWRIRQ								VDD_PTE		PTE		Hiz		Hiz		Hiz

				D6		AJ5		PTE17		PCR1_PTE17				PTE17		FXIO1_D6		LPSPI5_PCS2		LPUART4_RTS_b		LPI2C4_SDA				MQS1_RIGHT		SDHC1_VS		USB0_PWR				DBI0_D12												PTE17		FXIO1_D6		LPSPI5_PCS2				LPI2C4_SDA										ENET0_RXER				EPDC0_PWRSTAT								VDD_PTE		PTE		Hiz		Hiz		Hiz

				D5		AK4		PTE18		PCR1_PTE18				PTE18		FXIO1_D5		LPSPI5_PCS3		LPUART4_TX						I2S7_TX_BCLK								DBI0_D13		EPDC0_PWRWAKE										PTE18		FXIO1_D5		LPSPI5_PCS3		LPUART4_TX		LPI2C4_HREQ				I2S7_TX_BCLK				USB0_OC		ENET0_CRS_DV												VDD_PTE		PTE		Hiz		Hiz		Hiz

				B3		AL3		PTE19		PCR1_PTE19				PTE19		FXIO1_D4								I3C2_PUR		I2S7_TX_FS				USB1_PWR				DBI0_D14		EPDC0_GDCLK										PTE19		FXIO1_D4				LPUART4_RX		LPI2C5_HREQ				I2S7_TX_FS						ENET0_REFCLK						WUU1_P7						VDD_PTE		PTE		Hiz		Hiz		Hiz

				D10		AL11		PTE2		PCR1_PTE2				PTE2		FXIO1_D21				LPUART4_TX				TPM8_CH1				SDHC2_CLK		FLEXSPI2_B_DATA6		ENET0_TXER		DBI0_DCX		DPI0_D21						DEBUG_MUX1_13				PTE2		FXIO1_D21		SPDIF_IN3		LPUART4_TX		LPI2C4_HREQ		TPM8_CH1		EXT_AUD_MCLK3		SDHC2_CLK		FLEXSPI2_B_DATA6														VDD_PTE		PTE		Hiz		Hiz		Hiz

				A2		AH4		PTE20		PCR1_PTE20				PTE20		FXIO1_D3		LPSPI5_SIN				LPI2C5_SCL				I2S7_TXD0								DBI0_D15		EPDC0_GDOE										PTE20		FXIO1_D3		LPSPI5_SIN		LPUART5_CTS_b		LPI2C5_SCL								USB1_OC		ENET0_RXD1												VDD_PTE		PTE		Hiz		Hiz		Hiz

				D4		AF6		PTE21		PCR1_PTE21				PTE21		FXIO1_D2		LPSPI5_SOUT		LPUART5_RTS_b		LPI2C5_SDA				I2S7_TXD1										EPDC0_GDRL		WDOG4_RST								PTE21		FXIO1_D2		LPSPI5_SOUT				LPI2C5_SDA		TPM6_CLKIN						USB1_ID		ENET0_RXD0												VDD_PTE		PTE		Hiz		Hiz		Hiz

				B1		-		PTE22		PCR1_PTE22				PTE22		FXIO1_D1		LPSPI5_SCK		LPUART5_TX		I3C2_SCL		TPM6_CH0		I2S7_TXD2						ENET0_TXD1				EPDC0_SDOED		CLKOUT2								PTE22		FXIO1_D1		LPSPI5_SCK		LPUART5_TX		I3C2_SCL		TPM6_CH0						EXT_AUD_MCLK3														VDD_PTE		PTE		Hiz		Hiz		Hiz

				B2		-		PTE23		PCR1_PTE23				PTE23		FXIO1_D0		LPSPI5_PCS0				I3C2_SDA		TPM6_CH1		I2S7_TXD3						ENET0_TXD0				EPDC0_SDOEZ		CLKOUT1								PTE23		FXIO1_D0		LPSPI5_PCS0		LPUART5_RX		I3C2_SDA		TPM6_CH1						EXT_AUD_MCLK2														VDD_PTE		PTE		Hiz		Hiz		Hiz

				A8		AM10		PTE3		PCR1_PTE3				PTE3		FXIO1_D20		SPDIF_PLOCK						TPM8_CH2		I2S6_MCLK		SDHC2_CMD		FLEXSPI2_B_DATA5				DBI0_RWX		DPI0_D22						DEBUG_MUX1_14				PTE3		FXIO1_D20				LPUART4_RX				TPM8_CH2				SDHC2_CMD		FLEXSPI2_B_DATA5		ENET0_TXCLK						WUU1_P2						VDD_PTE		PTE		Hiz		Hiz		Hiz

				D9		AL9		PTE4		PCR1_PTE4				PTE4		FXIO1_D19		SPDIF_OUTCLK				LPI2C5_SCL		TPM8_CH3		I2S6_RX_BCLK		SDHC2_D3		FLEXSPI2_B_DATA4		ENET0_TXD3		DBI0_E		DPI0_D23						DEBUG_MUX1_15				PTE4		FXIO1_D19				LPUART5_CTS_b		LPI2C5_SCL		TPM8_CH3		I2S6_RX_BCLK		SDHC2_D3		FLEXSPI2_B_DATA4								WUU1_P3						VDD_PTE		PTE		Hiz		Hiz		Hiz

				B8		AG9		PTE5		PCR1_PTE5				PTE5		FXIO1_D18				LPUART5_RTS_b		LPI2C5_SDA		TPM8_CH4		I2S6_RX_FS		SDHC2_D2		FLEXSPI2_B_SS0_b		ENET0_TXD2		DBI0_D0								DEBUG_MUX1_16				PTE5		FXIO1_D18		SPDIF_IN1				LPI2C5_SDA		TPM8_CH4		I2S6_RX_FS		SDHC2_D2																VDD_PTE		PTE		Hiz		Hiz		Hiz

				F9		AM8		PTE6		PCR1_PTE6				PTE6		FXIO1_D17		SPDIF_OUT1		LPUART5_TX				TPM8_CH5				SDHC2_D4		FLEXSPI2_B_SCLK				DBI0_D1				WDOG5_RST				DEBUG_MUX1_17				PTE6		FXIO1_D17				LPUART5_TX		LPI2C5_HREQ		TPM8_CH5		I2S6_RXD0		SDHC2_D4		FLEXSPI2_B_SCLK		ENET0_RXCLK												VDD_PTE		PTE		Hiz		Hiz		Hiz

				E9		AJ9		PTE7		PCR1_PTE7				PTE7		FXIO1_D16												SDHC2_D5		FLEXSPI2_B_DATA3				DBI0_D2		EPDC0_BDR1						DEBUG_MUX1_18				PTE7		FXIO1_D16		SPDIF_IN2		LPUART5_RX		LPI2C6_HREQ		TPM4_CLKIN		I2S6_RXD1		SDHC2_D5		FLEXSPI2_B_DATA3		ENET0_RXD3						WUU1_P4						VDD_PTE		PTE		Hiz		Hiz		Hiz

				A6		AH8		PTE8		PCR1_PTE8				PTE8		FXIO1_D15		LPSPI4_PCS1				LPI2C6_SCL		TPM4_CH0				SDHC2_D6		FLEXSPI2_B_DATA2				DBI0_D3		EPDC0_BDR0						DEBUG_MUX1_19				PTE8		FXIO1_D15		LPSPI4_PCS1		LPUART6_CTS_b		LPI2C6_SCL		TPM4_CH0		I2S6_RXD2		SDHC2_D6		FLEXSPI2_B_DATA2		ENET0_RXD2												VDD_PTE		PTE		Hiz		Hiz		Hiz

				D8		AK8		PTE9		PCR1_PTE9				PTE9		FXIO1_D14		LPSPI4_PCS2		LPUART6_RTS_b		LPI2C6_SDA		TPM4_CH1				SDHC2_D7		FLEXSPI2_B_DATA1		ENET0_1588_TMR3		DBI0_D4		EPDC0_VCOM1						DEBUG_MUX1_20				PTE9		FXIO1_D14		LPSPI4_PCS2				LPI2C6_SDA		TPM4_CH1		I2S6_RXD3		SDHC2_D7		FLEXSPI2_B_DATA1		ENET0_1588_TMR3												VDD_PTE		PTE		Hiz		Hiz		Hiz

				E4		AE5		PTF0		PCR1_PTF0				PTF0		FXIO1_D0						LPI2C6_SCL				I2S7_RX_BCLK		SDHC1_D1						EPDC0_SDOE		DPI0_D23										PTF0		FXIO1_D0				LPUART6_CTS_b		LPI2C6_SCL				I2S7_RX_BCLK		SDHC1_D1		ENET0_RXD1		USB1_ID						WUU1_P8						VDD_PTF		PTF		Hiz		Hiz		Hiz

				H6		AJ3		PTF1		PCR1_PTF1				PTF1		FXIO1_D1				LPUART6_RTS_b		LPI2C6_SDA				I2S7_RX_FS		SDHC1_D0						EPDC0_SDSHR		DPI0_D22		WDOG3_RST				DEBUG_MUX1_22				PTF1		FXIO1_D1						LPI2C6_SDA				I2S7_RX_FS		SDHC1_D0		ENET0_RXD0														VDD_PTF		PTF		Hiz		Hiz		Hiz

				F2		AD2		PTF10		PCR1_PTF10				PTF10		FXIO1_D10		LPSPI4_SCK		LPUART4_TX				TPM7_CH5		I2S4_RX_BCLK						TRACE0_D12		EPDC0_D13		DPI0_D13						DEBUG_MUX1_31				PTF10		FXIO1_D10		LPSPI4_SCK		LPUART4_TX		LPI2C4_HREQ		TPM7_CH5		I2S4_RX_BCLK		SDHC1_DQS		ENET0_1588_CLKIN								BT1_CFG2						VDD_PTF		PTF		Hiz		Input(BT1_CFG2)		Hiz

				G2		AB6		PTF11		PCR1_PTF11				PTF11		FXIO1_D11		LPSPI4_PCS0								I2S4_RX_FS		SDHC1_RESET_b		ENET0_1588_TMR0		TRACE0_D11		EPDC0_D12		DPI0_D12						DEBUG_MUX1_32				PTF11		FXIO1_D11		LPSPI4_PCS0		LPUART4_RX				TPM4_CLKIN		I2S4_RX_FS				ENET0_1588_TMR0								BT1_CFG3						VDD_PTF		PTF		Hiz		Input(BT1_CFG3)		Hiz

				J4		AB4		PTF12		PCR1_PTF12				PTF12		FXIO1_D12		LPSPI5_PCS1				LPI2C5_SCL		TPM4_CH0						ENET0_1588_TMR1		TRACE0_D10		EPDC0_D11		DPI0_D11						DEBUG_MUX1_33				PTF12		FXIO1_D12		LPSPI5_PCS1		LPUART5_CTS_b		LPI2C5_SCL		TPM4_CH0		I2S4_RXD0		SDHC2_WP		ENET0_1588_TMR1								BT1_CFG4						VDD_PTF		PTF		Hiz		Input(BT1_CFG4)		Hiz

				F1		AE1		PTF13		PCR1_PTF13				PTF13		FXIO1_D13		LPSPI5_PCS2		LPUART5_RTS_b		LPI2C5_SDA		TPM4_CH1						ENET0_1588_TMR2		TRACE0_D9		EPDC0_D10		DPI0_D10										PTF13		FXIO1_D13		LPSPI5_PCS2				LPI2C5_SDA		TPM4_CH1		I2S4_RXD1		SDHC2_CD		ENET0_1588_TMR2								BT1_CFG5						VDD_PTF		PTF		Hiz		Input(BT1_CFG5)		Hiz

				J5		AB2		PTF14		PCR1_PTF14				PTF14		FXIO1_D14		LPSPI5_PCS3		LPUART5_TX				TPM4_CH2		I2S4_MCLK		SDHC2_VS		ENET0_1588_TMR3		TRACE0_D8		EPDC0_D9		DPI0_D9										PTF14		FXIO1_D14		LPSPI5_PCS3		LPUART5_TX		LPI2C5_HREQ		TPM4_CH2						ENET0_1588_TMR3								BT1_CFG6						VDD_PTF		PTF		Hiz		Input(BT1_CFG6)		Hiz

				H1		AC1		PTF15		PCR1_PTF15				PTF15		FXIO1_D15								TPM4_CH3		I2S4_TX_BCLK		SDHC2_D1				TRACE0_D7		EPDC0_D8		DPI0_D8										PTF15		FXIO1_D15				LPUART5_RX				TPM4_CH3		I2S4_TX_BCLK		SDHC2_D1		ENET0_RXD2								BT1_CFG7						VDD_PTF		PTF		Hiz		Input(BT1_CFG7)		Hiz

				H2		AA5		PTF16		PCR1_PTF16				PTF16		FXIO1_D16		LPSPI5_SIN				LPI2C6_SCL		TPM4_CH4		I2S4_TX_FS		SDHC2_D0				TRACE0_D6		EPDC0_D7		DPI0_D7										PTF16		FXIO1_D16		LPSPI5_SIN		LPUART6_CTS_b		LPI2C6_SCL		TPM4_CH4		I2S4_TX_FS		SDHC2_D0		ENET0_RXD3								BT1_CFG8						VDD_PTF		PTF		Hiz		Input(BT1_CFG8)		Hiz

				K2		AA3		PTF17		PCR1_PTF17				PTF17		FXIO1_D17		LPSPI5_SOUT		LPUART6_RTS_b		LPI2C6_SDA		TPM4_CH5		I2S4_TXD0		SDHC2_CLK				TRACE0_D5		EPDC0_D6		DPI0_D6										PTF17		FXIO1_D17		LPSPI5_SOUT				LPI2C6_SDA		TPM4_CH5				SDHC2_CLK		ENET0_RXCLK								BT1_CFG9						VDD_PTF		PTF		Hiz		Input(BT1_CFG9)		Hiz

				K4		AA1		PTF18		PCR1_PTF18				PTF18		FXIO1_D18		LPSPI5_SCK		LPUART6_TX						I2S4_TXD1		SDHC2_CMD		ENET0_TXD2		TRACE0_D4		EPDC0_D5		DPI0_D5										PTF18		FXIO1_D18		LPSPI5_SCK		LPUART6_TX		LPI2C6_HREQ		TPM5_CLKIN				SDHC2_CMD										BT1_CFG10						VDD_PTF		PTF		Hiz		Input(BT1_CFG10)		Hiz

				K1		Y4		PTF19		PCR1_PTF19				PTF19		FXIO1_D19		LPSPI5_PCS0						TPM5_CH0		I2S5_RX_BCLK		SDHC2_D3		ENET0_TXD3		TRACE0_D3		EPDC0_D4		DPI0_D4										PTF19		FXIO1_D19		LPSPI5_PCS0		LPUART6_RX				TPM5_CH0		I2S5_RX_BCLK		SDHC2_D3										BT1_CFG11						VDD_PTF		PTF		Hiz		Input(BT1_CFG11)		Hiz

				D2		AK2		PTF2		PCR1_PTF2				PTF2		FXIO1_D2				LPUART6_TX								SDHC1_CLK		ENET0_TXD1				EPDC0_SDCE9		DPI0_D21						DEBUG_MUX1_23				PTF2		FXIO1_D2				LPUART6_TX		LPI2C6_HREQ				I2S7_RXD0		SDHC1_CLK				USB0_ID												VDD_PTF		PTF		Hiz		Hiz		Hiz

				M6		Y2		PTF20		PCR1_PTF20				PTF20		FXIO1_D20						LPI2C7_SCL		TPM5_CH1		I2S5_RX_FS		SDHC2_D2				TRACE0_D2		EPDC0_D3		DPI0_D3										PTF20		FXIO1_D20				LPUART7_CTS_b		LPI2C7_SCL		TPM5_CH1		I2S5_RX_FS		SDHC2_D2		ENET0_TXCLK								BT1_CFG12						VDD_PTF		PTF		Hiz		Input(BT1_CFG12)		Hiz

				L2		V2		PTF21		PCR1_PTF21				PTF21		FXIO1_D21		SPDIF_OUTCLK		LPUART7_RTS_b		LPI2C7_SDA						SDHC2_D4				TRACE0_D1		EPDC0_D2		DPI0_D2										PTF21		FXIO1_D21						LPI2C7_SDA		TPM6_CLKIN		I2S5_RXD0		SDHC2_D4		ENET0_CRS								BT1_CFG13						VDD_PTF		PTF		Hiz		Input(BT1_CFG13)		Hiz

				M4		W1		PTF22		PCR1_PTF22				PTF22		FXIO1_D22				LPUART7_TX				TPM6_CH0				SDHC2_D5				TRACE0_D0		EPDC0_D1		DPI0_D1										PTF22		FXIO1_D22		SPDIF_IN1		LPUART7_TX		LPI2C7_HREQ		TPM6_CH0		I2S5_RXD1		SDHC2_D5		ENET0_COL								BT1_CFG14						VDD_PTF		PTF		Hiz		Input(BT1_CFG14)		Hiz

				M2		T4		PTF23		PCR1_PTF23				PTF23		FXIO1_D23		SPDIF_OUT1				I3C2_PUR		TPM6_CH1				SDHC2_D6		ENET0_TXER		TRACE0_CLKOUT		EPDC0_D0		DPI0_D0										PTF23		FXIO1_D23				LPUART7_RX				TPM6_CH1		I2S5_RXD2		SDHC2_D6										BT1_CFG15						VDD_PTF		PTF		Hiz		Input(BT1_CFG15)		Hiz

				M5		U3		PTF24		PCR1_PTF24				PTF24		FXIO1_D24						I3C2_SCL						SDHC2_D7				DBI0_WRX		EPDC0_SDCLK		DPI0_PCLK										PTF24		FXIO1_D24		SPDIF_IN2				I3C2_SCL				I2S5_RXD3		SDHC2_D7										WUU1_P12						VDD_PTF		PTF		Hiz		Hiz		Hiz

				M1		U5		PTF25		PCR1_PTF25				PTF25		FXIO1_D25		SPDIF_OUT2				I3C2_SDA		TPM7_CH5		I2S5_MCLK								EPDC0_GDSP		DPI0_VSYNC										PTF25		FXIO1_D25						I3C2_SDA		TPM7_CH5				SDHC2_DQS		EXT_AUD_MCLK2								WUU1_P13						VDD_PTF		PTF		Hiz		Hiz		Hiz

				N6		V4		PTF26		PCR1_PTF26				PTF26		FXIO1_D26										I2S5_TX_BCLK		SDHC2_RESET_b						EPDC0_SDLE		DPI0_HSYNC										PTF26		FXIO1_D26		SPDIF_IN3						TPM7_CLKIN		I2S5_TX_BCLK												WUU1_P14						VDD_PTF		PTF		Hiz		Hiz		Hiz

				P1		V6		PTF27		PCR1_PTF27				PTF27		FXIO1_D27		SPDIF_PLOCK						TPM7_CH0		I2S5_TX_FS								EPDC0_SDCE0		DPI0_DE										PTF27		FXIO1_D27								TPM7_CH0		I2S5_TX_FS		SDHC2_WP										WUU1_P15						VDD_PTF		PTF		Hiz		Hiz		Hiz

				N5		-		PTF28		PCR1_PTF28				PTF28		FXIO1_D28								TPM7_CH1		I2S5_TXD0								EPDC0_SDCLK_b												PTF28		FXIO1_D28		SPDIF_IN4						TPM7_CH1				SDHC2_CD																VDD_PTF		PTF		Hiz		Hiz		Hiz

				P2		-		PTF29		PCR1_PTF29				PTF29		FXIO1_D29		SPDIF_SRCLK						TPM7_CH2		I2S5_TXD1		SDHC2_VS						EPDC0_SDCE1				WDOG3_RST								PTF29		FXIO1_D29								TPM7_CH2																				VDD_PTF		PTF		Hiz		Hiz		Hiz

				F5		AF4		PTF3		PCR1_PTF3				PTF3		FXIO1_D3												SDHC1_CMD		ENET0_TXD0		USB0_PWR		EPDC0_SDCE8		DPI0_D20						DEBUG_MUX1_24				PTF3		FXIO1_D3				LPUART6_RX		LPI2C7_HREQ				I2S7_RXD1		SDHC1_CMD										WUU1_P9						VDD_PTF		PTF		Hiz		Hiz		Hiz

				N4		-		PTF30		PCR1_PTF30				PTF30		FXIO1_D30								TPM7_CH3		I2S5_TXD2		MQS1_LEFT						EPDC0_SDCE2				WDOG4_RST								PTF30		FXIO1_D30								TPM7_CH3																				VDD_PTF		PTF		Hiz		Hiz		Hiz

				P4		-		PTF31		PCR1_PTF31				PTF31		FXIO1_D31								TPM7_CH4		I2S5_TXD3		MQS1_RIGHT						EPDC0_SDCE3				WDOG5_RST								PTF31		FXIO1_D31								TPM7_CH4																				VDD_PTF		PTF		Hiz		Hiz		Hiz

				J6		AH2		PTF4		PCR1_PTF4				PTF4		FXIO1_D4		LPSPI4_PCS1				LPI2C7_SCL						SDHC1_D3		ENET0_TXEN				EPDC0_SDCE7		DPI0_D19						DEBUG_MUX1_25				PTF4		FXIO1_D4		LPSPI4_PCS1		LPUART7_CTS_b		LPI2C7_SCL		TPM7_CLKIN		I2S7_RXD2		SDHC1_D3				USB0_OC						WUU1_P10						VDD_PTF		PTF		Hiz		Hiz		Hiz

				F4		AD4		PTF5		PCR1_PTF5				PTF5		FXIO1_D5		LPSPI4_PCS2		LPUART7_RTS_b		LPI2C7_SDA		TPM7_CH0				SDHC1_D2				USB1_PWR		EPDC0_SDCE6		DPI0_D18						DEBUG_MUX1_26				PTF5		FXIO1_D5		LPSPI4_PCS2				LPI2C7_SDA		TPM7_CH0		I2S7_RXD3		SDHC1_D2		ENET0_RXER														VDD_PTF		PTF		Hiz		Hiz		Hiz

				H5		AF2		PTF6		PCR1_PTF6				PTF6		FXIO1_D6		LPSPI4_PCS3		LPUART7_TX		I3C2_SCL		TPM7_CH1		I2S7_MCLK		SDHC1_D4						EPDC0_SDCE5		DPI0_D17		WDOG4_RST				DEBUG_MUX1_27				PTF6		FXIO1_D6		LPSPI4_PCS3		LPUART7_TX		I3C2_SCL		TPM7_CH1				SDHC1_D4		ENET0_CRS_DV		USB1_OC												VDD_PTF		PTF		Hiz		Hiz		Hiz

				C2		AJ1		PTF7		PCR1_PTF7				PTF7		FXIO1_D7						I3C2_SDA		TPM7_CH2		MQS1_LEFT		SDHC1_D5				TRACE0_D15		EPDC0_SDCE4		DPI0_D16						DEBUG_MUX1_28				PTF7		FXIO1_D7				LPUART7_RX		I3C2_SDA		TPM7_CH2				SDHC1_D5		ENET0_REFCLK								WUU1_P11						VDD_PTF		PTF		Hiz		Hiz		Hiz

				H4		AG1		PTF8		PCR1_PTF8				PTF8		FXIO1_D8		LPSPI4_SIN				LPI2C4_SCL		TPM7_CH3		MQS1_RIGHT		SDHC1_D6		ENET0_MDIO		TRACE0_D14		EPDC0_D15		DPI0_D15						DEBUG_MUX1_29				PTF8		FXIO1_D8		LPSPI4_SIN		LPUART4_CTS_b		LPI2C4_SCL		TPM7_CH3				SDHC1_D6		ENET0_MDIO								BT1_CFG0						VDD_PTF		PTF		Hiz		Input(BT1_CFG0)		Hiz

				D1		AE3		PTF9		PCR1_PTF9				PTF9		FXIO1_D9		LPSPI4_SOUT		LPUART4_RTS_b		LPI2C4_SDA		TPM7_CH4				SDHC1_D7		ENET0_MDC		TRACE0_D13		EPDC0_D14		DPI0_D14						DEBUG_MUX1_30				PTF9		FXIO1_D9		LPSPI4_SOUT				LPI2C4_SDA		TPM7_CH4		EXT_AUD_MCLK2		SDHC1_D7										BT1_CFG1						VDD_PTF		PTF		Hiz		Input(BT1_CFG1)		Hiz





Muxing IO Signal Descriptions

		Function		Module		Description		Direction		Ana Func		1.8v Func		Input CR		Input CR #

		ADC0_CH0A		ADC0		ADC 0 A-side Analog Channel 0 input		I		Y		-				

		ADC0_CH0B		ADC0		ADC 0 B-side Analog Channel 0 input		I		Y		-				

		ADC0_CH1A		ADC0		ADC 0 A-side Analog Channel 1 input		I		Y		-				

		ADC0_CH1B		ADC0		ADC 0 B-side Analog Channel 1 input		I		Y		-				

		ADC0_CH2A		ADC0		ADC 0 A-side Analog Channel 2 input		I		Y		-				

		ADC0_CH2B		ADC0		ADC 0 B-side Analog Channel 2 input		I		Y		-				

		ADC0_CH3A		ADC0		ADC 0 A-side Analog Channel 3 input		I		Y		-				

		ADC0_CH3B		ADC0		ADC 0 B-side Analog Channel 3 input		I		Y		-				

		ADC0_CH4A		ADC0		ADC 0 A-side Analog Channel 4 input		I		Y		-				

		ADC0_CH4B		ADC0		ADC 0 B-side Analog Channel 4 input		I		Y		-				

		ADC0_CH5A		ADC0		ADC 0 A-side Analog Channel 5 input		I		Y		-				

		ADC0_CH5B		ADC0		ADC 0 B-side Analog Channel 5 input		I		Y		-				

		ADC1_CH0A		ADC1		ADC 1 A-side Analog Channel 0 input		I		Y		-				

		ADC1_CH0B		ADC1		ADC 1 B-side Analog Channel 0 input		I		Y		-				

		ADC1_CH1A		ADC1		ADC 1 A-side Analog Channel 1 input		I		Y		-				

		ADC1_CH1B		ADC1		ADC 1 B-side Analog Channel 1 input		I		Y		-				

		ADC1_CH2A		ADC1		ADC 1 A-side Analog Channel 2 input		I		Y		-				

		ADC1_CH2B		ADC1		ADC 1 B-side Analog Channel 2 input		I		Y		-				

		ADC1_CH3A		ADC1		ADC 1 A-side Analog Channel 3 input		I		Y		-				

		ADC1_CH3B		ADC1		ADC 1 B-side Analog Channel 3 input		I		Y		-				

		ADC1_CH4A		ADC1		ADC 1 A-side Analog Channel 4 input		I		Y		-				

		ADC1_CH4B		ADC1		ADC 1 B-side Analog Channel 4 input		I		Y		-				

		ADC1_CH5A		ADC1		ADC 1 A-side Analog Channel 5 input		I		Y		-				

		ADC1_CH5B		ADC1		ADC 1 B-side Analog Channel 5 input		I		Y		-				

		BT0_CFG0		SYSTEM		M33 Boot Configuration pin 0		I		N		N				

		BT0_CFG1		SYSTEM		M33 Boot Configuration pin 1		I		N		N				

		BT0_CFG10		SYSTEM		M33 Boot Configuration pin 2		I		N		N				

		BT0_CFG11		SYSTEM		M33 Boot Configuration pin 3		I		N		N				

		BT0_CFG12		SYSTEM		M33 Boot Configuration pin 4		I		N		N				

		BT0_CFG13		SYSTEM		M33 Boot Configuration pin 5		I		N		N				

		BT0_CFG14		SYSTEM		M33 Boot Configuration pin 6		I		N		N				

		BT0_CFG15		SYSTEM		M33 Boot Configuration pin 7		I		N		N				

		BT0_CFG2		SYSTEM		M33 Boot Configuration pin 12		I		N		N				

		BT0_CFG3		SYSTEM		M33 Boot Configuration pin 23		I		N		N				

		BT0_CFG4		SYSTEM		M33 Boot Configuration pin 26		I		N		N				

		BT0_CFG5		SYSTEM		M33 Boot Configuration pin 27		I		N		N				

		BT0_CFG6		SYSTEM		M33 Boot Configuration pin 28		I		N		N				

		BT0_CFG7		SYSTEM		M33 Boot Configuration pin 29		I		N		N				

		BT0_CFG8		SYSTEM		M33 Boot Configuration pin 30		I		N		N				

		BT0_CFG9		SYSTEM		M33 Boot Configuration pin 31		I		N		N				

		BT1_CFG0		SYSTEM		A35 Boot Configuration pin 0		I		N		N				

		BT1_CFG1		SYSTEM		A35 Boot Configuration pin 1		I		N		N				

		BT1_CFG10		SYSTEM		A35 Boot Configuration pin 2		I		N		N				

		BT1_CFG11		SYSTEM		A35 Boot Configuration pin 3		I		N		N				

		BT1_CFG12		SYSTEM		A35 Boot Configuration pin 4		I		N		N				

		BT1_CFG13		SYSTEM		A35 Boot Configuration pin 5		I		N		N				

		BT1_CFG14		SYSTEM		A35 Boot Configuration pin 6		I		N		N				

		BT1_CFG15		SYSTEM		A35 Boot Configuration pin 7		I		N		N				

		BT1_CFG2		SYSTEM		A35 Boot Configuration pin 12		I		N		N				

		BT1_CFG3		SYSTEM		A35 Boot Configuration pin 23		I		N		N				

		BT1_CFG4		SYSTEM		A35 Boot Configuration pin 26		I		N		N				

		BT1_CFG5		SYSTEM		A35 Boot Configuration pin 27		I		N		N				

		BT1_CFG6		SYSTEM		A35 Boot Configuration pin 28		I		N		N				

		BT1_CFG7		SYSTEM		A35 Boot Configuration pin 29		I		N		N				

		BT1_CFG8		SYSTEM		A35 Boot Configuration pin 30		I		N		N				

		BT1_CFG9		SYSTEM		A35 Boot Configuration pin 31		I		N		N				

		CAN0_RX		CAN0		FlexCan RX line		I		N		N		PSMI0_CAN0_RX		634

		CAN0_TX		CAN0		FlexCan TX line		O		N		N				

		CLKOUT0		SYSTEM		RTD System Clock Output		O		N		N				

		CLKOUT1		SYSTEM		AD System Clock Output		O		N		N				

		CLKOUT2		SYSTEM		LPAV System Clock Output		O		N		N				

		CMP0_IN0		CMP0		CMP0 Analog Voltage Input 0 (1.8v range)		I		Y		-				

		CMP0_IN1		CMP0		CMP0 Analog Voltage Input 1 (1.8v range)		I		Y		-				

		CMP0_IN2		CMP0		CMP0 Analog Voltage Input 2 (3.3v range)		I		Y		-				

		CMP0_IN3		CMP0		CMP0 Analog Voltage Input 3 (3.3v range)		I		Y		-				

		CMP0_IN4		CMP0		CMP0 Analog Voltage Input 4 (3.3v range)		I		Y		-				

		CMP0_IN5		CMP0		CMP0 Analog Voltage Input 5 (3.3v range)		I		Y		-				

		CMP0_OUT		CMP0		CMP0 Output		O		N		N				

		CMP1_IN0		CMP1		CMP1 Analog Voltage Input 0 (1.8v range)		I		Y		-				

		CMP1_IN1		CMP1		CMP1 Analog Voltage Input 1 (1.8v range)		I		Y		-				

		CMP1_IN2		CMP1		CMP1 Analog Voltage Input 2 (3.3v range)		I		Y		-				

		CMP1_IN3		CMP1		CMP1 Analog Voltage Input 3 (3.3v range)		I		Y		-				

		CMP1_IN4		CMP1		CMP1 Analog Voltage Input 4 (3.3v range)		I		Y		-				

		CMP1_IN5		CMP1		CMP1 Analog Voltage Input 5 (3.3v range)		I		Y		-				

		CMP1_OUT		CMP1		CMP1 Output		O		N		N				

		DBI0_CSX		DCNano		DBI Chip Select		O		N		N				

		DBI0_D0		DCNano		DBI data		O		N		N				

		DBI0_D1		DCNano		DBI data		O		N		N				

		DBI0_D10		DCNano		DBI data		O		N		N				

		DBI0_D11		DCNano		DBI data		O		N		N				

		DBI0_D12		DCNano		DBI data		O		N		N				

		DBI0_D13		DCNano		DBI data		O		N		N				

		DBI0_D14		DCNano		DBI data		O		N		N				

		DBI0_D15		DCNano		DBI data		O		N		N				

		DBI0_D2		DCNano		DBI data		O		N		N				

		DBI0_D3		DCNano		DBI data		O		N		N				

		DBI0_D4		DCNano		DBI data		O		N		N				

		DBI0_D5		DCNano		DBI data		O		N		N				

		DBI0_D6		DCNano		DBI data		O		N		N				

		DBI0_D7		DCNano		DBI data		O		N		N				

		DBI0_D8		DCNano		DBI data		O		N		N				

		DBI0_D9		DCNano		DBI data		O		N		N				

		DBI0_DCX		DCNano		DBI Data/Command		O		N		N				

		DBI0_E		DCNano		DBI Enable		O		N		N				

		DBI0_RWX		DCNano		DBI Read/Write		O		N		N				

		DBI0_WRX		DCNano		DBI Write		O		N		N				

		DEBUG_MUX1_0		DEBUG_MUX1		LPAV Debug Signals Mux Output 0		O		N		N				

		DEBUG_MUX1_1		DEBUG_MUX1		LPAV Debug Signals Mux Output 1		O		N		N				

		DEBUG_MUX1_10		DEBUG_MUX1		LPAV Debug Signals Mux Output 10		O		N		N				

		DEBUG_MUX1_11		DEBUG_MUX1		LPAV Debug Signals Mux Output 11		O		N		N				

		DEBUG_MUX1_12		DEBUG_MUX1		LPAV Debug Signals Mux Output 12		O		N		N				

		DEBUG_MUX1_13		DEBUG_MUX1		LPAV Debug Signals Mux Output 13		O		N		N				

		DEBUG_MUX1_14		DEBUG_MUX1		LPAV Debug Signals Mux Output 14		O		N		N				

		DEBUG_MUX1_15		DEBUG_MUX1		LPAV Debug Signals Mux Output 15		O		N		N				

		DEBUG_MUX1_16		DEBUG_MUX1		LPAV Debug Signals Mux Output 16		O		N		N				

		DEBUG_MUX1_17		DEBUG_MUX1		LPAV Debug Signals Mux Output 17		O		N		N				

		DEBUG_MUX1_18		DEBUG_MUX1		LPAV Debug Signals Mux Output 18		O		N		N				

		DEBUG_MUX1_19		DEBUG_MUX1		LPAV Debug Signals Mux Output 19		O		N		N				

		DEBUG_MUX1_2		DEBUG_MUX1		LPAV Debug Signals Mux Output 2		O		N		N				

		DEBUG_MUX1_20		DEBUG_MUX1		LPAV Debug Signals Mux Output 20		O		N		N				

		DEBUG_MUX1_21		DEBUG_MUX1		LPAV Debug Signals Mux Output 21		O		N		N				

		DEBUG_MUX1_22		DEBUG_MUX1		LPAV Debug Signals Mux Output 22		O		N		N				

		DEBUG_MUX1_23		DEBUG_MUX1		LPAV Debug Signals Mux Output 23		O		N		N				

		DEBUG_MUX1_24		DEBUG_MUX1		LPAV Debug Signals Mux Output 24		O		N		N				

		DEBUG_MUX1_25		DEBUG_MUX1		LPAV Debug Signals Mux Output 25		O		N		N				

		DEBUG_MUX1_26		DEBUG_MUX1		LPAV Debug Signals Mux Output 26		O		N		N				

		DEBUG_MUX1_27		DEBUG_MUX1		LPAV Debug Signals Mux Output 27		O		N		N				

		DEBUG_MUX1_28		DEBUG_MUX1		LPAV Debug Signals Mux Output 28		O		N		N				

		DEBUG_MUX1_29		DEBUG_MUX1		LPAV Debug Signals Mux Output 29		O		N		N				

		DEBUG_MUX1_3		DEBUG_MUX1		LPAV Debug Signals Mux Output 3		O		N		N				

		DEBUG_MUX1_30		DEBUG_MUX1		LPAV Debug Signals Mux Output 30		O		N		N				

		DEBUG_MUX1_31		DEBUG_MUX1		LPAV Debug Signals Mux Output 31		O		N		N				

		DEBUG_MUX1_32		DEBUG_MUX1		LPAV Debug Signals Mux Output 32		O		N		N				

		DEBUG_MUX1_33		DEBUG_MUX1		LPAV Debug Signals Mux Output 33		O		N		N				

		DEBUG_MUX1_4		DEBUG_MUX1		LPAV Debug Signals Mux Output 4		O		N		N				

		DEBUG_MUX1_5		DEBUG_MUX1		LPAV Debug Signals Mux Output 5		O		N		N				

		DEBUG_MUX1_6		DEBUG_MUX1		LPAV Debug Signals Mux Output 6		O		N		N				

		DEBUG_MUX1_7		DEBUG_MUX1		LPAV Debug Signals Mux Output 7		O		N		N				

		DEBUG_MUX1_8		DEBUG_MUX1		LPAV Debug Signals Mux Output 8		O		N		N				

		DEBUG_MUX1_9		DEBUG_MUX1		LPAV Debug Signals Mux Output 9		O		N		N				

		DPI0_D0		DCNano		DPI data		O		N		N				

		DPI0_D1		DCNano		DPI data		O		N		N				

		DPI0_D10		DCNano		DPI data		O		N		N				

		DPI0_D11		DCNano		DPI data		O		N		N				

		DPI0_D12		DCNano		DPI data		O		N		N				

		DPI0_D13		DCNano		DPI data		O		N		N				

		DPI0_D14		DCNano		DPI data		O		N		N				

		DPI0_D15		DCNano		DPI data		O		N		N				

		DPI0_D16		DCNano		DPI data		O		N		N				

		DPI0_D17		DCNano		DPI data		O		N		N				

		DPI0_D18		DCNano		DPI data		O		N		N				

		DPI0_D19		DCNano		DPI data		O		N		N				

		DPI0_D2		DCNano		DPI data		O		N		N				

		DPI0_D20		DCNano		DPI data		O		N		N				

		DPI0_D21		DCNano		DPI data		O		N		N				

		DPI0_D22		DCNano		DPI data		O		N		N				

		DPI0_D23		DCNano		DPI data		O		N		N				

		DPI0_D3		DCNano		DPI data		O		N		N				

		DPI0_D4		DCNano		DPI data		O		N		N				

		DPI0_D5		DCNano		DPI data		O		N		N				

		DPI0_D6		DCNano		DPI data		O		N		N				

		DPI0_D7		DCNano		DPI data		O		N		N				

		DPI0_D8		DCNano		DPI data		O		N		N				

		DPI0_D9		DCNano		DPI data		O		N		N				

		DPI0_DE		DCNano		DPI Display Enable		O		N		N				

		DPI0_HSYNC		DCNano		DPI Horizontal Sync		O		N		N				

		DPI0_PCLK		DCNano		DPI Pixel Clock		O		N		N				

		DPI0_VSYNC		DCNano		DPI Vertical Sync		O		N		N				

		ENET0_1588_CLKIN		ENET0		IEEE 1588 Ethernet clock input		I		N		N		PSMI1_ENET0_1588_CLKIN		692

		ENET0_1588_TMR0		ENET0		Capture/Compare block input event bus		I/O		N		N		PSMI1_ENET0_1588_TMR0		693

		ENET0_1588_TMR1		ENET0		Capture/Compare block input event bus		I/O		N		N		PSMI1_ENET0_1588_TMR1		694

		ENET0_1588_TMR2		ENET0		Capture/Compare block input event bus		I/O		N		N		PSMI1_ENET0_1588_TMR2		695

		ENET0_1588_TMR3		ENET0		Capture/Compare block input event bus		I/O		N		N		PSMI1_ENET0_1588_TMR3		696

		ENET0_COL		ENET0		Ethernet Collision Detected		I		N		N		PSMI1_ENET0_COL		697

		ENET0_CRS		ENET0		Ethernet Collision Detected		I		N		N		PSMI1_ENET0_CRS		698

		ENET0_CRS_DV		ENET0		Ethernet Carrier Sense / 		I		N		N		PSMI1_ENET0_CRS_DV		699

		ENET0_MDC		ENET0		Ethernet Output clock		O		N		N				

		ENET0_MDIO		ENET0		Ethernet Transfer Control Information		I/O		N		N		PSMI1_ENET0_MDIO		700

		ENET0_REFCLK		ENET0		Ethernet Reference Clock		I		N		N		PSMI1_ENET0_REFCLK		701

		ENET0_RXCLK		ENET0		Ethernet RX Clock		I		N		N		PSMI1_ENET0_RXCLK		707

		ENET0_RXD0		ENET0		Ethernet Serial Input Data		I		N		N		PSMI1_ENET0_RXD0		702

		ENET0_RXD1		ENET0		Ethernet Serial Input Data		I		N		N		PSMI1_ENET0_RXD1		703

		ENET0_RXD2		ENET0		Ethernet Serial Input Data		I		N		N		PSMI1_ENET0_RXD2		704

		ENET0_RXD3		ENET0		Ethernet Serial Input Data		I		N		N		PSMI1_ENET0_RXD3		705

		ENET0_RXER		ENET0		Ethernet RX Error		I		N		N		PSMI1_ENET0_RXER		706

		ENET0_TXCLK		ENET0		Ethernet TX Clock		I		N		N		PSMI1_ENET0_TXCLK		708

		ENET0_TXD0		ENET0		Ethernet Serial Output Data		O		N		N				

		ENET0_TXD1		ENET0		Ethernet Serial Output Data		O		N		N				

		ENET0_TXD2		ENET0		Ethernet Serial Output Data		O		N		N				

		ENET0_TXD3		ENET0		Ethernet Serial Output Data		O		N		N				

		ENET0_TXEN		ENET0		Ethernet Valid TX Data		O		N		N				

		ENET0_TXER		ENET0		Ethernet TX Error		O		N		N				

		EPDC0_BDR0		EPDC0		EPDC Panel-Border Control		O		N		N				

		EPDC0_BDR1		EPDC0		EPDC Panel-Border Control		O		N		N				

		EPDC0_D0		EPDC0		EPDC Data		O		N		N				

		EPDC0_D1		EPDC0		EPDC Data		O		N		N				

		EPDC0_D10		EPDC0		EPDC Data		O		N		N				

		EPDC0_D11		EPDC0		EPDC Data		O		N		N				

		EPDC0_D12		EPDC0		EPDC Data		O		N		N				

		EPDC0_D13		EPDC0		EPDC Data		O		N		N				

		EPDC0_D14		EPDC0		EPDC Data		O		N		N				

		EPDC0_D15		EPDC0		EPDC Data		O		N		N				

		EPDC0_D2		EPDC0		EPDC Data		O		N		N				

		EPDC0_D3		EPDC0		EPDC Data		O		N		N				

		EPDC0_D4		EPDC0		EPDC Data		O		N		N				

		EPDC0_D5		EPDC0		EPDC Data		O		N		N				

		EPDC0_D6		EPDC0		EPDC Data		O		N		N				

		EPDC0_D7		EPDC0		EPDC Data		O		N		N				

		EPDC0_D8		EPDC0		EPDC Data		O		N		N				

		EPDC0_D9		EPDC0		EPDC Data		O		N		N				

		EPDC0_GDCLK		EPDC0		EPDC Gate Driver-Clock		O		N		N				

		EPDC0_GDOE		EPDC0		EPDC Source Driver-Output Enable		O		N		N				

		EPDC0_GDRL		EPDC0		EPDC Gate Driver-Shift direction		O		N		N				

		EPDC0_GDSP		EPDC0		EPDC Gate Driver-Start Pulse		O		N		N				

		EPDC0_PWRCOM		EPDC0		EPDC Panel-Power control		O		N		N				

		EPDC0_PWRCTRL0		EPDC0		EPDC Panel-Power control		O		N		N				

		EPDC0_PWRCTRL1		EPDC0		EPDC Panel-Power control		O		N		N				

		EPDC0_PWRCTRL2		EPDC0		EPDC Panel-Power control		O		N		N				

		EPDC0_PWRCTRL3		EPDC0		EPDC Panel-Power control		O		N		N				

		EPDC0_PWRIRQ		EPDC0		EPDC Panel-Power IRQ		I		N		N				

		EPDC0_PWRSTAT		EPDC0		EPDC Panel-Power control status good		I		N		N				

		EPDC0_PWRWAKE		EPDC0		EPDC Panel-Power control wake		O		N		N				

		EPDC0_SDCE0		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE1		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE2		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE3		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE4		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE5		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE6		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE7		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE8		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCE9		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O		N		N				

		EPDC0_SDCLK		EPDC0		EPDC Source Driver-Shift Clock		O		N		N				

		EPDC0_SDCLK_b		EPDC0		EPDC Negative Source Driver-Shift Clock		O		N		N				

		EPDC0_SDLE		EPDC0		EPDC Source Driver-Latch Enable		O		N		N				

		EPDC0_SDOE		EPDC0		EPDC Source Driver-Output Enable		O		N		N				

		EPDC0_SDOED		EPDC0		EPDC Source Driver-Output Enable (to VDD)		O		N		N				

		EPDC0_SDOEZ		EPDC0		EPDC Source Driver-Output Enable (to Zero)		O		N		N				

		EPDC0_SDSHR		EPDC0		EPDC Source Driver-Shift dir		O		N		N				

		EPDC0_VCOM0		EPDC0		EPDC Panel-VCOM		O		N		N				

		EPDC0_VCOM1		EPDC0		EPDC Panel-VCOM		O		N		N				

		EWM0_IN		EWM0		EWM External Input		I		N		N		PSMI0_EWM0_IN		514

		EWM0_OUT_b		EWM0		EWM Reset Out Signal		O		N		N				

		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I		N		N		PSMI0_EXT_AUD_MCLK0		515

		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I		N		N		PSMI0_EXT_AUD_MCLK1		516

		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I		N		N		PSMI1_EXT_AUD_MCLK2		512

		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I		N		N		PSMI1_EXT_AUD_MCLK3		709

		FLEXSPI0_A_DATA0		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA1		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA2		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA3		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA4		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA5		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA6		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DATA7		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O		N		N				

		FLEXSPI0_A_DQS		FLEXSPI0		FLEXSPI0 Data Strobe signal Flash A		I/O		N		N				

		FLEXSPI0_A_SCLK		FLEXSPI0		FLEXSPI0 Serial Clock Flash A		I/O		N		N				

		FLEXSPI0_A_SCLK_b		FLEXSPI0		FLEXSPI0 Serial Clock Flash A (Inversed)		O		N		N				

		FLEXSPI0_A_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash A1		O		N		N				

		FLEXSPI0_A_SS1_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash A2		O		N		N				

		FLEXSPI0_B_DATA0		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA1		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA2		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA3		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA4		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA5		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA6		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DATA7		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O		N		N				

		FLEXSPI0_B_DQS		FLEXSPI0		FLEXSPI0 Data Strobe signal Flash B		I/O		N		N				

		FLEXSPI0_B_SCLK		FLEXSPI0		FLEXSPI0 Serial Clock Flash B		I/O		N		N				

		FLEXSPI0_B_SCLK_b		FLEXSPI0		FLEXSPI0 Serial Clock Flash B (Inversed)		O		N		N				

		FLEXSPI0_B_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash B1		O		N		N				

		FLEXSPI0_B_SS1_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash B2		O		N		N				

		FLEXSPI1_A_DATA0		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA0		566

		FLEXSPI1_A_DATA1		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA1		567

		FLEXSPI1_A_DATA2		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA2		568

		FLEXSPI1_A_DATA3		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA3		569

		FLEXSPI1_A_DATA4		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA4		570

		FLEXSPI1_A_DATA5		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA5		571

		FLEXSPI1_A_DATA6		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA6		572

		FLEXSPI1_A_DATA7		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DATA7		573

		FLEXSPI1_A_DQS		FLEXSPI1		FLEXSPI1 Data Strobe signal Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_DQS		574

		FLEXSPI1_A_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash A		I/O		N		N		PSMI0_FLEXSPI1_A_SCLK		575

		FLEXSPI1_A_SCLK_b		FLEXSPI1		FLEXSPI1 Serial Clock Flash A (Inversed)		O		N		N				

		FLEXSPI1_A_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A1		O		N		N				

		FLEXSPI1_A_SS1_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A2		O		N		N				

		FLEXSPI1_B_DATA0		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA0		576

		FLEXSPI1_B_DATA1		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA1		577

		FLEXSPI1_B_DATA2		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA2		578

		FLEXSPI1_B_DATA3		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA3		579

		FLEXSPI1_B_DATA4		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA4		580

		FLEXSPI1_B_DATA5		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA5		581

		FLEXSPI1_B_DATA6		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA6		582

		FLEXSPI1_B_DATA7		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DATA7		583

		FLEXSPI1_B_DQS		FLEXSPI1		FLEXSPI1 Data Strobe signal Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_DQS		584

		FLEXSPI1_B_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash B		I/O		N		N		PSMI0_FLEXSPI1_B_SCLK		585

		FLEXSPI1_B_SCLK_b		FLEXSPI1		FLEXSPI1 Serial Clock Flash B (Inversed)		O		N		N				

		FLEXSPI1_B_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash B1		O		N		N				

		FLEXSPI1_B_SS1_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash B2		O		N		N				

		FLEXSPI2_A_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA0		587

		FLEXSPI2_A_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA1		588

		FLEXSPI2_A_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA2		589

		FLEXSPI2_A_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA3		590

		FLEXSPI2_A_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA4		591

		FLEXSPI2_A_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA5		592

		FLEXSPI2_A_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA6		593

		FLEXSPI2_A_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DATA7		594

		FLEXSPI2_A_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_DQS		595

		FLEXSPI2_A_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash A		I/O		N		N		PSMI1_FLEXSPI2_A_SCLK		596

		FLEXSPI2_A_SCLK_b		FLEXSPI2		FLEXSPI2 Serial Clock Flash A (Inversed)		O		N		N				

		FLEXSPI2_A_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash A1		O		N		N				

		FLEXSPI2_A_SS1_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash A2		O		N		N				

		FLEXSPI2_B_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA0		597

		FLEXSPI2_B_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA1		598

		FLEXSPI2_B_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA2		599

		FLEXSPI2_B_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA3		600

		FLEXSPI2_B_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA4		601

		FLEXSPI2_B_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA5		602

		FLEXSPI2_B_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA6		603

		FLEXSPI2_B_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DATA7		604

		FLEXSPI2_B_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_DQS		605

		FLEXSPI2_B_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash B		I/O		N		N		PSMI1_FLEXSPI2_B_SCLK		606

		FLEXSPI2_B_SCLK_b		FLEXSPI2		FLEXSPI2 Serial Clock Flash B (Inversed)		O		N		N				

		FLEXSPI2_B_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B1		O		N		N				

		FLEXSPI2_B_SS1_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B2		O		N		N				

		FXIO0_D0		FXIO0		FlexIO 0 Shifter and Timer Pin 0		I/O		N		N		PSMI0_FXIO0_D0		518

		FXIO0_D1		FXIO0		FlexIO 0 Shifter and Timer Pin 1		I/O		N		N		PSMI0_FXIO0_D1		519

		FXIO0_D10		FXIO0		FlexIO 0 Shifter and Timer Pin 10		I/O		N		N		PSMI0_FXIO0_D10		520

		FXIO0_D11		FXIO0		FlexIO 0 Shifter and Timer Pin 11		I/O		N		N		PSMI0_FXIO0_D11		521

		FXIO0_D12		FXIO0		FlexIO 0 Shifter and Timer Pin 12		I/O		N		N		PSMI0_FXIO0_D12		522

		FXIO0_D13		FXIO0		FlexIO 0 Shifter and Timer Pin 13		I/O		N		N		PSMI0_FXIO0_D13		523

		FXIO0_D14		FXIO0		FlexIO 0 Shifter and Timer Pin 14		I/O		N		N		PSMI0_FXIO0_D14		524

		FXIO0_D15		FXIO0		FlexIO 0 Shifter and Timer Pin 15		I/O		N		N		PSMI0_FXIO0_D15		525

		FXIO0_D16		FXIO0		FlexIO 0 Shifter and Timer Pin 16		I/O		N		N		PSMI0_FXIO0_D16		526

		FXIO0_D17		FXIO0		FlexIO 0 Shifter and Timer Pin 17		I/O		N		N		PSMI0_FXIO0_D17		527

		FXIO0_D18		FXIO0		FlexIO 0 Shifter and Timer Pin 18		I/O		N		N		PSMI0_FXIO0_D18		528

		FXIO0_D19		FXIO0		FlexIO 0 Shifter and Timer Pin 19		I/O		N		N		PSMI0_FXIO0_D19		529

		FXIO0_D2		FXIO0		FlexIO 0 Shifter and Timer Pin 2		I/O		N		N		PSMI0_FXIO0_D2		530

		FXIO0_D20		FXIO0		FlexIO 0 Shifter and Timer Pin 20		I/O		N		N		PSMI0_FXIO0_D20		531

		FXIO0_D21		FXIO0		FlexIO 0 Shifter and Timer Pin 21		I/O		N		N		PSMI0_FXIO0_D21		532

		FXIO0_D22		FXIO0		FlexIO 0 Shifter and Timer Pin 22		I/O		N		N		PSMI0_FXIO0_D22		533

		FXIO0_D23		FXIO0		FlexIO 0 Shifter and Timer Pin 23		I/O		N		N		PSMI0_FXIO0_D23		534

		FXIO0_D24		FXIO0		FlexIO 0 Shifter and Timer Pin 24		I/O		N		N		PSMI0_FXIO0_D24		535

		FXIO0_D25		FXIO0		FlexIO 0 Shifter and Timer Pin 25		I/O		N		N		PSMI0_FXIO0_D25		536

		FXIO0_D26		FXIO0		FlexIO 0 Shifter and Timer Pin 26		I/O		N		N		PSMI0_FXIO0_D26		537

		FXIO0_D27		FXIO0		FlexIO 0 Shifter and Timer Pin 27		I/O		N		N		PSMI0_FXIO0_D27		538

		FXIO0_D28		FXIO0		FlexIO 0 Shifter and Timer Pin 28		I/O		N		N		PSMI0_FXIO0_D28		539

		FXIO0_D29		FXIO0		FlexIO 0 Shifter and Timer Pin 29		I/O		N		N		PSMI0_FXIO0_D29		540

		FXIO0_D3		FXIO0		FlexIO 0 Shifter and Timer Pin 3		I/O		N		N		PSMI0_FXIO0_D3		541

		FXIO0_D30		FXIO0		FlexIO 0 Shifter and Timer Pin 30		I/O		N		N		PSMI0_FXIO0_D30		542

		FXIO0_D31		FXIO0		FlexIO 0 Shifter and Timer Pin 31		I/O		N		N		PSMI0_FXIO0_D31		543

		FXIO0_D4		FXIO0		FlexIO 0 Shifter and Timer Pin 4		I/O		N		N		PSMI0_FXIO0_D4		544

		FXIO0_D5		FXIO0		FlexIO 0 Shifter and Timer Pin 5		I/O		N		N		PSMI0_FXIO0_D5		545

		FXIO0_D6		FXIO0		FlexIO 0 Shifter and Timer Pin 6		I/O		N		N		PSMI0_FXIO0_D6		546

		FXIO0_D7		FXIO0		FlexIO 0 Shifter and Timer Pin 7		I/O		N		N		PSMI0_FXIO0_D7		547

		FXIO0_D8		FXIO0		FlexIO 0 Shifter and Timer Pin 8		I/O		N		N		PSMI0_FXIO0_D8		548

		FXIO0_D9		FXIO0		FlexIO 0 Shifter and Timer Pin 9		I/O		N		N		PSMI0_FXIO0_D9		549

		FXIO1_D0		FXIO1		FlexIO 1 Shifter and Timer Pin 0		I/O		N		N		PSMI1_FXIO1_D0		527

		FXIO1_D1		FXIO1		FlexIO 1 Shifter and Timer Pin 1		I/O		N		N		PSMI1_FXIO1_D1		528

		FXIO1_D10		FXIO1		FlexIO 1 Shifter and Timer Pin 10		I/O		N		N		PSMI1_FXIO1_D10		529

		FXIO1_D11		FXIO1		FlexIO 1 Shifter and Timer Pin 11		I/O		N		N		PSMI1_FXIO1_D11		530

		FXIO1_D12		FXIO1		FlexIO 1 Shifter and Timer Pin 12		I/O		N		N		PSMI1_FXIO1_D12		531

		FXIO1_D13		FXIO1		FlexIO 1 Shifter and Timer Pin 13		I/O		N		N		PSMI1_FXIO1_D13		532

		FXIO1_D14		FXIO1		FlexIO 1 Shifter and Timer Pin 14		I/O		N		N		PSMI1_FXIO1_D14		533

		FXIO1_D15		FXIO1		FlexIO 1 Shifter and Timer Pin 15		I/O		N		N		PSMI1_FXIO1_D15		534

		FXIO1_D16		FXIO1		FlexIO 1 Shifter and Timer Pin 16		I/O		N		N		PSMI1_FXIO1_D16		535

		FXIO1_D17		FXIO1		FlexIO 1 Shifter and Timer Pin 17		I/O		N		N		PSMI1_FXIO1_D17		536

		FXIO1_D18		FXIO1		FlexIO 1 Shifter and Timer Pin 18		I/O		N		N		PSMI1_FXIO1_D18		537

		FXIO1_D19		FXIO1		FlexIO 1 Shifter and Timer Pin 19		I/O		N		N		PSMI1_FXIO1_D19		538

		FXIO1_D2		FXIO1		FlexIO 1 Shifter and Timer Pin 2		I/O		N		N		PSMI1_FXIO1_D2		539

		FXIO1_D20		FXIO1		FlexIO 1 Shifter and Timer Pin 20		I/O		N		N		PSMI1_FXIO1_D20		540

		FXIO1_D21		FXIO1		FlexIO 1 Shifter and Timer Pin 21		I/O		N		N		PSMI1_FXIO1_D21		541

		FXIO1_D22		FXIO1		FlexIO 1 Shifter and Timer Pin 22		I/O		N		N		PSMI1_FXIO1_D22		542

		FXIO1_D23		FXIO1		FlexIO 1 Shifter and Timer Pin 23		I/O		N		N		PSMI1_FXIO1_D23		543

		FXIO1_D24		FXIO1		FlexIO 1 Shifter and Timer Pin 24		I/O		N		N		PSMI1_FXIO1_D24		544

		FXIO1_D25		FXIO1		FlexIO 1 Shifter and Timer Pin 25		I/O		N		N		PSMI1_FXIO1_D25		545

		FXIO1_D26		FXIO1		FlexIO 1 Shifter and Timer Pin 26		I/O		N		N		PSMI1_FXIO1_D26		546

		FXIO1_D27		FXIO1		FlexIO 1 Shifter and Timer Pin 27		I/O		N		N		PSMI1_FXIO1_D27		547

		FXIO1_D28		FXIO1		FlexIO 1 Shifter and Timer Pin 28		I/O		N		N		PSMI1_FXIO1_D28		548

		FXIO1_D29		FXIO1		FlexIO 1 Shifter and Timer Pin 29		I/O		N		N		PSMI1_FXIO1_D29		549

		FXIO1_D3		FXIO1		FlexIO 1 Shifter and Timer Pin 3		I/O		N		N		PSMI1_FXIO1_D3		550

		FXIO1_D30		FXIO1		FlexIO 1 Shifter and Timer Pin 30		I/O		N		N		PSMI1_FXIO1_D30		551

		FXIO1_D31		FXIO1		FlexIO 1 Shifter and Timer Pin 31		I/O		N		N		PSMI1_FXIO1_D31		552

		FXIO1_D4		FXIO1		FlexIO 1 Shifter and Timer Pin 4		I/O		N		N		PSMI1_FXIO1_D4		553

		FXIO1_D5		FXIO1		FlexIO 1 Shifter and Timer Pin 5		I/O		N		N		PSMI1_FXIO1_D5		554

		FXIO1_D6		FXIO1		FlexIO 1 Shifter and Timer Pin 6		I/O		N		N		PSMI1_FXIO1_D6		555

		FXIO1_D7		FXIO1		FlexIO 1 Shifter and Timer Pin 7		I/O		N		N		PSMI1_FXIO1_D7		556

		FXIO1_D8		FXIO1		FlexIO 1 Shifter and Timer Pin 8		I/O		N		N		PSMI1_FXIO1_D8		557

		FXIO1_D9		FXIO1		FlexIO 1 Shifter and Timer Pin 9		I/O		N		N		PSMI1_FXIO1_D9		558

		I2S0_MCLK		I2S0		I2S0 Audio Master Clock		O		N		N				

		I2S0_RXD0		I2S0		I2S0 Receive Data		I		N		N		PSMI0_I2S0_RXD0		618

		I2S0_RXD1		I2S0		I2S0 Receive Data		I		N		N		PSMI0_I2S0_RXD1		619

		I2S0_RX_BCLK		I2S0		I2S0 Receive Bit Clock		I/O		N		N		PSMI0_I2S0_RX_BCLK		622

		I2S0_RX_FS		I2S0		I2S0 RX Frame Sync		I/O		N		N		PSMI0_I2S0_RX_FS		623

		I2S0_TXD0		I2S0		I2S0 Transmit Data		O		N		N				

		I2S0_TXD1		I2S0		I2S0 Transmit Data		O		N		N				

		I2S0_TX_BCLK		I2S0		I2S0 Transmit Bit Clock		I/O		N		N		PSMI0_I2S0_TX_BCLK		624

		I2S0_TX_FS		I2S0		I2S0 TX Frame Sync		I/O		N		N		PSMI0_I2S0_TX_FS		625

		I2S1_MCLK		I2S1		I2S1 Audio Master Clock		O		N		N				

		I2S1_RXD0		I2S1		I2S1 Receive Data		I		N		N		PSMI0_I2S1_RXD0		626

		I2S1_RXD1		I2S1		I2S1 Receive Data		I		N		N		PSMI0_I2S1_RXD1		627

		I2S1_RXD2		I2S1		I2S1 Receive Data		I		N		N		PSMI0_I2S1_RXD2		628

		I2S1_RXD3		I2S1		I2S1 Receive Data		I		N		N		PSMI0_I2S1_RXD3		629

		I2S1_RX_BCLK		I2S1		I2S1 Receive Bit Clock		I/O		N		N		PSMI0_I2S1_RX_BCLK		630

		I2S1_RX_FS		I2S1		I2S1 RX Frame Sync		I/O		N		N		PSMI0_I2S1_RX_FS		631

		I2S1_TXD0		I2S1		I2S1 Transmit Data		O		N		N				

		I2S1_TXD1		I2S1		I2S1 Transmit Data		O		N		N				

		I2S1_TXD2		I2S1		I2S1 Transmit Data		O		N		N				

		I2S1_TXD3		I2S1		I2S1 Transmit Data		O		N		N				

		I2S1_TX_BCLK		I2S1		I2S1 Transmit Bit Clock		I/O		N		N		PSMI0_I2S1_TX_BCLK		632

		I2S1_TX_FS		I2S1		I2S1 TX Frame Sync		I/O		N		N		PSMI0_I2S1_TX_FS		633

		I2S2_MCLK		I2S2		I2S2 Audio Master Clock		O		N		N				

		I2S2_RXD0		I2S2		I2S2 Receive Data		I		N		N		PSMI0_I2S2_RXD0		677

		I2S2_RXD1		I2S2		I2S2 Receive Data		I		N		N		PSMI0_I2S2_RXD1		678

		I2S2_RX_BCLK		I2S2		I2S2 Receive Bit Clock		I/O		N		N		PSMI0_I2S2_RX_BCLK		681

		I2S2_RX_FS		I2S2		I2S2 RX Frame Sync		I/O		N		N		PSMI0_I2S2_RX_FS		682

		I2S2_TXD0		I2S2		I2S2 Transmit Data		O		N		N				

		I2S2_TXD1		I2S2		I2S2 Transmit Data		O		N		N				

		I2S2_TX_BCLK		I2S2		I2S2 Transmit Bit Clock		I/O		N		N		PSMI0_I2S2_TX_BCLK		683

		I2S2_TX_FS		I2S2		I2S2 TX Frame Sync		I/O		N		N		PSMI0_I2S2_TX_FS		684

		I2S3_MCLK		I2S3		I2S3 Audio Master Clock		O		N		N				

		I2S3_RXD0		I2S3		I2S3 Receive Data		I		N		N		PSMI0_I2S3_RXD0		685

		I2S3_RXD1		I2S3		I2S3 Receive Data		I		N		N		PSMI0_I2S3_RXD1		686

		I2S3_RX_BCLK		I2S3		I2S3 Receive Bit Clock		I/O		N		N		PSMI0_I2S3_RX_BCLK		689

		I2S3_RX_FS		I2S3		I2S3 RX Frame Sync		I/O		N		N		PSMI0_I2S3_RX_FS		690

		I2S3_TXD0		I2S3		I2S3 Transmit Data		O		N		N				

		I2S3_TXD1		I2S3		I2S3 Transmit Data		O		N		N				

		I2S3_TX_BCLK		I2S3		I2S3 Transmit Bit Clock		I/O		N		N		PSMI0_I2S3_TX_BCLK		691

		I2S3_TX_FS		I2S3		I2S3 TX Frame Sync		I/O		N		N		PSMI0_I2S3_TX_FS		692

		I2S4_MCLK		I2S4		I2S4 Audio Master Clock		O		N		N				

		I2S4_RXD0		I2S4		I2S4 Receive Data		I		N		N		PSMI1_I2S4_RXD0		633

		I2S4_RXD1		I2S4		I2S4 Receive Data		I		N		N		PSMI1_I2S4_RXD1		634

		I2S4_RX_BCLK		I2S4		I2S4 Receive Bit Clock		I/O		N		N		PSMI1_I2S4_RX_BCLK		637

		I2S4_RX_FS		I2S4		I2S4 RX Frame Sync		I/O		N		N		PSMI1_I2S4_RX_FS		638

		I2S4_TXD0		I2S4		I2S4 Transmit Data		O		N		N				

		I2S4_TXD1		I2S4		I2S4 Transmit Data		O		N		N				

		I2S4_TX_BCLK		I2S4		I2S4 Transmit Bit Clock		I/O		N		N		PSMI1_I2S4_TX_BCLK		639

		I2S4_TX_FS		I2S4		I2S4 TX Frame Sync		I/O		N		N		PSMI1_I2S4_TX_FS		640

		I2S5_MCLK		I2S5		I2S5 Audio Master Clock		O		N		N				

		I2S5_RXD0		I2S5		I2S5 Receive Data		I		N		N		PSMI1_I2S5_RXD0		641

		I2S5_RXD1		I2S5		I2S5 Receive Data		I		N		N		PSMI1_I2S5_RXD1		642

		I2S5_RXD2		I2S5		I2S5 Receive Data		I		N		N		PSMI1_I2S5_RXD2		643

		I2S5_RXD3		I2S5		I2S5 Receive Data		I		N		N		PSMI1_I2S5_RXD3		644

		I2S5_RX_BCLK		I2S5		I2S5 Receive Bit Clock		I/O		N		N		PSMI1_I2S5_RX_BCLK		645

		I2S5_RX_FS		I2S5		I2S5 RX Frame Sync		I/O		N		N		PSMI1_I2S5_RX_FS		646

		I2S5_TXD0		I2S5		I2S5 Transmit Data		O		N		N				

		I2S5_TXD1		I2S5		I2S5 Transmit Data		O		N		N				

		I2S5_TXD2		I2S5		I2S5 Transmit Data		O		N		N				

		I2S5_TXD3		I2S5		I2S5 Transmit Data		O		N		N				

		I2S5_TX_BCLK		I2S5		I2S5 Transmit Bit Clock		I/O		N		N		PSMI1_I2S5_TX_BCLK		647

		I2S5_TX_FS		I2S5		I2S5 TX Frame Sync		I/O		N		N		PSMI1_I2S5_TX_FS		648

		I2S6_MCLK		I2S6		I2S6 Audio Master Clock		O		N		N				

		I2S6_RXD0		I2S6		I2S6 Receive Data		I		N		N		PSMI1_I2S6_RXD0		717

		I2S6_RXD1		I2S6		I2S6 Receive Data		I		N		N		PSMI1_I2S6_RXD1		718

		I2S6_RXD2		I2S6		I2S6 Receive Data		I		N		N		PSMI1_I2S6_RXD2		719

		I2S6_RXD3		I2S6		I2S6 Receive Data		I		N		N		PSMI1_I2S6_RXD3		720

		I2S6_RX_BCLK		I2S6		I2S6 Receive Bit Clock		I/O		N		N		PSMI1_I2S6_RX_BCLK		721

		I2S6_RX_FS		I2S6		I2S6 RX Frame Sync		I/O		N		N		PSMI1_I2S6_RX_FS		722

		I2S6_TXD0		I2S6		I2S6 Transmit Data		O		N		N				

		I2S6_TXD1		I2S6		I2S6 Transmit Data		O		N		N				

		I2S6_TXD2		I2S6		I2S6 Transmit Data		O		N		N				

		I2S6_TXD3		I2S6		I2S6 Transmit Data		O		N		N				

		I2S6_TX_BCLK		I2S6		I2S6 Transmit Bit Clock		I/O		N		N		PSMI1_I2S6_TX_BCLK		723

		I2S6_TX_FS		I2S6		I2S6 TX Frame Sync		I/O		N		N		PSMI1_I2S6_TX_FS		724

		I2S7_MCLK		I2S7		I2S7 Audio Master Clock		O		N		N				

		I2S7_RXD0		I2S7		I2S7 Receive Data		I		N		N		PSMI1_I2S7_RXD0		725

		I2S7_RXD1		I2S7		I2S7 Receive Data		I		N		N		PSMI1_I2S7_RXD1		726

		I2S7_RXD2		I2S7		I2S7 Receive Data		I		N		N		PSMI1_I2S7_RXD2		727

		I2S7_RXD3		I2S7		I2S7 Receive Data		I		N		N		PSMI1_I2S7_RXD3		728

		I2S7_RX_BCLK		I2S7		I2S7 Receive Bit Clock		I/O		N		N		PSMI1_I2S7_RX_BCLK		729

		I2S7_RX_FS		I2S7		I2S7 RX Frame Sync		I/O		N		N		PSMI1_I2S7_RX_FS		730

		I2S7_TXD0		I2S7		I2S7 Transmit Data		O		N		N				

		I2S7_TXD1		I2S7		I2S7 Transmit Data		O		N		N				

		I2S7_TXD2		I2S7		I2S7 Transmit Data		O		N		N				

		I2S7_TXD3		I2S7		I2S7 Transmit Data		O		N		N				

		I2S7_TX_BCLK		I2S7		I2S7 Transmit Bit Clock		I/O		N		N		PSMI1_I2S7_TX_BCLK		731

		I2S7_TX_FS		I2S7		I2S7 TX Frame Sync		I/O		N		N		PSMI1_I2S7_TX_FS		732

		I3C0_PUR		I3C0		I3C0 External Pull-Up Resistor enable		O		N		N				

		I3C0_SCL		I3C0		I3C0 Serial Clock		I/O		N		N		PSMI0_I3C0_SCL		550

		I3C0_SDA		I3C0		I3C0 Serial Data		I/O		N		N		PSMI0_I3C0_SDA		551

		I3C1_PUR		I3C1		I3C1 External Pull-Up Resistor enable		O		N		N				

		I3C1_SCL		I3C1		I3C1 Serial Clock		I/O		N		N		PSMI0_I3C1_SCL		655

		I3C1_SDA		I3C1		I3C1 Serial Data		I/O		N		N		PSMI0_I3C1_SDA		656

		I3C2_PUR		I3C2		I3C2 External Pull-Up Resistor enable		O		N		N				

		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I/O		N		N		PSMI1_I3C2_SCL		559

		I3C2_SDA		I3C2		I3C2 Serial Data Line		I/O		N		N		PSMI1_I3C2_SDA		560

		JTAG0_TCLK/SWD0_CLK		JTAG0/SWD0		JTAG Test Clock/Serial Wire Clock		I		N		N				

		JTAG0_TDI		JTAG0		JTAG Test Data Input		I		N		N				

		JTAG0_TDO		JTAG0		JTAG Test Data Output/CoreSight Serial Wire Output		O		N		N				

		JTAG0_TMS/SWD0_DIO		JTAG0/SWD0		JTAG Test Mode Selection/Serial Wire Data		I/O		N		N				

		JTAG0_TRST_b		JTAG0		JTAG Reset		I		N		N				

		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I		N		N		PSMI0_LPI2C0_HREQ		606

		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I/O		N		N		PSMI0_LPI2C0_SCL		607

		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I/O		N		N		PSMI0_LPI2C0_SDA		608

		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I		N		N		PSMI0_LPI2C1_HREQ		609

		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I/O		N		N		PSMI0_LPI2C1_SCL		610

		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I/O		N		N		PSMI0_LPI2C1_SDA		611

		LPI2C2_HREQ		LPI2C2		LPI2C2 Host Request		I		N		N		PSMI0_LPI2C2_HREQ		649

		LPI2C2_SCL		LPI2C2		LPI2C2 Serial Clock Line		I/O		N		N		PSMI0_LPI2C2_SCL		650

		LPI2C2_SDA		LPI2C2		LPI2C2 Serial Data Line		I/O		N		N		PSMI0_LPI2C2_SDA		651

		LPI2C3_HREQ		LPI2C3		LPI2C3 Host Request		I		N		N		PSMI0_LPI2C3_HREQ		652

		LPI2C3_SCL		LPI2C3		LPI2C3 Serial Clock Line		I/O		N		N		PSMI0_LPI2C3_SCL		653

		LPI2C3_SDA		LPI2C3		LPI2C3 Serial Data Line		I/O		N		N		PSMI0_LPI2C3_SDA		654

		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I		N		N		PSMI1_LPI2C4_HREQ		561

		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I/O		N		N		PSMI1_LPI2C4_SCL		562

		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I/O		N		N		PSMI1_LPI2C4_SDA		563

		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I		N		N		PSMI1_LPI2C5_HREQ		564

		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I/O		N		N		PSMI1_LPI2C5_SCL		565

		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I/O		N		N		PSMI1_LPI2C5_SDA		566

		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I		N		N		PSMI1_LPI2C6_HREQ		621

		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I/O		N		N		PSMI1_LPI2C6_SCL		622

		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I/O		N		N		PSMI1_LPI2C6_SDA		623

		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I		N		N		PSMI1_LPI2C7_HREQ		624

		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I/O		N		N		PSMI1_LPI2C7_SCL		625

		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I/O		N		N		PSMI1_LPI2C7_SDA		626

		LPSPI0_PCS0		LPSPI0		LPSPI0 Peripheral Chip Select 0		I/O		N		N		PSMI0_LPSPI0_PCS0		552

		LPSPI0_PCS1		LPSPI0		LPSPI0 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI0_LPSPI0_PCS1		553

		LPSPI0_PCS2		LPSPI0		LPSPI0 Peripheral Chip Select 2		I/O		N		N		PSMI0_LPSPI0_PCS2		554

		LPSPI0_PCS3		LPSPI0		LPSPI0 Peripheral Chip Select 3		I/O		N		N		PSMI0_LPSPI0_PCS3		555

		LPSPI0_SCK		LPSPI0		LPSPI0 Serial Clock		I/O		N		N		PSMI0_LPSPI0_SCK		556

		LPSPI0_SIN		LPSPI0		LPSPI0 Serial Data Input		I/O		N		N		PSMI0_LPSPI0_SIN		557

		LPSPI0_SOUT		LPSPI0		LPSPI0 Serial Data Output		I/O		N		N		PSMI0_LPSPI0_SOUT		558

		LPSPI1_PCS0		LPSPI1		LPSPI1 Peripheral Chip Select 0		I/O		N		N		PSMI0_LPSPI1_PCS0		559

		LPSPI1_PCS1		LPSPI1		LPSPI1 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI0_LPSPI1_PCS1		560

		LPSPI1_PCS2		LPSPI1		LPSPI1 Peripheral Chip Select 2		I/O		N		N		PSMI0_LPSPI1_PCS2		561

		LPSPI1_PCS3		LPSPI1		LPSPI1 Peripheral Chip Select 3		I/O		N		N		PSMI0_LPSPI1_PCS3		562

		LPSPI1_SCK		LPSPI1		LPSPI1 Serial Clock		I/O		N		N		PSMI0_LPSPI1_SCK		563

		LPSPI1_SIN		LPSPI1		LPSPI1 Serial Data Input		I/O		N		N		PSMI0_LPSPI1_SIN		564

		LPSPI1_SOUT		LPSPI1		LPSPI1 Serial Data Output		I/O		N		N		PSMI0_LPSPI1_SOUT		565

		LPSPI2_PCS0		LPSPI2		LPSPI2 Peripheral Chip Select 0		I/O		N		N		PSMI0_LPSPI2_PCS0		663

		LPSPI2_PCS1		LPSPI2		LPSPI2 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI0_LPSPI2_PCS1		664

		LPSPI2_PCS2		LPSPI2		LPSPI2 Peripheral Chip Select 2		I/O		N		N		PSMI0_LPSPI2_PCS2		665

		LPSPI2_PCS3		LPSPI2		LPSPI2 Peripheral Chip Select 3		I/O		N		N		PSMI0_LPSPI2_PCS3		666

		LPSPI2_SCK		LPSPI2		LPSPI2 Serial Clock		I/O		N		N		PSMI0_LPSPI2_SCK		667

		LPSPI2_SIN		LPSPI2		LPSPI2 Serial Data Input		I/O		N		N		PSMI0_LPSPI2_SIN		668

		LPSPI2_SOUT		LPSPI2		LPSPI2 Serial Data Output		I/O		N		N		PSMI0_LPSPI2_SOUT		669

		LPSPI3_PCS0		LPSPI3		LPSPI3 Peripheral Chip Select 0		I/O		N		N		PSMI0_LPSPI3_PCS0		670

		LPSPI3_PCS1		LPSPI3		LPSPI3 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI0_LPSPI3_PCS1		671

		LPSPI3_PCS2		LPSPI3		LPSPI3 Peripheral Chip Select 2		I/O		N		N		PSMI0_LPSPI3_PCS2		672

		LPSPI3_PCS3		LPSPI3		LPSPI3 Peripheral Chip Select 3		I/O		N		N		PSMI0_LPSPI3_PCS3		673

		LPSPI3_SCK		LPSPI3		LPSPI3 Serial Clock		I/O		N		N		PSMI0_LPSPI3_SCK		674

		LPSPI3_SIN		LPSPI3		LPSPI3 Serial Data In 		I/O		N		N		PSMI0_LPSPI3_SIN		675

		LPSPI3_SOUT		LPSPI3		LPSPI3 Serial Data Out		I/O		N		N		PSMI0_LPSPI3_SOUT		676

		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I/O		N		N		PSMI1_LPSPI4_PCS0		573

		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI1_LPSPI4_PCS1		574

		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I/O		N		N		PSMI1_LPSPI4_PCS2		575

		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I/O		N		N		PSMI1_LPSPI4_PCS3		576

		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I/O		N		N		PSMI1_LPSPI4_SCK		577

		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I/O		N		N		PSMI1_LPSPI4_SIN		578

		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I/O		N		N		PSMI1_LPSPI4_SOUT		579

		LPSPI5_PCS0		LPSPI5		LPSPI5 Peripheral Chip Select 0		I/O		N		N		PSMI1_LPSPI5_PCS0		580

		LPSPI5_PCS1		LPSPI5		LPSPI5 Peripheral Chip Select 1 or Host Request		I/O		N		N		PSMI1_LPSPI5_PCS1		581

		LPSPI5_PCS2		LPSPI5		LPSPI5 Peripheral Chip Select 2		I/O		N		N		PSMI1_LPSPI5_PCS2		582

		LPSPI5_PCS3		LPSPI5		LPSPI5 Peripheral Chip Select 3		I/O		N		N		PSMI1_LPSPI5_PCS3		583

		LPSPI5_SCK		LPSPI5		LPSPI5 Serial Clock		I/O		N		N		PSMI1_LPSPI5_SCK		584

		LPSPI5_SIN		LPSPI5		LPSPI5 Serial Data In 		I/O		N		N		PSMI1_LPSPI5_SIN		585

		LPSPI5_SOUT		LPSPI5		LPSPI5 Serial Data Out		I/O		N		N		PSMI1_LPSPI5_SOUT		586

		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I		N		Y		PSMI0_LPTMR0_ALT1		586

		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I		N		Y		PSMI0_LPTMR0_ALT2		587

		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I		N		Y		PSMI0_LPTMR0_ALT3		588

		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I		N		Y		PSMI0_LPTMR1_ALT1		589

		LPTMR1_ALT2		LPTMR1		LPTMR1 Pulse Counter Input 2		I		N		Y		PSMI0_LPTMR1_ALT2		590

		LPTMR1_ALT3		LPTMR1		LPTMR1 Pulse Counter Input 3		I		N		Y		PSMI0_LPTMR1_ALT3		591

		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I		N		N		PSMI0_LPUART0_CTS_b		612

		LPUART0_RTS_b		LPUART0		LPUART0 Request to Send		O		N		N				

		LPUART0_RX		LPUART0		LPUART0 Receive data		I		N		N		PSMI0_LPUART0_RX		613

		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I/O		N		N		PSMI0_LPUART0_TX		614

		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I		N		N		PSMI0_LPUART1_CTS_b		615

		LPUART1_RTS_b		LPUART1		LPUART1 Request to Send		O		N		N				

		LPUART1_RX		LPUART1		LPUART1 Receive data		I		N		N		PSMI0_LPUART1_RX		616

		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I/O		N		N		PSMI0_LPUART1_TX		617

		LPUART2_CTS_b		LPUART2		LPUART2 Clear to Send		I		N		N		PSMI0_LPUART2_CTS_b		657

		LPUART2_RTS_b		LPUART2		LPUART2 Request to Send		O		N		N				

		LPUART2_RX		LPUART2		LPUART2 Receive data		I		N		N		PSMI0_LPUART2_RX		658

		LPUART2_TX		LPUART2		LPUART2 Transmit Data		I/O		N		N		PSMI0_LPUART2_TX		659

		LPUART3_CTS_b		LPUART3		LPUART3 Clear to Send		I		N		N		PSMI0_LPUART3_CTS_b		660

		LPUART3_RTS_b		LPUART3		LPUART3 Request to Send		O		N		N				

		LPUART3_RX		LPUART3		LPUART3 Receive Data		I		N		N		PSMI0_LPUART3_RX		661

		LPUART3_TX		LPUART3		LPUART3 Transmit Data		I/O		N		N		PSMI0_LPUART3_TX		662

		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I		N		N		PSMI1_LPUART4_CTS_b		567

		LPUART4_RTS_b		LPUART4		LPUART4 Request to Send		O		N		N				

		LPUART4_RX		LPUART4		LPUART4 Receive Data		I		N		N		PSMI1_LPUART4_RX		568

		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I/O		N		N		PSMI1_LPUART4_TX		569

		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I		N		N		PSMI1_LPUART5_CTS_b		570

		LPUART5_RTS_b		LPUART5		LPUART5 Request to Send		O		N		N				

		LPUART5_RX		LPUART5		LPUART5 Receive Data		I		N		N		PSMI1_LPUART5_RX		571

		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I/O		N		N		PSMI1_LPUART5_TX		572

		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I		N		N		PSMI1_LPUART6_CTS_b		627

		LPUART6_RTS_b		LPUART6		LPUART6 Request to Send		O		N		N				

		LPUART6_RX		LPUART6		LPUART6 Receive Data		I		N		N		PSMI1_LPUART6_RX		628

		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I/O		N		N		PSMI1_LPUART6_TX		629

		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I		N		N		PSMI1_LPUART7_CTS_b		630

		LPUART7_RTS_b		LPUART7		LPUART7 Request to Send		O		N		N				

		LPUART7_RX		LPUART7		LPUART7 Receive Data		I		N		N		PSMI1_LPUART7_RX		631

		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I/O		N		N		PSMI1_LPUART7_TX		632

		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O		N		N				

		MICFIL0_DATA01		MICFIL0		MICFIL Channel input data		I		N		N		PSMI0_MICFIL0_DATA01		693

		MICFIL0_DATA23		MICFIL0		MICFIL Channel input data		I		N		N		PSMI0_MICFIL0_DATA23		694

		MICFIL0_DATA45		MICFIL0		MICFIL Channel input data		I		N		N		PSMI0_MICFIL0_DATA45		695

		MICFIL0_DATA67		MICFIL0		MICFIL Channel input data		I		N		N		PSMI0_MICFIL0_DATA67		696

		MQS0_LEFT		MQS0		MQS0 Left Channel PWM output		O		N		N				

		MQS0_RIGHT		MQS0		MQS0 Right Channel PWM output		O		N		N				

		MQS1_LEFT		MQS1		MQS1 Left Channel PWM output		O		N		N				

		MQS1_RIGHT		MQS1		MQS1 Right Channel PWM output		O		N		N				

		NMI0_b		SYSTEM		Non Maskable Interrupt 0		I		N		Y				

		NMI1_b		SYSTEM		Non Maskable Interrupt 1		I		N		Y				

		PMIC0_MODE0		POWERSYS		POWERSYS Mode		O		N		Y				

		PMIC0_MODE1		POWERSYS		POWERSYS Mode		O		N		Y				

		PMIC0_MODE2		POWERSYS		POWERSYS Mode		O		N		Y				

		PMIC0_SCL		POWERSYS		POWERSYS Serial Clock Line		I/O		N		Y		PSMI0_PMIC0_SCL		512

		PMIC0_SDA		POWERSYS		POWERSYS Serial Data Line		I/O		N		Y		PSMI0_PMIC0_SDA		513

		PTA0		GPIOA		General Purpose I/O		I/O		N		N				

		PTA1		GPIOA		General Purpose I/O		I/O		N		N				

		PTA10		GPIOA		General Purpose I/O		I/O		N		N				

		PTA11		GPIOA		General Purpose I/O		I/O		N		N				

		PTA12		GPIOA		General Purpose I/O		I/O		N		N				

		PTA13		GPIOA		General Purpose I/O		I/O		N		N				

		PTA14		GPIOA		General Purpose I/O		I/O		N		N				

		PTA15		GPIOA		General Purpose I/O		I/O		N		N				

		PTA16		GPIOA		General Purpose I/O		I/O		N		N				

		PTA17		GPIOA		General Purpose I/O		I/O		N		N				

		PTA18		GPIOA		General Purpose I/O		I/O		N		N				

		PTA19		GPIOA		General Purpose I/O		I/O		N		N				

		PTA2		GPIOA		General Purpose I/O		I/O		N		N				

		PTA20		GPIOA		General Purpose I/O		I/O		N		N				

		PTA21		GPIOA		General Purpose I/O		I/O		N		N				

		PTA22		GPIOA		General Purpose I/O		I/O		N		N				

		PTA23		GPIOA		General Purpose I/O		I/O		N		N				

		PTA24		GPIOA		General Purpose I/O		I/O		N		N				

		PTA3		GPIOA		General Purpose I/O		I/O		N		N				

		PTA4		GPIOA		General Purpose I/O		I/O		N		N				

		PTA5		GPIOA		General Purpose I/O		I/O		N		N				

		PTA6		GPIOA		General Purpose I/O		I/O		N		N				

		PTA7		GPIOA		General Purpose I/O		I/O		N		N				

		PTA8		GPIOA		General Purpose I/O		I/O		N		N				

		PTA9		GPIOA		General Purpose I/O		I/O		N		N				

		PTB0		GPIOB		General Purpose I/O		I/O		N		N				

		PTB1		GPIOB		General Purpose I/O		I/O		N		N				

		PTB10		GPIOB		General Purpose I/O		I/O		N		N				

		PTB11		GPIOB		General Purpose I/O		I/O		N		N				

		PTB12		GPIOB		General Purpose I/O		I/O		N		N				

		PTB13		GPIOB		General Purpose I/O		I/O		N		N				

		PTB14		GPIOB		General Purpose I/O		I/O		N		N				

		PTB15		GPIOB		General Purpose I/O		I/O		N		N				

		PTB2		GPIOB		General Purpose I/O		I/O		N		N				

		PTB3		GPIOB		General Purpose I/O		I/O		N		N				

		PTB4		GPIOB		General Purpose I/O		I/O		N		N				

		PTB5		GPIOB		General Purpose I/O		I/O		N		N				

		PTB6		GPIOB		General Purpose I/O		I/O		N		N				

		PTB7		GPIOB		General Purpose I/O		I/O		N		N				

		PTB8		GPIOB		General Purpose I/O		I/O		N		N				

		PTB9		GPIOB		General Purpose I/O		I/O		N		N				

		PTC0		GPIOC		General Purpose I/O		I/O		N		N				

		PTC1		GPIOC		General Purpose I/O		I/O		N		N				

		PTC10		GPIOC		General Purpose I/O		I/O		N		N				

		PTC11		GPIOC		General Purpose I/O		I/O		N		N				

		PTC12		GPIOC		General Purpose I/O		I/O		N		N				

		PTC13		GPIOC		General Purpose I/O		I/O		N		N				

		PTC14		GPIOC		General Purpose I/O		I/O		N		N				

		PTC15		GPIOC		General Purpose I/O		I/O		N		N				

		PTC16		GPIOC		General Purpose I/O		I/O		N		N				

		PTC17		GPIOC		General Purpose I/O		I/O		N		N				

		PTC18		GPIOC		General Purpose I/O		I/O		N		N				

		PTC19		GPIOC		General Purpose I/O		I/O		N		N				

		PTC2		GPIOC		General Purpose I/O		I/O		N		N				

		PTC20		GPIOC		General Purpose I/O		I/O		N		N				

		PTC21		GPIOC		General Purpose I/O		I/O		N		N				

		PTC22		GPIOC		General Purpose I/O		I/O		N		N				

		PTC23		GPIOC		General Purpose I/O		I/O		N		N				

		PTC3		GPIOC		General Purpose I/O		I/O		N		N				

		PTC4		GPIOC		General Purpose I/O		I/O		N		N				

		PTC5		GPIOC		General Purpose I/O		I/O		N		N				

		PTC6		GPIOC		General Purpose I/O		I/O		N		N				

		PTC7		GPIOC		General Purpose I/O		I/O		N		N				

		PTC8		GPIOC		General Purpose I/O		I/O		N		N				

		PTC9		GPIOC		General Purpose I/O		I/O		N		N				

		PTD0		GPIOD		General Purpose I/O		I/O		N		N				

		PTD1		GPIOD		General Purpose I/O		I/O		N		N				

		PTD10		GPIOD		General Purpose I/O		I/O		N		N				

		PTD11		GPIOD		General Purpose I/O		I/O		N		N				

		PTD12		GPIOD		General Purpose I/O		I/O		N		N				

		PTD13		GPIOD		General Purpose I/O		I/O		N		N				

		PTD14		GPIOD		General Purpose I/O		I/O		N		N				

		PTD15		GPIOD		General Purpose I/O		I/O		N		N				

		PTD16		GPIOD		General Purpose I/O		I/O		N		N				

		PTD17		GPIOD		General Purpose I/O		I/O		N		N				

		PTD18		GPIOD		General Purpose I/O		I/O		N		N				

		PTD19		GPIOD		General Purpose I/O		I/O		N		N				

		PTD2		GPIOD		General Purpose I/O		I/O		N		N				

		PTD20		GPIOD		General Purpose I/O		I/O		N		N				

		PTD21		GPIOD		General Purpose I/O		I/O		N		N				

		PTD22		GPIOD		General Purpose I/O		I/O		N		N				

		PTD23		GPIOD		General Purpose I/O		I/O		N		N				

		PTD3		GPIOD		General Purpose I/O		I/O		N		N				

		PTD4		GPIOD		General Purpose I/O		I/O		N		N				

		PTD5		GPIOD		General Purpose I/O		I/O		N		N				

		PTD6		GPIOD		General Purpose I/O		I/O		N		N				

		PTD7		GPIOD		General Purpose I/O		I/O		N		N				

		PTD8		GPIOD		General Purpose I/O		I/O		N		N				

		PTD9		GPIOD		General Purpose I/O		I/O		N		N				

		PTE0		GPIOE		General Purpose I/O		I/O		N		N				

		PTE1		GPIOE		General Purpose I/O		I/O		N		N				

		PTE10		GPIOE		General Purpose I/O		I/O		N		N				

		PTE11		GPIOE		General Purpose I/O		I/O		N		N				

		PTE12		GPIOE		General Purpose I/O		I/O		N		N				

		PTE13		GPIOE		General Purpose I/O		I/O		N		N				

		PTE14		GPIOE		General Purpose I/O		I/O		N		N				

		PTE15		GPIOE		General Purpose I/O		I/O		N		N				

		PTE16		GPIOE		General Purpose I/O		I/O		N		N				

		PTE17		GPIOE		General Purpose I/O		I/O		N		N				

		PTE18		GPIOE		General Purpose I/O		I/O		N		N				

		PTE19		GPIOE		General Purpose I/O		I/O		N		N				

		PTE2		GPIOE		General Purpose I/O		I/O		N		N				

		PTE20		GPIOE		General Purpose I/O		I/O		N		N				

		PTE21		GPIOE		General Purpose I/O		I/O		N		N				

		PTE22		GPIOE		General Purpose I/O		I/O		N		N				

		PTE23		GPIOE		General Purpose I/O		I/O		N		N				

		PTE3		GPIOE		General Purpose I/O		I/O		N		N				

		PTE4		GPIOE		General Purpose I/O		I/O		N		N				

		PTE5		GPIOE		General Purpose I/O		I/O		N		N				

		PTE6		GPIOE		General Purpose I/O		I/O		N		N				

		PTE7		GPIOE		General Purpose I/O		I/O		N		N				

		PTE8		GPIOE		General Purpose I/O		I/O		N		N				

		PTE9		GPIOE		General Purpose I/O		I/O		N		N				

		PTF0		GPIOF		General Purpose I/O		I/O		N		N				

		PTF1		GPIOF		General Purpose I/O		I/O		N		N				

		PTF10		GPIOF		General Purpose I/O		I/O		N		N				

		PTF11		GPIOF		General Purpose I/O		I/O		N		N				

		PTF12		GPIOF		General Purpose I/O		I/O		N		N				

		PTF13		GPIOF		General Purpose I/O		I/O		N		N				

		PTF14		GPIOF		General Purpose I/O		I/O		N		N				

		PTF15		GPIOF		General Purpose I/O		I/O		N		N				

		PTF16		GPIOF		General Purpose I/O		I/O		N		N				

		PTF17		GPIOF		General Purpose I/O		I/O		N		N				

		PTF18		GPIOF		General Purpose I/O		I/O		N		N				

		PTF19		GPIOF		General Purpose I/O		I/O		N		N				

		PTF2		GPIOF		General Purpose I/O		I/O		N		N				

		PTF20		GPIOF		General Purpose I/O		I/O		N		N				

		PTF21		GPIOF		General Purpose I/O		I/O		N		N				

		PTF22		GPIOF		General Purpose I/O		I/O		N		N				

		PTF23		GPIOF		General Purpose I/O		I/O		N		N				

		PTF24		GPIOF		General Purpose I/O		I/O		N		N				

		PTF25		GPIOF		General Purpose I/O		I/O		N		N				

		PTF26		GPIOF		General Purpose I/O		I/O		N		N				

		PTF27		GPIOF		General Purpose I/O		I/O		N		N				

		PTF28		GPIOF		General Purpose I/O		I/O		N		N				

		PTF29		GPIOF		General Purpose I/O		I/O		N		N				

		PTF3		GPIOF		General Purpose I/O		I/O		N		N				

		PTF30		GPIOF		General Purpose I/O		I/O		N		N				

		PTF31		GPIOF		General Purpose I/O		I/O		N		N				

		PTF4		GPIOF		General Purpose I/O		I/O		N		N				

		PTF5		GPIOF		General Purpose I/O		I/O		N		N				

		PTF6		GPIOF		General Purpose I/O		I/O		N		N				

		PTF7		GPIOF		General Purpose I/O		I/O		N		N				

		PTF8		GPIOF		General Purpose I/O		I/O		N		N				

		PTF9		GPIOF		General Purpose I/O		I/O		N		N				

		RTC_CLKOUT		VBAT		32.768 Khz square-wave output or OSC32KCLK		O		N		Y				

		RTC_CLKOUT_b		VBAT		32.768 Khz square-wave output or OSC32KCLK		O		N		Y				

		SDHC0_CD		SDHC0		SDHC1 Card Detection Pin		I		N		N		PSMI1_SDHC0_CD		649

		SDHC0_CLK		SDHC0		SDHC0 Clock		I/O		N		N		PSMI1_SDHC0_CLK		650

		SDHC0_CMD		SDHC0		SDHC0 Command Line		I/O		N		N		PSMI1_SDHC0_CMD		651

		SDHC0_D0		SDHC0		SDHC0 DAT0 Line or Busy-state Detect		I/O		N		N		PSMI1_SDHC0_D0		652

		SDHC0_D1		SDHC0		SDHC0 DAT1 Line or Interrupt Detect		I/O		N		N		PSMI1_SDHC0_D1		653

		SDHC0_D2		SDHC0		SDHC0 DAT2 Line or Read Wait		I/O		N		N		PSMI1_SDHC0_D2		654

		SDHC0_D3		SDHC0		SDHC0 DAT3 Line or Card Detect		I/O		N		N		PSMI1_SDHC0_D3		655

		SDHC0_D4		SDHC0		SDHC0 DAT4 Line		I/O		N		N		PSMI1_SDHC0_D4		656

		SDHC0_D5		SDHC0		SDHC0 DAT5 Line		I/O		N		N		PSMI1_SDHC0_D5		657

		SDHC0_D6		SDHC0		SDHC0 DAT6 Line		I/O		N		N		PSMI1_SDHC0_D6		658

		SDHC0_D7		SDHC0		SDHC0 DAT7 Line		I/O		N		N		PSMI1_SDHC0_D7		659

		SDHC0_DQS		SDHC0		SDHC0 Data Strobe		I		N		N		PSMI1_SDHC0_DQS		660

		SDHC0_RESET_b		SDHC0		SDHC0 Card Hardware Reset (Active low)		O		N		N				

		SDHC0_VS		SDHC0		SDHC0 IO Power Voltage Selection Signal		O		N		N				

		SDHC0_WP		SDHC0		SDHC0 Card Write Protect Detect		I		N		N		PSMI1_SDHC0_WP		661

		SDHC1_CD		SDHC1		SDHC1 Card Detection Pin		I		N		N		PSMI1_SDHC1_CD		662

		SDHC1_CLK		SDHC1		SDHC1 Clock		I/O		N		N		PSMI1_SDHC1_CLK		663

		SDHC1_CMD		SDHC1		SDHC1 Command Line		I/O		N		N		PSMI1_SDHC1_CMD		664

		SDHC1_D0		SDHC1		SDHC1 DAT0 Line or Busy-state Detect		I/O		N		N		PSMI1_SDHC1_D0		665

		SDHC1_D1		SDHC1		SDHC1 DAT1 Line or Interrupt Detect		I/O		N		N		PSMI1_SDHC1_D1		666

		SDHC1_D2		SDHC1		SDHC1 DAT2 Line or Read Wait		I/O		N		N		PSMI1_SDHC1_D2		667

		SDHC1_D3		SDHC1		SDHC1 DAT3 Line or Card Detect		I/O		N		N		PSMI1_SDHC1_D3		668

		SDHC1_D4		SDHC1		SDHC1 DAT4 Line		I/O		N		N		PSMI1_SDHC1_D4		669

		SDHC1_D5		SDHC1		SDHC1 DAT5 Line		I/O		N		N		PSMI1_SDHC1_D5		670

		SDHC1_D6		SDHC1		SDHC1 DAT6 Line		I/O		N		N		PSMI1_SDHC1_D6		671

		SDHC1_D7		SDHC1		SDHC1 DAT7 Line		I/O		N		N		PSMI1_SDHC1_D7		672

		SDHC1_DQS		SDHC1		SDHC1 Data Strobe		I		N		N		PSMI1_SDHC1_DQS		673

		SDHC1_RESET_b		SDHC1		SDHC1 Card Hardware Reset (active Low)		O		N		N				

		SDHC1_VS		SDHC1		SDHC1 IO Power Voltage Selection Signal		O		N		N				

		SDHC1_WP		SDHC1		SDHC1 Card Write Protect Detect		I		N		N		PSMI1_SDHC1_WP		674

		SDHC2_CD		SDHC2		SDHC2 Card Detection Pin		I		N		N		PSMI1_SDHC2_CD		675

		SDHC2_CLK		SDHC2		SDHC2 Clock		I/O		N		N		PSMI1_SDHC2_CLK		676

		SDHC2_CMD		SDHC2		SDHC2 Command Line		I/O		N		N		PSMI1_SDHC2_CMD		677

		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I/O		N		N		PSMI1_SDHC2_D0		678

		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I/O		N		N		PSMI1_SDHC2_D1		679

		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I/O		N		N		PSMI1_SDHC2_D2		680

		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I/O		N		N		PSMI1_SDHC2_D3		681

		SDHC2_D4		SDHC2		SDHC2 DAT4 Line		I/O		N		N		PSMI1_SDHC2_D4		682

		SDHC2_D5		SDHC2		SDHC2 DAT5 Line		I/O		N		N		PSMI1_SDHC2_D5		683

		SDHC2_D6		SDHC2		SDHC2 DAT6 Line		I/O		N		N		PSMI1_SDHC2_D6		684

		SDHC2_D7		SDHC2		SDHC2 DAT7 Line		I/O		N		N		PSMI1_SDHC2_D7		685

		SDHC2_DQS		SDHC2		SDHC2 Data Strobe		I		N		N		PSMI1_SDHC2_DQS		686

		SDHC2_RESET_b		SDHC2		SDHC2 Card Hardware Reset (active Low)		O		N		N				

		SDHC2_VS		SDHC2		SDHC2 IO Power Voltage Selection Signal		O		N		N				

		SDHC2_WP		SDHC2		SDHC2 Card Write Protect Detect		I		N		N		PSMI1_SDHC2_WP		687

		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I		N		N		PSMI1_SPDIF_IN1		733

		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I		N		N		PSMI1_SPDIF_IN2		734

		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I		N		N		PSMI1_SPDIF_IN3		735

		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I		N		N		PSMI1_SPDIF_IN4		736

		SPDIF_OUT1		SPDIF		Output Line 1. IEC958 data in biphase mark format (Consumer C channel).		O		N		N				

		SPDIF_OUT2		SPDIF		Output Line 2. IEC958 data in biphase mark format (Professional C channel).		O		N		N				

		SPDIF_OUTCLK		SPDIF		Selected transmit clock output		O		N		N				

		SPDIF_PLOCK		SPDIF		DPLL Lock Indicator		O		N		N				

		SPDIF_SRCLK		SPDIF		Receive clock output		O		N		N				

		TPM0_CH0		TPM0		TPM0 Channel 0		I/O		N		N		PSMI0_TPM0_CH0		592

		TPM0_CH1		TPM0		TPM0 Channel 1		I/O		N		N		PSMI0_TPM0_CH1		593

		TPM0_CH2		TPM0		TPM0 Channel 2		I/O		N		N		PSMI0_TPM0_CH2		594

		TPM0_CH3		TPM0		TPM0 Channel 3		I/O		N		N		PSMI0_TPM0_CH3		595

		TPM0_CH4		TPM0		TPM0 Channel 4		I/O		N		N		PSMI0_TPM0_CH4		596

		TPM0_CH5		TPM0		TPM0 Channel 5		I/O		N		N		PSMI0_TPM0_CH5		597

		TPM0_CLKIN		TPM0		TPM0 External Clock		I		N		N		PSMI0_TPM0_CLKIN		598

		TPM1_CH0		TPM1		TPM1 Channel 0		I/O		N		N		PSMI0_TPM1_CH0		599

		TPM1_CH1		TPM1		TPM1 Channel 1		I/O		N		N		PSMI0_TPM1_CH1		600

		TPM1_CLKIN		TPM1		TPM1 External Clock		I		N		N		PSMI0_TPM1_CLKIN		605

		TPM2_CH0		TPM2		TPM2 Channel 0		I/O		N		N		PSMI0_TPM2_CH0		635

		TPM2_CH1		TPM2		TPM2 Channel 1		I/O		N		N		PSMI0_TPM2_CH1		636

		TPM2_CLKIN		TPM2		TPM2 External Clock		I		N		N		PSMI0_TPM2_CLKIN		641

		TPM3_CH0		TPM3		TPM3 Channel 0		I/O		N		N		PSMI0_TPM3_CH0		642

		TPM3_CH1		TPM3		TPM3 Channel 1		I/O		N		N		PSMI0_TPM3_CH1		643

		TPM3_CH2		TPM3		TPM3 Channel 2		I/O		N		N		PSMI0_TPM3_CH2		644

		TPM3_CH3		TPM3		TPM3 Channel 3		I/O		N		N		PSMI0_TPM3_CH3		645

		TPM3_CH4		TPM3		TPM3 Channel 4		I/O		N		N		PSMI0_TPM3_CH4		646

		TPM3_CH5		TPM3		TPM3 Channel 5		I/O		N		N		PSMI0_TPM3_CH5		647

		TPM3_CLKIN		TPM3		TPM3 External Clock		I		N		N		PSMI0_TPM3_CLKIN		648

		TPM4_CH0		TPM4		TPM4 Channel 0		I/O		N		N		PSMI1_TPM4_CH0		513

		TPM4_CH1		TPM4		TPM4 Channel 1		I/O		N		N		PSMI1_TPM4_CH1		514

		TPM4_CH2		TPM4		TPM4 Channel 2		I/O		N		N		PSMI1_TPM4_CH2		515

		TPM4_CH3		TPM4		TPM4 Channel 3		I/O		N		N		PSMI1_TPM4_CH3		516

		TPM4_CH4		TPM4		TPM4 Channel 4		I/O		N		N		PSMI1_TPM4_CH4		517

		TPM4_CH5		TPM4		TPM4 Channel 5		I/O		N		N		PSMI1_TPM4_CH5		518

		TPM4_CLKIN		TPM4		TPM4 External Clock		I		N		N		PSMI1_TPM4_CLKIN		519

		TPM5_CH0		TPM5		TPM5 Channel 0		I/O		N		N		PSMI1_TPM5_CH0		520

		TPM5_CH1		TPM5		TPM5 Channel 1		I/O		N		N		PSMI1_TPM5_CH1		521

		TPM5_CLKIN		TPM5		TPM5 External Clock		I		N		N		PSMI1_TPM5_CLKIN		526

		TPM6_CH0		TPM6		TPM6 Channel 0		I/O		N		N		PSMI1_TPM6_CH0		607

		TPM6_CH1		TPM6		TPM6 Channel 1		I/O		N		N		PSMI1_TPM6_CH1		608

		TPM6_CLKIN		TPM6		TPM6 External Clock		I		N		N		PSMI1_TPM6_CLKIN		613

		TPM7_CH0		TPM7		TPM7 Channel 0		I/O		N		N		PSMI1_TPM7_CH0		614

		TPM7_CH1		TPM7		TPM7 Channel 1		I/O		N		N		PSMI1_TPM7_CH1		615

		TPM7_CH2		TPM7		TPM7 Channel 2		I/O		N		N		PSMI1_TPM7_CH2		616

		TPM7_CH3		TPM7		TPM7 Channel 3		I/O		N		N		PSMI1_TPM7_CH3		617

		TPM7_CH4		TPM7		TPM7 Channel 4		I/O		N		N		PSMI1_TPM7_CH4		618

		TPM7_CH5		TPM7		TPM7 Channel 5		I/O		N		N		PSMI1_TPM7_CH5		619

		TPM7_CLKIN		TPM7		TPM7 External Clock		I		N		N		PSMI1_TPM7_CLKIN		620

		TPM8_CH0		TPM8		TPM8 Channel 0		I/O		N		N		PSMI1_TPM8_CH0		710

		TPM8_CH1		TPM8		TPM8 Channel 1		I/O		N		N		PSMI1_TPM8_CH1		711

		TPM8_CH2		TPM8		TPM8 Channel 2		I/O		N		N		PSMI1_TPM8_CH2		712

		TPM8_CH3		TPM8		TPM8 Channel 3		I/O		N		N		PSMI1_TPM8_CH3		713

		TPM8_CH4		TPM8		TPM8 Channel 4		I/O		N		N		PSMI1_TPM8_CH4		714

		TPM8_CH5		TPM8		TPM8 Channel 5		I/O		N		N		PSMI1_TPM8_CH5		715

		TPM8_CLKIN		TPM8		TPM8 External Clock		I		N		N		PSMI1_TPM8_CLKIN		716

		TRACE0_CLKOUT		TRACE0		Trace Clock Output from the ARM CoreSight Debug Block		O		N		N				

		TRACE0_D0		TRACE0		Trace Port Data 0 Output		O		N		N				

		TRACE0_D1		TRACE0		Trace Port Data 1 Output		O		N		N				

		TRACE0_D10		TRACE0		Trace Port Data 10 Output		O		N		N				

		TRACE0_D11		TRACE0		Trace Port Data 11 Output		O		N		N				

		TRACE0_D12		TRACE0		Trace Port Data 12 Output		O		N		N				

		TRACE0_D13		TRACE0		Trace Port Data 13 Output		O		N		N				

		TRACE0_D14		TRACE0		Trace Port Data 14 Output		O		N		N				

		TRACE0_D15		TRACE0		Trace Port Data 15 Output		O		N		N				

		TRACE0_D2		TRACE0		Trace Port Data 2 Output		O		N		N				

		TRACE0_D3		TRACE0		Trace Port Data 3 Output		O		N		N				

		TRACE0_D4		TRACE0		Trace Port Data 4 Output		O		N		N				

		TRACE0_D5		TRACE0		Trace Port Data 5 Output		O		N		N				

		TRACE0_D6		TRACE0		Trace Port Data 6 Output		O		N		N				

		TRACE0_D7		TRACE0		Trace Port Data 7 Output		O		N		N				

		TRACE0_D8		TRACE0		Trace Port Data 8 Output		O		N		N				

		TRACE0_D9		TRACE0		Trace Port Data 9 Output		O		N		N				

		USB0_ID		USB_PHY0		USB0 ID		I		N		N		PSMI1_USB0_ID		690

		USB0_OC		USB0_1		USB0 Power Overcurrent		I		N		N		PSMI1_USB0_OC		688

		USB0_PWR		USB0_1		USB0 Power Enable		O		N		N				

		USB1_ID		USB_PHY1		USB1 ID		I		N		N		PSMI1_USB1_ID		691

		USB1_OC		USB0_1		USB1 Power Overcurrent		I		N		N		PSMI1_USB1_OC		689

		USB1_PWR		USB0_1		USB1 Power Enable		O		N		N				

		WDOG0_RST		WDOG0		WDOG0 Reset Output		O		N		N				

		WDOG1_RST		WDOG1		WDOG1 Reset Output		O		N		N				

		WDOG2_RST		WDOG2		WDOG2 Reset Output		O		N		N				

		WDOG3_RST		WDOG3		WDOG3 Reset Output		O		N		N				

		WDOG4_RST		WDOG4		WDOG4 Reset Output		O		N		N				

		WDOG5_RST		WDOG5		WDOG5 Reset Output		O		N		N				

		WUU0_P0		WUU0		Low-Leakage Wakeup Unit0 Input 0		I		N		Y				

		WUU0_P1		WUU0		Low-Leakage Wakeup Unit0 Input 1		I		N		Y				

		WUU0_P10		WUU0		Low-Leakage Wakeup Unit0 Input 10		I		N		Y				

		WUU0_P11		WUU0		Low-Leakage Wakeup Unit0 Input 11		I		N		Y				

		WUU0_P12		WUU0		Low-Leakage Wakeup Unit0 Input 12		I		N		Y				

		WUU0_P13		WUU0		Low-Leakage Wakeup Unit0 Input 13		I		N		Y				

		WUU0_P14		WUU0		Low-Leakage Wakeup Unit0 Input 14		I		N		Y				

		WUU0_P15		WUU0		Low-Leakage Wakeup Unit0 Input 15		I		N		Y				

		WUU0_P16		WUU0		Low-Leakage Wakeup Unit0 Input 16		I		N		Y				

		WUU0_P17		WUU0		Low-Leakage Wakeup Unit0 Input 17		I		N		Y				

		WUU0_P18		WUU0		Low-Leakage Wakeup Unit0 Input 18		I		N		Y				

		WUU0_P19		WUU0		Low-Leakage Wakeup Unit0 Input 19		I		N		Y				

		WUU0_P2		WUU0		Low-Leakage Wakeup Unit0 Input 2		I		N		Y				

		WUU0_P20		WUU0		Low-Leakage Wakeup Unit0 Input 20		I		N		Y				

		WUU0_P21		WUU0		Low-Leakage Wakeup Unit0 Input 21		I		N		Y				

		WUU0_P22		WUU0		Low-Leakage Wakeup Unit0 Input 22		I		N		Y				

		WUU0_P23		WUU0		Low-Leakage Wakeup Unit0 Input 23		I		N		Y				

		WUU0_P24		WUU0		Low-Leakage Wakeup Unit0 Input 24		I		N		Y				

		WUU0_P25		WUU0		Low-Leakage Wakeup Unit0 Input 25		I		N		Y				

		WUU0_P26		WUU0		Low-Leakage Wakeup Unit0 Input 26		I		N		Y				

		WUU0_P27		WUU0		Low-Leakage Wakeup Unit0 Input 27		I		N		Y				

		WUU0_P3		WUU0		Low-Leakage Wakeup Unit0 Input 3		I		N		Y				

		WUU0_P4		WUU0		Low-Leakage Wakeup Unit0 Input 4		I		N		Y				

		WUU0_P5		WUU0		Low-Leakage Wakeup Unit0 Input 5		I		N		Y				

		WUU0_P6		WUU0		Low-Leakage Wakeup Unit0 Input 6		I		N		Y				

		WUU0_P7		WUU0		Low-Leakage Wakeup Unit0 Input 7		I		N		Y				

		WUU0_P8		WUU0		Low-Leakage Wakeup Unit0 Input 8		I		N		Y				

		WUU0_P9		WUU0		Low-Leakage Wakeup Unit0 Input 9		I		N		Y				

		WUU1_P0		WUU1		Low-Leakage Wakeup Unit1 Input 0		I		N		Y				

		WUU1_P1		WUU1		Low-Leakage Wakeup Unit1 Input 1		I		N		Y				

		WUU1_P10		WUU1		Low-Leakage Wakeup Unit1 Input 10		I		N		Y				

		WUU1_P11		WUU1		Low-Leakage Wakeup Unit1 Input 11		I		N		Y				

		WUU1_P12		WUU1		Low-Leakage Wakeup Unit1 Input 12		I		N		Y				

		WUU1_P13		WUU1		Low-Leakage Wakeup Unit1 Input 13		I		N		Y				

		WUU1_P14		WUU1		Low-Leakage Wakeup Unit1 Input 14		I		N		Y				

		WUU1_P15		WUU1		Low-Leakage Wakeup Unit1 Input 15		I		N		Y				

		WUU1_P2		WUU1		Low-Leakage Wakeup Unit1 Input 2		I		N		Y				

		WUU1_P3		WUU1		Low-Leakage Wakeup Unit1 Input 3		I		N		Y				

		WUU1_P4		WUU1		Low-Leakage Wakeup Unit1 Input 4		I		N		Y				

		WUU1_P5		WUU1		Low-Leakage Wakeup Unit1 Input 5		I		N		Y				

		WUU1_P6		WUU1		Low-Leakage Wakeup Unit1 Input 6		I		N		Y				

		WUU1_P7		WUU1		Low-Leakage Wakeup Unit1 Input 7		I		N		Y				

		WUU1_P8		WUU1		Low-Leakage Wakeup Unit1 Input 8		I		N		Y				

		WUU1_P9		WUU1		Low-Leakage Wakeup Unit1 Input 9		I		N		Y				





Muxing IO Pad Control

																																		Pakage				PCR																												

		Port		CR		CR#		Addr		MUX		Function		Module		Description		Direction		Pad State During POR		Pad State During Reset		Pad State After Reset		Pad Type Alias		I/O Power Domain		I/O Power Segment		Core Domain		15x15mm		9.4x9.4mm		PS		PE		SRE		PFE		ODE		DSE		MUX[3:0]		LK		IBE		OBE		DFE		DFCS		DFD[4:0]		Reset		Bits Configurable

		PTA0		PCR0_PTA0		0		0x0000_0000		0000		CMP1_IN2		CMP1		CMP1 Analog Voltage Input 2 (3.3v range)		I		Hiz		Input(BT0_CFG0)		Hiz		FSGPIO		VDD_PTA		PTA		0		AB5		G1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA0		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_PCS1		LPSPI0		LPSPI0 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

										0101		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I/O																																																

										0110		TPM0_CLKIN		TPM0		TPM0 External Clock		I																																																

										0111		I2S0_RX_BCLK		I2S0		I2S0 Receive Bit Clock		I/O																																																

										1011		BT0_CFG0		SYSTEM		M33 Boot Configuration pin 0		I																																																

										1100		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

										1101		WUU0_P0		WUU0		Low-Leakage Wakeup Unit0 Input 0		I																																																

				PSMI0_LPTMR0_ALT1		586		0x0000_0928		0001		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

				PSMI0_TPM0_CLKIN		598		0x0000_0958		0001		TPM0_CLKIN		TPM0		TPM0 External Clock		I																																																

				PSMI0_LPI2C0_SCL		607		0x0000_097C		0001		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I																																																

				PSMI0_LPUART0_CTS_b		612		0x0000_0990		0001		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

				PSMI0_I2S0_RX_BCLK		622		0x0000_09B8		0001		I2S0_RX_BCLK		I2S0		I2S0 Receive Bit Clock		I																																																

		PTA1		PCR0_PTA1		1		0x0000_0004		0000		CMP1_IN3		CMP1		CMP1 Analog Voltage Input 3 (3.3v range)		I		Hiz		Input(BT0_CFG1)		Hiz		FSGPIO		VDD_PTA		PTA		0		AD5		H4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA1		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_PCS2		LPSPI0		LPSPI0 Peripheral Chip Select 2		I/O																																																

										0100		LPUART0_RTS_b		LPUART0		LPUART0 Request to Send		O																																																

										0101		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I/O																																																

										0110		TPM0_CH0		TPM0		TPM0 Channel 0		I/O																																																

										0111		I2S0_RX_FS		I2S0		I2S0 RX Frame Sync		I/O																																																

										1011		BT0_CFG1		SYSTEM		M33 Boot Configuration pin 1		I																																																

										1100		EWM0_OUT_b		EWM0		EWM Reset Out Signal		O																																																

										1101		RTC_CLKOUT_b		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

				PSMI0_TPM0_CH0		592		0x0000_0940		0001		TPM0_CH0		TPM0		TPM0 Channel 0		I																																																

				PSMI0_LPI2C0_SDA		608		0x0000_0980		0001		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I																																																

				PSMI0_I2S0_RX_FS		623		0x0000_09BC		0001		I2S0_RX_FS		I2S0		I2S0 RX Frame Sync		I																																																

		PTA2		PCR0_PTA2		2		0x0000_0008		0000		CMP1_IN4		CMP1		CMP1 Analog Voltage Input 4 (3.3v range)		I		Hiz		Input(BT0_CFG2)		Hiz		FSGPIO		VDD_PTA		PTA		0		AB6		H2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA2		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_PCS3		LPSPI0		LPSPI0 Peripheral Chip Select 3		I/O																																																

										0100		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I/O																																																

										0101		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

										0110		TPM0_CH1		TPM0		TPM0 Channel 1		I/O																																																

										0111		I2S0_RXD0		I2S0		I2S0 Receive Data		I																																																

										1010		WDOG0_RST		WDOG0		WDOG0 Reset Output		O																																																

										1011		BT0_CFG2		SYSTEM		M33 Boot Configuration pin 12		I																																																

										1100		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

										1101		RTC_CLKOUT		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

				PSMI0_LPTMR0_ALT2		587		0x0000_092C		0001		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

				PSMI0_TPM0_CH1		593		0x0000_0944		0001		TPM0_CH1		TPM0		TPM0 Channel 1		I																																																

				PSMI0_LPI2C0_HREQ		606		0x0000_0978		0001		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

				PSMI0_LPUART0_TX		614		0x0000_0998		0001		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I																																																

				PSMI0_I2S0_RXD0		618		0x0000_09A8		0001		I2S0_RXD0		I2S0		I2S0 Receive Data		I																																																

		PTA3		PCR0_PTA3		3		0x0000_000c		0000		CMP1_IN5		CMP1		CMP1 Analog Voltage Input 5 (3.3v range)		I		Hiz		Input(BT0_CFG3)		Hiz		FSGPIO		VDD_PTA		PTA		0		AE4		J5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA3		GPIOA		General Purpose I/O		I/O																																																

										0100		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

										0101		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

										0110		TPM0_CH2		TPM0		TPM0 Channel 2		I/O																																																

										0111		I2S0_RXD1		I2S0		I2S0 Receive Data		I																																																

										1010		PMIC0_MODE2		POWERSYS		POWERSYS Mode		O																																																

										1011		BT0_CFG3		SYSTEM		M33 Boot Configuration pin 23		I																																																

										1100		CMP0_OUT		CMP0		CMP0 Output		O																																																

										1101		WUU0_P1		WUU0		Low-Leakage Wakeup Unit0 Input 1		I																																																

				PSMI0_TPM0_CH2		594		0x0000_0948		0001		TPM0_CH2		TPM0		TPM0 Channel 2		I																																																

				PSMI0_LPI2C1_HREQ		609		0x0000_0984		0001		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

				PSMI0_LPUART0_RX		613		0x0000_0994		0001		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

				PSMI0_I2S0_RXD1		619		0x0000_09AC		0001		I2S0_RXD1		I2S0		I2S0 Receive Data		I																																																

		PTA4		PCR0_PTA4		4		0x0000_0010		0000		CMP0_IN2		CMP0		CMP0 Analog Voltage Input 2 (3.3v range)		I		Hiz		Input(BT0_CFG4)		Hiz		FSGPIO		VDD_PTA		PTA		0		AD4		F4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA4		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_SIN		LPSPI0		LPSPI0 Serial Data Input		I/O																																																

										0100		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

										0101		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I/O																																																

										0110		TPM0_CH3		TPM0		TPM0 Channel 3		I/O																																																

										0111		I2S0_MCLK		I2S0		I2S0 Audio Master Clock		O																																																

										1000		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

										1001		CAN0_TX		CAN0		FlexCan TX line		O																																																

										1010		PMIC0_MODE1		POWERSYS		POWERSYS Mode		O																																																

										1011		BT0_CFG4		SYSTEM		M33 Boot Configuration pin 26		I																																																

										1100		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

										1101		WUU0_P2		WUU0		Low-Leakage Wakeup Unit0 Input 2		I																																																

				PSMI0_EXT_AUD_MCLK0		515		0x0000_080C		0001		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

				PSMI0_LPSPI0_SIN		557		0x0000_08B4		0001		LPSPI0_SIN		LPSPI0		LPSPI0 Serial Data Input		I																																																

				PSMI0_LPTMR0_ALT3		588		0x0000_0930		0001		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

				PSMI0_TPM0_CH3		595		0x0000_094C		0001		TPM0_CH3		TPM0		TPM0 Channel 3		I																																																

				PSMI0_LPI2C1_SCL		610		0x0000_0988		0001		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I																																																

				PSMI0_LPUART1_CTS_b		615		0x0000_099C		0001		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

		PTA5		PCR0_PTA5		5		0x0000_0014		0000		CMP0_IN3		CMP0		CMP0 Analog Voltage Input 3 (3.3v range)		I		Hiz		Input(BT0_CFG5)		Hiz		FSGPIO		VDD_PTA		PTA		0		AH1		F2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA5		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_SOUT		LPSPI0		LPSPI0 Serial Data Output		I/O																																																

										0100		LPUART1_RTS_b		LPUART1		LPUART1 Request to Send		O																																																

										0101		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I/O																																																

										0110		TPM0_CH4		TPM0		TPM0 Channel 4		I/O																																																

										0111		I2S0_TX_BCLK		I2S0		I2S0 Transmit Bit Clock		I/O																																																

										1001		CAN0_RX		CAN0		FlexCan RX line		I																																																

										1011		BT0_CFG5		SYSTEM		M33 Boot Configuration pin 27		I																																																

										1100		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

										1101		RTC_CLKOUT_b		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

				PSMI0_LPSPI0_SOUT		558		0x0000_08B8		0001		LPSPI0_SOUT		LPSPI0		LPSPI0 Serial Data Output		I																																																

				PSMI0_LPTMR1_ALT1		589		0x0000_0934		0001		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

				PSMI0_LPI2C1_SDA		611		0x0000_098C		0001		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I																																																

				PSMI0_I2S0_TX_BCLK		624		0x0000_09C0		0001		I2S0_TX_BCLK		I2S0		I2S0 Transmit Bit Clock		I																																																

				PSMI0_CAN0_RX		634		0x0000_09E8		0001		CAN0_RX		CAN0		FlexCan RX line		I																																																

		PTA6		PCR0_PTA6		6		0x0000_0018		0000		CMP0_IN4		CMP0		CMP0 Analog Voltage Input 4 (3.3v range)		I		Hiz		Input(BT0_CFG6)		Hiz		FSGPIO		VDD_PTA		PTA		0		AF1		E1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA6		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_SCK		LPSPI0		LPSPI0 Serial Clock		I/O																																																

										0100		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I/O																																																

										0101		I3C0_SCL		I3C0		I3C0 Serial Clock		I/O																																																

										0110		TPM0_CH5		TPM0		TPM0 Channel 5		I/O																																																

										0111		I2S0_TX_FS		I2S0		I2S0 TX Frame Sync		I/O																																																

										1011		BT0_CFG6		SYSTEM		M33 Boot Configuration pin 28		I																																																

										1100		RTC_CLKOUT		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

										1101		WUU0_P3		WUU0		Low-Leakage Wakeup Unit0 Input 3		I																																																

				PSMI0_I3C0_SCL		550		0x0000_0898		0001		I3C0_SCL		I3C0		I3C0 Serial Clock		I																																																

				PSMI0_LPSPI0_SCK		556		0x0000_08B0		0001		LPSPI0_SCK		LPSPI0		LPSPI0 Serial Clock		I																																																

				PSMI0_LPUART1_TX		617		0x0000_09A4		0001		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I																																																

				PSMI0_I2S0_TX_FS		625		0x0000_09C4		0001		I2S0_TX_FS		I2S0		I2S0 TX Frame Sync		I																																																

		PTA7		PCR0_PTA7		7		0x0000_001c		0000		CMP0_IN5		CMP0		CMP0 Analog Voltage Input 5 (3.3v range)		I		Hiz		Input(BT0_CFG7)		Hiz		FSGPIO		VDD_PTA		PTA		0		AF2		E3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA7		GPIOA		General Purpose I/O		I/O																																																

										0011		LPSPI0_PCS0		LPSPI0		LPSPI0 Peripheral Chip Select 0		I/O																																																

										0100		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

										0101		I3C0_SDA		I3C0		I3C0 Serial Data		I/O																																																

										0110		TPM1_CLKIN		TPM1		TPM1 External Clock		I																																																

										0111		I2S0_TXD0		I2S0		I2S0 Transmit Data		O																																																

										1010		WDOG1_RST		WDOG1		WDOG1 Reset Output		O																																																

										1011		BT0_CFG7		SYSTEM		M33 Boot Configuration pin 29		I																																																

										1100		LPTMR1_ALT2		LPTMR1		LPTMR1 Pulse Counter Input 2		I																																																

										1101		WUU0_P4		WUU0		Low-Leakage Wakeup Unit0 Input 4		I																																																

				PSMI0_I3C0_SDA		551		0x0000_089C		0001		I3C0_SDA		I3C0		I3C0 Serial Data		I																																																

				PSMI0_LPSPI0_PCS0		552		0x0000_08A0		0001		LPSPI0_PCS0		LPSPI0		LPSPI0 Peripheral Chip Select 0		I																																																

				PSMI0_LPTMR1_ALT2		590		0x0000_0938		0001		LPTMR1_ALT2		LPTMR1		LPTMR1 Pulse Counter Input 2		I																																																

				PSMI0_TPM1_CLKIN		605		0x0000_0974		0001		TPM1_CLKIN		TPM1		TPM1 External Clock		I																																																

				PSMI0_LPUART1_RX		616		0x0000_09A0		0001		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

		PTA8		PCR0_PTA8		8		0x0000_0020		0000		ADC1_CH0A		ADC1		ADC 1 A-side Analog Channel 0 input		I		Hiz		Input(BT0_CFG8)		Hiz		FSGPIO		VDD_PTA		PTA		0		AF4		F6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA8		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D0		FXIO0		FlexIO 0 Shifter and Timer Pin 0		I/O																																																

										0011		LPSPI1_PCS1		LPSPI1		LPSPI1 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

										0101		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I/O																																																

										0110		TPM1_CH0		TPM1		TPM1 Channel 0		I/O																																																

										0111		I2S0_TXD1		I2S0		I2S0 Transmit Data		O																																																

										1010		PMIC0_MODE0		POWERSYS		POWERSYS Mode		O																																																

										1011		BT0_CFG8		SYSTEM		M33 Boot Configuration pin 30		I																																																

										1100		LPTMR1_ALT3		LPTMR1		LPTMR1 Pulse Counter Input 3		I																																																

										1101		WUU0_P5		WUU0		Low-Leakage Wakeup Unit0 Input 5		I																																																

				PSMI0_LPTMR1_ALT3		591		0x0000_093C		0001		LPTMR1_ALT3		LPTMR1		LPTMR1 Pulse Counter Input 3		I																																																

				PSMI0_TPM1_CH0		599		0x0000_095C		0001		TPM1_CH0		TPM1		TPM1 Channel 0		I																																																

				PSMI0_LPI2C0_SCL		607		0x0000_097C		0010		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I																																																

				PSMI0_LPUART1_CTS_b		615		0x0000_099C		0010		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

		PTA9		PCR0_PTA9		9		0x0000_0024		0000		ADC1_CH0B		ADC1		ADC 1 B-side Analog Channel 0 input		I		Hiz		Input(BT0_CFG9)		Hiz		FSGPIO		VDD_PTA		PTA		0		AG2		E5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA9		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D1		FXIO0		FlexIO 0 Shifter and Timer Pin 1		I/O																																																

										0011		LPSPI1_PCS2		LPSPI1		LPSPI1 Peripheral Chip Select 2		I/O																																																

										0100		LPUART1_RTS_b		LPUART1		LPUART1 Request to Send		O																																																

										0101		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I/O																																																

										0110		TPM1_CH1		TPM1		TPM1 Channel 1		I/O																																																

										0111		I2S1_RX_BCLK		I2S1		I2S1 Receive Bit Clock		I/O																																																

										1011		BT0_CFG9		SYSTEM		M33 Boot Configuration pin 31		I																																																

										1100		NMI0_b		SYSTEM		Non Maskable Interrupt 0		I																																																

										1101		WUU0_P6		WUU0		Low-Leakage Wakeup Unit0 Input 6		I																																																

				PSMI0_TPM1_CH1		600		0x0000_0960		0001		TPM1_CH1		TPM1		TPM1 Channel 1		I																																																

				PSMI0_LPI2C0_SDA		608		0x0000_0980		0010		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I																																																

				PSMI0_I2S1_RX_BCLK		630		0x0000_09D8		0001		I2S1_RX_BCLK		I2S1		I2S1 Receive Bit Clock		I																																																

		PTA10		PCR0_PTA10		10		0x0000_0028		0000		ADC1_CH1A		ADC1		ADC 1 A-side Analog Channel 1 input		I		Hiz		Input(BT0_CFG10)		Hiz		FSGPIO		VDD_PTA		PTA		0		AH2		D2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA10		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D2		FXIO0		FlexIO 0 Shifter and Timer Pin 2		I/O																																																

										0011		LPSPI1_PCS3		LPSPI1		LPSPI1 Peripheral Chip Select 3		I/O																																																

										0100		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I/O																																																

										0101		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

										0110		I3C0_PUR		I3C0		I3C0 External Pull-Up Resistor enable		O																																																

										0111		I2S1_RX_FS		I2S1		I2S1 RX Frame Sync		I/O																																																

										1011		BT0_CFG10		SYSTEM		M33 Boot Configuration pin 2		I																																																

										1100		EWM0_IN		EWM0		EWM External Input		I																																																

										1101		WUU0_P7		WUU0		Low-Leakage Wakeup Unit0 Input 7		I																																																

				PSMI0_EWM0_IN		514		0x0000_0808		0001		EWM0_IN		EWM0		EWM External Input		I																																																

				PSMI0_LPI2C0_HREQ		606		0x0000_0978		0010		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

				PSMI0_LPUART1_TX		617		0x0000_09A4		0010		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I																																																

				PSMI0_I2S1_RX_FS		631		0x0000_09DC		0001		I2S1_RX_FS		I2S1		I2S1 RX Frame Sync		I																																																

		PTA11		PCR0_PTA11		11		0x0000_002c		0000		ADC1_CH1B		ADC1		ADC 1 B-side Analog Channel 1 input		I		Hiz		Input(BT0_CFG11)		Hiz		FSGPIO		VDD_PTA		PTA		0		AH3		C1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA11		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D3		FXIO0		FlexIO 0 Shifter and Timer Pin 3		I/O																																																

										0100		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

										0101		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

										0110		I3C0_PUR		I3C0		I3C0 External Pull-Up Resistor enable		O																																																

										0111		I2S1_RXD0		I2S1		I2S1 Receive Data		I																																																

										1010		WDOG0_RST		WDOG0		WDOG0 Reset Output		O																																																

										1011		BT0_CFG11		SYSTEM		M33 Boot Configuration pin 3		I																																																

										1100		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

										1101		WUU0_P8		WUU0		Low-Leakage Wakeup Unit0 Input 8		I																																																

				PSMI0_LPTMR0_ALT1		586		0x0000_0928		0010		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

				PSMI0_LPI2C1_HREQ		609		0x0000_0984		0010		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

				PSMI0_LPUART1_RX		616		0x0000_09A0		0010		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

				PSMI0_I2S1_RXD0		626		0x0000_09C8		0001		I2S1_RXD0		I2S1		I2S1 Receive Data		I																																																

		PTA12		PCR0_PTA12		12		0x0000_0030		0000		ADC1_CH2A		ADC1		ADC 1 A-side Analog Channel 2 input		I		Hiz		Input(BT0_CFG12)		Hiz		FSGPIO		VDD_PTA		PTA		0		AE6		D4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA12		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D4		FXIO0		FlexIO 0 Shifter and Timer Pin 4		I/O																																																

										0011		LPSPI1_SIN		LPSPI1		LPSPI1 Serial Data Input		I/O																																																

										0100		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

										0101		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I/O																																																

										0111		I2S1_RXD1		I2S1		I2S1 Receive Data		I																																																

										1001		CAN0_TX		CAN0		FlexCan TX line		O																																																

										1010		PMIC0_SDA		POWERSYS		POWERSYS Serial Data Line		I/O																																																

										1011		BT0_CFG12		SYSTEM		M33 Boot Configuration pin 4		I																																																

										1100		EWM0_IN		EWM0		EWM External Input		I																																																

										1101		WUU0_P9		WUU0		Low-Leakage Wakeup Unit0 Input 9		I																																																

				PSMI0_PMIC0_SDA		513		0x0000_0804		0001		PMIC0_SDA		POWERSYS		POWERSYS Serial Data Line		I																																																

				PSMI0_EWM0_IN		514		0x0000_0808		0010		EWM0_IN		EWM0		EWM External Input		I																																																

				PSMI0_LPSPI1_SIN		564		0x0000_08D0		0001		LPSPI1_SIN		LPSPI1		LPSPI1 Serial Data Input		I																																																

				PSMI0_LPI2C1_SCL		610		0x0000_0988		0010		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I																																																

				PSMI0_LPUART0_CTS_b		612		0x0000_0990		0010		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

				PSMI0_I2S1_RXD1		627		0x0000_09CC		0001		I2S1_RXD1		I2S1		I2S1 Receive Data		I																																																

		PTA13		PCR0_PTA13		13		0x0000_0034		0000		ADC1_CH2B		ADC1		ADC 1 B-side Analog Channel 2 input		I		Hiz		Input(BT0_CFG13)		Hiz		FSGPIO		VDD_PTA		PTA		0		AJ2		B2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA13		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D5		FXIO0		FlexIO 0 Shifter and Timer Pin 5		I/O																																																

										0011		LPSPI1_SOUT		LPSPI1		LPSPI1 Serial Data Output		I/O																																																

										0100		LPUART0_RTS_b		LPUART0		LPUART0 Request to Send		O																																																

										0101		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I/O																																																

										0111		I2S1_MCLK		I2S1		I2S1 Audio Master Clock		O																																																

										1000		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

										1001		CAN0_RX		CAN0		FlexCan RX line		I																																																

										1010		PMIC0_SCL		POWERSYS		POWERSYS Serial Clock Line		I/O																																																

										1011		BT0_CFG13		SYSTEM		M33 Boot Configuration pin 5		I																																																

										1100		CMP0_OUT		CMP0		CMP0 Output		O																																																

										1101		WUU0_P10		WUU0		Low-Leakage Wakeup Unit0 Input 10		I																																																

				PSMI0_PMIC0_SCL		512		0x0000_0800		0001		PMIC0_SCL		POWERSYS		POWERSYS Serial Clock Line		I																																																

				PSMI0_EXT_AUD_MCLK0		515		0x0000_080C		0010		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

				PSMI0_LPSPI1_SOUT		565		0x0000_08D4		0001		LPSPI1_SOUT		LPSPI1		LPSPI1 Serial Data Output		I																																																

				PSMI0_LPI2C1_SDA		611		0x0000_098C		0010		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I																																																

				PSMI0_CAN0_RX		634		0x0000_09E8		0010		CAN0_RX		CAN0		FlexCan RX line		I																																																

		PTA14		PCR0_PTA14		14		0x0000_0038		0000		ADC1_CH3A		ADC1		ADC 1 A-side Analog Channel 3 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTA		PTA		0		AF5		F8		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA14		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D6		FXIO0		FlexIO 0 Shifter and Timer Pin 6		I/O																																																

										0011		LPSPI1_SCK		LPSPI1		LPSPI1 Serial Clock		I/O																																																

										0100		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I/O																																																

										0101		I3C0_SCL		I3C0		I3C0 Serial Clock		I/O																																																

										0110		TPM0_CLKIN		TPM0		TPM0 External Clock		I																																																

										0111		I2S1_TX_BCLK		I2S1		I2S1 Transmit Bit Clock		I/O																																																

										1100		EWM0_OUT_b		EWM0		EWM Reset Out Signal		O																																																

										1101		WUU0_P11		WUU0		Low-Leakage Wakeup Unit0 Input 11		I																																																

				PSMI0_I3C0_SCL		550		0x0000_0898		0010		I3C0_SCL		I3C0		I3C0 Serial Clock		I																																																

				PSMI0_LPSPI1_SCK		563		0x0000_08CC		0001		LPSPI1_SCK		LPSPI1		LPSPI1 Serial Clock		I																																																

				PSMI0_TPM0_CLKIN		598		0x0000_0958		0010		TPM0_CLKIN		TPM0		TPM0 External Clock		I																																																

				PSMI0_LPUART0_TX		614		0x0000_0998		0010		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I																																																

				PSMI0_I2S1_TX_BCLK		632		0x0000_09E0		0001		I2S1_TX_BCLK		I2S1		I2S1 Transmit Bit Clock		I																																																

		PTA15		PCR0_PTA15		15		0x0000_003c		0000		ADC1_CH3B		ADC1		ADC 1 B-side Analog Channel 3 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTA		PTA		0		AH4		D6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA15		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D7		FXIO0		FlexIO 0 Shifter and Timer Pin 7		I/O																																																

										0011		LPSPI1_PCS0		LPSPI1		LPSPI1 Peripheral Chip Select 0		I/O																																																

										0100		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

										0101		I3C0_SDA		I3C0		I3C0 Serial Data		I/O																																																

										0110		TPM0_CH0		TPM0		TPM0 Channel 0		I/O																																																

										0111		I2S1_TX_FS		I2S1		I2S1 TX Frame Sync		I/O																																																

										1010		CLKOUT0		SYSTEM		RTD System Clock Output		O																																																

										1100		CMP1_OUT		CMP1		CMP1 Output		O																																																

										1101		WUU0_P12		WUU0		Low-Leakage Wakeup Unit0 Input 12		I																																																

				PSMI0_I3C0_SDA		551		0x0000_089C		0010		I3C0_SDA		I3C0		I3C0 Serial Data		I																																																

				PSMI0_LPSPI1_PCS0		559		0x0000_08BC		0001		LPSPI1_PCS0		LPSPI1		LPSPI1 Peripheral Chip Select 0		I																																																

				PSMI0_TPM0_CH0		592		0x0000_0940		0010		TPM0_CH0		TPM0		TPM0 Channel 0		I																																																

				PSMI0_LPUART0_RX		613		0x0000_0994		0010		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

				PSMI0_I2S1_TX_FS		633		0x0000_09E4		0001		I2S1_TX_FS		I2S1		I2S1 TX Frame Sync		I																																																

		PTA16		PCR0_PTA16		16		0x0000_0040		0000		ADC1_CH4A		ADC1		ADC 1 A-side Analog Channel 4 input		I		Hiz		Input(BT0_CFG14)		Hiz		FSGPIO		VDD_PTA		PTA		0		AH6		C5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA16		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D8		FXIO0		FlexIO 0 Shifter and Timer Pin 8		I/O																																																

										0011		LPSPI1_SIN		LPSPI1		LPSPI1 Serial Data Input		I/O																																																

										0100		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

										0101		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I/O																																																

										0110		TPM0_CH1		TPM0		TPM0 Channel 1		I/O																																																

										0111		I2S1_TXD0		I2S1		I2S1 Transmit Data		O																																																

										1001		CAN0_TX		CAN0		FlexCan TX line		O																																																

										1011		BT0_CFG14		SYSTEM		M33 Boot Configuration pin 6		I																																																

										1100		RTC_CLKOUT_b		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

										1101		WUU0_P13		WUU0		Low-Leakage Wakeup Unit0 Input 13		I																																																

				PSMI0_LPSPI1_SIN		564		0x0000_08D0		0010		LPSPI1_SIN		LPSPI1		LPSPI1 Serial Data Input		I																																																

				PSMI0_TPM0_CH1		593		0x0000_0944		0010		TPM0_CH1		TPM0		TPM0 Channel 1		I																																																

				PSMI0_LPI2C0_SCL		607		0x0000_097C		0011		LPI2C0_SCL		LPI2C0		LPI2C0 Serial Clock Line		I																																																

				PSMI0_LPUART0_CTS_b		612		0x0000_0990		0011		LPUART0_CTS_b		LPUART0		LPUART0 Clear to Send		I																																																

		PTA17		PCR0_PTA17		17		0x0000_0044		0000		ADC1_CH4B		ADC1		ADC 1 B-side Analog Channel 4 input		I		Hiz		Input(BT0_CFG15)		Hiz		FSGPIO		VDD_PTA		PTA		0		AD8		A3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA17		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D9		FXIO0		FlexIO 0 Shifter and Timer Pin 9		I/O																																																

										0011		LPSPI1_SOUT		LPSPI1		LPSPI1 Serial Data Output		I/O																																																

										0100		LPUART0_RTS_b		LPUART0		LPUART0 Request to Send		O																																																

										0101		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I/O																																																

										0110		TPM0_CH2		TPM0		TPM0 Channel 2		I/O																																																

										0111		I2S1_TXD1		I2S1		I2S1 Transmit Data		O																																																

										1001		CAN0_RX		CAN0		FlexCan RX line		I																																																

										1010		WDOG1_RST		WDOG1		WDOG1 Reset Output		O																																																

										1011		BT0_CFG15		SYSTEM		M33 Boot Configuration pin 7		I																																																

										1100		RTC_CLKOUT		VBAT		32.768 Khz square-wave output or OSC32KCLK		O																																																

										1101		WUU0_P14		WUU0		Low-Leakage Wakeup Unit0 Input 14		I																																																

				PSMI0_LPSPI1_SOUT		565		0x0000_08D4		0010		LPSPI1_SOUT		LPSPI1		LPSPI1 Serial Data Output		I																																																

				PSMI0_TPM0_CH2		594		0x0000_0948		0010		TPM0_CH2		TPM0		TPM0 Channel 2		I																																																

				PSMI0_LPI2C0_SDA		608		0x0000_0980		0011		LPI2C0_SDA		LPI2C0		LPI2C0 Serial Data Line		I																																																

				PSMI0_CAN0_RX		634		0x0000_09E8		0011		CAN0_RX		CAN0		FlexCan RX line		I																																																

		PTA18		PCR0_PTA18		18		0x0000_0048		0000		ADC1_CH5A		ADC1		ADC 1 A-side Analog Channel 5 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTA		PTA		0		AF6		B4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA18		GPIOA		General Purpose I/O		I/O																																																

										0010		FXIO0_D10		FXIO0		FlexIO 0 Shifter and Timer Pin 10		I/O																																																

										0011		LPSPI1_SCK		LPSPI1		LPSPI1 Serial Clock		I/O																																																

										0100		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I/O																																																

										0101		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

										0110		TPM0_CH3		TPM0		TPM0 Channel 3		I/O																																																

										0111		I2S1_TXD2		I2S1		I2S1 Transmit Data		O																																																

										1100		NMI1_b		SYSTEM		Non Maskable Interrupt 1		I																																																

										1101		WUU0_P15		WUU0		Low-Leakage Wakeup Unit0 Input 15		I																																																

				PSMI0_LPSPI1_SCK		563		0x0000_08CC		0010		LPSPI1_SCK		LPSPI1		LPSPI1 Serial Clock		I																																																

				PSMI0_TPM0_CH3		595		0x0000_094C		0010		TPM0_CH3		TPM0		TPM0 Channel 3		I																																																

				PSMI0_LPI2C0_HREQ		606		0x0000_0978		0011		LPI2C0_HREQ		LPI2C0		LPI2C0 Host Request		I																																																

				PSMI0_LPUART0_TX		614		0x0000_0998		0011		LPUART0_TX		LPUART0		LPUART0 Transmit Data		I																																																

		PTA19		PCR0_PTA19		19		0x0000_004c		0001		PTA19		GPIOA		General Purpose I/O		I/O		Hiz		Input(TRST_b)/WeakPU		Input(TRST_b)/WeakPU		FSGPIO		VDD_PTA		PTA		0		AJ4		A5		"1"		"1"		"0"		-		"0"		"0"		"1010"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000101000000011'		'00000111111100111000111101100111'

										0010		FXIO0_D11		FXIO0		FlexIO 0 Shifter and Timer Pin 11		I/O																																																

										0011		LPSPI1_PCS0		LPSPI1		LPSPI1 Peripheral Chip Select 0		I/O																																																

										0100		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

										0101		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

										0110		TPM1_CLKIN		TPM1		TPM1 External Clock		I																																																

										0111		I2S1_TXD3		I2S1		I2S1 Transmit Data		O																																																

										1000		MQS0_LEFT		MQS0		MQS0 Left Channel PWM output		O																																																

										1010		JTAG0_TRST_b		JTAG0		JTAG Reset		I																																																

										1100		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

				PSMI0_LPSPI1_PCS0		559		0x0000_08BC		0010		LPSPI1_PCS0		LPSPI1		LPSPI1 Peripheral Chip Select 0		I																																																

				PSMI0_LPTMR0_ALT2		587		0x0000_092C		0010		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

				PSMI0_TPM1_CLKIN		605		0x0000_0974		0010		TPM1_CLKIN		TPM1		TPM1 External Clock		I																																																

				PSMI0_LPI2C1_HREQ		609		0x0000_0984		0011		LPI2C1_HREQ		LPI2C1		LPI2C1 Host Request		I																																																

				PSMI0_LPUART0_RX		613		0x0000_0994		0011		LPUART0_RX		LPUART0		LPUART0 Receive data		I																																																

		PTA20		PCR0_PTA20		20		0x0000_0050		0001		PTA20		GPIOA		General Purpose I/O		I/O		Hiz		Input(TMS)/WeakPU		Input(TMS)/WeakPU		FSGPIO		VDD_PTA		PTA		0		AF8		E9		"1"		"1"		"0"		-		"0"		"0"		"1010"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000101000000011'		'00000111111100111000111101100111'

										0010		FXIO0_D12		FXIO0		FlexIO 0 Shifter and Timer Pin 12		I/O																																																

										0011		LPSPI0_SIN		LPSPI0		LPSPI0 Serial Data Input		I/O																																																

										0100		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

										0101		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I/O																																																

										0110		TPM1_CH0		TPM1		TPM1 Channel 0		I/O																																																

										0111		I2S1_RXD2		I2S1		I2S1 Receive Data		I																																																

										1010		JTAG0_TMS/SWD0_DIO		JTAG0/SWD0		JTAG Test Mode Selection/Serial Wire Data		I/O																																																

										1100		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

				PSMI0_LPSPI0_SIN		557		0x0000_08B4		0010		LPSPI0_SIN		LPSPI0		LPSPI0 Serial Data Input		I																																																

				PSMI0_LPTMR0_ALT3		588		0x0000_0930		0010		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

				PSMI0_TPM1_CH0		599		0x0000_095C		0010		TPM1_CH0		TPM1		TPM1 Channel 0		I																																																

				PSMI0_LPI2C1_SCL		610		0x0000_0988		0011		LPI2C1_SCL		LPI2C1		LPI2C1 Serial Clock Line		I																																																

				PSMI0_LPUART1_CTS_b		615		0x0000_099C		0011		LPUART1_CTS_b		LPUART1		LPUART1 Clear to Send		I																																																

				PSMI0_I2S1_RXD2		628		0x0000_09D0		0001		I2S1_RXD2		I2S1		I2S1 Receive Data		I																																																

		PTA21		PCR0_PTA21		21		0x0000_0054		0001		PTA21		GPIOA		General Purpose I/O		I/O		Hiz		Output(TDO)		Output(TDO)		FSGPIO		VDD_PTA		PTA		0		AE8		D8		"0"		"0"		"0"		-		"0"		"0"		"1010"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000101000000000'		'00000111111100111000111101100111'

										0010		FXIO0_D13		FXIO0		FlexIO 0 Shifter and Timer Pin 13		I/O																																																

										0011		LPSPI0_SOUT		LPSPI0		LPSPI0 Serial Data Output		I/O																																																

										0100		LPUART1_RTS_b		LPUART1		LPUART1 Request to Send		O																																																

										0101		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I/O																																																

										0110		TPM1_CH1		TPM1		TPM1 Channel 1		I/O																																																

										0111		I2S1_RXD3		I2S1		I2S1 Receive Data		I																																																

										1000		MQS0_RIGHT		MQS0		MQS0 Right Channel PWM output		O																																																

										1010		JTAG0_TDO		JTAG0		JTAG Test Data Output/CoreSight Serial Wire Output		O																																																

				PSMI0_LPSPI0_SOUT		558		0x0000_08B8		0010		LPSPI0_SOUT		LPSPI0		LPSPI0 Serial Data Output		I																																																

				PSMI0_TPM1_CH1		600		0x0000_0960		0010		TPM1_CH1		TPM1		TPM1 Channel 1		I																																																

				PSMI0_LPI2C1_SDA		611		0x0000_098C		0011		LPI2C1_SDA		LPI2C1		LPI2C1 Serial Data Line		I																																																

				PSMI0_I2S1_RXD3		629		0x0000_09D4		0001		I2S1_RXD3		I2S1		I2S1 Receive Data		I																																																

		PTA22		PCR0_PTA22		22		0x0000_0058		0001		PTA22		GPIOA		General Purpose I/O		I/O		Hiz		Input(TDI)/WeakPU		Input(TDI)/WeakPU		FSGPIO		VDD_PTA		PTA		0		AF9		A7		"1"		"1"		"0"		-		"0"		"0"		"1010"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000101000000011'		'00000111111100111000111101100111'

										0010		FXIO0_D14		FXIO0		FlexIO 0 Shifter and Timer Pin 14		I/O																																																

										0011		LPSPI0_SCK		LPSPI0		LPSPI0 Serial Clock		I/O																																																

										0100		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I/O																																																

										0101		I3C0_SCL		I3C0		I3C0 Serial Clock		I/O																																																

										1000		MQS0_LEFT		MQS0		MQS0 Left Channel PWM output		O																																																

										1010		JTAG0_TDI		JTAG0		JTAG Test Data Input		I																																																

				PSMI0_I3C0_SCL		550		0x0000_0898		0011		I3C0_SCL		I3C0		I3C0 Serial Clock		I																																																

				PSMI0_LPSPI0_SCK		556		0x0000_08B0		0010		LPSPI0_SCK		LPSPI0		LPSPI0 Serial Clock		I																																																

				PSMI0_LPUART1_TX		617		0x0000_09A4		0011		LPUART1_TX		LPUART1		LPUART1 Transmit Data		I																																																

		PTA23		PCR0_PTA23		23		0x0000_005c		0001		PTA23		GPIOA		General Purpose I/O		I/O		Hiz		Input(TCLK)/WeakPD		Input(TCLK)/WeakPD		FSGPIO		VDD_PTA		PTA		0		AE9		F10		"0"		"1"		"0"		-		"0"		"0"		"1010"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000101000000010'		'00000111111100111000111101100111'

										0010		FXIO0_D15		FXIO0		FlexIO 0 Shifter and Timer Pin 15		I/O																																																

										0011		LPSPI0_PCS0		LPSPI0		LPSPI0 Peripheral Chip Select 0		I/O																																																

										0100		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

										0101		I3C0_SDA		I3C0		I3C0 Serial Data		I/O																																																

										1000		MQS0_RIGHT		MQS0		MQS0 Right Channel PWM output		O																																																

										1010		JTAG0_TCLK/SWD0_CLK		JTAG0/SWD0		JTAG Test Clock/Serial Wire Clock		I																																																

				PSMI0_I3C0_SDA		551		0x0000_089C		0011		I3C0_SDA		I3C0		I3C0 Serial Data		I																																																

				PSMI0_LPSPI0_PCS0		552		0x0000_08A0		0010		LPSPI0_PCS0		LPSPI0		LPSPI0 Peripheral Chip Select 0		I																																																

				PSMI0_LPUART1_RX		616		0x0000_09A0		0011		LPUART1_RX		LPUART1		LPUART1 Receive data		I																																																

		PTA24		PCR0_PTA24		24		0x0000_0060		0000		ADC1_CH5B		ADC1		ADC 1 B-side Analog Channel 5 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTA		PTA		0		AJ6		B6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTA24		GPIOA		General Purpose I/O		I/O																																																

										0101		I3C0_PUR		I3C0		I3C0 External Pull-Up Resistor enable		O																																																

										1000		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

										1010		WDOG2_RST		WDOG2		WDOG2 Reset Output		O																																																

										1100		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

										1101		WUU0_P16		WUU0		Low-Leakage Wakeup Unit0 Input 16		I																																																

				PSMI0_EXT_AUD_MCLK0		515		0x0000_080C		0011		EXT_AUD_MCLK0		SYSTEM		External Audio Clock 0		I																																																

				PSMI0_LPTMR1_ALT1		589		0x0000_0934		0010		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

		PTB0		PCR0_PTB0		32		0x0000_0080		0000		ADC0_CH0A		ADC0		ADC 0 A-side Analog Channel 0 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AD12		A9		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB0		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D16		FXIO0		FlexIO 0 Shifter and Timer Pin 16		I/O																																																

										0011		LPSPI2_PCS1		LPSPI2		LPSPI2 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART2_CTS_b		LPUART2		LPUART2 Clear to Send		I																																																

										0101		LPI2C2_SCL		LPI2C2		LPI2C2 Serial Clock Line		I/O																																																

										0110		TPM2_CLKIN		TPM2		TPM2 External Clock		I																																																

										0111		I2S2_RXD1		I2S2		I2S2 Receive Data		I																																																

										1000		MQS0_LEFT		MQS0		MQS0 Left Channel PWM output		O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1101		WUU0_P17		WUU0		Low-Leakage Wakeup Unit0 Input 17		I																																																

				PSMI0_TPM2_CLKIN		641		0x0000_0A04		0001		TPM2_CLKIN		TPM2		TPM2 External Clock		I																																																

				PSMI0_LPI2C2_SCL		650		0x0000_0A28		0001		LPI2C2_SCL		LPI2C2		LPI2C2 Serial Clock Line		I																																																

				PSMI0_LPUART2_CTS_b		657		0x0000_0A44		0001		LPUART2_CTS_b		LPUART2		LPUART2 Clear to Send		I																																																

				PSMI0_LPSPI2_PCS1		664		0x0000_0A60		0001		LPSPI2_PCS1		LPSPI2		LPSPI2 Peripheral Chip Select 1 or Host Request		I																																																

		PTB1		PCR0_PTB1		33		0x0000_0084		0000		ADC0_CH0B		ADC0		ADC 0 B-side Analog Channel 0 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AH11		B10		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB1		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D17		FXIO0		FlexIO 0 Shifter and Timer Pin 17		I/O																																																

										0011		LPSPI2_PCS2		LPSPI2		LPSPI2 Peripheral Chip Select 2		I/O																																																

										0100		LPUART2_RTS_b		LPUART2		LPUART2 Request to Send		O																																																

										0101		LPI2C2_SDA		LPI2C2		LPI2C2 Serial Data Line		I/O																																																

										0110		TPM2_CH0		TPM2		TPM2 Channel 0		I/O																																																

										0111		I2S2_RX_BCLK		I2S2		I2S2 Receive Bit Clock		I/O																																																

										1001		MICFIL0_DATA01		MICFIL0		MICFIL Channel input data		I																																																

										1010		WDOG2_RST		WDOG2		WDOG2 Reset Output		O																																																

										1101		WUU0_P18		WUU0		Low-Leakage Wakeup Unit0 Input 18		I																																																

				PSMI0_TPM2_CH0		635		0x0000_09EC		0001		TPM2_CH0		TPM2		TPM2 Channel 0		I																																																

				PSMI0_LPI2C2_SDA		651		0x0000_0A2C		0001		LPI2C2_SDA		LPI2C2		LPI2C2 Serial Data Line		I																																																

				PSMI0_LPSPI2_PCS2		665		0x0000_0A64		0001		LPSPI2_PCS2		LPSPI2		LPSPI2 Peripheral Chip Select 2		I																																																

				PSMI0_MICFIL0_DATA01		693		0x0000_0AD4		0001		MICFIL0_DATA01		MICFIL0		MICFIL Channel input data		I																																																

		PTB2		PCR0_PTB2		34		0x0000_0088		0000		ADC0_CH1A		ADC0		ADC 0 A-side Analog Channel 1 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AE12		D12		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB2		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D18		FXIO0		FlexIO 0 Shifter and Timer Pin 18		I/O																																																

										0011		LPSPI2_PCS3		LPSPI2		LPSPI2 Peripheral Chip Select 3		I/O																																																

										0100		LPUART2_TX		LPUART2		LPUART2 Transmit Data		I/O																																																

										0101		LPI2C2_HREQ		LPI2C2		LPI2C2 Host Request		I																																																

										0110		TPM2_CH1		TPM2		TPM2 Channel 1		I/O																																																

										0111		I2S2_RX_FS		I2S2		I2S2 RX Frame Sync		I/O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1100		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

										1101		WUU0_P19		WUU0		Low-Leakage Wakeup Unit0 Input 19		I																																																

				PSMI0_LPTMR0_ALT1		586		0x0000_0928		0011		LPTMR0_ALT1		LPTMR0		LPTMR0 Pulse Counter Input 1		I																																																

				PSMI0_TPM2_CH1		636		0x0000_09F0		0001		TPM2_CH1		TPM2		TPM2 Channel 1		I																																																

				PSMI0_LPI2C2_HREQ		649		0x0000_0A24		0001		LPI2C2_HREQ		LPI2C2		LPI2C2 Host Request		I																																																

				PSMI0_LPUART2_TX		659		0x0000_0A4C		0001		LPUART2_TX		LPUART2		LPUART2 Transmit Data		I																																																

				PSMI0_LPSPI2_PCS3		666		0x0000_0A68		0001		LPSPI2_PCS3		LPSPI2		LPSPI2 Peripheral Chip Select 3		I																																																

		PTB3		PCR0_PTB3		35		0x0000_008c		0000		ADC0_CH1B		ADC0		ADC 0 B-side Analog Channel 1 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AH12		A11		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB3		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D19		FXIO0		FlexIO 0 Shifter and Timer Pin 19		I/O																																																

										0011		LPSPI2_SIN		LPSPI2		LPSPI2 Serial Data Input		I/O																																																

										0100		LPUART2_RX		LPUART2		LPUART2 Receive data		I																																																

										0101		LPI2C2_HREQ		LPI2C2		LPI2C2 Host Request		I																																																

										0110		I3C1_PUR		I3C1		I3C1 External Pull-Up Resistor enable		O																																																

										0111		I2S2_RXD0		I2S2		I2S2 Receive Data		I																																																

										1001		MICFIL0_DATA23		MICFIL0		MICFIL Channel input data		I																																																

										1100		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

										1101		WUU0_P20		WUU0		Low-Leakage Wakeup Unit0 Input 20		I																																																

				PSMI0_LPTMR0_ALT2		587		0x0000_092C		0011		LPTMR0_ALT2		LPTMR0		LPTMR0 Pulse Counter Input 2		I																																																

				PSMI0_LPI2C2_HREQ		649		0x0000_0A24		0010		LPI2C2_HREQ		LPI2C2		LPI2C2 Host Request		I																																																

				PSMI0_LPUART2_RX		658		0x0000_0A48		0001		LPUART2_RX		LPUART2		LPUART2 Receive data		I																																																

				PSMI0_LPSPI2_SIN		668		0x0000_0A70		0001		LPSPI2_SIN		LPSPI2		LPSPI2 Serial Data Input		I																																																

				PSMI0_MICFIL0_DATA23		694		0x0000_0AD8		0001		MICFIL0_DATA23		MICFIL0		MICFIL Channel input data		I																																																

		PTB4		PCR0_PTB4		36		0x0000_0090		0000		ADC0_CH2A		ADC0		ADC 0 A-side Analog Channel 2 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AD13		B12		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB4		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D20		FXIO0		FlexIO 0 Shifter and Timer Pin 20		I/O																																																

										0011		LPSPI2_SOUT		LPSPI2		LPSPI2 Serial Data Output		I/O																																																

										0100		LPUART2_CTS_b		LPUART2		LPUART2 Clear to Send		I																																																

										0101		LPI2C2_SCL		LPI2C2		LPI2C2 Serial Clock Line		I/O																																																

										0111		I2S2_TX_BCLK		I2S2		I2S2 Transmit Bit Clock		I/O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1010		WDOG0_RST		WDOG0		WDOG0 Reset Output		O																																																

										1100		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

										1101		WUU0_P21		WUU0		Low-Leakage Wakeup Unit0 Input 21		I																																																

				PSMI0_LPTMR0_ALT3		588		0x0000_0930		0011		LPTMR0_ALT3		LPTMR0		LPTMR0 Pulse Counter Input 3		I																																																

				PSMI0_LPI2C2_SCL		650		0x0000_0A28		0010		LPI2C2_SCL		LPI2C2		LPI2C2 Serial Clock Line		I																																																

				PSMI0_LPUART2_CTS_b		657		0x0000_0A44		0010		LPUART2_CTS_b		LPUART2		LPUART2 Clear to Send		I																																																

				PSMI0_LPSPI2_SOUT		669		0x0000_0A74		0001		LPSPI2_SOUT		LPSPI2		LPSPI2 Serial Data Output		I																																																

		PTB5		PCR0_PTB5		37		0x0000_0094		0000		ADC0_CH2B		ADC0		ADC 0 B-side Analog Channel 2 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AF12		E13		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB5		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D21		FXIO0		FlexIO 0 Shifter and Timer Pin 21		I/O																																																

										0011		LPSPI2_SCK		LPSPI2		LPSPI2 Serial Clock		I/O																																																

										0100		LPUART2_RTS_b		LPUART2		LPUART2 Request to Send		O																																																

										0101		LPI2C2_SDA		LPI2C2		LPI2C2 Serial Data Line		I/O																																																

										0111		I2S2_TX_FS		I2S2		I2S2 TX Frame Sync		I/O																																																

										1001		MICFIL0_DATA45		MICFIL0		MICFIL Channel input data		I																																																

										1010		WDOG1_RST		WDOG1		WDOG1 Reset Output		O																																																

										1101		WUU0_P22		WUU0		Low-Leakage Wakeup Unit0 Input 22		I																																																

				PSMI0_LPI2C2_SDA		651		0x0000_0A2C		0010		LPI2C2_SDA		LPI2C2		LPI2C2 Serial Data Line		I																																																

				PSMI0_LPSPI2_SCK		667		0x0000_0A6C		0001		LPSPI2_SCK		LPSPI2		LPSPI2 Serial Clock		I																																																

				PSMI0_MICFIL0_DATA45		695		0x0000_0ADC		0001		MICFIL0_DATA45		MICFIL0		MICFIL Channel input data		I																																																

		PTB6		PCR0_PTB6		38		0x0000_0098		0000		ADC0_CH3A		ADC0		ADC 0 A-side Analog Channel 3 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AE13		A13		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB6		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D22		FXIO0		FlexIO 0 Shifter and Timer Pin 22		I/O																																																

										0011		LPSPI2_PCS0		LPSPI2		LPSPI2 Peripheral Chip Select 0		I/O																																																

										0100		LPUART2_TX		LPUART2		LPUART2 Transmit Data		I/O																																																

										0101		I3C1_SCL		I3C1		I3C1 Serial Clock		I/O																																																

										0111		I2S2_TXD0		I2S2		I2S2 Transmit Data		O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1101		WUU0_P23		WUU0		Low-Leakage Wakeup Unit0 Input 23		I																																																

				PSMI0_I3C1_SCL		655		0x0000_0A3C		0001		I3C1_SCL		I3C1		I3C1 Serial Clock		I																																																

				PSMI0_LPUART2_TX		659		0x0000_0A4C		0010		LPUART2_TX		LPUART2		LPUART2 Transmit Data		I																																																

				PSMI0_LPSPI2_PCS0		663		0x0000_0A5C		0001		LPSPI2_PCS0		LPSPI2		LPSPI2 Peripheral Chip Select 0		I																																																

		PTB7		PCR0_PTB7		39		0x0000_009c		0000		ADC0_CH3B		ADC0		ADC 0 B-side Analog Channel 3 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AF13		C13		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB7		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D23		FXIO0		FlexIO 0 Shifter and Timer Pin 23		I/O																																																

										0011		LPSPI3_PCS1		LPSPI3		LPSPI3 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART2_RX		LPUART2		LPUART2 Receive data		I																																																

										0101		I3C1_SDA		I3C1		I3C1 Serial Data		I/O																																																

										0110		TPM3_CLKIN		TPM3		TPM3 External Clock		I																																																

										0111		I2S2_MCLK		I2S2		I2S2 Audio Master Clock		O																																																

										1000		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

										1001		MICFIL0_DATA67		MICFIL0		MICFIL Channel input data		I																																																

										1010		PMIC0_MODE2		POWERSYS		POWERSYS Mode		O																																																

				PSMI0_EXT_AUD_MCLK1		516		0x0000_0810		0001		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

				PSMI0_TPM3_CLKIN		648		0x0000_0A20		0001		TPM3_CLKIN		TPM3		TPM3 External Clock		I																																																

				PSMI0_I3C1_SDA		656		0x0000_0A40		0001		I3C1_SDA		I3C1		I3C1 Serial Data		I																																																

				PSMI0_LPUART2_RX		658		0x0000_0A48		0010		LPUART2_RX		LPUART2		LPUART2 Receive data		I																																																

				PSMI0_LPSPI3_PCS1		671		0x0000_0A7C		0001		LPSPI3_PCS1		LPSPI3		LPSPI3 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI0_MICFIL0_DATA67		696		0x0000_0AE0		0001		MICFIL0_DATA67		MICFIL0		MICFIL Channel input data		I																																																

		PTB8		PCR0_PTB8		40		0x0000_00a0		0000		ADC0_CH4A		ADC0		ADC 0 A-side Analog Channel 4 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AF14		B14		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB8		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D24		FXIO0		FlexIO 0 Shifter and Timer Pin 24		I/O																																																

										0011		LPSPI3_PCS2		LPSPI3		LPSPI3 Peripheral Chip Select 2		I/O																																																

										0100		LPUART3_CTS_b		LPUART3		LPUART3 Clear to Send		I																																																

										0101		LPI2C3_SCL		LPI2C3		LPI2C3 Serial Clock Line		I/O																																																

										0110		TPM3_CH0		TPM3		TPM3 Channel 0		I/O																																																

										0111		I2S2_TXD1		I2S2		I2S2 Transmit Data		O																																																

										1000		MQS0_RIGHT		MQS0		MQS0 Right Channel PWM output		O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1010		PMIC0_MODE1		POWERSYS		POWERSYS Mode		O																																																

				PSMI0_TPM3_CH0		642		0x0000_0A08		0001		TPM3_CH0		TPM3		TPM3 Channel 0		I																																																

				PSMI0_LPI2C3_SCL		653		0x0000_0A34		0001		LPI2C3_SCL		LPI2C3		LPI2C3 Serial Clock Line		I																																																

				PSMI0_LPUART3_CTS_b		660		0x0000_0A50		0001		LPUART3_CTS_b		LPUART3		LPUART3 Clear to Send		I																																																

				PSMI0_LPSPI3_PCS2		672		0x0000_0A80		0001		LPSPI3_PCS2		LPSPI3		LPSPI3 Peripheral Chip Select 2		I																																																

		PTB9		PCR0_PTB9		41		0x0000_00a4		0000		ADC0_CH4B		ADC0		ADC 0 B-side Analog Channel 4 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AJ12		D14		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB9		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D25		FXIO0		FlexIO 0 Shifter and Timer Pin 25		I/O																																																

										0011		LPSPI3_PCS3		LPSPI3		LPSPI3 Peripheral Chip Select 3		I/O																																																

										0100		LPUART3_RTS_b		LPUART3		LPUART3 Request to Send		O																																																

										0101		LPI2C3_SDA		LPI2C3		LPI2C3 Serial Data Line		I/O																																																

										0110		TPM3_CH1		TPM3		TPM3 Channel 1		I/O																																																

										0111		I2S3_TX_BCLK		I2S3		I2S3 Transmit Bit Clock		I/O																																																

										1001		MICFIL0_DATA01		MICFIL0		MICFIL Channel input data		I																																																

										1010		PMIC0_MODE0		POWERSYS		POWERSYS Mode		O																																																

				PSMI0_TPM3_CH1		643		0x0000_0A0C		0001		TPM3_CH1		TPM3		TPM3 Channel 1		I																																																

				PSMI0_LPI2C3_SDA		654		0x0000_0A38		0001		LPI2C3_SDA		LPI2C3		LPI2C3 Serial Data Line		I																																																

				PSMI0_LPSPI3_PCS3		673		0x0000_0A84		0001		LPSPI3_PCS3		LPSPI3		LPSPI3 Peripheral Chip Select 3		I																																																

				PSMI0_MICFIL0_DATA01		693		0x0000_0AD4		0010		MICFIL0_DATA01		MICFIL0		MICFIL Channel input data		I																																																

		PTB10		PCR0_PTB10		42		0x0000_00a8		0000		ADC0_CH5A		ADC0		ADC 0 A-side Analog Channel 5 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AH14		A15		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB10		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D26		FXIO0		FlexIO 0 Shifter and Timer Pin 26		I/O																																																

										0011		LPSPI3_SIN		LPSPI3		LPSPI3 Serial Data In 		I/O																																																

										0100		LPUART3_RX		LPUART3		LPUART3 Receive Data		I																																																

										0101		LPI2C3_HREQ		LPI2C3		LPI2C3 Host Request		I																																																

										0110		TPM3_CH2		TPM3		TPM3 Channel 2		I/O																																																

										0111		I2S3_TX_FS		I2S3		I2S3 TX Frame Sync		I/O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1010		PMIC0_SDA		POWERSYS		POWERSYS Serial Data Line		I/O																																																

				PSMI0_PMIC0_SDA		513		0x0000_0804		0010		PMIC0_SDA		POWERSYS		POWERSYS Serial Data Line		I																																																

				PSMI0_TPM3_CH2		644		0x0000_0A10		0001		TPM3_CH2		TPM3		TPM3 Channel 2		I																																																

				PSMI0_LPUART3_RX		661		0x0000_0A54		0001		LPUART3_RX		LPUART3		LPUART3 Receive Data		I																																																

				PSMI0_LPSPI3_SIN		675		0x0000_0A8C		0001		LPSPI3_SIN		LPSPI3		LPSPI3 Serial Data In 		I																																																

		PTB11		PCR0_PTB11		43		0x0000_00ac		0000		ADC0_CH5B		ADC0		ADC 0 B-side Analog Channel 5 input		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AJ14		B16		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB11		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D27		FXIO0		FlexIO 0 Shifter and Timer Pin 27		I/O																																																

										0011		LPSPI3_SOUT		LPSPI3		LPSPI3 Serial Data Out		I/O																																																

										0100		LPUART3_TX		LPUART3		LPUART3 Transmit Data		I/O																																																

										0101		LPI2C3_SDA		LPI2C3		LPI2C3 Serial Data Line		I/O																																																

										0110		TPM3_CH3		TPM3		TPM3 Channel 3		I/O																																																

										0111		I2S3_TXD0		I2S3		I2S3 Transmit Data		O																																																

										1001		MICFIL0_DATA23		MICFIL0		MICFIL Channel input data		I																																																

										1010		PMIC0_SCL		POWERSYS		POWERSYS Serial Clock Line		I/O																																																

				PSMI0_PMIC0_SCL		512		0x0000_0800		0010		PMIC0_SCL		POWERSYS		POWERSYS Serial Clock Line		I																																																

				PSMI0_TPM3_CH3		645		0x0000_0A14		0001		TPM3_CH3		TPM3		TPM3 Channel 3		I																																																

				PSMI0_LPI2C3_SDA		654		0x0000_0A38		0010		LPI2C3_SDA		LPI2C3		LPI2C3 Serial Data Line		I																																																

				PSMI0_LPUART3_TX		662		0x0000_0A58		0001		LPUART3_TX		LPUART3		LPUART3 Transmit Data		I																																																

				PSMI0_LPSPI3_SOUT		676		0x0000_0A90		0001		LPSPI3_SOUT		LPSPI3		LPSPI3 Serial Data Out		I																																																

				PSMI0_MICFIL0_DATA23		694		0x0000_0AD8		0010		MICFIL0_DATA23		MICFIL0		MICFIL Channel input data		I																																																

		PTB12		PCR0_PTB12		44		0x0000_00b0		0000		CMP1_IN0		CMP1		CMP1 Analog Voltage Input 0 (1.8v range)		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AE15		F16		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB12		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D28		FXIO0		FlexIO 0 Shifter and Timer Pin 28		I/O																																																

										0011		LPSPI3_SCK		LPSPI3		LPSPI3 Serial Clock		I/O																																																

										0100		LPUART3_CTS_b		LPUART3		LPUART3 Clear to Send		I																																																

										0101		LPI2C3_SCL		LPI2C3		LPI2C3 Serial Clock Line		I/O																																																

										0110		TPM3_CH4		TPM3		TPM3 Channel 4		I/O																																																

										0111		I2S3_RXD0		I2S3		I2S3 Receive Data		I																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1101		WUU0_P24		WUU0		Low-Leakage Wakeup Unit0 Input 24		I																																																

				PSMI0_TPM3_CH4		646		0x0000_0A18		0001		TPM3_CH4		TPM3		TPM3 Channel 4		I																																																

				PSMI0_LPI2C3_SCL		653		0x0000_0A34		0010		LPI2C3_SCL		LPI2C3		LPI2C3 Serial Clock Line		I																																																

				PSMI0_LPUART3_CTS_b		660		0x0000_0A50		0010		LPUART3_CTS_b		LPUART3		LPUART3 Clear to Send		I																																																

				PSMI0_LPSPI3_SCK		674		0x0000_0A88		0001		LPSPI3_SCK		LPSPI3		LPSPI3 Serial Clock		I																																																

		PTB13		PCR0_PTB13		45		0x0000_00b4		0000		CMP1_IN1		CMP1		CMP1 Analog Voltage Input 1 (1.8v range)		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AF16		D16		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB13		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D29		FXIO0		FlexIO 0 Shifter and Timer Pin 29		I/O																																																

										0011		LPSPI3_PCS0		LPSPI3		LPSPI3 Peripheral Chip Select 0		I/O																																																

										0100		LPUART3_RTS_b		LPUART3		LPUART3 Request to Send		O																																																

										0101		I3C1_SCL		I3C1		I3C1 Serial Clock		I/O																																																

										0110		TPM3_CH5		TPM3		TPM3 Channel 5		I/O																																																

										0111		I2S3_RX_BCLK		I2S3		I2S3 Receive Bit Clock		I/O																																																

										1001		MICFIL0_DATA45		MICFIL0		MICFIL Channel input data		I																																																

										1010		WDOG2_RST		WDOG2		WDOG2 Reset Output		O																																																

										1100		LPTMR1_ALT3		LPTMR1		LPTMR1 Pulse Counter Input 3		I																																																

										1101		WUU0_P25		WUU0		Low-Leakage Wakeup Unit0 Input 25		I																																																

				PSMI0_LPTMR1_ALT3		591		0x0000_093C		0010		LPTMR1_ALT3		LPTMR1		LPTMR1 Pulse Counter Input 3		I																																																

				PSMI0_TPM3_CH5		647		0x0000_0A1C		0001		TPM3_CH5		TPM3		TPM3 Channel 5		I																																																

				PSMI0_I3C1_SCL		655		0x0000_0A3C		0010		I3C1_SCL		I3C1		I3C1 Serial Clock		I																																																

				PSMI0_LPSPI3_PCS0		670		0x0000_0A78		0001		LPSPI3_PCS0		LPSPI3		LPSPI3 Peripheral Chip Select 0		I																																																

				PSMI0_MICFIL0_DATA45		695		0x0000_0ADC		0010		MICFIL0_DATA45		MICFIL0		MICFIL Channel input data		I																																																

		PTB14		PCR0_PTB14		46		0x0000_00b8		0000		CMP0_IN0		CMP0		CMP0 Analog Voltage Input 0 (1.8v range)		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AH16		C17		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB14		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D30		FXIO0		FlexIO 0 Shifter and Timer Pin 30		I/O																																																

										0100		LPUART3_TX		LPUART3		LPUART3 Transmit Data		I/O																																																

										0101		I3C1_SDA		I3C1		I3C1 Serial Data		I/O																																																

										0111		I2S3_RX_FS		I2S3		I2S3 RX Frame Sync		I/O																																																

										1001		MICFIL0_CLK01		MICFIL0		MICFIL PDM Clock		O																																																

										1100		LPTMR1_ALT2		LPTMR1		LPTMR1 Pulse Counter Input 2		I																																																

										1101		WUU0_P26		WUU0		Low-Leakage Wakeup Unit0 Input 26		I																																																

				PSMI0_LPTMR1_ALT2		590		0x0000_0938		0010		LPTMR1_ALT2		LPTMR1		LPTMR1 Pulse Counter Input 2		I																																																

				PSMI0_I3C1_SDA		656		0x0000_0A40		0010		I3C1_SDA		I3C1		I3C1 Serial Data		I																																																

				PSMI0_LPUART3_TX		662		0x0000_0A58		0010		LPUART3_TX		LPUART3		LPUART3 Transmit Data		I																																																

		PTB15		PCR0_PTB15		47		0x0000_00bc		0000		CMP0_IN1		CMP0		CMP0 Analog Voltage Input 1 (1.8v range)		I		Hiz		Hiz		Hiz		FSGPIO		VDD_PTB		PTB		0		AH15		E17		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0001		PTB15		GPIOB		General Purpose I/O		I/O																																																

										0010		FXIO0_D31		FXIO0		FlexIO 0 Shifter and Timer Pin 31		I/O																																																

										0100		LPUART3_RX		LPUART3		LPUART3 Receive Data		I																																																

										0101		I3C1_PUR		I3C1		I3C1 External Pull-Up Resistor enable		O																																																

										0111		I2S3_MCLK		I2S3		I2S3 Audio Master Clock		O																																																

										1000		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

										1001		MICFIL0_DATA67		MICFIL0		MICFIL Channel input data		I																																																

										1100		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

										1101		WUU0_P27		WUU0		Low-Leakage Wakeup Unit0 Input 27		I																																																

				PSMI0_EXT_AUD_MCLK1		516		0x0000_0810		0010		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

				PSMI0_LPTMR1_ALT1		589		0x0000_0934		0011		LPTMR1_ALT1		LPTMR1		LPTMR1 Pulse Counter Input 1		I																																																

				PSMI0_LPUART3_RX		661		0x0000_0A54		0010		LPUART3_RX		LPUART3		LPUART3 Receive Data		I																																																

				PSMI0_MICFIL0_DATA67		696		0x0000_0AE0		0010		MICFIL0_DATA67		MICFIL0		MICFIL Channel input data		I																																																

		PTC0		PCR0_PTC0		64		0x0000_0100		0001		PTC0		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AF18		A17		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_SIN		LPSPI2		LPSPI2 Serial Data Input		I/O																																																

										0100		FLEXSPI1_B_DQS		FLEXSPI1		FLEXSPI1 Data Strobe signal Flash B		I/O																																																

										0110		TPM2_CLKIN		TPM2		TPM2 External Clock		I																																																

										0111		I2S3_RXD1		I2S3		I2S3 Receive Data		I																																																

										1000		FLEXSPI0_A_DQS		FLEXSPI0		FLEXSPI0 Data Strobe signal Flash A		I/O																																																

										1001		MQS0_LEFT		MQS0		MQS0 Left Channel PWM output		O																																																

				PSMI0_TPM2_CLKIN		641		0x0000_0A04		0010		TPM2_CLKIN		TPM2		TPM2 External Clock		I																																																

				PSMI0_LPSPI2_SIN		668		0x0000_0A70		0010		LPSPI2_SIN		LPSPI2		LPSPI2 Serial Data Input		I																																																

		PTC1		PCR0_PTC1		65		0x0000_0104		0001		PTC1		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AJ16		B18		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_SOUT		LPSPI2		LPSPI2 Serial Data Output		I/O																																																

										0100		FLEXSPI1_B_DATA7		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0110		TPM2_CH0		TPM2		TPM2 Channel 0		I/O																																																

										0111		I2S3_TXD1		I2S3		I2S3 Transmit Data		O																																																

										1000		FLEXSPI0_A_DATA7		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

										1001		MQS0_RIGHT		MQS0		MQS0 Right Channel PWM output		O																																																

				PSMI0_TPM2_CH0		635		0x0000_09EC		0010		TPM2_CH0		TPM2		TPM2 Channel 0		I																																																

				PSMI0_LPSPI2_SOUT		669		0x0000_0A74		0010		LPSPI2_SOUT		LPSPI2		LPSPI2 Serial Data Output		I																																																

		PTC2		PCR0_PTC2		66		0x0000_0108		0001		PTC2		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AE17		D18		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_SCK		LPSPI2		LPSPI2 Serial Clock		I/O																																																

										0100		FLEXSPI1_B_DATA6		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0110		TPM2_CH1		TPM2		TPM2 Channel 1		I/O																																																

										0111		I2S0_RX_BCLK		I2S0		I2S0 Receive Bit Clock		I/O																																																

										1000		FLEXSPI0_A_DATA6		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

				PSMI0_I2S0_RX_BCLK		622		0x0000_09B8		0010		I2S0_RX_BCLK		I2S0		I2S0 Receive Bit Clock		I																																																

				PSMI0_TPM2_CH1		636		0x0000_09F0		0010		TPM2_CH1		TPM2		TPM2 Channel 1		I																																																

				PSMI0_LPSPI2_SCK		667		0x0000_0A6C		0010		LPSPI2_SCK		LPSPI2		LPSPI2 Serial Clock		I																																																

		PTC3		PCR0_PTC3		67		0x0000_010c		0001		PTC3		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AJ18		F18		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_PCS0		LPSPI2		LPSPI2 Peripheral Chip Select 0		I/O																																																

										0100		FLEXSPI1_B_DATA5		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_RX_FS		I2S0		I2S0 RX Frame Sync		I/O																																																

										1000		FLEXSPI0_A_DATA5		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

				PSMI0_I2S0_RX_FS		623		0x0000_09BC		0010		I2S0_RX_FS		I2S0		I2S0 RX Frame Sync		I																																																

				PSMI0_LPSPI2_PCS0		663		0x0000_0A5C		0010		LPSPI2_PCS0		LPSPI2		LPSPI2 Peripheral Chip Select 0		I																																																

		PTC4		PCR0_PTC4		68		0x0000_0110		0001		PTC4		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AF17		A19		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_PCS1		LPSPI2		LPSPI2 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		FLEXSPI1_B_DATA4		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_RXD0		I2S0		I2S0 Receive Data		I																																																

										1000		FLEXSPI0_A_DATA4		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

				PSMI0_I2S0_RXD0		618		0x0000_09A8		0010		I2S0_RXD0		I2S0		I2S0 Receive Data		I																																																

				PSMI0_LPSPI2_PCS1		664		0x0000_0A60		0010		LPSPI2_PCS1		LPSPI2		LPSPI2 Peripheral Chip Select 1 or Host Request		I																																																

		PTC5		PCR0_PTC5		69		0x0000_0114		0001		PTC5		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH18		B20		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_PCS2		LPSPI2		LPSPI2 Peripheral Chip Select 2		I/O																																																

										0100		FLEXSPI1_B_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash B1		O																																																

										0101		FLEXSPI1_B_SCLK_b		FLEXSPI1		FLEXSPI1 Serial Clock Flash B (Inversed)		O																																																

										0110		FLEXSPI1_A_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A1		O																																																

										0111		I2S0_RXD1		I2S0		I2S0 Receive Data		I																																																

										1000		FLEXSPI0_A_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash A1		O																																																

										1001		FLEXSPI0_A_SCLK_b		FLEXSPI0		FLEXSPI0 Serial Clock Flash A (Inversed)		O																																																

				PSMI0_I2S0_RXD1		619		0x0000_09AC		0010		I2S0_RXD1		I2S0		I2S0 Receive Data		I																																																

				PSMI0_LPSPI2_PCS2		665		0x0000_0A64		0010		LPSPI2_PCS2		LPSPI2		LPSPI2 Peripheral Chip Select 2		I																																																

		PTC6		PCR0_PTC6		70		0x0000_0118		0001		PTC6		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AE18		D20		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI2_PCS3		LPSPI2		LPSPI2 Peripheral Chip Select 3		I/O																																																

										0100		FLEXSPI1_B_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash B		I/O																																																

										0110		FLEXSPI1_A_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash A		I/O																																																

										0111		I2S0_TXD1		I2S0		I2S0 Transmit Data		O																																																

										1000		FLEXSPI0_A_SCLK		FLEXSPI0		FLEXSPI0 Serial Clock Flash A		I/O																																																

				PSMI0_FLEXSPI1_A_SCLK		575		0x0000_08FC		0001		FLEXSPI1_A_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash A		I																																																

				PSMI0_LPSPI2_PCS3		666		0x0000_0A68		0010		LPSPI2_PCS3		LPSPI2		LPSPI2 Peripheral Chip Select 3		I																																																

		PTC7		PCR0_PTC7		71		0x0000_011c		0001		PTC7		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH19		A21		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_B_DATA3		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_TXD0		I2S0		I2S0 Transmit Data		O																																																

										1000		FLEXSPI0_A_DATA3		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

		PTC8		PCR0_PTC8		72		0x0000_0120		0001		PTC8		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AD18		C21		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_B_DATA2		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_TX_BCLK		I2S0		I2S0 Transmit Bit Clock		I/O																																																

										1000		FLEXSPI0_A_DATA2		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

				PSMI0_I2S0_TX_BCLK		624		0x0000_09C0		0010		I2S0_TX_BCLK		I2S0		I2S0 Transmit Bit Clock		I																																																

		PTC9		PCR0_PTC9		73		0x0000_0124		0001		PTC9		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AJ20		F20		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_B_DATA1		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_TX_FS		I2S0		I2S0 TX Frame Sync		I/O																																																

										1000		FLEXSPI0_A_DATA1		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

				PSMI0_I2S0_TX_FS		625		0x0000_09C4		0010		I2S0_TX_FS		I2S0		I2S0 TX Frame Sync		I																																																

		PTC10		PCR0_PTC10		74		0x0000_0128		0001		PTC10		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH22		B22		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_B_DATA0		FLEXSPI1		FLEXSPI1 Serial I/O Flash B		I/O																																																

										0111		I2S0_MCLK		I2S0		I2S0 Audio Master Clock		O																																																

										1000		FLEXSPI0_A_DATA0		FLEXSPI0		FLEXSPI0 Serial I/O Flash A		I/O																																																

										1001		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

				PSMI0_EXT_AUD_MCLK1		516		0x0000_0810		0011		EXT_AUD_MCLK1		SYSTEM		External Audio Clock 1		I																																																

		PTC11		PCR0_PTC11		75		0x0000_012c		0001		PTC11		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AF20		E21		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_B_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash B1		O																																																

										0101		FLEXSPI1_B_SS1_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash B2		O																																																

										0110		TPM3_CLKIN		TPM3		TPM3 External Clock		I																																																

										0111		I2S1_RXD3		I2S1		I2S1 Receive Data		I																																																

										1000		FLEXSPI0_A_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash A1		O																																																

										1001		FLEXSPI0_A_SS1_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash A2		O																																																

										1010		CLKOUT0		SYSTEM		RTD System Clock Output		O																																																

				PSMI0_I2S1_RXD3		629		0x0000_09D4		0010		I2S1_RXD3		I2S1		I2S1 Receive Data		I																																																

				PSMI0_TPM3_CLKIN		648		0x0000_0A20		0010		TPM3_CLKIN		TPM3		TPM3 External Clock		I																																																

		PTC12		PCR0_PTC12		76		0x0000_0130		0001		PTC12		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AF21		A23		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_A_DQS		FLEXSPI1		FLEXSPI1 Data Strobe signal Flash A		I/O																																																

										0110		TPM3_CH0		TPM3		TPM3 Channel 0		I/O																																																

										0111		I2S1_RXD2		I2S1		I2S1 Receive Data		I																																																

										1000		FLEXSPI0_B_DQS		FLEXSPI0		FLEXSPI0 Data Strobe signal Flash B		I/O																																																

										1010		TRACE0_CLKOUT		TRACE0		Trace Clock Output from the ARM CoreSight Debug Block		O																																																

				PSMI0_I2S1_RXD2		628		0x0000_09D0		0010		I2S1_RXD2		I2S1		I2S1 Receive Data		I																																																

				PSMI0_TPM3_CH0		642		0x0000_0A08		0010		TPM3_CH0		TPM3		TPM3 Channel 0		I																																																

		PTC13		PCR0_PTC13		77		0x0000_0134		0001		PTC13		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH20		D22		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_SIN		LPSPI3		LPSPI3 Serial Data In 		I/O																																																

										0100		FLEXSPI1_A_DATA7		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0110		TPM3_CH1		TPM3		TPM3 Channel 1		I/O																																																

										0111		I2S1_TXD3		I2S1		I2S1 Transmit Data		O																																																

										1000		FLEXSPI0_B_DATA7		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D0		TRACE0		Trace Port Data 0 Output		O																																																

				PSMI0_TPM3_CH1		643		0x0000_0A0C		0010		TPM3_CH1		TPM3		TPM3 Channel 1		I																																																

				PSMI0_LPSPI3_SIN		675		0x0000_0A8C		0010		LPSPI3_SIN		LPSPI3		LPSPI3 Serial Data In 		I																																																

		PTC14		PCR0_PTC14		78		0x0000_0138		0001		PTC14		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AE21		B24		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_SOUT		LPSPI3		LPSPI3 Serial Data Out		I/O																																																

										0100		FLEXSPI1_A_DATA6		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0110		TPM3_CH2		TPM3		TPM3 Channel 2		I/O																																																

										0111		I2S1_TXD2		I2S1		I2S1 Transmit Data		O																																																

										1000		FLEXSPI0_B_DATA6		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D1		TRACE0		Trace Port Data 1 Output		O																																																

				PSMI0_TPM3_CH2		644		0x0000_0A10		0010		TPM3_CH2		TPM3		TPM3 Channel 2		I																																																

				PSMI0_LPSPI3_SOUT		676		0x0000_0A90		0010		LPSPI3_SOUT		LPSPI3		LPSPI3 Serial Data Out		I																																																

		PTC15		PCR0_PTC15		79		0x0000_013c		0001		PTC15		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AJ22		A25		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_SCK		LPSPI3		LPSPI3 Serial Clock		I/O																																																

										0100		FLEXSPI1_A_DATA5		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0110		TPM3_CH3		TPM3		TPM3 Channel 3		I/O																																																

										0111		I2S1_RX_BCLK		I2S1		I2S1 Receive Bit Clock		I/O																																																

										1000		FLEXSPI0_B_DATA5		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D2		TRACE0		Trace Port Data 2 Output		O																																																

				PSMI0_I2S1_RX_BCLK		630		0x0000_09D8		0010		I2S1_RX_BCLK		I2S1		I2S1 Receive Bit Clock		I																																																

				PSMI0_TPM3_CH3		645		0x0000_0A14		0010		TPM3_CH3		TPM3		TPM3 Channel 3		I																																																

				PSMI0_LPSPI3_SCK		674		0x0000_0A88		0010		LPSPI3_SCK		LPSPI3		LPSPI3 Serial Clock		I																																																

		PTC16		PCR0_PTC16		80		0x0000_0140		0001		PTC16		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AD21		F22		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_PCS0		LPSPI3		LPSPI3 Peripheral Chip Select 0		I/O																																																

										0100		FLEXSPI1_A_DATA4		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0110		TPM3_CH4		TPM3		TPM3 Channel 4		I/O																																																

										0111		I2S1_RX_FS		I2S1		I2S1 RX Frame Sync		I/O																																																

										1000		FLEXSPI0_B_DATA4		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D3		TRACE0		Trace Port Data 3 Output		O																																																

				PSMI0_I2S1_RX_FS		631		0x0000_09DC		0010		I2S1_RX_FS		I2S1		I2S1 RX Frame Sync		I																																																

				PSMI0_TPM3_CH4		646		0x0000_0A18		0010		TPM3_CH4		TPM3		TPM3 Channel 4		I																																																

				PSMI0_LPSPI3_PCS0		670		0x0000_0A78		0010		LPSPI3_PCS0		LPSPI3		LPSPI3 Peripheral Chip Select 0		I																																																

		PTC17		PCR0_PTC17		81		0x0000_0144		0001		PTC17		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH23		D24		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_PCS1		LPSPI3		LPSPI3 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		FLEXSPI1_A_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A1		O																																																

										0101		FLEXSPI1_A_SCLK_b		FLEXSPI1		FLEXSPI1 Serial Clock Flash A (Inversed)		O																																																

										0110		TPM3_CH5		TPM3		TPM3 Channel 5		I/O																																																

										0111		I2S1_RXD0		I2S1		I2S1 Receive Data		I																																																

										1000		FLEXSPI0_B_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash B1		O																																																

										1001		FLEXSPI0_B_SCLK_b		FLEXSPI0		FLEXSPI0 Serial Clock Flash B (Inversed)		O																																																

				PSMI0_I2S1_RXD0		626		0x0000_09C8		0010		I2S1_RXD0		I2S1		I2S1 Receive Data		I																																																

				PSMI0_TPM3_CH5		647		0x0000_0A1C		0010		TPM3_CH5		TPM3		TPM3 Channel 5		I																																																

				PSMI0_LPSPI3_PCS1		671		0x0000_0A7C		0010		LPSPI3_PCS1		LPSPI3		LPSPI3 Peripheral Chip Select 1 or Host Request		I																																																

		PTC18		PCR0_PTC18		82		0x0000_0148		0001		PTC18		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AF22		C25		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_PCS2		LPSPI3		LPSPI3 Peripheral Chip Select 2		I/O																																																

										0100		FLEXSPI1_A_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash A		I/O																																																

										0111		I2S1_RXD1		I2S1		I2S1 Receive Data		I																																																

										1000		FLEXSPI0_B_SCLK		FLEXSPI0		FLEXSPI0 Serial Clock Flash B		I/O																																																

				PSMI0_FLEXSPI1_A_SCLK		575		0x0000_08FC		0010		FLEXSPI1_A_SCLK		FLEXSPI1		FLEXSPI1 Serial Clock Flash A		I																																																

				PSMI0_I2S1_RXD1		627		0x0000_09CC		0010		I2S1_RXD1		I2S1		I2S1 Receive Data		I																																																

				PSMI0_LPSPI3_PCS2		672		0x0000_0A80		0010		LPSPI3_PCS2		LPSPI3		LPSPI3 Peripheral Chip Select 2		I																																																

		PTC19		PCR0_PTC19		83		0x0000_014c		0001		PTC19		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AJ24		D26		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0011		LPSPI3_PCS3		LPSPI3		LPSPI3 Peripheral Chip Select 3		I/O																																																

										0100		FLEXSPI1_A_DATA3		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0111		I2S1_TXD1		I2S1		I2S1 Transmit Data		O																																																

										1000		FLEXSPI0_B_DATA3		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D4		TRACE0		Trace Port Data 4 Output		O																																																

				PSMI0_LPSPI3_PCS3		673		0x0000_0A84		0010		LPSPI3_PCS3		LPSPI3		LPSPI3 Peripheral Chip Select 3		I																																																

		PTC20		PCR0_PTC20		84		0x0000_0150		0001		PTC20		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AE22		B26		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_A_DATA2		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0111		I2S1_TXD0		I2S1		I2S1 Transmit Data		O																																																

										1000		FLEXSPI0_B_DATA2		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D5		TRACE0		Trace Port Data 5 Output		O																																																

		PTC21		PCR0_PTC21		85		0x0000_0154		0001		PTC21		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AH24		F24		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_A_DATA1		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0111		I2S1_TX_BCLK		I2S1		I2S1 Transmit Bit Clock		I/O																																																

										1000		FLEXSPI0_B_DATA1		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D6		TRACE0		Trace Port Data 6 Output		O																																																

				PSMI0_I2S1_TX_BCLK		632		0x0000_09E0		0010		I2S1_TX_BCLK		I2S1		I2S1 Transmit Bit Clock		I																																																

		PTC22		PCR0_PTC22		86		0x0000_0158		0001		PTC22		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AD22		E25		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_A_DATA0		FLEXSPI1		FLEXSPI1 Serial I/O Flash A		I/O																																																

										0111		I2S1_TX_FS		I2S1		I2S1 TX Frame Sync		I/O																																																

										1000		FLEXSPI0_B_DATA0		FLEXSPI0		FLEXSPI0 Serial I/O Flash B		I/O																																																

										1010		TRACE0_D7		TRACE0		Trace Port Data 7 Output		O																																																

				PSMI0_I2S1_TX_FS		633		0x0000_09E4		0010		I2S1_TX_FS		I2S1		I2S1 TX Frame Sync		I																																																

		PTC23		PCR0_PTC23		87		0x0000_015c		0001		PTC23		GPIOC		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTC		PTC		0		AE24		F26		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		FLEXSPI1_A_SS0_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A1		O																																																

										0101		FLEXSPI1_A_SS1_b		FLEXSPI1		FLEXSPI1 Peripheral Chip Select Flash A2		O																																																

										0111		I2S1_MCLK		I2S1		I2S1 Audio Master Clock		O																																																

										1000		FLEXSPI0_B_SS0_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash B1		O																																																

										1001		FLEXSPI0_B_SS1_b		FLEXSPI0		FLEXSPI0 Peripheral Chip Select Flash B2		O																																																

										1010		CLKOUT0		SYSTEM		RTD System Clock Output		O																																																

		PTD0		PCR1_PTD0		0		0x0000_0000		0001		PTD0		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		A22		AH20		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0111		I2S6_RX_BCLK		I2S6		I2S6 Receive Bit Clock		I/O																																																

										1000		SDHC0_RESET_b		SDHC0		SDHC0 Card Hardware Reset (Active low)		O																																																

										1001		FLEXSPI2_B_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash B		I/O																																																

										1010		CLKOUT2		SYSTEM		LPAV System Clock Output		O																																																

										1011		EPDC0_SDCLK_b		EPDC0		EPDC Negative Source Driver-Shift Clock		O																																																

										1101		CLKOUT1		SYSTEM		AD System Clock Output		O																																																

										1111		DEBUG_MUX1_0		DEBUG_MUX1		LPAV Debug Signals Mux Output 0		O																																																

				PSMI1_FLEXSPI2_B_DQS		605		0x0000_0974		0001		FLEXSPI2_B_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash B		I																																																

				PSMI1_I2S6_RX_BCLK		721		0x0000_0B44		0001		I2S6_RX_BCLK		I2S6		I2S6 Receive Bit Clock		I																																																

		PTD1		PCR1_PTD1		1		0x0000_0004		0001		PTD1		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D20		AG21		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0111		I2S6_RX_FS		I2S6		I2S6 RX Frame Sync		I/O																																																

										1000		SDHC0_CMD		SDHC0		SDHC0 Command Line		I/O																																																

										1001		FLEXSPI2_B_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_SDCLK		EPDC0		EPDC Source Driver-Shift Clock		O																																																

										1100		DPI0_PCLK		DCNano		DPI Pixel Clock		O																																																

										1111		DEBUG_MUX1_1		DEBUG_MUX1		LPAV Debug Signals Mux Output 1		O																																																

				PSMI1_FLEXSPI2_B_DATA7		604		0x0000_0970		0001		FLEXSPI2_B_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_I2S6_RX_FS		722		0x0000_0B48		0001		I2S6_RX_FS		I2S6		I2S6 RX Frame Sync		I																																																

		PTD2		PCR1_PTD2		2		0x0000_0008		0001		PTD2		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		E18		AJ21		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0111		I2S6_RXD0		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC0_CLK		SDHC0		SDHC0 Clock		I/O																																																

										1001		FLEXSPI2_B_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_SDLE		EPDC0		EPDC Source Driver-Latch Enable		O																																																

										1100		DPI0_HSYNC		DCNano		DPI Horizontal Sync		O																																																

										1111		DEBUG_MUX1_2		DEBUG_MUX1		LPAV Debug Signals Mux Output 2		O																																																

				PSMI1_FLEXSPI2_B_DATA6		603		0x0000_096C		0001		FLEXSPI2_B_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_I2S6_RXD0		717		0x0000_0B34		0001		I2S6_RXD0		I2S6		I2S6 Receive Data		I																																																

		PTD3		PCR1_PTD3		3		0x0000_000c		0001		PTD3		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		F18		AG19		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0111		I2S6_RXD1		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC0_D7		SDHC0		SDHC0 DAT7 Line		I/O																																																

										1001		FLEXSPI2_B_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_GDSP		EPDC0		EPDC Gate Driver-Start Pulse		O																																																

										1100		DPI0_VSYNC		DCNano		DPI Vertical Sync		O																																																

										1111		DEBUG_MUX1_3		DEBUG_MUX1		LPAV Debug Signals Mux Output 3		O																																																

				PSMI1_FLEXSPI2_B_DATA5		602		0x0000_0968		0001		FLEXSPI2_B_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_I2S6_RXD1		718		0x0000_0B38		0001		I2S6_RXD1		I2S6		I2S6 Receive Data		I																																																

		PTD4		PCR1_PTD4		4		0x0000_0010		0001		PTD4		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		E17		AJ19		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

										0101		SDHC0_VS		SDHC0		SDHC0 IO Power Voltage Selection Signal		O																																																

										0110		TPM8_CH5		TPM8		TPM8 Channel 5		I/O																																																

										0111		I2S6_MCLK		I2S6		I2S6 Audio Master Clock		O																																																

										1000		SDHC0_D6		SDHC0		SDHC0 DAT6 Line		I/O																																																

										1001		FLEXSPI2_B_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_SDCE0		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_DE		DCNano		DPI Display Enable		O																																																

										1111		DEBUG_MUX1_4		DEBUG_MUX1		LPAV Debug Signals Mux Output 4		O																																																

				PSMI1_FLEXSPI2_B_DATA4		601		0x0000_0964		0001		FLEXSPI2_B_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_EXT_AUD_MCLK3		709		0x0000_0B14		0001		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

				PSMI1_TPM8_CH5		715		0x0000_0B2C		0001		TPM8_CH5		TPM8		TPM8 Channel 5		I																																																

		PTD5		PCR1_PTD5		5		0x0000_0014		0001		PTD5		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D18		AG17		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0101		SDHC0_CD		SDHC0		SDHC1 Card Detection Pin		I																																																

										0110		TPM8_CH4		TPM8		TPM8 Channel 4		I/O																																																

										0111		I2S6_TX_BCLK		I2S6		I2S6 Transmit Bit Clock		I/O																																																

										1000		SDHC0_D5		SDHC0		SDHC0 DAT5 Line		I/O																																																

										1001		FLEXSPI2_B_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B1		O																																																

										1010		FLEXSPI2_B_SCLK_b		FLEXSPI2		FLEXSPI2 Serial Clock Flash B (Inversed)		O																																																

										1011		EPDC0_D0		EPDC0		EPDC Data		O																																																

										1100		DPI0_D0		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_5		DEBUG_MUX1		LPAV Debug Signals Mux Output 5		O																																																

				PSMI1_TPM8_CH4		714		0x0000_0B28		0001		TPM8_CH4		TPM8		TPM8 Channel 4		I																																																

				PSMI1_I2S6_TX_BCLK		723		0x0000_0B4C		0001		I2S6_TX_BCLK		I2S6		I2S6 Transmit Bit Clock		I																																																

		PTD6		PCR1_PTD6		6		0x0000_0018		0001		PTD6		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		A18		AJ17		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0101		SDHC0_WP		SDHC0		SDHC0 Card Write Protect Detect		I																																																

										0110		TPM8_CH3		TPM8		TPM8 Channel 3		I/O																																																

										0111		I2S6_TX_FS		I2S6		I2S6 TX Frame Sync		I/O																																																

										1000		SDHC0_D4		SDHC0		SDHC0 DAT4 Line		I/O																																																

										1001		FLEXSPI2_B_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash B		I/O																																																

										1011		EPDC0_D1		EPDC0		EPDC Data		O																																																

										1100		DPI0_D1		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_6		DEBUG_MUX1		LPAV Debug Signals Mux Output 6		O																																																

				PSMI1_FLEXSPI2_B_SCLK		606		0x0000_0978		0001		FLEXSPI2_B_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash B		I																																																

				PSMI1_TPM8_CH3		713		0x0000_0B24		0001		TPM8_CH3		TPM8		TPM8 Channel 3		I																																																

				PSMI1_I2S6_TX_FS		724		0x0000_0B50		0001		I2S6_TX_FS		I2S6		I2S6 TX Frame Sync		I																																																

		PTD7		PCR1_PTD7		7		0x0000_001c		0001		PTD7		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D17		AK20		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0110		TPM8_CH2		TPM8		TPM8 Channel 2		I/O																																																

										0111		I2S6_TXD0		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC0_D3		SDHC0		SDHC0 DAT3 Line or Card Detect		I/O																																																

										1001		FLEXSPI2_B_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_D2		EPDC0		EPDC Data		O																																																

										1100		DPI0_D2		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_7		DEBUG_MUX1		LPAV Debug Signals Mux Output 7		O																																																

				PSMI1_FLEXSPI2_B_DATA3		600		0x0000_0960		0001		FLEXSPI2_B_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_TPM8_CH2		712		0x0000_0B20		0001		TPM8_CH2		TPM8		TPM8 Channel 2		I																																																

		PTD8		PCR1_PTD8		8		0x0000_0020		0001		PTD8		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		B16		AH16		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0110		TPM8_CH1		TPM8		TPM8 Channel 1		I/O																																																

										0111		I2S6_TXD1		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC0_D2		SDHC0		SDHC0 DAT2 Line or Read Wait		I/O																																																

										1001		FLEXSPI2_B_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_D3		EPDC0		EPDC Data		O																																																

										1100		DPI0_D3		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_8		DEBUG_MUX1		LPAV Debug Signals Mux Output 8		O																																																

				PSMI1_FLEXSPI2_B_DATA2		599		0x0000_095C		0001		FLEXSPI2_B_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_TPM8_CH1		711		0x0000_0B1C		0001		TPM8_CH1		TPM8		TPM8 Channel 1		I																																																

		PTD9		PCR1_PTD9		9		0x0000_0024		0001		PTD9		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D16		AL19		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0110		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

										0111		I2S6_TXD2		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC0_D1		SDHC0		SDHC0 DAT1 Line or Interrupt Detect		I/O																																																

										1001		FLEXSPI2_B_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_D4		EPDC0		EPDC Data		O																																																

										1100		DPI0_D4		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_9		DEBUG_MUX1		LPAV Debug Signals Mux Output 9		O																																																

				PSMI1_FLEXSPI2_B_DATA1		598		0x0000_0958		0001		FLEXSPI2_B_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_TPM8_CLKIN		716		0x0000_0B30		0001		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

		PTD10		PCR1_PTD10		10		0x0000_0028		0001		PTD10		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		A16		AM18		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0110		TPM8_CH0		TPM8		TPM8 Channel 0		I/O																																																

										0111		I2S6_TXD3		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC0_D0		SDHC0		SDHC0 DAT0 Line or Busy-state Detect		I/O																																																

										1001		FLEXSPI2_B_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1011		EPDC0_D5		EPDC0		EPDC Data		O																																																

										1100		DPI0_D5		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_10		DEBUG_MUX1		LPAV Debug Signals Mux Output 10		O																																																

				PSMI1_FLEXSPI2_B_DATA0		597		0x0000_0954		0001		FLEXSPI2_B_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_TPM8_CH0		710		0x0000_0B18		0001		TPM8_CH0		TPM8		TPM8 Channel 0		I																																																

		PTD11		PCR1_PTD11		11		0x0000_002c		0001		PTD11		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		E15		AG15		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0110		TPM8_CH5		TPM8		TPM8 Channel 5		I/O																																																

										0111		I2S6_RXD2		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC0_DQS		SDHC0		SDHC0 Data Strobe		I																																																

										1001		FLEXSPI2_B_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B1		O																																																

										1010		FLEXSPI2_A_SS1_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash A2		O																																																

										1011		EPDC0_D6		EPDC0		EPDC Data		O																																																

										1100		DPI0_D6		DCNano		DPI data		O																																																

				PSMI1_TPM8_CH5		715		0x0000_0B2C		0010		TPM8_CH5		TPM8		TPM8 Channel 5		I																																																

				PSMI1_I2S6_RXD2		719		0x0000_0B3C		0001		I2S6_RXD2		I2S6		I2S6 Receive Data		I																																																

		PTD12		PCR1_PTD12		12		0x0000_0030		0001		PTD12		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D14		AK16		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0101		USB0_ID		USB_PHY0		USB0 ID		I																																																

										0110		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I/O																																																

										0111		I2S7_RX_BCLK		I2S7		I2S7 Receive Bit Clock		I/O																																																

										1000		SDHC1_DQS		SDHC1		SDHC1 Data Strobe		I																																																

										1001		FLEXSPI2_A_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash A1		O																																																

										1010		FLEXSPI2_B_SS1_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B2		O																																																

										1011		EPDC0_D7		EPDC0		EPDC Data		O																																																

										1100		DPI0_D7		DCNano		DPI data		O																																																

				PSMI1_SDHC1_DQS		673		0x0000_0A84		0001		SDHC1_DQS		SDHC1		SDHC1 Data Strobe		I																																																

				PSMI1_SDHC2_D3		681		0x0000_0AA4		0001		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I																																																

				PSMI1_USB0_ID		690		0x0000_0AC8		0001		USB0_ID		USB_PHY0		USB0 ID		I																																																

				PSMI1_I2S7_RX_BCLK		729		0x0000_0B64		0001		I2S7_RX_BCLK		I2S7		I2S7 Receive Bit Clock		I																																																

		PTD13		PCR1_PTD13		13		0x0000_0034		0001		PTD13		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		B15		AL17		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0101		USB0_PWR		USB0_1		USB0 Power Enable		O																																																

										0110		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I/O																																																

										0111		I2S7_RX_FS		I2S7		I2S7 RX Frame Sync		I/O																																																

										1000		SDHC1_RESET_b		SDHC1		SDHC1 Card Hardware Reset (active Low)		O																																																

										1001		FLEXSPI2_A_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash A		I/O																																																

										1010		CLKOUT2		SYSTEM		LPAV System Clock Output		O																																																

										1011		EPDC0_D8		EPDC0		EPDC Data		O																																																

										1100		DPI0_D8		DCNano		DPI data		O																																																

										1101		CLKOUT1		SYSTEM		AD System Clock Output		O																																																

				PSMI1_SDHC2_D2		680		0x0000_0AA0		0001		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I																																																

				PSMI1_I2S7_RX_FS		730		0x0000_0B68		0001		I2S7_RX_FS		I2S7		I2S7 RX Frame Sync		I																																																

				PSMI1_SPDIF_IN4		736		0x0000_0B80		0001		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTD14		PCR1_PTD14		14		0x0000_0038		0001		PTD14		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		A14		AM16		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		SPDIF_SRCLK		SPDIF		Receive clock output		O																																																

										0101		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

										0110		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I/O																																																

										0111		I2S7_RXD0		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_D7		SDHC1		SDHC1 DAT7 Line		I/O																																																

										1001		FLEXSPI2_A_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D7		TRACE0		Trace Port Data 7 Output		O																																																

										1011		EPDC0_D9		EPDC0		EPDC Data		O																																																

										1100		DPI0_D9		DCNano		DPI data		O																																																

				PSMI1_SDHC1_D7		672		0x0000_0A80		0001		SDHC1_D7		SDHC1		SDHC1 DAT7 Line		I																																																

				PSMI1_SDHC2_D1		679		0x0000_0A9C		0001		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I																																																

				PSMI1_USB0_OC		688		0x0000_0AC0		0001		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

				PSMI1_I2S7_RXD0		725		0x0000_0B54		0001		I2S7_RXD0		I2S7		I2S7 Receive Data		I																																																

		PTD15		PCR1_PTD15		15		0x0000_003c		0001		PTD15		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		B14		AJ15		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0100		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0101		SDHC1_VS		SDHC1		SDHC1 IO Power Voltage Selection Signal		O																																																

										0110		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I/O																																																

										0111		I2S7_TX_BCLK		I2S7		I2S7 Transmit Bit Clock		I/O																																																

										1000		SDHC1_D6		SDHC1		SDHC1 DAT6 Line		I/O																																																

										1001		FLEXSPI2_A_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D6		TRACE0		Trace Port Data 6 Output		O																																																

										1011		EPDC0_D10		EPDC0		EPDC Data		O																																																

										1100		DPI0_D10		DCNano		DPI data		O																																																

				PSMI1_SDHC1_D6		671		0x0000_0A7C		0001		SDHC1_D6		SDHC1		SDHC1 DAT6 Line		I																																																

				PSMI1_SDHC2_D0		678		0x0000_0A98		0001		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I																																																

				PSMI1_I2S7_TX_BCLK		731		0x0000_0B6C		0001		I2S7_TX_BCLK		I2S7		I2S7 Transmit Bit Clock		I																																																

				PSMI1_SPDIF_IN3		735		0x0000_0B7C		0001		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTD16		PCR1_PTD16		16		0x0000_0040		0001		PTD16		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D13		AL15		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D31		FXIO1		FlexIO 1 Shifter and Timer Pin 31		I/O																																																

										0011		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		SPDIF_PLOCK		SPDIF		DPLL Lock Indicator		O																																																

										0101		SDHC1_CD		SDHC1		SDHC1 Card Detection Pin		I																																																

										0110		SDHC2_CLK		SDHC2		SDHC2 Clock		I/O																																																

										0111		I2S7_TX_FS		I2S7		I2S7 TX Frame Sync		I/O																																																

										1000		SDHC1_D5		SDHC1		SDHC1 DAT5 Line		I/O																																																

										1001		FLEXSPI2_A_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D5		TRACE0		Trace Port Data 5 Output		O																																																

										1011		EPDC0_D11		EPDC0		EPDC Data		O																																																

										1100		DPI0_D11		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D31		552		0x0000_08A0		0001		FXIO1_D31		FXIO1		FlexIO 1 Shifter and Timer Pin 31		I																																																

				PSMI1_LPSPI4_PCS1		574		0x0000_08F8		0001		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI1_SDHC1_CD		662		0x0000_0A58		0001		SDHC1_CD		SDHC1		SDHC1 Card Detection Pin		I																																																

				PSMI1_SDHC1_D5		670		0x0000_0A78		0001		SDHC1_D5		SDHC1		SDHC1 DAT5 Line		I																																																

				PSMI1_SDHC2_CLK		676		0x0000_0A90		0001		SDHC2_CLK		SDHC2		SDHC2 Clock		I																																																

				PSMI1_I2S7_TX_FS		732		0x0000_0B70		0001		I2S7_TX_FS		I2S7		I2S7 TX Frame Sync		I																																																

		PTD17		PCR1_PTD17		17		0x0000_0044		0001		PTD17		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		E13		AG13		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D30		FXIO1		FlexIO 1 Shifter and Timer Pin 30		I/O																																																

										0011		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I/O																																																

										0100		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

										0101		SDHC1_WP		SDHC1		SDHC1 Card Write Protect Detect		I																																																

										0110		SDHC2_CMD		SDHC2		SDHC2 Command Line		I/O																																																

										0111		I2S7_TXD0		I2S7		I2S7 Transmit Data		O																																																

										1000		SDHC1_D4		SDHC1		SDHC1 DAT4 Line		I/O																																																

										1001		FLEXSPI2_A_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D4		TRACE0		Trace Port Data 4 Output		O																																																

										1011		EPDC0_D12		EPDC0		EPDC Data		O																																																

										1100		DPI0_D12		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D30		551		0x0000_089C		0001		FXIO1_D30		FXIO1		FlexIO 1 Shifter and Timer Pin 30		I																																																

				PSMI1_LPSPI4_PCS2		575		0x0000_08FC		0001		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I																																																

				PSMI1_SDHC1_D4		669		0x0000_0A74		0001		SDHC1_D4		SDHC1		SDHC1 DAT4 Line		I																																																

				PSMI1_SDHC1_WP		674		0x0000_0A88		0001		SDHC1_WP		SDHC1		SDHC1 Card Write Protect Detect		I																																																

				PSMI1_SDHC2_CMD		677		0x0000_0A94		0001		SDHC2_CMD		SDHC2		SDHC2 Command Line		I																																																

				PSMI1_EXT_AUD_MCLK3		709		0x0000_0B14		0010		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

		PTD18		PCR1_PTD18		18		0x0000_0048		0001		PTD18		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		A12		AM14		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D29		FXIO1		FlexIO 1 Shifter and Timer Pin 29		I/O																																																

										0011		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I/O																																																

										0100		SPDIF_OUTCLK		SPDIF		Selected transmit clock output		O																																																

										0101		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

										0110		TPM8_CH0		TPM8		TPM8 Channel 0		I/O																																																

										0111		I2S7_MCLK		I2S7		I2S7 Audio Master Clock		O																																																

										1000		SDHC1_D3		SDHC1		SDHC1 DAT3 Line or Card Detect		I/O																																																

										1001		FLEXSPI2_A_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash A		I/O																																																

										1010		TRACE0_D3		TRACE0		Trace Port Data 3 Output		O																																																

										1011		EPDC0_D13		EPDC0		EPDC Data		O																																																

										1100		DPI0_D13		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D29		549		0x0000_0894		0001		FXIO1_D29		FXIO1		FlexIO 1 Shifter and Timer Pin 29		I																																																

				PSMI1_LPSPI4_PCS3		576		0x0000_0900		0001		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I																																																

				PSMI1_SDHC1_D3		668		0x0000_0A70		0001		SDHC1_D3		SDHC1		SDHC1 DAT3 Line or Card Detect		I																																																

				PSMI1_EXT_AUD_MCLK3		709		0x0000_0B14		0011		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

				PSMI1_TPM8_CH0		710		0x0000_0B18		0010		TPM8_CH0		TPM8		TPM8 Channel 0		I																																																

		PTD19		PCR1_PTD19		19		0x0000_004c		0001		PTD19		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		B12		AJ13		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D28		FXIO1		FlexIO 1 Shifter and Timer Pin 28		I/O																																																

										0100		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0110		TPM8_CH1		TPM8		TPM8 Channel 1		I/O																																																

										0111		I2S6_RXD3		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC1_D2		SDHC1		SDHC1 DAT2 Line or Read Wait		I/O																																																

										1001		FLEXSPI2_A_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D2		TRACE0		Trace Port Data 2 Output		O																																																

										1011		EPDC0_D14		EPDC0		EPDC Data		O																																																

										1100		DPI0_D14		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D28		548		0x0000_0890		0001		FXIO1_D28		FXIO1		FlexIO 1 Shifter and Timer Pin 28		I																																																

				PSMI1_SDHC1_D2		667		0x0000_0A6C		0001		SDHC1_D2		SDHC1		SDHC1 DAT2 Line or Read Wait		I																																																

				PSMI1_TPM8_CH1		711		0x0000_0B1C		0010		TPM8_CH1		TPM8		TPM8 Channel 1		I																																																

				PSMI1_I2S6_RXD3		720		0x0000_0B40		0001		I2S6_RXD3		I2S6		I2S6 Receive Data		I																																																

				PSMI1_SPDIF_IN1		733		0x0000_0B74		0001		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTD20		PCR1_PTD20		20		0x0000_0050		0001		PTD20		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		D12		AH12		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D27		FXIO1		FlexIO 1 Shifter and Timer Pin 27		I/O																																																

										0011		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I/O																																																

										0100		SPDIF_OUT1		SPDIF		Output Line 1. IEC958 data in biphase mark format (Consumer C channel).		O																																																

										0110		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

										0111		I2S7_RXD1		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_D1		SDHC1		SDHC1 DAT1 Line or Interrupt Detect		I/O																																																

										1001		FLEXSPI2_A_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D1		TRACE0		Trace Port Data 1 Output		O																																																

										1011		EPDC0_D15		EPDC0		EPDC Data		O																																																

										1100		DPI0_D15		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D27		547		0x0000_088C		0001		FXIO1_D27		FXIO1		FlexIO 1 Shifter and Timer Pin 27		I																																																

				PSMI1_LPSPI4_SIN		578		0x0000_0908		0001		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I																																																

				PSMI1_SDHC1_D1		666		0x0000_0A68		0001		SDHC1_D1		SDHC1		SDHC1 DAT1 Line or Interrupt Detect		I																																																

				PSMI1_TPM8_CLKIN		716		0x0000_0B30		0010		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

				PSMI1_I2S7_RXD1		726		0x0000_0B58		0001		I2S7_RXD1		I2S7		I2S7 Receive Data		I																																																

		PTD21		PCR1_PTD21		21		0x0000_0054		0001		PTD21		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		E12		AL13		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D26		FXIO1		FlexIO 1 Shifter and Timer Pin 26		I/O																																																

										0011		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I/O																																																

										0100		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0101		USB1_PWR		USB0_1		USB1 Power Enable		O																																																

										0110		TPM8_CH2		TPM8		TPM8 Channel 2		I/O																																																

										0111		I2S7_TXD1		I2S7		I2S7 Transmit Data		O																																																

										1000		SDHC1_D0		SDHC1		SDHC1 DAT0 Line or Busy-state Detect		I/O																																																

										1001		FLEXSPI2_A_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_D0		TRACE0		Trace Port Data 0 Output		O																																																

										1100		DPI0_D16		DCNano		DPI data		O																																																

										1101		WDOG5_RST		WDOG5		WDOG5 Reset Output		O																																																

				PSMI1_FXIO1_D26		546		0x0000_0888		0001		FXIO1_D26		FXIO1		FlexIO 1 Shifter and Timer Pin 26		I																																																

				PSMI1_LPSPI4_SOUT		579		0x0000_090C		0001		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I																																																

				PSMI1_SDHC1_D0		665		0x0000_0A64		0001		SDHC1_D0		SDHC1		SDHC1 DAT0 Line or Busy-state Detect		I																																																

				PSMI1_TPM8_CH2		712		0x0000_0B20		0010		TPM8_CH2		TPM8		TPM8 Channel 2		I																																																

				PSMI1_SPDIF_IN2		734		0x0000_0B78		0001		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTD22		PCR1_PTD22		22		0x0000_0058		0001		PTD22		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		F12		AG11		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D25		FXIO1		FlexIO 1 Shifter and Timer Pin 25		I/O																																																

										0011		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I/O																																																

										0100		SPDIF_OUT2		SPDIF		Output Line 2. IEC958 data in biphase mark format (Professional C channel).		O																																																

										0101		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

										0110		TPM8_CH3		TPM8		TPM8 Channel 3		I/O																																																

										0111		I2S7_TXD2		I2S7		I2S7 Transmit Data		O																																																

										1000		SDHC1_CLK		SDHC1		SDHC1 Clock		I/O																																																

										1001		FLEXSPI2_A_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash A		I/O																																																

										1010		TRACE0_CLKOUT		TRACE0		Trace Clock Output from the ARM CoreSight Debug Block		O																																																

										1100		DPI0_D17		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D25		545		0x0000_0884		0001		FXIO1_D25		FXIO1		FlexIO 1 Shifter and Timer Pin 25		I																																																

				PSMI1_LPSPI4_SCK		577		0x0000_0904		0001		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I																																																

				PSMI1_SDHC1_CLK		663		0x0000_0A5C		0001		SDHC1_CLK		SDHC1		SDHC1 Clock		I																																																

				PSMI1_USB1_OC		689		0x0000_0AC4		0001		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

				PSMI1_TPM8_CH3		713		0x0000_0B24		0010		TPM8_CH3		TPM8		TPM8 Channel 3		I																																																

		PTD23		PCR1_PTD23		23		0x0000_005c		0001		PTD23		GPIOD		General Purpose I/O		I/O		Hiz		Hiz		Hiz		HSGPIO		VDD_PTD		PTD		1		B11		AK12		"0"		"0"		-		-		"0"		"0"		"0000"		"0"		"0"		0		-		-		-		'00000000000000000000000000000000'		'00000000000000111000111101100011'

										0010		FXIO1_D24		FXIO1		FlexIO 1 Shifter and Timer Pin 24		I/O																																																

										0011		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I/O																																																

										0101		USB1_ID		USB_PHY1		USB1 ID		I																																																

										0110		TPM8_CH4		TPM8		TPM8 Channel 4		I/O																																																

										0111		I2S7_TXD3		I2S7		I2S7 Transmit Data		O																																																

										1000		SDHC1_CMD		SDHC1		SDHC1 Command Line		I/O																																																

										1001		FLEXSPI2_A_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash A1		O																																																

										1010		FLEXSPI2_A_SCLK_b		FLEXSPI2		FLEXSPI2 Serial Clock Flash A (Inversed)		O																																																

										1100		DPI0_D18		DCNano		DPI data		O																																																

				PSMI1_FXIO1_D24		544		0x0000_0880		0001		FXIO1_D24		FXIO1		FlexIO 1 Shifter and Timer Pin 24		I																																																

				PSMI1_LPSPI4_PCS0		573		0x0000_08F4		0001		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I																																																

				PSMI1_SDHC1_CMD		664		0x0000_0A60		0001		SDHC1_CMD		SDHC1		SDHC1 Command Line		I																																																

				PSMI1_USB1_ID		691		0x0000_0ACC		0001		USB1_ID		USB_PHY1		USB1 ID		I																																																

				PSMI1_TPM8_CH4		714		0x0000_0B28		0010		TPM8_CH4		TPM8		TPM8 Channel 4		I																																																

		PTE0		PCR1_PTE0		32		0x0000_0080		0001		PTE0		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		A10		AJ11		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D23		FXIO1		FlexIO 1 Shifter and Timer Pin 23		I/O																																																

										0011		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0100		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

										0101		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I/O																																																

										0110		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

										0111		I2S7_RXD2		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I/O																																																

										1001		FLEXSPI2_B_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash B		I/O																																																

										1010		ENET0_CRS		ENET0		Ethernet Collision Detected		I																																																

										1011		DBI0_WRX		DCNano		DBI Write		O																																																

										1100		DPI0_D19		DCNano		DPI data		O																																																

										1101		WUU1_P0		WUU1		Low-Leakage Wakeup Unit1 Input 0		I																																																

										1111		DEBUG_MUX1_11		DEBUG_MUX1		LPAV Debug Signals Mux Output 11		O																																																

				PSMI1_FXIO1_D23		543		0x0000_087C		0001		FXIO1_D23		FXIO1		FlexIO 1 Shifter and Timer Pin 23		I																																																

				PSMI1_LPI2C4_SCL		562		0x0000_08C8		0001		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I																																																

				PSMI1_LPUART4_CTS_b		567		0x0000_08DC		0001		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

				PSMI1_FLEXSPI2_B_DQS		605		0x0000_0974		0010		FLEXSPI2_B_DQS		FLEXSPI2		FLEXSPI2 Data Strobe signal Flash B		I																																																

				PSMI1_SDHC2_D1		679		0x0000_0A9C		0010		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I																																																

				PSMI1_ENET0_CRS		698		0x0000_0AE8		0001		ENET0_CRS		ENET0		Ethernet Collision Detected		I																																																

				PSMI1_TPM8_CLKIN		716		0x0000_0B30		0011		TPM8_CLKIN		TPM8		TPM8 External Clock		I																																																

				PSMI1_I2S7_RXD2		727		0x0000_0B5C		0001		I2S7_RXD2		I2S7		I2S7 Receive Data		I																																																

				PSMI1_SPDIF_IN4		736		0x0000_0B80		0010		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTE1		PCR1_PTE1		33		0x0000_0084		0001		PTE1		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B10		AM12		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D22		FXIO1		FlexIO 1 Shifter and Timer Pin 22		I/O																																																

										0011		SPDIF_SRCLK		SPDIF		Receive clock output		O																																																

										0100		LPUART4_RTS_b		LPUART4		LPUART4 Request to Send		O																																																

										0101		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I/O																																																

										0110		TPM8_CH0		TPM8		TPM8 Channel 0		I/O																																																

										0111		I2S7_RXD3		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I/O																																																

										1001		FLEXSPI2_B_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_COL		ENET0		Ethernet Collision Detected		I																																																

										1011		DBI0_CSX		DCNano		DBI Chip Select		O																																																

										1100		DPI0_D20		DCNano		DPI data		O																																																

										1101		WUU1_P1		WUU1		Low-Leakage Wakeup Unit1 Input 1		I																																																

										1111		DEBUG_MUX1_12		DEBUG_MUX1		LPAV Debug Signals Mux Output 12		O																																																

				PSMI1_FXIO1_D22		542		0x0000_0878		0001		FXIO1_D22		FXIO1		FlexIO 1 Shifter and Timer Pin 22		I																																																

				PSMI1_LPI2C4_SDA		563		0x0000_08CC		0001		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I																																																

				PSMI1_FLEXSPI2_B_DATA7		604		0x0000_0970		0010		FLEXSPI2_B_DATA7		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_SDHC2_D0		678		0x0000_0A98		0010		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I																																																

				PSMI1_ENET0_COL		697		0x0000_0AE4		0001		ENET0_COL		ENET0		Ethernet Collision Detected		I																																																

				PSMI1_TPM8_CH0		710		0x0000_0B18		0011		TPM8_CH0		TPM8		TPM8 Channel 0		I																																																

				PSMI1_I2S7_RXD3		728		0x0000_0B60		0001		I2S7_RXD3		I2S7		I2S7 Receive Data		I																																																

		PTE2		PCR1_PTE2		34		0x0000_0088		0001		PTE2		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D10		AL11		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D21		FXIO1		FlexIO 1 Shifter and Timer Pin 21		I/O																																																

										0011		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0100		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I/O																																																

										0101		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

										0110		TPM8_CH1		TPM8		TPM8 Channel 1		I/O																																																

										0111		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

										1000		SDHC2_CLK		SDHC2		SDHC2 Clock		I/O																																																

										1001		FLEXSPI2_B_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_TXER		ENET0		Ethernet TX Error		O																																																

										1011		DBI0_DCX		DCNano		DBI Data/Command		O																																																

										1100		DPI0_D21		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_13		DEBUG_MUX1		LPAV Debug Signals Mux Output 13		O																																																

				PSMI1_FXIO1_D21		541		0x0000_0874		0001		FXIO1_D21		FXIO1		FlexIO 1 Shifter and Timer Pin 21		I																																																

				PSMI1_LPI2C4_HREQ		561		0x0000_08C4		0001		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

				PSMI1_LPUART4_TX		569		0x0000_08E4		0001		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I																																																

				PSMI1_FLEXSPI2_B_DATA6		603		0x0000_096C		0010		FLEXSPI2_B_DATA6		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_SDHC2_CLK		676		0x0000_0A90		0010		SDHC2_CLK		SDHC2		SDHC2 Clock		I																																																

				PSMI1_EXT_AUD_MCLK3		709		0x0000_0B14		0100		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

				PSMI1_TPM8_CH1		711		0x0000_0B1C		0011		TPM8_CH1		TPM8		TPM8 Channel 1		I																																																

				PSMI1_SPDIF_IN3		735		0x0000_0B7C		0010		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTE3		PCR1_PTE3		35		0x0000_008c		0001		PTE3		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		A8		AM10		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D20		FXIO1		FlexIO 1 Shifter and Timer Pin 20		I/O																																																

										0011		SPDIF_PLOCK		SPDIF		DPLL Lock Indicator		O																																																

										0100		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

										0110		TPM8_CH2		TPM8		TPM8 Channel 2		I/O																																																

										0111		I2S6_MCLK		I2S6		I2S6 Audio Master Clock		O																																																

										1000		SDHC2_CMD		SDHC2		SDHC2 Command Line		I/O																																																

										1001		FLEXSPI2_B_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_TXCLK		ENET0		Ethernet TX Clock		I																																																

										1011		DBI0_RWX		DCNano		DBI Read/Write		O																																																

										1100		DPI0_D22		DCNano		DPI data		O																																																

										1101		WUU1_P2		WUU1		Low-Leakage Wakeup Unit1 Input 2		I																																																

										1111		DEBUG_MUX1_14		DEBUG_MUX1		LPAV Debug Signals Mux Output 14		O																																																

				PSMI1_FXIO1_D20		540		0x0000_0870		0001		FXIO1_D20		FXIO1		FlexIO 1 Shifter and Timer Pin 20		I																																																

				PSMI1_LPUART4_RX		568		0x0000_08E0		0001		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

				PSMI1_FLEXSPI2_B_DATA5		602		0x0000_0968		0010		FLEXSPI2_B_DATA5		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_SDHC2_CMD		677		0x0000_0A94		0010		SDHC2_CMD		SDHC2		SDHC2 Command Line		I																																																

				PSMI1_ENET0_TXCLK		708		0x0000_0B10		0001		ENET0_TXCLK		ENET0		Ethernet TX Clock		I																																																

				PSMI1_TPM8_CH2		712		0x0000_0B20		0011		TPM8_CH2		TPM8		TPM8 Channel 2		I																																																

		PTE4		PCR1_PTE4		36		0x0000_0090		0001		PTE4		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D9		AL9		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D19		FXIO1		FlexIO 1 Shifter and Timer Pin 19		I/O																																																

										0011		SPDIF_OUTCLK		SPDIF		Selected transmit clock output		O																																																

										0100		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

										0101		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I/O																																																

										0110		TPM8_CH3		TPM8		TPM8 Channel 3		I/O																																																

										0111		I2S6_RX_BCLK		I2S6		I2S6 Receive Bit Clock		I/O																																																

										1000		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I/O																																																

										1001		FLEXSPI2_B_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_TXD3		ENET0		Ethernet Serial Output Data		O																																																

										1011		DBI0_E		DCNano		DBI Enable		O																																																

										1100		DPI0_D23		DCNano		DPI data		O																																																

										1101		WUU1_P3		WUU1		Low-Leakage Wakeup Unit1 Input 3		I																																																

										1111		DEBUG_MUX1_15		DEBUG_MUX1		LPAV Debug Signals Mux Output 15		O																																																

				PSMI1_FXIO1_D19		538		0x0000_0868		0001		FXIO1_D19		FXIO1		FlexIO 1 Shifter and Timer Pin 19		I																																																

				PSMI1_LPI2C5_SCL		565		0x0000_08D4		0001		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I																																																

				PSMI1_LPUART5_CTS_b		570		0x0000_08E8		0001		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

				PSMI1_FLEXSPI2_B_DATA4		601		0x0000_0964		0010		FLEXSPI2_B_DATA4		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_SDHC2_D3		681		0x0000_0AA4		0010		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I																																																

				PSMI1_TPM8_CH3		713		0x0000_0B24		0011		TPM8_CH3		TPM8		TPM8 Channel 3		I																																																

				PSMI1_I2S6_RX_BCLK		721		0x0000_0B44		0010		I2S6_RX_BCLK		I2S6		I2S6 Receive Bit Clock		I																																																

		PTE5		PCR1_PTE5		37		0x0000_0094		0001		PTE5		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B8		AG9		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D18		FXIO1		FlexIO 1 Shifter and Timer Pin 18		I/O																																																

										0011		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0100		LPUART5_RTS_b		LPUART5		LPUART5 Request to Send		O																																																

										0101		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I/O																																																

										0110		TPM8_CH4		TPM8		TPM8 Channel 4		I/O																																																

										0111		I2S6_RX_FS		I2S6		I2S6 RX Frame Sync		I/O																																																

										1000		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I/O																																																

										1001		FLEXSPI2_B_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B1		O																																																

										1010		ENET0_TXD2		ENET0		Ethernet Serial Output Data		O																																																

										1011		DBI0_D0		DCNano		DBI data		O																																																

										1111		DEBUG_MUX1_16		DEBUG_MUX1		LPAV Debug Signals Mux Output 16		O																																																

				PSMI1_FXIO1_D18		537		0x0000_0864		0001		FXIO1_D18		FXIO1		FlexIO 1 Shifter and Timer Pin 18		I																																																

				PSMI1_LPI2C5_SDA		566		0x0000_08D8		0001		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I																																																

				PSMI1_SDHC2_D2		680		0x0000_0AA0		0010		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I																																																

				PSMI1_TPM8_CH4		714		0x0000_0B28		0011		TPM8_CH4		TPM8		TPM8 Channel 4		I																																																

				PSMI1_I2S6_RX_FS		722		0x0000_0B48		0010		I2S6_RX_FS		I2S6		I2S6 RX Frame Sync		I																																																

				PSMI1_SPDIF_IN1		733		0x0000_0B74		0010		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTE6		PCR1_PTE6		38		0x0000_0098		0001		PTE6		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		F9		AM8		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D17		FXIO1		FlexIO 1 Shifter and Timer Pin 17		I/O																																																

										0011		SPDIF_OUT1		SPDIF		Output Line 1. IEC958 data in biphase mark format (Consumer C channel).		O																																																

										0100		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I/O																																																

										0101		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

										0110		TPM8_CH5		TPM8		TPM8 Channel 5		I/O																																																

										0111		I2S6_RXD0		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC2_D4		SDHC2		SDHC2 DAT4 Line		I/O																																																

										1001		FLEXSPI2_B_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash B		I/O																																																

										1010		ENET0_RXCLK		ENET0		Ethernet RX Clock		I																																																

										1011		DBI0_D1		DCNano		DBI data		O																																																

										1101		WDOG5_RST		WDOG5		WDOG5 Reset Output		O																																																

										1111		DEBUG_MUX1_17		DEBUG_MUX1		LPAV Debug Signals Mux Output 17		O																																																

				PSMI1_FXIO1_D17		536		0x0000_0860		0001		FXIO1_D17		FXIO1		FlexIO 1 Shifter and Timer Pin 17		I																																																

				PSMI1_LPI2C5_HREQ		564		0x0000_08D0		0001		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

				PSMI1_LPUART5_TX		572		0x0000_08F0		0001		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I																																																

				PSMI1_FLEXSPI2_B_SCLK		606		0x0000_0978		0010		FLEXSPI2_B_SCLK		FLEXSPI2		FLEXSPI2 Serial Clock Flash B		I																																																

				PSMI1_SDHC2_D4		682		0x0000_0AA8		0001		SDHC2_D4		SDHC2		SDHC2 DAT4 Line		I																																																

				PSMI1_ENET0_RXCLK		707		0x0000_0B0C		0001		ENET0_RXCLK		ENET0		Ethernet RX Clock		I																																																

				PSMI1_TPM8_CH5		715		0x0000_0B2C		0011		TPM8_CH5		TPM8		TPM8 Channel 5		I																																																

				PSMI1_I2S6_RXD0		717		0x0000_0B34		0010		I2S6_RXD0		I2S6		I2S6 Receive Data		I																																																

		PTE7		PCR1_PTE7		39		0x0000_009c		0001		PTE7		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		E9		AJ9		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D16		FXIO1		FlexIO 1 Shifter and Timer Pin 16		I/O																																																

										0011		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0100		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

										0101		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

										0110		TPM4_CLKIN		TPM4		TPM4 External Clock		I																																																

										0111		I2S6_RXD1		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC2_D5		SDHC2		SDHC2 DAT5 Line		I/O																																																

										1001		FLEXSPI2_B_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_RXD3		ENET0		Ethernet Serial Input Data		I																																																

										1011		DBI0_D2		DCNano		DBI data		O																																																

										1100		EPDC0_BDR1		EPDC0		EPDC Panel-Border Control		O																																																

										1101		WUU1_P4		WUU1		Low-Leakage Wakeup Unit1 Input 4		I																																																

										1111		DEBUG_MUX1_18		DEBUG_MUX1		LPAV Debug Signals Mux Output 18		O																																																

				PSMI1_TPM4_CLKIN		519		0x0000_081C		0001		TPM4_CLKIN		TPM4		TPM4 External Clock		I																																																

				PSMI1_FXIO1_D16		535		0x0000_085C		0001		FXIO1_D16		FXIO1		FlexIO 1 Shifter and Timer Pin 16		I																																																

				PSMI1_LPUART5_RX		571		0x0000_08EC		0001		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

				PSMI1_FLEXSPI2_B_DATA3		600		0x0000_0960		0010		FLEXSPI2_B_DATA3		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_LPI2C6_HREQ		621		0x0000_09B4		0001		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

				PSMI1_SDHC2_D5		683		0x0000_0AAC		0001		SDHC2_D5		SDHC2		SDHC2 DAT5 Line		I																																																

				PSMI1_ENET0_RXD3		705		0x0000_0B04		0001		ENET0_RXD3		ENET0		Ethernet Serial Input Data		I																																																

				PSMI1_I2S6_RXD1		718		0x0000_0B38		0010		I2S6_RXD1		I2S6		I2S6 Receive Data		I																																																

				PSMI1_SPDIF_IN2		734		0x0000_0B78		0010		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTE8		PCR1_PTE8		40		0x0000_00a0		0001		PTE8		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		A6		AH8		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D15		FXIO1		FlexIO 1 Shifter and Timer Pin 15		I/O																																																

										0011		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

										0101		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I/O																																																

										0110		TPM4_CH0		TPM4		TPM4 Channel 0		I/O																																																

										0111		I2S6_RXD2		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC2_D6		SDHC2		SDHC2 DAT6 Line		I/O																																																

										1001		FLEXSPI2_B_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_RXD2		ENET0		Ethernet Serial Input Data		I																																																

										1011		DBI0_D3		DCNano		DBI data		O																																																

										1100		EPDC0_BDR0		EPDC0		EPDC Panel-Border Control		O																																																

										1111		DEBUG_MUX1_19		DEBUG_MUX1		LPAV Debug Signals Mux Output 19		O																																																

				PSMI1_TPM4_CH0		513		0x0000_0804		0001		TPM4_CH0		TPM4		TPM4 Channel 0		I																																																

				PSMI1_FXIO1_D15		534		0x0000_0858		0001		FXIO1_D15		FXIO1		FlexIO 1 Shifter and Timer Pin 15		I																																																

				PSMI1_LPSPI4_PCS1		574		0x0000_08F8		0010		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI1_FLEXSPI2_B_DATA2		599		0x0000_095C		0010		FLEXSPI2_B_DATA2		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_LPI2C6_SCL		622		0x0000_09B8		0001		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I																																																

				PSMI1_LPUART6_CTS_b		627		0x0000_09CC		0001		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

				PSMI1_SDHC2_D6		684		0x0000_0AB0		0001		SDHC2_D6		SDHC2		SDHC2 DAT6 Line		I																																																

				PSMI1_ENET0_RXD2		704		0x0000_0B00		0001		ENET0_RXD2		ENET0		Ethernet Serial Input Data		I																																																

				PSMI1_I2S6_RXD2		719		0x0000_0B3C		0010		I2S6_RXD2		I2S6		I2S6 Receive Data		I																																																

		PTE9		PCR1_PTE9		41		0x0000_00a4		0001		PTE9		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D8		AK8		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D14		FXIO1		FlexIO 1 Shifter and Timer Pin 14		I/O																																																

										0011		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I/O																																																

										0100		LPUART6_RTS_b		LPUART6		LPUART6 Request to Send		O																																																

										0101		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I/O																																																

										0110		TPM4_CH1		TPM4		TPM4 Channel 1		I/O																																																

										0111		I2S6_RXD3		I2S6		I2S6 Receive Data		I																																																

										1000		SDHC2_D7		SDHC2		SDHC2 DAT7 Line		I/O																																																

										1001		FLEXSPI2_B_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_1588_TMR3		ENET0		Capture/Compare block input event bus		I/O																																																

										1011		DBI0_D4		DCNano		DBI data		O																																																

										1100		EPDC0_VCOM1		EPDC0		EPDC Panel-VCOM		O																																																

										1111		DEBUG_MUX1_20		DEBUG_MUX1		LPAV Debug Signals Mux Output 20		O																																																

				PSMI1_TPM4_CH1		514		0x0000_0808		0001		TPM4_CH1		TPM4		TPM4 Channel 1		I																																																

				PSMI1_FXIO1_D14		533		0x0000_0854		0001		FXIO1_D14		FXIO1		FlexIO 1 Shifter and Timer Pin 14		I																																																

				PSMI1_LPSPI4_PCS2		575		0x0000_08FC		0010		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I																																																

				PSMI1_FLEXSPI2_B_DATA1		598		0x0000_0958		0010		FLEXSPI2_B_DATA1		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_LPI2C6_SDA		623		0x0000_09BC		0001		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I																																																

				PSMI1_SDHC2_D7		685		0x0000_0AB4		0001		SDHC2_D7		SDHC2		SDHC2 DAT7 Line		I																																																

				PSMI1_ENET0_1588_TMR3		696		0x0000_0AE0		0001		ENET0_1588_TMR3		ENET0		Capture/Compare block input event bus		I																																																

				PSMI1_I2S6_RXD3		720		0x0000_0B40		0010		I2S6_RXD3		I2S6		I2S6 Receive Data		I																																																

		PTE10		PCR1_PTE10		42		0x0000_00a8		0001		PTE10		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		E8		AM6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D13		FXIO1		FlexIO 1 Shifter and Timer Pin 13		I/O																																																

										0011		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I/O																																																

										0100		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I/O																																																

										0101		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I/O																																																

										0110		TPM4_CH2		TPM4		TPM4 Channel 2		I/O																																																

										0111		I2S6_TX_BCLK		I2S6		I2S6 Transmit Bit Clock		I/O																																																

										1000		SDHC2_DQS		SDHC2		SDHC2 Data Strobe		I																																																

										1001		FLEXSPI2_B_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I/O																																																

										1010		ENET0_1588_TMR2		ENET0		Capture/Compare block input event bus		I/O																																																

										1011		DBI0_D5		DCNano		DBI data		O																																																

										1100		EPDC0_VCOM0		EPDC0		EPDC Panel-VCOM		O																																																

										1111		DEBUG_MUX1_21		DEBUG_MUX1		LPAV Debug Signals Mux Output 21		O																																																

				PSMI1_TPM4_CH2		515		0x0000_080C		0001		TPM4_CH2		TPM4		TPM4 Channel 2		I																																																

				PSMI1_FXIO1_D13		532		0x0000_0850		0001		FXIO1_D13		FXIO1		FlexIO 1 Shifter and Timer Pin 13		I																																																

				PSMI1_I3C2_SCL		559		0x0000_08BC		0001		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I																																																

				PSMI1_LPSPI4_PCS3		576		0x0000_0900		0010		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I																																																

				PSMI1_FLEXSPI2_B_DATA0		597		0x0000_0954		0010		FLEXSPI2_B_DATA0		FLEXSPI2		FLEXSPI2 Serial I/O Flash B		I																																																

				PSMI1_LPUART6_TX		629		0x0000_09D4		0001		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I																																																

				PSMI1_SDHC2_DQS		686		0x0000_0AB8		0001		SDHC2_DQS		SDHC2		SDHC2 Data Strobe		I																																																

				PSMI1_ENET0_1588_TMR2		695		0x0000_0ADC		0001		ENET0_1588_TMR2		ENET0		Capture/Compare block input event bus		I																																																

				PSMI1_I2S6_TX_BCLK		723		0x0000_0B4C		0010		I2S6_TX_BCLK		I2S6		I2S6 Transmit Bit Clock		I																																																

		PTE11		PCR1_PTE11		43		0x0000_00ac		0001		PTE11		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B7		AL7		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D12		FXIO1		FlexIO 1 Shifter and Timer Pin 12		I/O																																																

										0011		SPDIF_OUT2		SPDIF		Output Line 2. IEC958 data in biphase mark format (Professional C channel).		O																																																

										0100		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

										0101		I3C2_SDA		I3C2		I3C2 Serial Data Line		I/O																																																

										0110		TPM4_CH3		TPM4		TPM4 Channel 3		I/O																																																

										0111		I2S6_TX_FS		I2S6		I2S6 TX Frame Sync		I/O																																																

										1000		FLEXSPI2_B_SCLK_b		FLEXSPI2		FLEXSPI2 Serial Clock Flash B (Inversed)		O																																																

										1001		FLEXSPI2_B_SS0_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B1		O																																																

										1010		ENET0_1588_TMR1		ENET0		Capture/Compare block input event bus		I/O																																																

										1011		DBI0_D6		DCNano		DBI data		O																																																

										1100		EPDC0_PWRCTRL0		EPDC0		EPDC Panel-Power control		O																																																

				PSMI1_TPM4_CH3		516		0x0000_0810		0001		TPM4_CH3		TPM4		TPM4 Channel 3		I																																																

				PSMI1_FXIO1_D12		531		0x0000_084C		0001		FXIO1_D12		FXIO1		FlexIO 1 Shifter and Timer Pin 12		I																																																

				PSMI1_I3C2_SDA		560		0x0000_08C0		0001		I3C2_SDA		I3C2		I3C2 Serial Data Line		I																																																

				PSMI1_LPUART6_RX		628		0x0000_09D0		0001		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

				PSMI1_ENET0_1588_TMR1		694		0x0000_0AD8		0001		ENET0_1588_TMR1		ENET0		Capture/Compare block input event bus		I																																																

				PSMI1_I2S6_TX_FS		724		0x0000_0B50		0010		I2S6_TX_FS		I2S6		I2S6 TX Frame Sync		I																																																

		PTE12		PCR1_PTE12		44		0x0000_00b0		0001		PTE12		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		F8		AG7		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D11		FXIO1		FlexIO 1 Shifter and Timer Pin 11		I/O																																																

										0011		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I/O																																																

										0100		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

										0101		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I/O																																																

										0110		TPM4_CH4		TPM4		TPM4 Channel 4		I/O																																																

										0111		I2S6_TXD0		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC2_RESET_b		SDHC2		SDHC2 Card Hardware Reset (active Low)		O																																																

										1001		FLEXSPI2_B_SS1_b		FLEXSPI2		FLEXSPI2 Peripheral Chip Select Flash B2		O																																																

										1010		ENET0_1588_TMR0		ENET0		Capture/Compare block input event bus		I/O																																																

										1011		DBI0_D7		DCNano		DBI data		O																																																

										1100		EPDC0_PWRCTRL1		EPDC0		EPDC Panel-Power control		O																																																

										1101		WUU1_P5		WUU1		Low-Leakage Wakeup Unit1 Input 5		I																																																

				PSMI1_TPM4_CH4		517		0x0000_0814		0001		TPM4_CH4		TPM4		TPM4 Channel 4		I																																																

				PSMI1_FXIO1_D11		530		0x0000_0848		0001		FXIO1_D11		FXIO1		FlexIO 1 Shifter and Timer Pin 11		I																																																

				PSMI1_LPSPI4_SIN		578		0x0000_0908		0010		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I																																																

				PSMI1_LPI2C7_SCL		625		0x0000_09C4		0001		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I																																																

				PSMI1_LPUART7_CTS_b		630		0x0000_09D8		0001		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

				PSMI1_ENET0_1588_TMR0		693		0x0000_0AD4		0001		ENET0_1588_TMR0		ENET0		Capture/Compare block input event bus		I																																																

		PTE13		PCR1_PTE13		45		0x0000_00b4		0001		PTE13		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B6		AJ7		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D10		FXIO1		FlexIO 1 Shifter and Timer Pin 10		I/O																																																

										0011		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I/O																																																

										0100		LPUART7_RTS_b		LPUART7		LPUART7 Request to Send		O																																																

										0101		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I/O																																																

										0110		TPM4_CH5		TPM4		TPM4 Channel 5		I/O																																																

										0111		I2S6_TXD1		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC1_WP		SDHC1		SDHC1 Card Write Protect Detect		I																																																

										1010		ENET0_1588_CLKIN		ENET0		IEEE 1588 Ethernet clock input		I																																																

										1011		DBI0_D8		DCNano		DBI data		O																																																

										1100		EPDC0_PWRCTRL2		EPDC0		EPDC Panel-Power control		O																																																

				PSMI1_TPM4_CH5		518		0x0000_0818		0001		TPM4_CH5		TPM4		TPM4 Channel 5		I																																																

				PSMI1_FXIO1_D10		529		0x0000_0844		0001		FXIO1_D10		FXIO1		FlexIO 1 Shifter and Timer Pin 10		I																																																

				PSMI1_LPSPI4_SOUT		579		0x0000_090C		0010		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I																																																

				PSMI1_LPI2C7_SDA		626		0x0000_09C8		0001		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I																																																

				PSMI1_SDHC1_WP		674		0x0000_0A88		0010		SDHC1_WP		SDHC1		SDHC1 Card Write Protect Detect		I																																																

				PSMI1_ENET0_1588_CLKIN		692		0x0000_0AD0		0001		ENET0_1588_CLKIN		ENET0		IEEE 1588 Ethernet clock input		I																																																

		PTE14		PCR1_PTE14		46		0x0000_00b8		0001		PTE14		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		E6		AL5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D9		FXIO1		FlexIO 1 Shifter and Timer Pin 9		I/O																																																

										0011		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I/O																																																

										0100		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I/O																																																

										0101		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

										0110		TPM5_CLKIN		TPM5		TPM5 External Clock		I																																																

										0111		I2S6_TXD2		I2S6		I2S6 Transmit Data		O																																																

										1000		SDHC1_CD		SDHC1		SDHC1 Card Detection Pin		I																																																

										1010		ENET0_MDIO		ENET0		Ethernet Transfer Control Information		I/O																																																

										1011		DBI0_D9		DCNano		DBI data		O																																																

										1100		EPDC0_PWRCTRL3		EPDC0		EPDC Panel-Power control		O																																																

				PSMI1_TPM5_CLKIN		526		0x0000_0838		0001		TPM5_CLKIN		TPM5		TPM5 External Clock		I																																																

				PSMI1_FXIO1_D9		558		0x0000_08B8		0001		FXIO1_D9		FXIO1		FlexIO 1 Shifter and Timer Pin 9		I																																																

				PSMI1_LPSPI4_SCK		577		0x0000_0904		0010		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I																																																

				PSMI1_LPI2C7_HREQ		624		0x0000_09C0		0001		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

				PSMI1_LPUART7_TX		632		0x0000_09E0		0001		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I																																																

				PSMI1_SDHC1_CD		662		0x0000_0A58		0010		SDHC1_CD		SDHC1		SDHC1 Card Detection Pin		I																																																

				PSMI1_ENET0_MDIO		700		0x0000_0AF0		0001		ENET0_MDIO		ENET0		Ethernet Transfer Control Information		I																																																

		PTE15		PCR1_PTE15		47		0x0000_00bc		0001		PTE15		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		A4		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D8		FXIO1		FlexIO 1 Shifter and Timer Pin 8		I/O																																																

										0011		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I/O																																																

										0100		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

										0101		I3C2_PUR		I3C2		I3C2 External Pull-Up Resistor enable		O																																																

										0110		TPM5_CH0		TPM5		TPM5 Channel 0		I/O																																																

										0111		I2S6_TXD3		I2S6		I2S6 Transmit Data		O																																																

										1000		MQS1_LEFT		MQS1		MQS1 Left Channel PWM output		O																																																

										1010		ENET0_MDC		ENET0		Ethernet Output clock		O																																																

										1011		DBI0_D10		DCNano		DBI data		O																																																

										1100		EPDC0_PWRCOM		EPDC0		EPDC Panel-Power control		O																																																

										1101		WUU1_P6		WUU1		Low-Leakage Wakeup Unit1 Input 6		I																																																

				PSMI1_TPM5_CH0		520		0x0000_0820		0001		TPM5_CH0		TPM5		TPM5 Channel 0		I																																																

				PSMI1_FXIO1_D8		557		0x0000_08B4		0001		FXIO1_D8		FXIO1		FlexIO 1 Shifter and Timer Pin 8		I																																																

				PSMI1_LPSPI4_PCS0		573		0x0000_08F4		0010		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I																																																

				PSMI1_LPUART7_RX		631		0x0000_09DC		0001		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

		PTE16		PCR1_PTE16		48		0x0000_00c0		0001		PTE16		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B4		AM4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D7		FXIO1		FlexIO 1 Shifter and Timer Pin 7		I/O																																																

										0011		LPSPI5_PCS1		LPSPI5		LPSPI5 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

										0101		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I/O																																																

										0110		TPM5_CH1		TPM5		TPM5 Channel 1		I/O																																																

										0111		MQS1_LEFT		MQS1		MQS1 Left Channel PWM output		O																																																

										1000		MQS1_RIGHT		MQS1		MQS1 Right Channel PWM output		O																																																

										1001		USB0_ID		USB_PHY0		USB0 ID		I																																																

										1010		ENET0_TXEN		ENET0		Ethernet Valid TX Data		O																																																

										1011		DBI0_D11		DCNano		DBI data		O																																																

										1100		EPDC0_PWRIRQ		EPDC0		EPDC Panel-Power IRQ		I																																																

										1101		WDOG3_RST		WDOG3		WDOG3 Reset Output		O																																																

				PSMI1_TPM5_CH1		521		0x0000_0824		0001		TPM5_CH1		TPM5		TPM5 Channel 1		I																																																

				PSMI1_FXIO1_D7		556		0x0000_08B0		0001		FXIO1_D7		FXIO1		FlexIO 1 Shifter and Timer Pin 7		I																																																

				PSMI1_LPI2C4_SCL		562		0x0000_08C8		0010		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I																																																

				PSMI1_LPUART4_CTS_b		567		0x0000_08DC		0010		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

				PSMI1_LPSPI5_PCS1		581		0x0000_0914		0001		LPSPI5_PCS1		LPSPI5		LPSPI5 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI1_USB0_ID		690		0x0000_0AC8		0010		USB0_ID		USB_PHY0		USB0 ID		I																																																

		PTE17		PCR1_PTE17		49		0x0000_00c4		0001		PTE17		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D6		AJ5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D6		FXIO1		FlexIO 1 Shifter and Timer Pin 6		I/O																																																

										0011		LPSPI5_PCS2		LPSPI5		LPSPI5 Peripheral Chip Select 2		I/O																																																

										0100		LPUART4_RTS_b		LPUART4		LPUART4 Request to Send		O																																																

										0101		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I/O																																																

										0111		MQS1_RIGHT		MQS1		MQS1 Right Channel PWM output		O																																																

										1000		SDHC1_VS		SDHC1		SDHC1 IO Power Voltage Selection Signal		O																																																

										1001		USB0_PWR		USB0_1		USB0 Power Enable		O																																																

										1010		ENET0_RXER		ENET0		Ethernet RX Error		I																																																

										1011		DBI0_D12		DCNano		DBI data		O																																																

										1100		EPDC0_PWRSTAT		EPDC0		EPDC Panel-Power control status good		I																																																

				PSMI1_FXIO1_D6		555		0x0000_08AC		0001		FXIO1_D6		FXIO1		FlexIO 1 Shifter and Timer Pin 6		I																																																

				PSMI1_LPI2C4_SDA		563		0x0000_08CC		0010		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I																																																

				PSMI1_LPSPI5_PCS2		582		0x0000_0918		0001		LPSPI5_PCS2		LPSPI5		LPSPI5 Peripheral Chip Select 2		I																																																

				PSMI1_ENET0_RXER		706		0x0000_0B08		0001		ENET0_RXER		ENET0		Ethernet RX Error		I																																																

		PTE18		PCR1_PTE18		50		0x0000_00c8		0001		PTE18		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D5		AK4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D5		FXIO1		FlexIO 1 Shifter and Timer Pin 5		I/O																																																

										0011		LPSPI5_PCS3		LPSPI5		LPSPI5 Peripheral Chip Select 3		I/O																																																

										0100		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I/O																																																

										0101		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

										0111		I2S7_TX_BCLK		I2S7		I2S7 Transmit Bit Clock		I/O																																																

										1001		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

										1010		ENET0_CRS_DV		ENET0		Ethernet Carrier Sense / 		I																																																

										1011		DBI0_D13		DCNano		DBI data		O																																																

										1100		EPDC0_PWRWAKE		EPDC0		EPDC Panel-Power control wake		O																																																

				PSMI1_FXIO1_D5		554		0x0000_08A8		0001		FXIO1_D5		FXIO1		FlexIO 1 Shifter and Timer Pin 5		I																																																

				PSMI1_LPI2C4_HREQ		561		0x0000_08C4		0010		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

				PSMI1_LPUART4_TX		569		0x0000_08E4		0010		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I																																																

				PSMI1_LPSPI5_PCS3		583		0x0000_091C		0001		LPSPI5_PCS3		LPSPI5		LPSPI5 Peripheral Chip Select 3		I																																																

				PSMI1_USB0_OC		688		0x0000_0AC0		0010		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

				PSMI1_ENET0_CRS_DV		699		0x0000_0AEC		0001		ENET0_CRS_DV		ENET0		Ethernet Carrier Sense / 		I																																																

				PSMI1_I2S7_TX_BCLK		731		0x0000_0B6C		0010		I2S7_TX_BCLK		I2S7		I2S7 Transmit Bit Clock		I																																																

		PTE19		PCR1_PTE19		51		0x0000_00cc		0001		PTE19		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B3		AL3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D4		FXIO1		FlexIO 1 Shifter and Timer Pin 4		I/O																																																

										0100		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

										0101		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

										0110		I3C2_PUR		I3C2		I3C2 External Pull-Up Resistor enable		O																																																

										0111		I2S7_TX_FS		I2S7		I2S7 TX Frame Sync		I/O																																																

										1001		USB1_PWR		USB0_1		USB1 Power Enable		O																																																

										1010		ENET0_REFCLK		ENET0		Ethernet Reference Clock		I																																																

										1011		DBI0_D14		DCNano		DBI data		O																																																

										1100		EPDC0_GDCLK		EPDC0		EPDC Gate Driver-Clock		O																																																

										1101		WUU1_P7		WUU1		Low-Leakage Wakeup Unit1 Input 7		I																																																

				PSMI1_FXIO1_D4		553		0x0000_08A4		0001		FXIO1_D4		FXIO1		FlexIO 1 Shifter and Timer Pin 4		I																																																

				PSMI1_LPI2C5_HREQ		564		0x0000_08D0		0010		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

				PSMI1_LPUART4_RX		568		0x0000_08E0		0010		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

				PSMI1_ENET0_REFCLK		701		0x0000_0AF4		0001		ENET0_REFCLK		ENET0		Ethernet Reference Clock		I																																																

				PSMI1_I2S7_TX_FS		732		0x0000_0B70		0010		I2S7_TX_FS		I2S7		I2S7 TX Frame Sync		I																																																

		PTE20		PCR1_PTE20		52		0x0000_00d0		0001		PTE20		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		A2		AH4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D3		FXIO1		FlexIO 1 Shifter and Timer Pin 3		I/O																																																

										0011		LPSPI5_SIN		LPSPI5		LPSPI5 Serial Data In 		I/O																																																

										0100		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

										0101		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I/O																																																

										0111		I2S7_TXD0		I2S7		I2S7 Transmit Data		O																																																

										1001		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

										1010		ENET0_RXD1		ENET0		Ethernet Serial Input Data		I																																																

										1011		DBI0_D15		DCNano		DBI data		O																																																

										1100		EPDC0_GDOE		EPDC0		EPDC Source Driver-Output Enable		O																																																

				PSMI1_FXIO1_D3		550		0x0000_0898		0001		FXIO1_D3		FXIO1		FlexIO 1 Shifter and Timer Pin 3		I																																																

				PSMI1_LPI2C5_SCL		565		0x0000_08D4		0010		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I																																																

				PSMI1_LPUART5_CTS_b		570		0x0000_08E8		0010		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

				PSMI1_LPSPI5_SIN		585		0x0000_0924		0001		LPSPI5_SIN		LPSPI5		LPSPI5 Serial Data In 		I																																																

				PSMI1_USB1_OC		689		0x0000_0AC4		0010		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

				PSMI1_ENET0_RXD1		703		0x0000_0AFC		0001		ENET0_RXD1		ENET0		Ethernet Serial Input Data		I																																																

		PTE21		PCR1_PTE21		53		0x0000_00d4		0001		PTE21		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		D4		AF6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D2		FXIO1		FlexIO 1 Shifter and Timer Pin 2		I/O																																																

										0011		LPSPI5_SOUT		LPSPI5		LPSPI5 Serial Data Out		I/O																																																

										0100		LPUART5_RTS_b		LPUART5		LPUART5 Request to Send		O																																																

										0101		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I/O																																																

										0110		TPM6_CLKIN		TPM6		TPM6 External Clock		I																																																

										0111		I2S7_TXD1		I2S7		I2S7 Transmit Data		O																																																

										1001		USB1_ID		USB_PHY1		USB1 ID		I																																																

										1010		ENET0_RXD0		ENET0		Ethernet Serial Input Data		I																																																

										1100		EPDC0_GDRL		EPDC0		EPDC Gate Driver-Shift direction		O																																																

										1101		WDOG4_RST		WDOG4		WDOG4 Reset Output		O																																																

				PSMI1_FXIO1_D2		539		0x0000_086C		0001		FXIO1_D2		FXIO1		FlexIO 1 Shifter and Timer Pin 2		I																																																

				PSMI1_LPI2C5_SDA		566		0x0000_08D8		0010		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I																																																

				PSMI1_LPSPI5_SOUT		586		0x0000_0928		0001		LPSPI5_SOUT		LPSPI5		LPSPI5 Serial Data Out		I																																																

				PSMI1_TPM6_CLKIN		613		0x0000_0994		0001		TPM6_CLKIN		TPM6		TPM6 External Clock		I																																																

				PSMI1_USB1_ID		691		0x0000_0ACC		0010		USB1_ID		USB_PHY1		USB1 ID		I																																																

				PSMI1_ENET0_RXD0		702		0x0000_0AF8		0001		ENET0_RXD0		ENET0		Ethernet Serial Input Data		I																																																

		PTE22		PCR1_PTE22		54		0x0000_00d8		0001		PTE22		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B1		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D1		FXIO1		FlexIO 1 Shifter and Timer Pin 1		I/O																																																

										0011		LPSPI5_SCK		LPSPI5		LPSPI5 Serial Clock		I/O																																																

										0100		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I/O																																																

										0101		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I/O																																																

										0110		TPM6_CH0		TPM6		TPM6 Channel 0		I/O																																																

										0111		I2S7_TXD2		I2S7		I2S7 Transmit Data		O																																																

										1001		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

										1010		ENET0_TXD1		ENET0		Ethernet Serial Output Data		O																																																

										1100		EPDC0_SDOED		EPDC0		EPDC Source Driver-Output Enable (to VDD)		O																																																

										1101		CLKOUT2		SYSTEM		LPAV System Clock Output		O																																																

				PSMI1_FXIO1_D1		528		0x0000_0840		0001		FXIO1_D1		FXIO1		FlexIO 1 Shifter and Timer Pin 1		I																																																

				PSMI1_I3C2_SCL		559		0x0000_08BC		0010		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I																																																

				PSMI1_LPUART5_TX		572		0x0000_08F0		0010		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I																																																

				PSMI1_LPSPI5_SCK		584		0x0000_0920		0001		LPSPI5_SCK		LPSPI5		LPSPI5 Serial Clock		I																																																

				PSMI1_TPM6_CH0		607		0x0000_097C		0001		TPM6_CH0		TPM6		TPM6 Channel 0		I																																																

				PSMI1_EXT_AUD_MCLK3		709		0x0000_0B14		0101		EXT_AUD_MCLK3		SYSTEM		External Audio Clock 3		I																																																

		PTE23		PCR1_PTE23		55		0x0000_00dc		0001		PTE23		GPIOE		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTE		PTE		1		B2		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D0		FXIO1		FlexIO 1 Shifter and Timer Pin 0		I/O																																																

										0011		LPSPI5_PCS0		LPSPI5		LPSPI5 Peripheral Chip Select 0		I/O																																																

										0100		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

										0101		I3C2_SDA		I3C2		I3C2 Serial Data Line		I/O																																																

										0110		TPM6_CH1		TPM6		TPM6 Channel 1		I/O																																																

										0111		I2S7_TXD3		I2S7		I2S7 Transmit Data		O																																																

										1001		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

										1010		ENET0_TXD0		ENET0		Ethernet Serial Output Data		O																																																

										1100		EPDC0_SDOEZ		EPDC0		EPDC Source Driver-Output Enable (to Zero)		O																																																

										1101		CLKOUT1		SYSTEM		AD System Clock Output		O																																																

				PSMI1_EXT_AUD_MCLK2		512		0x0000_0800		0001		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

				PSMI1_FXIO1_D0		527		0x0000_083C		0001		FXIO1_D0		FXIO1		FlexIO 1 Shifter and Timer Pin 0		I																																																

				PSMI1_I3C2_SDA		560		0x0000_08C0		0010		I3C2_SDA		I3C2		I3C2 Serial Data Line		I																																																

				PSMI1_LPUART5_RX		571		0x0000_08EC		0010		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

				PSMI1_LPSPI5_PCS0		580		0x0000_0910		0001		LPSPI5_PCS0		LPSPI5		LPSPI5 Peripheral Chip Select 0		I																																																

				PSMI1_TPM6_CH1		608		0x0000_0980		0001		TPM6_CH1		TPM6		TPM6 Channel 1		I																																																

		PTF0		PCR1_PTF0		64		0x0000_0100		0001		PTF0		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		E4		AE5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D0		FXIO1		FlexIO 1 Shifter and Timer Pin 0		I/O																																																

										0100		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

										0101		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I/O																																																

										0111		I2S7_RX_BCLK		I2S7		I2S7 Receive Bit Clock		I/O																																																

										1000		SDHC1_D1		SDHC1		SDHC1 DAT1 Line or Interrupt Detect		I/O																																																

										1001		ENET0_RXD1		ENET0		Ethernet Serial Input Data		I																																																

										1010		USB1_ID		USB_PHY1		USB1 ID		I																																																

										1011		EPDC0_SDOE		EPDC0		EPDC Source Driver-Output Enable		O																																																

										1100		DPI0_D23		DCNano		DPI data		O																																																

										1101		WUU1_P8		WUU1		Low-Leakage Wakeup Unit1 Input 8		I																																																

				PSMI1_FXIO1_D0		527		0x0000_083C		0010		FXIO1_D0		FXIO1		FlexIO 1 Shifter and Timer Pin 0		I																																																

				PSMI1_LPI2C6_SCL		622		0x0000_09B8		0010		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I																																																

				PSMI1_LPUART6_CTS_b		627		0x0000_09CC		0010		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

				PSMI1_SDHC1_D1		666		0x0000_0A68		0010		SDHC1_D1		SDHC1		SDHC1 DAT1 Line or Interrupt Detect		I																																																

				PSMI1_USB1_ID		691		0x0000_0ACC		0011		USB1_ID		USB_PHY1		USB1 ID		I																																																

				PSMI1_ENET0_RXD1		703		0x0000_0AFC		0010		ENET0_RXD1		ENET0		Ethernet Serial Input Data		I																																																

				PSMI1_I2S7_RX_BCLK		729		0x0000_0B64		0010		I2S7_RX_BCLK		I2S7		I2S7 Receive Bit Clock		I																																																

		PTF1		PCR1_PTF1		65		0x0000_0104		0001		PTF1		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		H6		AJ3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D1		FXIO1		FlexIO 1 Shifter and Timer Pin 1		I/O																																																

										0100		LPUART6_RTS_b		LPUART6		LPUART6 Request to Send		O																																																

										0101		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I/O																																																

										0111		I2S7_RX_FS		I2S7		I2S7 RX Frame Sync		I/O																																																

										1000		SDHC1_D0		SDHC1		SDHC1 DAT0 Line or Busy-state Detect		I/O																																																

										1001		ENET0_RXD0		ENET0		Ethernet Serial Input Data		I																																																

										1011		EPDC0_SDSHR		EPDC0		EPDC Source Driver-Shift dir		O																																																

										1100		DPI0_D22		DCNano		DPI data		O																																																

										1101		WDOG3_RST		WDOG3		WDOG3 Reset Output		O																																																

										1111		DEBUG_MUX1_22		DEBUG_MUX1		LPAV Debug Signals Mux Output 22		O																																																

				PSMI1_FXIO1_D1		528		0x0000_0840		0010		FXIO1_D1		FXIO1		FlexIO 1 Shifter and Timer Pin 1		I																																																

				PSMI1_LPI2C6_SDA		623		0x0000_09BC		0010		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I																																																

				PSMI1_SDHC1_D0		665		0x0000_0A64		0010		SDHC1_D0		SDHC1		SDHC1 DAT0 Line or Busy-state Detect		I																																																

				PSMI1_ENET0_RXD0		702		0x0000_0AF8		0010		ENET0_RXD0		ENET0		Ethernet Serial Input Data		I																																																

				PSMI1_I2S7_RX_FS		730		0x0000_0B68		0010		I2S7_RX_FS		I2S7		I2S7 RX Frame Sync		I																																																

		PTF2		PCR1_PTF2		66		0x0000_0108		0001		PTF2		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		D2		AK2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D2		FXIO1		FlexIO 1 Shifter and Timer Pin 2		I/O																																																

										0100		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I/O																																																

										0101		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

										0111		I2S7_RXD0		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_CLK		SDHC1		SDHC1 Clock		I/O																																																

										1001		ENET0_TXD1		ENET0		Ethernet Serial Output Data		O																																																

										1010		USB0_ID		USB_PHY0		USB0 ID		I																																																

										1011		EPDC0_SDCE9		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D21		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_23		DEBUG_MUX1		LPAV Debug Signals Mux Output 23		O																																																

				PSMI1_FXIO1_D2		539		0x0000_086C		0010		FXIO1_D2		FXIO1		FlexIO 1 Shifter and Timer Pin 2		I																																																

				PSMI1_LPI2C6_HREQ		621		0x0000_09B4		0010		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

				PSMI1_LPUART6_TX		629		0x0000_09D4		0010		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I																																																

				PSMI1_SDHC1_CLK		663		0x0000_0A5C		0010		SDHC1_CLK		SDHC1		SDHC1 Clock		I																																																

				PSMI1_USB0_ID		690		0x0000_0AC8		0011		USB0_ID		USB_PHY0		USB0 ID		I																																																

				PSMI1_I2S7_RXD0		725		0x0000_0B54		0010		I2S7_RXD0		I2S7		I2S7 Receive Data		I																																																

		PTF3		PCR1_PTF3		67		0x0000_010c		0001		PTF3		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		F5		AF4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D3		FXIO1		FlexIO 1 Shifter and Timer Pin 3		I/O																																																

										0100		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

										0101		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

										0111		I2S7_RXD1		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_CMD		SDHC1		SDHC1 Command Line		I/O																																																

										1001		ENET0_TXD0		ENET0		Ethernet Serial Output Data		O																																																

										1010		USB0_PWR		USB0_1		USB0 Power Enable		O																																																

										1011		EPDC0_SDCE8		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D20		DCNano		DPI data		O																																																

										1101		WUU1_P9		WUU1		Low-Leakage Wakeup Unit1 Input 9		I																																																

										1111		DEBUG_MUX1_24		DEBUG_MUX1		LPAV Debug Signals Mux Output 24		O																																																

				PSMI1_FXIO1_D3		550		0x0000_0898		0010		FXIO1_D3		FXIO1		FlexIO 1 Shifter and Timer Pin 3		I																																																

				PSMI1_LPI2C7_HREQ		624		0x0000_09C0		0010		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

				PSMI1_LPUART6_RX		628		0x0000_09D0		0010		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

				PSMI1_SDHC1_CMD		664		0x0000_0A60		0010		SDHC1_CMD		SDHC1		SDHC1 Command Line		I																																																

				PSMI1_I2S7_RXD1		726		0x0000_0B58		0010		I2S7_RXD1		I2S7		I2S7 Receive Data		I																																																

		PTF4		PCR1_PTF4		68		0x0000_0110		0001		PTF4		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		J6		AH2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D4		FXIO1		FlexIO 1 Shifter and Timer Pin 4		I/O																																																

										0011		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

										0101		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I/O																																																

										0110		TPM7_CLKIN		TPM7		TPM7 External Clock		I																																																

										0111		I2S7_RXD2		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_D3		SDHC1		SDHC1 DAT3 Line or Card Detect		I/O																																																

										1001		ENET0_TXEN		ENET0		Ethernet Valid TX Data		O																																																

										1010		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

										1011		EPDC0_SDCE7		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D19		DCNano		DPI data		O																																																

										1101		WUU1_P10		WUU1		Low-Leakage Wakeup Unit1 Input 10		I																																																

										1111		DEBUG_MUX1_25		DEBUG_MUX1		LPAV Debug Signals Mux Output 25		O																																																

				PSMI1_FXIO1_D4		553		0x0000_08A4		0010		FXIO1_D4		FXIO1		FlexIO 1 Shifter and Timer Pin 4		I																																																

				PSMI1_LPSPI4_PCS1		574		0x0000_08F8		0011		LPSPI4_PCS1		LPSPI4		LPSPI4 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI1_TPM7_CLKIN		620		0x0000_09B0		0001		TPM7_CLKIN		TPM7		TPM7 External Clock		I																																																

				PSMI1_LPI2C7_SCL		625		0x0000_09C4		0010		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I																																																

				PSMI1_LPUART7_CTS_b		630		0x0000_09D8		0010		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

				PSMI1_SDHC1_D3		668		0x0000_0A70		0010		SDHC1_D3		SDHC1		SDHC1 DAT3 Line or Card Detect		I																																																

				PSMI1_USB0_OC		688		0x0000_0AC0		0011		USB0_OC		USB0_1		USB0 Power Overcurrent		I																																																

				PSMI1_I2S7_RXD2		727		0x0000_0B5C		0010		I2S7_RXD2		I2S7		I2S7 Receive Data		I																																																

		PTF5		PCR1_PTF5		69		0x0000_0114		0001		PTF5		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		F4		AD4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D5		FXIO1		FlexIO 1 Shifter and Timer Pin 5		I/O																																																

										0011		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I/O																																																

										0100		LPUART7_RTS_b		LPUART7		LPUART7 Request to Send		O																																																

										0101		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I/O																																																

										0110		TPM7_CH0		TPM7		TPM7 Channel 0		I/O																																																

										0111		I2S7_RXD3		I2S7		I2S7 Receive Data		I																																																

										1000		SDHC1_D2		SDHC1		SDHC1 DAT2 Line or Read Wait		I/O																																																

										1001		ENET0_RXER		ENET0		Ethernet RX Error		I																																																

										1010		USB1_PWR		USB0_1		USB1 Power Enable		O																																																

										1011		EPDC0_SDCE6		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D18		DCNano		DPI data		O																																																

										1111		DEBUG_MUX1_26		DEBUG_MUX1		LPAV Debug Signals Mux Output 26		O																																																

				PSMI1_FXIO1_D5		554		0x0000_08A8		0010		FXIO1_D5		FXIO1		FlexIO 1 Shifter and Timer Pin 5		I																																																

				PSMI1_LPSPI4_PCS2		575		0x0000_08FC		0011		LPSPI4_PCS2		LPSPI4		LPSPI4 Peripheral Chip Select 2		I																																																

				PSMI1_TPM7_CH0		614		0x0000_0998		0001		TPM7_CH0		TPM7		TPM7 Channel 0		I																																																

				PSMI1_LPI2C7_SDA		626		0x0000_09C8		0010		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I																																																

				PSMI1_SDHC1_D2		667		0x0000_0A6C		0010		SDHC1_D2		SDHC1		SDHC1 DAT2 Line or Read Wait		I																																																

				PSMI1_ENET0_RXER		706		0x0000_0B08		0010		ENET0_RXER		ENET0		Ethernet RX Error		I																																																

				PSMI1_I2S7_RXD3		728		0x0000_0B60		0010		I2S7_RXD3		I2S7		I2S7 Receive Data		I																																																

		PTF6		PCR1_PTF6		70		0x0000_0118		0001		PTF6		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		H5		AF2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D6		FXIO1		FlexIO 1 Shifter and Timer Pin 6		I/O																																																

										0011		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I/O																																																

										0100		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I/O																																																

										0101		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I/O																																																

										0110		TPM7_CH1		TPM7		TPM7 Channel 1		I/O																																																

										0111		I2S7_MCLK		I2S7		I2S7 Audio Master Clock		O																																																

										1000		SDHC1_D4		SDHC1		SDHC1 DAT4 Line		I/O																																																

										1001		ENET0_CRS_DV		ENET0		Ethernet Carrier Sense / 		I																																																

										1010		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

										1011		EPDC0_SDCE5		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D17		DCNano		DPI data		O																																																

										1101		WDOG4_RST		WDOG4		WDOG4 Reset Output		O																																																

										1111		DEBUG_MUX1_27		DEBUG_MUX1		LPAV Debug Signals Mux Output 27		O																																																

				PSMI1_FXIO1_D6		555		0x0000_08AC		0010		FXIO1_D6		FXIO1		FlexIO 1 Shifter and Timer Pin 6		I																																																

				PSMI1_I3C2_SCL		559		0x0000_08BC		0011		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I																																																

				PSMI1_LPSPI4_PCS3		576		0x0000_0900		0011		LPSPI4_PCS3		LPSPI4		LPSPI4 Peripheral Chip Select 3		I																																																

				PSMI1_TPM7_CH1		615		0x0000_099C		0001		TPM7_CH1		TPM7		TPM7 Channel 1		I																																																

				PSMI1_LPUART7_TX		632		0x0000_09E0		0010		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I																																																

				PSMI1_SDHC1_D4		669		0x0000_0A74		0010		SDHC1_D4		SDHC1		SDHC1 DAT4 Line		I																																																

				PSMI1_USB1_OC		689		0x0000_0AC4		0011		USB1_OC		USB0_1		USB1 Power Overcurrent		I																																																

				PSMI1_ENET0_CRS_DV		699		0x0000_0AEC		0010		ENET0_CRS_DV		ENET0		Ethernet Carrier Sense / 		I																																																

		PTF7		PCR1_PTF7		71		0x0000_011c		0001		PTF7		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		C2		AJ1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D7		FXIO1		FlexIO 1 Shifter and Timer Pin 7		I/O																																																

										0100		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

										0101		I3C2_SDA		I3C2		I3C2 Serial Data Line		I/O																																																

										0110		TPM7_CH2		TPM7		TPM7 Channel 2		I/O																																																

										0111		MQS1_LEFT		MQS1		MQS1 Left Channel PWM output		O																																																

										1000		SDHC1_D5		SDHC1		SDHC1 DAT5 Line		I/O																																																

										1001		ENET0_REFCLK		ENET0		Ethernet Reference Clock		I																																																

										1010		TRACE0_D15		TRACE0		Trace Port Data 15 Output		O																																																

										1011		EPDC0_SDCE4		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_D16		DCNano		DPI data		O																																																

										1101		WUU1_P11		WUU1		Low-Leakage Wakeup Unit1 Input 11		I																																																

										1111		DEBUG_MUX1_28		DEBUG_MUX1		LPAV Debug Signals Mux Output 28		O																																																

				PSMI1_FXIO1_D7		556		0x0000_08B0		0010		FXIO1_D7		FXIO1		FlexIO 1 Shifter and Timer Pin 7		I																																																

				PSMI1_I3C2_SDA		560		0x0000_08C0		0011		I3C2_SDA		I3C2		I3C2 Serial Data Line		I																																																

				PSMI1_TPM7_CH2		616		0x0000_09A0		0001		TPM7_CH2		TPM7		TPM7 Channel 2		I																																																

				PSMI1_LPUART7_RX		631		0x0000_09DC		0010		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

				PSMI1_SDHC1_D5		670		0x0000_0A78		0010		SDHC1_D5		SDHC1		SDHC1 DAT5 Line		I																																																

				PSMI1_ENET0_REFCLK		701		0x0000_0AF4		0010		ENET0_REFCLK		ENET0		Ethernet Reference Clock		I																																																

		PTF8		PCR1_PTF8		72		0x0000_0120		0001		PTF8		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG0)		Hiz		FSGPIO		VDD_PTF		PTF		1		H4		AG1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D8		FXIO1		FlexIO 1 Shifter and Timer Pin 8		I/O																																																

										0011		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I/O																																																

										0100		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

										0101		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I/O																																																

										0110		TPM7_CH3		TPM7		TPM7 Channel 3		I/O																																																

										0111		MQS1_RIGHT		MQS1		MQS1 Right Channel PWM output		O																																																

										1000		SDHC1_D6		SDHC1		SDHC1 DAT6 Line		I/O																																																

										1001		ENET0_MDIO		ENET0		Ethernet Transfer Control Information		I/O																																																

										1010		TRACE0_D14		TRACE0		Trace Port Data 14 Output		O																																																

										1011		EPDC0_D15		EPDC0		EPDC Data		O																																																

										1100		DPI0_D15		DCNano		DPI data		O																																																

										1101		BT1_CFG0		SYSTEM		A35 Boot Configuration pin 0		I																																																

										1111		DEBUG_MUX1_29		DEBUG_MUX1		LPAV Debug Signals Mux Output 29		O																																																

				PSMI1_FXIO1_D8		557		0x0000_08B4		0010		FXIO1_D8		FXIO1		FlexIO 1 Shifter and Timer Pin 8		I																																																

				PSMI1_LPI2C4_SCL		562		0x0000_08C8		0011		LPI2C4_SCL		LPI2C4		LPI2C4 Serial Clock Line		I																																																

				PSMI1_LPUART4_CTS_b		567		0x0000_08DC		0011		LPUART4_CTS_b		LPUART4		LPUART4 Clear to Send		I																																																

				PSMI1_LPSPI4_SIN		578		0x0000_0908		0011		LPSPI4_SIN		LPSPI4		LPSPI4 Serial Data In 		I																																																

				PSMI1_TPM7_CH3		617		0x0000_09A4		0001		TPM7_CH3		TPM7		TPM7 Channel 3		I																																																

				PSMI1_SDHC1_D6		671		0x0000_0A7C		0010		SDHC1_D6		SDHC1		SDHC1 DAT6 Line		I																																																

				PSMI1_ENET0_MDIO		700		0x0000_0AF0		0010		ENET0_MDIO		ENET0		Ethernet Transfer Control Information		I																																																

		PTF9		PCR1_PTF9		73		0x0000_0124		0001		PTF9		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG1)		Hiz		FSGPIO		VDD_PTF		PTF		1		D1		AE3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D9		FXIO1		FlexIO 1 Shifter and Timer Pin 9		I/O																																																

										0011		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I/O																																																

										0100		LPUART4_RTS_b		LPUART4		LPUART4 Request to Send		O																																																

										0101		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I/O																																																

										0110		TPM7_CH4		TPM7		TPM7 Channel 4		I/O																																																

										0111		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

										1000		SDHC1_D7		SDHC1		SDHC1 DAT7 Line		I/O																																																

										1001		ENET0_MDC		ENET0		Ethernet Output clock		O																																																

										1010		TRACE0_D13		TRACE0		Trace Port Data 13 Output		O																																																

										1011		EPDC0_D14		EPDC0		EPDC Data		O																																																

										1100		DPI0_D14		DCNano		DPI data		O																																																

										1101		BT1_CFG1		SYSTEM		A35 Boot Configuration pin 1		I																																																

										1111		DEBUG_MUX1_30		DEBUG_MUX1		LPAV Debug Signals Mux Output 30		O																																																

				PSMI1_EXT_AUD_MCLK2		512		0x0000_0800		0010		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

				PSMI1_FXIO1_D9		558		0x0000_08B8		0010		FXIO1_D9		FXIO1		FlexIO 1 Shifter and Timer Pin 9		I																																																

				PSMI1_LPI2C4_SDA		563		0x0000_08CC		0011		LPI2C4_SDA		LPI2C4		LPI2C4 Serial Data Line		I																																																

				PSMI1_LPSPI4_SOUT		579		0x0000_090C		0011		LPSPI4_SOUT		LPSPI4		LPSPI4 Serial Data Out		I																																																

				PSMI1_TPM7_CH4		618		0x0000_09A8		0001		TPM7_CH4		TPM7		TPM7 Channel 4		I																																																

				PSMI1_SDHC1_D7		672		0x0000_0A80		0010		SDHC1_D7		SDHC1		SDHC1 DAT7 Line		I																																																

		PTF10		PCR1_PTF10		74		0x0000_0128		0001		PTF10		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG2)		Hiz		FSGPIO		VDD_PTF		PTF		1		F2		AD2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D10		FXIO1		FlexIO 1 Shifter and Timer Pin 10		I/O																																																

										0011		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I/O																																																

										0100		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I/O																																																

										0101		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

										0110		TPM7_CH5		TPM7		TPM7 Channel 5		I/O																																																

										0111		I2S4_RX_BCLK		I2S4		I2S4 Receive Bit Clock		I/O																																																

										1000		SDHC1_DQS		SDHC1		SDHC1 Data Strobe		I																																																

										1001		ENET0_1588_CLKIN		ENET0		IEEE 1588 Ethernet clock input		I																																																

										1010		TRACE0_D12		TRACE0		Trace Port Data 12 Output		O																																																

										1011		EPDC0_D13		EPDC0		EPDC Data		O																																																

										1100		DPI0_D13		DCNano		DPI data		O																																																

										1101		BT1_CFG2		SYSTEM		A35 Boot Configuration pin 12		I																																																

										1111		DEBUG_MUX1_31		DEBUG_MUX1		LPAV Debug Signals Mux Output 31		O																																																

				PSMI1_FXIO1_D10		529		0x0000_0844		0010		FXIO1_D10		FXIO1		FlexIO 1 Shifter and Timer Pin 10		I																																																

				PSMI1_LPI2C4_HREQ		561		0x0000_08C4		0011		LPI2C4_HREQ		LPI2C4		LPI2C4 Host Request		I																																																

				PSMI1_LPUART4_TX		569		0x0000_08E4		0011		LPUART4_TX		LPUART4		LPUART4 Transmit Data		I																																																

				PSMI1_LPSPI4_SCK		577		0x0000_0904		0011		LPSPI4_SCK		LPSPI4		LPSPI4 Serial Clock		I																																																

				PSMI1_TPM7_CH5		619		0x0000_09AC		0001		TPM7_CH5		TPM7		TPM7 Channel 5		I																																																

				PSMI1_SDHC1_DQS		673		0x0000_0A84		0010		SDHC1_DQS		SDHC1		SDHC1 Data Strobe		I																																																

				PSMI1_ENET0_1588_CLKIN		692		0x0000_0AD0		0010		ENET0_1588_CLKIN		ENET0		IEEE 1588 Ethernet clock input		I																																																

		PTF11		PCR1_PTF11		75		0x0000_012c		0001		PTF11		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG3)		Hiz		FSGPIO		VDD_PTF		PTF		1		G2		AB6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D11		FXIO1		FlexIO 1 Shifter and Timer Pin 11		I/O																																																

										0011		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I/O																																																

										0100		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

										0110		TPM4_CLKIN		TPM4		TPM4 External Clock		I																																																

										0111		I2S4_RX_FS		I2S4		I2S4 RX Frame Sync		I/O																																																

										1000		SDHC1_RESET_b		SDHC1		SDHC1 Card Hardware Reset (active Low)		O																																																

										1001		ENET0_1588_TMR0		ENET0		Capture/Compare block input event bus		I/O																																																

										1010		TRACE0_D11		TRACE0		Trace Port Data 11 Output		O																																																

										1011		EPDC0_D12		EPDC0		EPDC Data		O																																																

										1100		DPI0_D12		DCNano		DPI data		O																																																

										1101		BT1_CFG3		SYSTEM		A35 Boot Configuration pin 23		I																																																

										1111		DEBUG_MUX1_32		DEBUG_MUX1		LPAV Debug Signals Mux Output 32		O																																																

				PSMI1_TPM4_CLKIN		519		0x0000_081C		0010		TPM4_CLKIN		TPM4		TPM4 External Clock		I																																																

				PSMI1_FXIO1_D11		530		0x0000_0848		0010		FXIO1_D11		FXIO1		FlexIO 1 Shifter and Timer Pin 11		I																																																

				PSMI1_LPUART4_RX		568		0x0000_08E0		0011		LPUART4_RX		LPUART4		LPUART4 Receive Data		I																																																

				PSMI1_LPSPI4_PCS0		573		0x0000_08F4		0011		LPSPI4_PCS0		LPSPI4		LPSPI4 Peripheral Chip Select 0		I																																																

				PSMI1_ENET0_1588_TMR0		693		0x0000_0AD4		0010		ENET0_1588_TMR0		ENET0		Capture/Compare block input event bus		I																																																

		PTF12		PCR1_PTF12		76		0x0000_0130		0001		PTF12		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG4)		Hiz		FSGPIO		VDD_PTF		PTF		1		J4		AB4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D12		FXIO1		FlexIO 1 Shifter and Timer Pin 12		I/O																																																

										0011		LPSPI5_PCS1		LPSPI5		LPSPI5 Peripheral Chip Select 1 or Host Request		I/O																																																

										0100		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

										0101		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I/O																																																

										0110		TPM4_CH0		TPM4		TPM4 Channel 0		I/O																																																

										0111		I2S4_RXD0		I2S4		I2S4 Receive Data		I																																																

										1000		SDHC2_WP		SDHC2		SDHC2 Card Write Protect Detect		I																																																

										1001		ENET0_1588_TMR1		ENET0		Capture/Compare block input event bus		I/O																																																

										1010		TRACE0_D10		TRACE0		Trace Port Data 10 Output		O																																																

										1011		EPDC0_D11		EPDC0		EPDC Data		O																																																

										1100		DPI0_D11		DCNano		DPI data		O																																																

										1101		BT1_CFG4		SYSTEM		A35 Boot Configuration pin 26		I																																																

										1111		DEBUG_MUX1_33		DEBUG_MUX1		LPAV Debug Signals Mux Output 33		O																																																

				PSMI1_TPM4_CH0		513		0x0000_0804		0010		TPM4_CH0		TPM4		TPM4 Channel 0		I																																																

				PSMI1_FXIO1_D12		531		0x0000_084C		0010		FXIO1_D12		FXIO1		FlexIO 1 Shifter and Timer Pin 12		I																																																

				PSMI1_LPI2C5_SCL		565		0x0000_08D4		0011		LPI2C5_SCL		LPI2C5		LPI2C5 Serial Clock Line		I																																																

				PSMI1_LPUART5_CTS_b		570		0x0000_08E8		0011		LPUART5_CTS_b		LPUART5		LPUART5 Clear to Send		I																																																

				PSMI1_LPSPI5_PCS1		581		0x0000_0914		0010		LPSPI5_PCS1		LPSPI5		LPSPI5 Peripheral Chip Select 1 or Host Request		I																																																

				PSMI1_SDHC2_WP		687		0x0000_0ABC		0001		SDHC2_WP		SDHC2		SDHC2 Card Write Protect Detect		I																																																

				PSMI1_ENET0_1588_TMR1		694		0x0000_0AD8		0010		ENET0_1588_TMR1		ENET0		Capture/Compare block input event bus		I																																																

		PTF13		PCR1_PTF13		77		0x0000_0134		0001		PTF13		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG5)		Hiz		FSGPIO		VDD_PTF		PTF		1		F1		AE1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D13		FXIO1		FlexIO 1 Shifter and Timer Pin 13		I/O																																																

										0011		LPSPI5_PCS2		LPSPI5		LPSPI5 Peripheral Chip Select 2		I/O																																																

										0100		LPUART5_RTS_b		LPUART5		LPUART5 Request to Send		O																																																

										0101		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I/O																																																

										0110		TPM4_CH1		TPM4		TPM4 Channel 1		I/O																																																

										0111		I2S4_RXD1		I2S4		I2S4 Receive Data		I																																																

										1000		SDHC2_CD		SDHC2		SDHC2 Card Detection Pin		I																																																

										1001		ENET0_1588_TMR2		ENET0		Capture/Compare block input event bus		I/O																																																

										1010		TRACE0_D9		TRACE0		Trace Port Data 9 Output		O																																																

										1011		EPDC0_D10		EPDC0		EPDC Data		O																																																

										1100		DPI0_D10		DCNano		DPI data		O																																																

										1101		BT1_CFG5		SYSTEM		A35 Boot Configuration pin 27		I																																																

				PSMI1_TPM4_CH1		514		0x0000_0808		0010		TPM4_CH1		TPM4		TPM4 Channel 1		I																																																

				PSMI1_FXIO1_D13		532		0x0000_0850		0010		FXIO1_D13		FXIO1		FlexIO 1 Shifter and Timer Pin 13		I																																																

				PSMI1_LPI2C5_SDA		566		0x0000_08D8		0011		LPI2C5_SDA		LPI2C5		LPI2C5 Serial Data Line		I																																																

				PSMI1_LPSPI5_PCS2		582		0x0000_0918		0010		LPSPI5_PCS2		LPSPI5		LPSPI5 Peripheral Chip Select 2		I																																																

				PSMI1_SDHC2_CD		675		0x0000_0A8C		0001		SDHC2_CD		SDHC2		SDHC2 Card Detection Pin		I																																																

				PSMI1_ENET0_1588_TMR2		695		0x0000_0ADC		0010		ENET0_1588_TMR2		ENET0		Capture/Compare block input event bus		I																																																

		PTF14		PCR1_PTF14		78		0x0000_0138		0001		PTF14		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG6)		Hiz		FSGPIO		VDD_PTF		PTF		1		J5		AB2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D14		FXIO1		FlexIO 1 Shifter and Timer Pin 14		I/O																																																

										0011		LPSPI5_PCS3		LPSPI5		LPSPI5 Peripheral Chip Select 3		I/O																																																

										0100		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I/O																																																

										0101		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

										0110		TPM4_CH2		TPM4		TPM4 Channel 2		I/O																																																

										0111		I2S4_MCLK		I2S4		I2S4 Audio Master Clock		O																																																

										1000		SDHC2_VS		SDHC2		SDHC2 IO Power Voltage Selection Signal		O																																																

										1001		ENET0_1588_TMR3		ENET0		Capture/Compare block input event bus		I/O																																																

										1010		TRACE0_D8		TRACE0		Trace Port Data 8 Output		O																																																

										1011		EPDC0_D9		EPDC0		EPDC Data		O																																																

										1100		DPI0_D9		DCNano		DPI data		O																																																

										1101		BT1_CFG6		SYSTEM		A35 Boot Configuration pin 28		I																																																

				PSMI1_TPM4_CH2		515		0x0000_080C		0010		TPM4_CH2		TPM4		TPM4 Channel 2		I																																																

				PSMI1_FXIO1_D14		533		0x0000_0854		0010		FXIO1_D14		FXIO1		FlexIO 1 Shifter and Timer Pin 14		I																																																

				PSMI1_LPI2C5_HREQ		564		0x0000_08D0		0011		LPI2C5_HREQ		LPI2C5		LPI2C5 Host Request		I																																																

				PSMI1_LPUART5_TX		572		0x0000_08F0		0011		LPUART5_TX		LPUART5		LPUART5 Transmit Data		I																																																

				PSMI1_LPSPI5_PCS3		583		0x0000_091C		0010		LPSPI5_PCS3		LPSPI5		LPSPI5 Peripheral Chip Select 3		I																																																

				PSMI1_ENET0_1588_TMR3		696		0x0000_0AE0		0010		ENET0_1588_TMR3		ENET0		Capture/Compare block input event bus		I																																																

		PTF15		PCR1_PTF15		79		0x0000_013c		0001		PTF15		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG7)		Hiz		FSGPIO		VDD_PTF		PTF		1		H1		AC1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D15		FXIO1		FlexIO 1 Shifter and Timer Pin 15		I/O																																																

										0100		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

										0110		TPM4_CH3		TPM4		TPM4 Channel 3		I/O																																																

										0111		I2S4_TX_BCLK		I2S4		I2S4 Transmit Bit Clock		I/O																																																

										1000		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I/O																																																

										1001		ENET0_RXD2		ENET0		Ethernet Serial Input Data		I																																																

										1010		TRACE0_D7		TRACE0		Trace Port Data 7 Output		O																																																

										1011		EPDC0_D8		EPDC0		EPDC Data		O																																																

										1100		DPI0_D8		DCNano		DPI data		O																																																

										1101		BT1_CFG7		SYSTEM		A35 Boot Configuration pin 29		I																																																

				PSMI1_TPM4_CH3		516		0x0000_0810		0010		TPM4_CH3		TPM4		TPM4 Channel 3		I																																																

				PSMI1_FXIO1_D15		534		0x0000_0858		0010		FXIO1_D15		FXIO1		FlexIO 1 Shifter and Timer Pin 15		I																																																

				PSMI1_LPUART5_RX		571		0x0000_08EC		0011		LPUART5_RX		LPUART5		LPUART5 Receive Data		I																																																

				PSMI1_SDHC2_D1		679		0x0000_0A9C		0011		SDHC2_D1		SDHC2		SDHC2 DAT1 Line or Interrupt Detect		I																																																

				PSMI1_ENET0_RXD2		704		0x0000_0B00		0010		ENET0_RXD2		ENET0		Ethernet Serial Input Data		I																																																

		PTF16		PCR1_PTF16		80		0x0000_0140		0001		PTF16		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG8)		Hiz		FSGPIO		VDD_PTF		PTF		1		H2		AA5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D16		FXIO1		FlexIO 1 Shifter and Timer Pin 16		I/O																																																

										0011		LPSPI5_SIN		LPSPI5		LPSPI5 Serial Data In 		I/O																																																

										0100		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

										0101		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I/O																																																

										0110		TPM4_CH4		TPM4		TPM4 Channel 4		I/O																																																

										0111		I2S4_TX_FS		I2S4		I2S4 TX Frame Sync		I/O																																																

										1000		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I/O																																																

										1001		ENET0_RXD3		ENET0		Ethernet Serial Input Data		I																																																

										1010		TRACE0_D6		TRACE0		Trace Port Data 6 Output		O																																																

										1011		EPDC0_D7		EPDC0		EPDC Data		O																																																

										1100		DPI0_D7		DCNano		DPI data		O																																																

										1101		BT1_CFG8		SYSTEM		A35 Boot Configuration pin 30		I																																																

				PSMI1_TPM4_CH4		517		0x0000_0814		0010		TPM4_CH4		TPM4		TPM4 Channel 4		I																																																

				PSMI1_FXIO1_D16		535		0x0000_085C		0010		FXIO1_D16		FXIO1		FlexIO 1 Shifter and Timer Pin 16		I																																																

				PSMI1_LPSPI5_SIN		585		0x0000_0924		0010		LPSPI5_SIN		LPSPI5		LPSPI5 Serial Data In 		I																																																

				PSMI1_LPI2C6_SCL		622		0x0000_09B8		0011		LPI2C6_SCL		LPI2C6		LPI2C6 Serial Clock Line		I																																																

				PSMI1_LPUART6_CTS_b		627		0x0000_09CC		0011		LPUART6_CTS_b		LPUART6		LPUART6 Clear to Send		I																																																

				PSMI1_SDHC2_D0		678		0x0000_0A98		0011		SDHC2_D0		SDHC2		SDHC2 DAT0 Line or Busy-state Detect		I																																																

				PSMI1_ENET0_RXD3		705		0x0000_0B04		0010		ENET0_RXD3		ENET0		Ethernet Serial Input Data		I																																																

		PTF17		PCR1_PTF17		81		0x0000_0144		0001		PTF17		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG9)		Hiz		FSGPIO		VDD_PTF		PTF		1		K2		AA3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D17		FXIO1		FlexIO 1 Shifter and Timer Pin 17		I/O																																																

										0011		LPSPI5_SOUT		LPSPI5		LPSPI5 Serial Data Out		I/O																																																

										0100		LPUART6_RTS_b		LPUART6		LPUART6 Request to Send		O																																																

										0101		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I/O																																																

										0110		TPM4_CH5		TPM4		TPM4 Channel 5		I/O																																																

										0111		I2S4_TXD0		I2S4		I2S4 Transmit Data		O																																																

										1000		SDHC2_CLK		SDHC2		SDHC2 Clock		I/O																																																

										1001		ENET0_RXCLK		ENET0		Ethernet RX Clock		I																																																

										1010		TRACE0_D5		TRACE0		Trace Port Data 5 Output		O																																																

										1011		EPDC0_D6		EPDC0		EPDC Data		O																																																

										1100		DPI0_D6		DCNano		DPI data		O																																																

										1101		BT1_CFG9		SYSTEM		A35 Boot Configuration pin 31		I																																																

				PSMI1_TPM4_CH5		518		0x0000_0818		0010		TPM4_CH5		TPM4		TPM4 Channel 5		I																																																

				PSMI1_FXIO1_D17		536		0x0000_0860		0010		FXIO1_D17		FXIO1		FlexIO 1 Shifter and Timer Pin 17		I																																																

				PSMI1_LPSPI5_SOUT		586		0x0000_0928		0010		LPSPI5_SOUT		LPSPI5		LPSPI5 Serial Data Out		I																																																

				PSMI1_LPI2C6_SDA		623		0x0000_09BC		0011		LPI2C6_SDA		LPI2C6		LPI2C6 Serial Data Line		I																																																

				PSMI1_SDHC2_CLK		676		0x0000_0A90		0011		SDHC2_CLK		SDHC2		SDHC2 Clock		I																																																

				PSMI1_ENET0_RXCLK		707		0x0000_0B0C		0010		ENET0_RXCLK		ENET0		Ethernet RX Clock		I																																																

		PTF18		PCR1_PTF18		82		0x0000_0148		0001		PTF18		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG10)		Hiz		FSGPIO		VDD_PTF		PTF		1		K4		AA1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D18		FXIO1		FlexIO 1 Shifter and Timer Pin 18		I/O																																																

										0011		LPSPI5_SCK		LPSPI5		LPSPI5 Serial Clock		I/O																																																

										0100		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I/O																																																

										0101		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

										0110		TPM5_CLKIN		TPM5		TPM5 External Clock		I																																																

										0111		I2S4_TXD1		I2S4		I2S4 Transmit Data		O																																																

										1000		SDHC2_CMD		SDHC2		SDHC2 Command Line		I/O																																																

										1001		ENET0_TXD2		ENET0		Ethernet Serial Output Data		O																																																

										1010		TRACE0_D4		TRACE0		Trace Port Data 4 Output		O																																																

										1011		EPDC0_D5		EPDC0		EPDC Data		O																																																

										1100		DPI0_D5		DCNano		DPI data		O																																																

										1101		BT1_CFG10		SYSTEM		A35 Boot Configuration pin 2		I																																																

				PSMI1_TPM5_CLKIN		526		0x0000_0838		0010		TPM5_CLKIN		TPM5		TPM5 External Clock		I																																																

				PSMI1_FXIO1_D18		537		0x0000_0864		0010		FXIO1_D18		FXIO1		FlexIO 1 Shifter and Timer Pin 18		I																																																

				PSMI1_LPSPI5_SCK		584		0x0000_0920		0010		LPSPI5_SCK		LPSPI5		LPSPI5 Serial Clock		I																																																

				PSMI1_LPI2C6_HREQ		621		0x0000_09B4		0011		LPI2C6_HREQ		LPI2C6		LPI2C6 Host Request		I																																																

				PSMI1_LPUART6_TX		629		0x0000_09D4		0011		LPUART6_TX		LPUART6		LPUART6 Transmit Data		I																																																

				PSMI1_SDHC2_CMD		677		0x0000_0A94		0011		SDHC2_CMD		SDHC2		SDHC2 Command Line		I																																																

		PTF19		PCR1_PTF19		83		0x0000_014c		0001		PTF19		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG11)		Hiz		FSGPIO		VDD_PTF		PTF		1		K1		Y4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D19		FXIO1		FlexIO 1 Shifter and Timer Pin 19		I/O																																																

										0011		LPSPI5_PCS0		LPSPI5		LPSPI5 Peripheral Chip Select 0		I/O																																																

										0100		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

										0110		TPM5_CH0		TPM5		TPM5 Channel 0		I/O																																																

										0111		I2S5_RX_BCLK		I2S5		I2S5 Receive Bit Clock		I/O																																																

										1000		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I/O																																																

										1001		ENET0_TXD3		ENET0		Ethernet Serial Output Data		O																																																

										1010		TRACE0_D3		TRACE0		Trace Port Data 3 Output		O																																																

										1011		EPDC0_D4		EPDC0		EPDC Data		O																																																

										1100		DPI0_D4		DCNano		DPI data		O																																																

										1101		BT1_CFG11		SYSTEM		A35 Boot Configuration pin 3		I																																																

				PSMI1_TPM5_CH0		520		0x0000_0820		0010		TPM5_CH0		TPM5		TPM5 Channel 0		I																																																

				PSMI1_FXIO1_D19		538		0x0000_0868		0010		FXIO1_D19		FXIO1		FlexIO 1 Shifter and Timer Pin 19		I																																																

				PSMI1_LPSPI5_PCS0		580		0x0000_0910		0010		LPSPI5_PCS0		LPSPI5		LPSPI5 Peripheral Chip Select 0		I																																																

				PSMI1_LPUART6_RX		628		0x0000_09D0		0011		LPUART6_RX		LPUART6		LPUART6 Receive Data		I																																																

				PSMI1_SDHC2_D3		681		0x0000_0AA4		0011		SDHC2_D3		SDHC2		SDHC2 DAT3 Line or Card Detect		I																																																

		PTF20		PCR1_PTF20		84		0x0000_0150		0001		PTF20		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG12)		Hiz		FSGPIO		VDD_PTF		PTF		1		M6		Y2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D20		FXIO1		FlexIO 1 Shifter and Timer Pin 20		I/O																																																

										0100		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

										0101		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I/O																																																

										0110		TPM5_CH1		TPM5		TPM5 Channel 1		I/O																																																

										0111		I2S5_RX_FS		I2S5		I2S5 RX Frame Sync		I/O																																																

										1000		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I/O																																																

										1001		ENET0_TXCLK		ENET0		Ethernet TX Clock		I																																																

										1010		TRACE0_D2		TRACE0		Trace Port Data 2 Output		O																																																

										1011		EPDC0_D3		EPDC0		EPDC Data		O																																																

										1100		DPI0_D3		DCNano		DPI data		O																																																

										1101		BT1_CFG12		SYSTEM		A35 Boot Configuration pin 4		I																																																

				PSMI1_TPM5_CH1		521		0x0000_0824		0010		TPM5_CH1		TPM5		TPM5 Channel 1		I																																																

				PSMI1_FXIO1_D20		540		0x0000_0870		0010		FXIO1_D20		FXIO1		FlexIO 1 Shifter and Timer Pin 20		I																																																

				PSMI1_LPI2C7_SCL		625		0x0000_09C4		0011		LPI2C7_SCL		LPI2C7		LPI2C7 Serial Clock Line		I																																																

				PSMI1_LPUART7_CTS_b		630		0x0000_09D8		0011		LPUART7_CTS_b		LPUART7		LPUART7 Clear to Send		I																																																

				PSMI1_SDHC2_D2		680		0x0000_0AA0		0011		SDHC2_D2		SDHC2		SDHC2 DAT2 Line or Read Wait		I																																																

				PSMI1_ENET0_TXCLK		708		0x0000_0B10		0010		ENET0_TXCLK		ENET0		Ethernet TX Clock		I																																																

		PTF21		PCR1_PTF21		85		0x0000_0154		0001		PTF21		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG13)		Hiz		FSGPIO		VDD_PTF		PTF		1		L2		V2		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D21		FXIO1		FlexIO 1 Shifter and Timer Pin 21		I/O																																																

										0011		SPDIF_OUTCLK		SPDIF		Selected transmit clock output		O																																																

										0100		LPUART7_RTS_b		LPUART7		LPUART7 Request to Send		O																																																

										0101		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I/O																																																

										0110		TPM6_CLKIN		TPM6		TPM6 External Clock		I																																																

										0111		I2S5_RXD0		I2S5		I2S5 Receive Data		I																																																

										1000		SDHC2_D4		SDHC2		SDHC2 DAT4 Line		I/O																																																

										1001		ENET0_CRS		ENET0		Ethernet Collision Detected		I																																																

										1010		TRACE0_D1		TRACE0		Trace Port Data 1 Output		O																																																

										1011		EPDC0_D2		EPDC0		EPDC Data		O																																																

										1100		DPI0_D2		DCNano		DPI data		O																																																

										1101		BT1_CFG13		SYSTEM		A35 Boot Configuration pin 5		I																																																

				PSMI1_FXIO1_D21		541		0x0000_0874		0010		FXIO1_D21		FXIO1		FlexIO 1 Shifter and Timer Pin 21		I																																																

				PSMI1_TPM6_CLKIN		613		0x0000_0994		0010		TPM6_CLKIN		TPM6		TPM6 External Clock		I																																																

				PSMI1_LPI2C7_SDA		626		0x0000_09C8		0011		LPI2C7_SDA		LPI2C7		LPI2C7 Serial Data Line		I																																																

				PSMI1_SDHC2_D4		682		0x0000_0AA8		0010		SDHC2_D4		SDHC2		SDHC2 DAT4 Line		I																																																

				PSMI1_ENET0_CRS		698		0x0000_0AE8		0010		ENET0_CRS		ENET0		Ethernet Collision Detected		I																																																

		PTF22		PCR1_PTF22		86		0x0000_0158		0001		PTF22		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG14)		Hiz		FSGPIO		VDD_PTF		PTF		1		M4		W1		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D22		FXIO1		FlexIO 1 Shifter and Timer Pin 22		I/O																																																

										0011		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0100		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I/O																																																

										0101		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

										0110		TPM6_CH0		TPM6		TPM6 Channel 0		I/O																																																

										0111		I2S5_RXD1		I2S5		I2S5 Receive Data		I																																																

										1000		SDHC2_D5		SDHC2		SDHC2 DAT5 Line		I/O																																																

										1001		ENET0_COL		ENET0		Ethernet Collision Detected		I																																																

										1010		TRACE0_D0		TRACE0		Trace Port Data 0 Output		O																																																

										1011		EPDC0_D1		EPDC0		EPDC Data		O																																																

										1100		DPI0_D1		DCNano		DPI data		O																																																

										1101		BT1_CFG14		SYSTEM		A35 Boot Configuration pin 6		I																																																

				PSMI1_FXIO1_D22		542		0x0000_0878		0010		FXIO1_D22		FXIO1		FlexIO 1 Shifter and Timer Pin 22		I																																																

				PSMI1_TPM6_CH0		607		0x0000_097C		0010		TPM6_CH0		TPM6		TPM6 Channel 0		I																																																

				PSMI1_LPI2C7_HREQ		624		0x0000_09C0		0011		LPI2C7_HREQ		LPI2C7		LPI2C7 Host Request		I																																																

				PSMI1_LPUART7_TX		632		0x0000_09E0		0011		LPUART7_TX		LPUART7		LPUART7 Transmit Data		I																																																

				PSMI1_SDHC2_D5		683		0x0000_0AAC		0010		SDHC2_D5		SDHC2		SDHC2 DAT5 Line		I																																																

				PSMI1_ENET0_COL		697		0x0000_0AE4		0010		ENET0_COL		ENET0		Ethernet Collision Detected		I																																																

				PSMI1_SPDIF_IN1		733		0x0000_0B74		0011		SPDIF_IN1		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTF23		PCR1_PTF23		87		0x0000_015c		0001		PTF23		GPIOF		General Purpose I/O		I/O		Hiz		Input(BT1_CFG15)		Hiz		FSGPIO		VDD_PTF		PTF		1		M2		T4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D23		FXIO1		FlexIO 1 Shifter and Timer Pin 23		I/O																																																

										0011		SPDIF_OUT1		SPDIF		Output Line 1. IEC958 data in biphase mark format (Consumer C channel).		O																																																

										0100		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

										0101		I3C2_PUR		I3C2		I3C2 External Pull-Up Resistor enable		O																																																

										0110		TPM6_CH1		TPM6		TPM6 Channel 1		I/O																																																

										0111		I2S5_RXD2		I2S5		I2S5 Receive Data		I																																																

										1000		SDHC2_D6		SDHC2		SDHC2 DAT6 Line		I/O																																																

										1001		ENET0_TXER		ENET0		Ethernet TX Error		O																																																

										1010		TRACE0_CLKOUT		TRACE0		Trace Clock Output from the ARM CoreSight Debug Block		O																																																

										1011		EPDC0_D0		EPDC0		EPDC Data		O																																																

										1100		DPI0_D0		DCNano		DPI data		O																																																

										1101		BT1_CFG15		SYSTEM		A35 Boot Configuration pin 7		I																																																

				PSMI1_FXIO1_D23		543		0x0000_087C		0010		FXIO1_D23		FXIO1		FlexIO 1 Shifter and Timer Pin 23		I																																																

				PSMI1_TPM6_CH1		608		0x0000_0980		0010		TPM6_CH1		TPM6		TPM6 Channel 1		I																																																

				PSMI1_LPUART7_RX		631		0x0000_09DC		0011		LPUART7_RX		LPUART7		LPUART7 Receive Data		I																																																

				PSMI1_SDHC2_D6		684		0x0000_0AB0		0010		SDHC2_D6		SDHC2		SDHC2 DAT6 Line		I																																																

		PTF24		PCR1_PTF24		88		0x0000_0160		0001		PTF24		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		M5		U3		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D24		FXIO1		FlexIO 1 Shifter and Timer Pin 24		I/O																																																

										0011		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0101		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I/O																																																

										0111		I2S5_RXD3		I2S5		I2S5 Receive Data		I																																																

										1000		SDHC2_D7		SDHC2		SDHC2 DAT7 Line		I/O																																																

										1010		DBI0_WRX		DCNano		DBI Write		O																																																

										1011		EPDC0_SDCLK		EPDC0		EPDC Source Driver-Shift Clock		O																																																

										1100		DPI0_PCLK		DCNano		DPI Pixel Clock		O																																																

										1101		WUU1_P12		WUU1		Low-Leakage Wakeup Unit1 Input 12		I																																																

				PSMI1_FXIO1_D24		544		0x0000_0880		0010		FXIO1_D24		FXIO1		FlexIO 1 Shifter and Timer Pin 24		I																																																

				PSMI1_I3C2_SCL		559		0x0000_08BC		0100		I3C2_SCL		I3C2		I3C2 Serial Clock Line		I																																																

				PSMI1_SDHC2_D7		685		0x0000_0AB4		0010		SDHC2_D7		SDHC2		SDHC2 DAT7 Line		I																																																

				PSMI1_SPDIF_IN2		734		0x0000_0B78		0011		SPDIF_IN2		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTF25		PCR1_PTF25		89		0x0000_0164		0001		PTF25		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		M1		U5		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D25		FXIO1		FlexIO 1 Shifter and Timer Pin 25		I/O																																																

										0011		SPDIF_OUT2		SPDIF		Output Line 2. IEC958 data in biphase mark format (Professional C channel).		O																																																

										0101		I3C2_SDA		I3C2		I3C2 Serial Data Line		I/O																																																

										0110		TPM7_CH5		TPM7		TPM7 Channel 5		I/O																																																

										0111		I2S5_MCLK		I2S5		I2S5 Audio Master Clock		O																																																

										1000		SDHC2_DQS		SDHC2		SDHC2 Data Strobe		I																																																

										1001		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

										1011		EPDC0_GDSP		EPDC0		EPDC Gate Driver-Start Pulse		O																																																

										1100		DPI0_VSYNC		DCNano		DPI Vertical Sync		O																																																

										1101		WUU1_P13		WUU1		Low-Leakage Wakeup Unit1 Input 13		I																																																

				PSMI1_EXT_AUD_MCLK2		512		0x0000_0800		0011		EXT_AUD_MCLK2		SYSTEM		External Audio Clock 2		I																																																

				PSMI1_FXIO1_D25		545		0x0000_0884		0010		FXIO1_D25		FXIO1		FlexIO 1 Shifter and Timer Pin 25		I																																																

				PSMI1_I3C2_SDA		560		0x0000_08C0		0100		I3C2_SDA		I3C2		I3C2 Serial Data Line		I																																																

				PSMI1_TPM7_CH5		619		0x0000_09AC		0010		TPM7_CH5		TPM7		TPM7 Channel 5		I																																																

				PSMI1_SDHC2_DQS		686		0x0000_0AB8		0010		SDHC2_DQS		SDHC2		SDHC2 Data Strobe		I																																																

		PTF26		PCR1_PTF26		90		0x0000_0168		0001		PTF26		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		N6		V4		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D26		FXIO1		FlexIO 1 Shifter and Timer Pin 26		I/O																																																

										0011		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0110		TPM7_CLKIN		TPM7		TPM7 External Clock		I																																																

										0111		I2S5_TX_BCLK		I2S5		I2S5 Transmit Bit Clock		I/O																																																

										1000		SDHC2_RESET_b		SDHC2		SDHC2 Card Hardware Reset (active Low)		O																																																

										1011		EPDC0_SDLE		EPDC0		EPDC Source Driver-Latch Enable		O																																																

										1100		DPI0_HSYNC		DCNano		DPI Horizontal Sync		O																																																

										1101		WUU1_P14		WUU1		Low-Leakage Wakeup Unit1 Input 14		I																																																

				PSMI1_FXIO1_D26		546		0x0000_0888		0010		FXIO1_D26		FXIO1		FlexIO 1 Shifter and Timer Pin 26		I																																																

				PSMI1_TPM7_CLKIN		620		0x0000_09B0		0010		TPM7_CLKIN		TPM7		TPM7 External Clock		I																																																

				PSMI1_SPDIF_IN3		735		0x0000_0B7C		0011		SPDIF_IN3		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTF27		PCR1_PTF27		91		0x0000_016c		0001		PTF27		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		P1		V6		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D27		FXIO1		FlexIO 1 Shifter and Timer Pin 27		I/O																																																

										0011		SPDIF_PLOCK		SPDIF		DPLL Lock Indicator		O																																																

										0110		TPM7_CH0		TPM7		TPM7 Channel 0		I/O																																																

										0111		I2S5_TX_FS		I2S5		I2S5 TX Frame Sync		I/O																																																

										1000		SDHC2_WP		SDHC2		SDHC2 Card Write Protect Detect		I																																																

										1011		EPDC0_SDCE0		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1100		DPI0_DE		DCNano		DPI Display Enable		O																																																

										1101		WUU1_P15		WUU1		Low-Leakage Wakeup Unit1 Input 15		I																																																

				PSMI1_FXIO1_D27		547		0x0000_088C		0010		FXIO1_D27		FXIO1		FlexIO 1 Shifter and Timer Pin 27		I																																																

				PSMI1_TPM7_CH0		614		0x0000_0998		0010		TPM7_CH0		TPM7		TPM7 Channel 0		I																																																

				PSMI1_SDHC2_WP		687		0x0000_0ABC		0010		SDHC2_WP		SDHC2		SDHC2 Card Write Protect Detect		I																																																

		PTF28		PCR1_PTF28		92		0x0000_0170		0001		PTF28		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		N5		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D28		FXIO1		FlexIO 1 Shifter and Timer Pin 28		I/O																																																

										0011		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

										0110		TPM7_CH1		TPM7		TPM7 Channel 1		I/O																																																

										0111		I2S5_TXD0		I2S5		I2S5 Transmit Data		O																																																

										1000		SDHC2_CD		SDHC2		SDHC2 Card Detection Pin		I																																																

										1011		EPDC0_SDCLK_b		EPDC0		EPDC Negative Source Driver-Shift Clock		O																																																

				PSMI1_FXIO1_D28		548		0x0000_0890		0010		FXIO1_D28		FXIO1		FlexIO 1 Shifter and Timer Pin 28		I																																																

				PSMI1_TPM7_CH1		615		0x0000_099C		0010		TPM7_CH1		TPM7		TPM7 Channel 1		I																																																

				PSMI1_SDHC2_CD		675		0x0000_0A8C		0010		SDHC2_CD		SDHC2		SDHC2 Card Detection Pin		I																																																

				PSMI1_SPDIF_IN4		736		0x0000_0B80		0011		SPDIF_IN4		SPDIF		Input Line. IEC958 data in biphase mark format.		I																																																

		PTF29		PCR1_PTF29		93		0x0000_0174		0001		PTF29		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		P2		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D29		FXIO1		FlexIO 1 Shifter and Timer Pin 29		I/O																																																

										0011		SPDIF_SRCLK		SPDIF		Receive clock output		O																																																

										0110		TPM7_CH2		TPM7		TPM7 Channel 2		I/O																																																

										0111		I2S5_TXD1		I2S5		I2S5 Transmit Data		O																																																

										1000		SDHC2_VS		SDHC2		SDHC2 IO Power Voltage Selection Signal		O																																																

										1011		EPDC0_SDCE1		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1101		WDOG3_RST		WDOG3		WDOG3 Reset Output		O																																																

				PSMI1_FXIO1_D29		549		0x0000_0894		0010		FXIO1_D29		FXIO1		FlexIO 1 Shifter and Timer Pin 29		I																																																

				PSMI1_TPM7_CH2		616		0x0000_09A0		0010		TPM7_CH2		TPM7		TPM7 Channel 2		I																																																

		PTF30		PCR1_PTF30		94		0x0000_0178		0001		PTF30		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		N4		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D30		FXIO1		FlexIO 1 Shifter and Timer Pin 30		I/O																																																

										0110		TPM7_CH3		TPM7		TPM7 Channel 3		I/O																																																

										0111		I2S5_TXD2		I2S5		I2S5 Transmit Data		O																																																

										1000		MQS1_LEFT		MQS1		MQS1 Left Channel PWM output		O																																																

										1011		EPDC0_SDCE2		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1101		WDOG4_RST		WDOG4		WDOG4 Reset Output		O																																																

				PSMI1_FXIO1_D30		551		0x0000_089C		0010		FXIO1_D30		FXIO1		FlexIO 1 Shifter and Timer Pin 30		I																																																

				PSMI1_TPM7_CH3		617		0x0000_09A4		0010		TPM7_CH3		TPM7		TPM7 Channel 3		I																																																

		PTF31		PCR1_PTF31		95		0x0000_017c		0001		PTF31		GPIOF		General Purpose I/O		I/O		Hiz		Hiz		Hiz		FSGPIO		VDD_PTF		PTF		1		P4		-		"0"		"0"		"0"		-		"0"		"0"		"0000"		"0"		"0"		"0"		"0"		"0"		00000		'00000000000000000000000000000000'		'00000111111100111000111101100111'

										0010		FXIO1_D31		FXIO1		FlexIO 1 Shifter and Timer Pin 31		I/O																																																

										0110		TPM7_CH4		TPM7		TPM7 Channel 4		I/O																																																

										0111		I2S5_TXD3		I2S5		I2S5 Transmit Data		O																																																

										1000		MQS1_RIGHT		MQS1		MQS1 Right Channel PWM output		O																																																

										1011		EPDC0_SDCE3		EPDC0		EPDC Source Driver-Chip-enable/Start-Pulse		O																																																

										1101		WDOG5_RST		WDOG5		WDOG5 Reset Output		O																																																

				PSMI1_FXIO1_D31		552		0x0000_08A0		0010		FXIO1_D31		FXIO1		FlexIO 1 Shifter and Timer Pin 31		I																																																

				PSMI1_TPM7_CH4		618		0x0000_09A8		0010		TPM7_CH4		TPM7		TPM7 Channel 4		I																																																

		BOOT_MODE0		PCR0_BOOT_MODE0		256		0x0000_0400		-		BOOT_MODE0		SYSTEM		Boot Mode Configuration bit 0		I		Hiz		Input		Input		FSGPIO		VDD_PTA		PTA		0		AH7		B8		0		1		-		-		-		-		-		0		-		-		-		-		-		'00000000000000000000000000000010'		'00000000000000001000000000000011'

		BOOT_MODE1		PCR0_BOOT_MODE1		257		0x0000_0404		-		BOOT_MODE1		SYSTEM		Boot Mode Configuration bit 1		I		Hiz		Input		Input		FSGPIO		VDD_PTA		PTA		0		AF10		D10		0		1		-		-		-		-		-		0		-		-		-		-		-		'00000000000000000000000000000010'		'00000000000000001000000000000011'

																																																																		





Input Muxing

		Destination Instance		Destination Function		Input CR#		Input CR		SSS		Source Instance		Source Signal		Inversion

		POWERSYS		PMIC0_SCL		512		PSMI0_PMIC0_SCL		0000		-		disable low		0

										0001		IO_PAD		PTA13		

										0010		IO_PAD		PTB11		

		POWERSYS		PMIC0_SDA		513		PSMI0_PMIC0_SDA		0000		-		disable low		0

										0001		IO_PAD		PTA12		

										0010		IO_PAD		PTB10		

		EWM0		EWM0_IN		514		PSMI0_EWM0_IN		0000		-		disable low		0

										0001		IO_PAD		PTA10		

										0010		IO_PAD		PTA12		

		SYSTEM		EXT_AUD_MCLK0		515		PSMI0_EXT_AUD_MCLK0		0000		-		disable low		0

										0010		IO_PAD		PTA13		

										0011		IO_PAD		PTA24		

										0001		IO_PAD		PTA4		

		SYSTEM		EXT_AUD_MCLK1		516		PSMI0_EXT_AUD_MCLK1		0000		-		disable low		0

										0001		IO_PAD		PTB7		

										0010		IO_PAD		PTB15		

										0011		IO_PAD		PTC10		

		I3C0		I3C0_SCL		550		PSMI0_I3C0_SCL		0000		-		disable low		0

										0010		IO_PAD		PTA14		

										0011		IO_PAD		PTA22		

										0001		IO_PAD		PTA6		

		I3C0		I3C0_SDA		551		PSMI0_I3C0_SDA		0000		-		disable low		0

										0010		IO_PAD		PTA15		

										0011		IO_PAD		PTA23		

										0001		IO_PAD		PTA7		

		LPSPI0		LPSPI0_PCS0		552		PSMI0_LPSPI0_PCS0		0000		-		disable high		0

										0010		IO_PAD		PTA23		

										0001		IO_PAD		PTA7		

		LPSPI0		LPSPI0_SCK		556		PSMI0_LPSPI0_SCK		0000		-		disable low		0

										0010		IO_PAD		PTA22		

										0001		IO_PAD		PTA6		

		LPSPI0		LPSPI0_SIN		557		PSMI0_LPSPI0_SIN		0000		-		disable low		0

										0010		IO_PAD		PTA20		

										0001		IO_PAD		PTA4		

		LPSPI0		LPSPI0_SOUT		558		PSMI0_LPSPI0_SOUT		0000		-		disable low		0

										0010		IO_PAD		PTA21		

										0001		IO_PAD		PTA5		

		LPSPI1		LPSPI1_PCS0		559		PSMI0_LPSPI1_PCS0		0000		-		disable high		0

										0001		IO_PAD		PTA15		

										0010		IO_PAD		PTA19		

		LPSPI1		LPSPI1_SCK		563		PSMI0_LPSPI1_SCK		0000		-		disable low		0

										0001		IO_PAD		PTA14		

										0010		IO_PAD		PTA18		

		LPSPI1		LPSPI1_SIN		564		PSMI0_LPSPI1_SIN		0000		-		disable low		0

										0001		IO_PAD		PTA12		

										0010		IO_PAD		PTA16		

		LPSPI1		LPSPI1_SOUT		565		PSMI0_LPSPI1_SOUT		0000		-		disable low		0

										0001		IO_PAD		PTA13		

										0010		IO_PAD		PTA17		

		FLEXSPI1		FLEXSPI1_A_SCLK		575		PSMI0_FLEXSPI1_A_SCLK		0000		-		disable low		0

										0001		IO_PAD		PTC6		

										0010		IO_PAD		PTC18		

		LPTMR0		LPTMR0_ALT1		586		PSMI0_LPTMR0_ALT1		0000		-		disable low		0

										0001		IO_PAD		PTA0		

										0010		IO_PAD		PTA11		

										0011		IO_PAD		PTB2		

		LPTMR0		LPTMR0_ALT2		587		PSMI0_LPTMR0_ALT2		0000		-		disable low		0

										0010		IO_PAD		PTA19		

										0001		IO_PAD		PTA2		

										0011		IO_PAD		PTB3		

		LPTMR0		LPTMR0_ALT3		588		PSMI0_LPTMR0_ALT3		0000		-		disable low		0

										0010		IO_PAD		PTA20		

										0011		IO_PAD		PTB4		

										0001		IO_PAD		PTA4		

		LPTMR1		LPTMR1_ALT1		589		PSMI0_LPTMR1_ALT1		0000		-		disable low		0

										0010		IO_PAD		PTA24		

										0011		IO_PAD		PTB15		

										0001		IO_PAD		PTA5		

		LPTMR1		LPTMR1_ALT2		590		PSMI0_LPTMR1_ALT2		0000		-		disable low		0

										0010		IO_PAD		PTB14		

										0001		IO_PAD		PTA7		

		LPTMR1		LPTMR1_ALT3		591		PSMI0_LPTMR1_ALT3		0000		-		disable low		0

										0010		IO_PAD		PTB13		

										0001		IO_PAD		PTA8		

		TPM0		TPM0_CH0		592		PSMI0_TPM0_CH0		0000		-		disable low		0

										0010		IO_PAD		PTA15		

										0001		IO_PAD		PTA1		

		TPM0		TPM0_CH1		593		PSMI0_TPM0_CH1		0000		-		disable low		0

										0010		IO_PAD		PTA16		

										0001		IO_PAD		PTA2		

		TPM0		TPM0_CH2		594		PSMI0_TPM0_CH2		0000		-		disable low		0

										0010		IO_PAD		PTA17		

										0001		IO_PAD		PTA3		

		TPM0		TPM0_CH3		595		PSMI0_TPM0_CH3		0000		-		disable low		0

										0010		IO_PAD		PTA18		

										0001		IO_PAD		PTA4		

		TPM0		TPM0_CLKIN		598		PSMI0_TPM0_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTA0		

										0010		IO_PAD		PTA14		

		TPM1		TPM1_CH0		599		PSMI0_TPM1_CH0		0000		-		disable low		0

										0010		IO_PAD		PTA20		

										0001		IO_PAD		PTA8		

		TPM1		TPM1_CH1		600		PSMI0_TPM1_CH1		0000		-		disable low		0

										0010		IO_PAD		PTA21		

										0001		IO_PAD		PTA9		

		TPM1		TPM1_CLKIN		605		PSMI0_TPM1_CLKIN		0000		-		disable low		0

										0010		IO_PAD		PTA19		

										0001		IO_PAD		PTA7		

		LPI2C0		LPI2C0_HREQ		606		PSMI0_LPI2C0_HREQ		0000		-		disable low		0

										0010		IO_PAD		PTA10		

										0011		IO_PAD		PTA18		

										0001		IO_PAD		PTA2		

		LPI2C0		LPI2C0_SCL		607		PSMI0_LPI2C0_SCL		0000		-		disable high		0

										0001		IO_PAD		PTA0		

										0011		IO_PAD		PTA16		

										0010		IO_PAD		PTA8		

		LPI2C0		LPI2C0_SDA		608		PSMI0_LPI2C0_SDA		0000		-		disable high		0

										0011		IO_PAD		PTA17		

										0001		IO_PAD		PTA1		

										0010		IO_PAD		PTA9		

		LPI2C1		LPI2C1_HREQ		609		PSMI0_LPI2C1_HREQ		0000		-		disable low		0

										0010		IO_PAD		PTA11		

										0011		IO_PAD		PTA19		

										0001		IO_PAD		PTA3		

		LPI2C1		LPI2C1_SCL		610		PSMI0_LPI2C1_SCL		0000		-		disable high		0

										0010		IO_PAD		PTA12		

										0011		IO_PAD		PTA20		

										0001		IO_PAD		PTA4		

		LPI2C1		LPI2C1_SDA		611		PSMI0_LPI2C1_SDA		0000		-		disable high		0

										0010		IO_PAD		PTA13		

										0011		IO_PAD		PTA21		

										0001		IO_PAD		PTA5		

		LPUART0		LPUART0_CTS_b		612		PSMI0_LPUART0_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTA0		

										0010		IO_PAD		PTA12		

										0011		IO_PAD		PTA16		

		LPUART0		LPUART0_RX		613		PSMI0_LPUART0_RX		0000		-		disable low		0

										0010		IO_PAD		PTA15		

										0011		IO_PAD		PTA19		

										0001		IO_PAD		PTA3		

		LPUART0		LPUART0_TX		614		PSMI0_LPUART0_TX		0000		-		disable high		0

										0010		IO_PAD		PTA14		

										0011		IO_PAD		PTA18		

										0001		IO_PAD		PTA2		

		LPUART1		LPUART1_CTS_b		615		PSMI0_LPUART1_CTS_b		0000		-		disable high		0

										0011		IO_PAD		PTA20		

										0001		IO_PAD		PTA4		

										0010		IO_PAD		PTA8		

		LPUART1		LPUART1_RX		616		PSMI0_LPUART1_RX		0000		-		disable low		0

										0010		IO_PAD		PTA11		

										0011		IO_PAD		PTA23		

										0001		IO_PAD		PTA7		

		LPUART1		LPUART1_TX		617		PSMI0_LPUART1_TX		0000		-		disable high		0

										0010		IO_PAD		PTA10		

										0011		IO_PAD		PTA22		

										0001		IO_PAD		PTA6		

		I2S0		I2S0_RXD0		618		PSMI0_I2S0_RXD0		0000		-		disable low		0

										0001		IO_PAD		PTA2		

										0010		IO_PAD		PTC4		

		I2S0		I2S0_RXD1		619		PSMI0_I2S0_RXD1		0000		-		disable low		0

										0001		IO_PAD		PTA3		

										0010		IO_PAD		PTC5		

		I2S0		I2S0_RX_BCLK		622		PSMI0_I2S0_RX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTA0		

										0010		IO_PAD		PTC2		

		I2S0		I2S0_RX_FS		623		PSMI0_I2S0_RX_FS		0000		-		disable low		0

										0001		IO_PAD		PTA1		

										0010		IO_PAD		PTC3		

		I2S0		I2S0_TX_BCLK		624		PSMI0_I2S0_TX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTA5		

										0010		IO_PAD		PTC8		

		I2S0		I2S0_TX_FS		625		PSMI0_I2S0_TX_FS		0000		-		disable low		0

										0001		IO_PAD		PTA6		

										0010		IO_PAD		PTC9		

		I2S1		I2S1_RXD0		626		PSMI0_I2S1_RXD0		0000		-		disable low		0

										0001		IO_PAD		PTA11		

										0010		IO_PAD		PTC17		

		I2S1		I2S1_RXD1		627		PSMI0_I2S1_RXD1		0000		-		disable low		0

										0001		IO_PAD		PTA12		

										0010		IO_PAD		PTC18		

		I2S1		I2S1_RXD2		628		PSMI0_I2S1_RXD2		0000		-		disable low		0

										0001		IO_PAD		PTA20		

										0010		IO_PAD		PTC12		

		I2S1		I2S1_RXD3		629		PSMI0_I2S1_RXD3		0000		-		disable low		0

										0001		IO_PAD		PTA21		

										0010		IO_PAD		PTC11		

		I2S1		I2S1_RX_BCLK		630		PSMI0_I2S1_RX_BCLK		0000		-		disable low		0

										0010		IO_PAD		PTC15		

										0001		IO_PAD		PTA9		

		I2S1		I2S1_RX_FS		631		PSMI0_I2S1_RX_FS		0000		-		disable low		0

										0001		IO_PAD		PTA10		

										0010		IO_PAD		PTC16		

		I2S1		I2S1_TX_BCLK		632		PSMI0_I2S1_TX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTA14		

										0010		IO_PAD		PTC21		

		I2S1		I2S1_TX_FS		633		PSMI0_I2S1_TX_FS		0000		-		disable low		0

										0001		IO_PAD		PTA15		

										0010		IO_PAD		PTC22		

		CAN0		CAN0_RX		634		PSMI0_CAN0_RX		0000		-		disable high		0

										0010		IO_PAD		PTA13		

										0011		IO_PAD		PTA17		

										0001		IO_PAD		PTA5		

		TPM2		TPM2_CH0		635		PSMI0_TPM2_CH0		0000		-		disable low		0

										0001		IO_PAD		PTB1		

										0010		IO_PAD		PTC1		

		TPM2		TPM2_CH1		636		PSMI0_TPM2_CH1		0000		-		disable low		0

										0001		IO_PAD		PTB2		

										0010		IO_PAD		PTC2		

		TPM2		TPM2_CLKIN		641		PSMI0_TPM2_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTB0		

										0010		IO_PAD		PTC0		

		TPM3		TPM3_CH0		642		PSMI0_TPM3_CH0		0000		-		disable low		0

										0001		IO_PAD		PTB8		

										0010		IO_PAD		PTC12		

		TPM3		TPM3_CH1		643		PSMI0_TPM3_CH1		0000		-		disable low		0

										0001		IO_PAD		PTB9		

										0010		IO_PAD		PTC13		

		TPM3		TPM3_CH2		644		PSMI0_TPM3_CH2		0000		-		disable low		0

										0001		IO_PAD		PTB10		

										0010		IO_PAD		PTC14		

		TPM3		TPM3_CH3		645		PSMI0_TPM3_CH3		0000		-		disable low		0

										0001		IO_PAD		PTB11		

										0010		IO_PAD		PTC15		

		TPM3		TPM3_CH4		646		PSMI0_TPM3_CH4		0000		-		disable low		0

										0001		IO_PAD		PTB12		

										0010		IO_PAD		PTC16		

		TPM3		TPM3_CH5		647		PSMI0_TPM3_CH5		0000		-		disable low		0

										0001		IO_PAD		PTB13		

										0010		IO_PAD		PTC17		

		TPM3		TPM3_CLKIN		648		PSMI0_TPM3_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTB7		

										0010		IO_PAD		PTC11		

		LPI2C2		LPI2C2_HREQ		649		PSMI0_LPI2C2_HREQ		0000		-		disable low		0

										0001		IO_PAD		PTB2		

										0010		IO_PAD		PTB3		

		LPI2C2		LPI2C2_SCL		650		PSMI0_LPI2C2_SCL		0000		-		disable high		0

										0001		IO_PAD		PTB0		

										0010		IO_PAD		PTB4		

		LPI2C2		LPI2C2_SDA		651		PSMI0_LPI2C2_SDA		0000		-		disable high		0

										0001		IO_PAD		PTB1		

										0010		IO_PAD		PTB5		

		LPI2C3		LPI2C3_SCL		653		PSMI0_LPI2C3_SCL		0000		-		disable high		0

										0001		IO_PAD		PTB8		

										0010		IO_PAD		PTB12		

		LPI2C3		LPI2C3_SDA		654		PSMI0_LPI2C3_SDA		0000		-		disable high		0

										0001		IO_PAD		PTB9		

										0010		IO_PAD		PTB11		

		I3C1		I3C1_SCL		655		PSMI0_I3C1_SCL		0000		-		disable low		0

										0001		IO_PAD		PTB6		

										0010		IO_PAD		PTB13		

		I3C1		I3C1_SDA		656		PSMI0_I3C1_SDA		0000		-		disable low		0

										0001		IO_PAD		PTB7		

										0010		IO_PAD		PTB14		

		LPUART2		LPUART2_CTS_b		657		PSMI0_LPUART2_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTB0		

										0010		IO_PAD		PTB4		

		LPUART2		LPUART2_RX		658		PSMI0_LPUART2_RX		0000		-		disable low		0

										0001		IO_PAD		PTB3		

										0010		IO_PAD		PTB7		

		LPUART2		LPUART2_TX		659		PSMI0_LPUART2_TX		0000		-		disable high		0

										0001		IO_PAD		PTB2		

										0010		IO_PAD		PTB6		

		LPUART3		LPUART3_CTS_b		660		PSMI0_LPUART3_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTB8		

										0010		IO_PAD		PTB12		

		LPUART3		LPUART3_RX		661		PSMI0_LPUART3_RX		0000		-		disable low		0

										0001		IO_PAD		PTB10		

										0010		IO_PAD		PTB15		

		LPUART3		LPUART3_TX		662		PSMI0_LPUART3_TX		0000		-		disable high		0

										0001		IO_PAD		PTB11		

										0010		IO_PAD		PTB14		

		LPSPI2		LPSPI2_PCS0		663		PSMI0_LPSPI2_PCS0		0000		-		disable high		0

										0001		IO_PAD		PTB6		

										0010		IO_PAD		PTC3		

		LPSPI2		LPSPI2_PCS1		664		PSMI0_LPSPI2_PCS1		0000		-		disable high		0

										0001		IO_PAD		PTB0		

										0010		IO_PAD		PTC4		

		LPSPI2		LPSPI2_PCS2		665		PSMI0_LPSPI2_PCS2		0000		-		disable high		0

										0001		IO_PAD		PTB1		

										0010		IO_PAD		PTC5		

		LPSPI2		LPSPI2_PCS3		666		PSMI0_LPSPI2_PCS3		0000		-		disable high		0

										0001		IO_PAD		PTB2		

										0010		IO_PAD		PTC6		

		LPSPI2		LPSPI2_SCK		667		PSMI0_LPSPI2_SCK		0000		-		disable low		0

										0001		IO_PAD		PTB5		

										0010		IO_PAD		PTC2		

		LPSPI2		LPSPI2_SIN		668		PSMI0_LPSPI2_SIN		0000		-		disable low		0

										0001		IO_PAD		PTB3		

										0010		IO_PAD		PTC0		

		LPSPI2		LPSPI2_SOUT		669		PSMI0_LPSPI2_SOUT		0000		-		disable low		0

										0001		IO_PAD		PTB4		

										0010		IO_PAD		PTC1		

		LPSPI3		LPSPI3_PCS0		670		PSMI0_LPSPI3_PCS0		0000		-		disable high		0

										0001		IO_PAD		PTB13		

										0010		IO_PAD		PTC16		

		LPSPI3		LPSPI3_PCS1		671		PSMI0_LPSPI3_PCS1		0000		-		disable high		0

										0001		IO_PAD		PTB7		

										0010		IO_PAD		PTC17		

		LPSPI3		LPSPI3_PCS2		672		PSMI0_LPSPI3_PCS2		0000		-		disable high		0

										0001		IO_PAD		PTB8		

										0010		IO_PAD		PTC18		

		LPSPI3		LPSPI3_PCS3		673		PSMI0_LPSPI3_PCS3		0000		-		disable high		0

										0001		IO_PAD		PTB9		

										0010		IO_PAD		PTC19		

		LPSPI3		LPSPI3_SCK		674		PSMI0_LPSPI3_SCK		0000		-		disable low		0

										0001		IO_PAD		PTB12		

										0010		IO_PAD		PTC15		

		LPSPI3		LPSPI3_SIN		675		PSMI0_LPSPI3_SIN		0000		-		disable low		0

										0001		IO_PAD		PTB10		

										0010		IO_PAD		PTC13		

		LPSPI3		LPSPI3_SOUT		676		PSMI0_LPSPI3_SOUT		0000		-		disable low		0

										0001		IO_PAD		PTB11		

										0010		IO_PAD		PTC14		

		MICFIL0		MICFIL0_DATA01		693		PSMI0_MICFIL0_DATA01		0000		-		disable low		0

										0001		IO_PAD		PTB1		

										0010		IO_PAD		PTB9		

		MICFIL0		MICFIL0_DATA23		694		PSMI0_MICFIL0_DATA23		0000		-		disable low		0

										0001		IO_PAD		PTB3		

										0010		IO_PAD		PTB11		

		MICFIL0		MICFIL0_DATA45		695		PSMI0_MICFIL0_DATA45		0000		-		disable low		0

										0001		IO_PAD		PTB5		

										0010		IO_PAD		PTB13		

		MICFIL0		MICFIL0_DATA67		696		PSMI0_MICFIL0_DATA67		0000		-		disable low		0

										0001		IO_PAD		PTB7		

										0010		IO_PAD		PTB15		

		SYSTEM		EXT_AUD_MCLK2		512		PSMI1_EXT_AUD_MCLK2		0000		-		disable low		0

										0001		IO_PAD		PTE23		

										0010		IO_PAD		PTF9		

										0011		IO_PAD		PTF25		

		TPM4		TPM4_CH0		513		PSMI1_TPM4_CH0		0000		-		disable low		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF12		

		TPM4		TPM4_CH1		514		PSMI1_TPM4_CH1		0000		-		disable low		0

										0001		IO_PAD		PTE9		

										0010		IO_PAD		PTF13		

		TPM4		TPM4_CH2		515		PSMI1_TPM4_CH2		0000		-		disable low		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTF14		

		TPM4		TPM4_CH3		516		PSMI1_TPM4_CH3		0000		-		disable low		0

										0001		IO_PAD		PTE11		

										0010		IO_PAD		PTF15		

		TPM4		TPM4_CH4		517		PSMI1_TPM4_CH4		0000		-		disable low		0

										0001		IO_PAD		PTE12		

										0010		IO_PAD		PTF16		

		TPM4		TPM4_CH5		518		PSMI1_TPM4_CH5		0000		-		disable low		0

										0001		IO_PAD		PTE13		

										0010		IO_PAD		PTF17		

		TPM4		TPM4_CLKIN		519		PSMI1_TPM4_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTF11		

		TPM5		TPM5_CH0		520		PSMI1_TPM5_CH0		0000		-		disable low		0

										0001		IO_PAD		PTE15		

										0010		IO_PAD		PTF19		

		TPM5		TPM5_CH1		521		PSMI1_TPM5_CH1		0000		-		disable low		0

										0001		IO_PAD		PTE16		

										0010		IO_PAD		PTF20		

		TPM5		TPM5_CLKIN		526		PSMI1_TPM5_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTE14		

										0010		IO_PAD		PTF18		

		FXIO1		FXIO1_D0		527		PSMI1_FXIO1_D0		0000		-		disable low		0

										0001		IO_PAD		PTE23		

										0010		IO_PAD		PTF0		

		FXIO1		FXIO1_D1		528		PSMI1_FXIO1_D1		0000		-		disable low		0

										0001		IO_PAD		PTE22		

										0010		IO_PAD		PTF1		

		FXIO1		FXIO1_D10		529		PSMI1_FXIO1_D10		0000		-		disable low		0

										0001		IO_PAD		PTE13		

										0010		IO_PAD		PTF10		

		FXIO1		FXIO1_D11		530		PSMI1_FXIO1_D11		0000		-		disable low		0

										0001		IO_PAD		PTE12		

										0010		IO_PAD		PTF11		

		FXIO1		FXIO1_D12		531		PSMI1_FXIO1_D12		0000		-		disable low		0

										0001		IO_PAD		PTE11		

										0010		IO_PAD		PTF12		

		FXIO1		FXIO1_D13		532		PSMI1_FXIO1_D13		0000		-		disable low		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTF13		

		FXIO1		FXIO1_D14		533		PSMI1_FXIO1_D14		0000		-		disable low		0

										0001		IO_PAD		PTE9		

										0010		IO_PAD		PTF14		

		FXIO1		FXIO1_D15		534		PSMI1_FXIO1_D15		0000		-		disable low		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF15		

		FXIO1		FXIO1_D16		535		PSMI1_FXIO1_D16		0000		-		disable low		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTF16		

		FXIO1		FXIO1_D17		536		PSMI1_FXIO1_D17		0000		-		disable low		0

										0001		IO_PAD		PTE6		

										0010		IO_PAD		PTF17		

		FXIO1		FXIO1_D18		537		PSMI1_FXIO1_D18		0000		-		disable low		0

										0001		IO_PAD		PTE5		

										0010		IO_PAD		PTF18		

		FXIO1		FXIO1_D19		538		PSMI1_FXIO1_D19		0000		-		disable low		0

										0001		IO_PAD		PTE4		

										0010		IO_PAD		PTF19		

		FXIO1		FXIO1_D2		539		PSMI1_FXIO1_D2		0000		-		disable low		0

										0001		IO_PAD		PTE21		

										0010		IO_PAD		PTF2		

		FXIO1		FXIO1_D20		540		PSMI1_FXIO1_D20		0000		-		disable low		0

										0001		IO_PAD		PTE3		

										0010		IO_PAD		PTF20		

		FXIO1		FXIO1_D21		541		PSMI1_FXIO1_D21		0000		-		disable low		0

										0001		IO_PAD		PTE2		

										0010		IO_PAD		PTF21		

		FXIO1		FXIO1_D22		542		PSMI1_FXIO1_D22		0000		-		disable low		0

										0001		IO_PAD		PTE1		

										0010		IO_PAD		PTF22		

		FXIO1		FXIO1_D23		543		PSMI1_FXIO1_D23		0000		-		disable low		0

										0001		IO_PAD		PTE0		

										0010		IO_PAD		PTF23		

		FXIO1		FXIO1_D24		544		PSMI1_FXIO1_D24		0000		-		disable low		0

										0001		IO_PAD		PTD23		

										0010		IO_PAD		PTF24		

		FXIO1		FXIO1_D25		545		PSMI1_FXIO1_D25		0000		-		disable low		0

										0001		IO_PAD		PTD22		

										0010		IO_PAD		PTF25		

		FXIO1		FXIO1_D26		546		PSMI1_FXIO1_D26		0000		-		disable low		0

										0001		IO_PAD		PTD21		

										0010		IO_PAD		PTF26		

		FXIO1		FXIO1_D27		547		PSMI1_FXIO1_D27		0000		-		disable low		0

										0001		IO_PAD		PTD20		

										0010		IO_PAD		PTF27		

		FXIO1		FXIO1_D28		548		PSMI1_FXIO1_D28		0000		-		disable low		0

										0001		IO_PAD		PTD19		

										0010		IO_PAD		PTF28		

		FXIO1		FXIO1_D29		549		PSMI1_FXIO1_D29		0000		-		disable low		0

										0001		IO_PAD		PTD18		

										0010		IO_PAD		PTF29		

		FXIO1		FXIO1_D3		550		PSMI1_FXIO1_D3		0000		-		disable low		0

										0001		IO_PAD		PTE20		

										0010		IO_PAD		PTF3		

		FXIO1		FXIO1_D30		551		PSMI1_FXIO1_D30		0000		-		disable low		0

										0001		IO_PAD		PTD17		

										0010		IO_PAD		PTF30		

		FXIO1		FXIO1_D31		552		PSMI1_FXIO1_D31		0000		-		disable low		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTF31		

		FXIO1		FXIO1_D4		553		PSMI1_FXIO1_D4		0000		-		disable low		0

										0001		IO_PAD		PTE19		

										0010		IO_PAD		PTF4		

		FXIO1		FXIO1_D5		554		PSMI1_FXIO1_D5		0000		-		disable low		0

										0001		IO_PAD		PTE18		

										0010		IO_PAD		PTF5		

		FXIO1		FXIO1_D6		555		PSMI1_FXIO1_D6		0000		-		disable low		0

										0001		IO_PAD		PTE17		

										0010		IO_PAD		PTF6		

		FXIO1		FXIO1_D7		556		PSMI1_FXIO1_D7		0000		-		disable low		0

										0001		IO_PAD		PTE16		

										0010		IO_PAD		PTF7		

		FXIO1		FXIO1_D8		557		PSMI1_FXIO1_D8		0000		-		disable low		0

										0001		IO_PAD		PTE15		

										0010		IO_PAD		PTF8		

		FXIO1		FXIO1_D9		558		PSMI1_FXIO1_D9		0000		-		disable low		0

										0001		IO_PAD		PTE14		

										0010		IO_PAD		PTF9		

		I3C2		I3C2_SCL		559		PSMI1_I3C2_SCL		0000		-		disable low		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTE22		

										0011		IO_PAD		PTF6		

										0100		IO_PAD		PTF24		

		I3C2		I3C2_SDA		560		PSMI1_I3C2_SDA		0000		-		disable low		0

										0001		IO_PAD		PTE11		

										0010		IO_PAD		PTE23		

										0011		IO_PAD		PTF7		

										0100		IO_PAD		PTF25		

		LPI2C4		LPI2C4_HREQ		561		PSMI1_LPI2C4_HREQ		0000		-		disable low		0

										0001		IO_PAD		PTE2		

										0010		IO_PAD		PTE18		

										0011		IO_PAD		PTF10		

		LPI2C4		LPI2C4_SCL		562		PSMI1_LPI2C4_SCL		0000		-		disable high		0

										0001		IO_PAD		PTE0		

										0010		IO_PAD		PTE16		

										0011		IO_PAD		PTF8		

		LPI2C4		LPI2C4_SDA		563		PSMI1_LPI2C4_SDA		0000		-		disable high		0

										0001		IO_PAD		PTE1		

										0010		IO_PAD		PTE17		

										0011		IO_PAD		PTF9		

		LPI2C5		LPI2C5_HREQ		564		PSMI1_LPI2C5_HREQ		0000		-		disable low		0

										0001		IO_PAD		PTE6		

										0010		IO_PAD		PTE19		

										0011		IO_PAD		PTF14		

		LPI2C5		LPI2C5_SCL		565		PSMI1_LPI2C5_SCL		0000		-		disable high		0

										0001		IO_PAD		PTE4		

										0010		IO_PAD		PTE20		

										0011		IO_PAD		PTF12		

		LPI2C5		LPI2C5_SDA		566		PSMI1_LPI2C5_SDA		0000		-		disable high		0

										0001		IO_PAD		PTE5		

										0010		IO_PAD		PTE21		

										0011		IO_PAD		PTF13		

		LPUART4		LPUART4_CTS_b		567		PSMI1_LPUART4_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTE0		

										0010		IO_PAD		PTE16		

										0011		IO_PAD		PTF8		

		LPUART4		LPUART4_RX		568		PSMI1_LPUART4_RX		0000		-		disable low		0

										0001		IO_PAD		PTE3		

										0010		IO_PAD		PTE19		

										0011		IO_PAD		PTF11		

		LPUART4		LPUART4_TX		569		PSMI1_LPUART4_TX		0000		-		disable high		0

										0001		IO_PAD		PTE2		

										0010		IO_PAD		PTE18		

										0011		IO_PAD		PTF10		

		LPUART5		LPUART5_CTS_b		570		PSMI1_LPUART5_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTE4		

										0010		IO_PAD		PTE20		

										0011		IO_PAD		PTF12		

		LPUART5		LPUART5_RX		571		PSMI1_LPUART5_RX		0000		-		disable low		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTE23		

										0011		IO_PAD		PTF15		

		LPUART5		LPUART5_TX		572		PSMI1_LPUART5_TX		0000		-		disable high		0

										0001		IO_PAD		PTE6		

										0010		IO_PAD		PTE22		

										0011		IO_PAD		PTF14		

		LPSPI4		LPSPI4_PCS0		573		PSMI1_LPSPI4_PCS0		0000		-		disable high		0

										0001		IO_PAD		PTD23		

										0010		IO_PAD		PTE15		

										0011		IO_PAD		PTF11		

		LPSPI4		LPSPI4_PCS1		574		PSMI1_LPSPI4_PCS1		0000		-		disable high		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTE8		

										0011		IO_PAD		PTF4		

		LPSPI4		LPSPI4_PCS2		575		PSMI1_LPSPI4_PCS2		0000		-		disable high		0

										0001		IO_PAD		PTD17		

										0010		IO_PAD		PTE9		

										0011		IO_PAD		PTF5		

		LPSPI4		LPSPI4_PCS3		576		PSMI1_LPSPI4_PCS3		0000		-		disable high		0

										0001		IO_PAD		PTD18		

										0010		IO_PAD		PTE10		

										0011		IO_PAD		PTF6		

		LPSPI4		LPSPI4_SCK		577		PSMI1_LPSPI4_SCK		0000		-		disable low		0

										0001		IO_PAD		PTD22		

										0010		IO_PAD		PTE14		

										0011		IO_PAD		PTF10		

		LPSPI4		LPSPI4_SIN		578		PSMI1_LPSPI4_SIN		0000		-		disable low		0

										0001		IO_PAD		PTD20		

										0010		IO_PAD		PTE12		

										0011		IO_PAD		PTF8		

		LPSPI4		LPSPI4_SOUT		579		PSMI1_LPSPI4_SOUT		0000		-		disable low		0

										0001		IO_PAD		PTD21		

										0010		IO_PAD		PTE13		

										0011		IO_PAD		PTF9		

		LPSPI5		LPSPI5_PCS0		580		PSMI1_LPSPI5_PCS0		0000		-		disable high		0

										0001		IO_PAD		PTE23		

										0010		IO_PAD		PTF19		

		LPSPI5		LPSPI5_PCS1		581		PSMI1_LPSPI5_PCS1		0000		-		disable high		0

										0001		IO_PAD		PTE16		

										0010		IO_PAD		PTF12		

		LPSPI5		LPSPI5_PCS2		582		PSMI1_LPSPI5_PCS2		0000		-		disable high		0

										0001		IO_PAD		PTE17		

										0010		IO_PAD		PTF13		

		LPSPI5		LPSPI5_PCS3		583		PSMI1_LPSPI5_PCS3		0000		-		disable high		0

										0001		IO_PAD		PTE18		

										0010		IO_PAD		PTF14		

		LPSPI5		LPSPI5_SCK		584		PSMI1_LPSPI5_SCK		0000		-		disable low		0

										0001		IO_PAD		PTE22		

										0010		IO_PAD		PTF18		

		LPSPI5		LPSPI5_SIN		585		PSMI1_LPSPI5_SIN		0000		-		disable low		0

										0001		IO_PAD		PTE20		

										0010		IO_PAD		PTF16		

		LPSPI5		LPSPI5_SOUT		586		PSMI1_LPSPI5_SOUT		0000		-		disable low		0

										0001		IO_PAD		PTE21		

										0010		IO_PAD		PTF17		

		FLEXSPI2		FLEXSPI2_B_DATA0		597		PSMI1_FLEXSPI2_B_DATA0		0000		-		disable low		0

										0001		IO_PAD		PTD10		

										0010		IO_PAD		PTE10		

		FLEXSPI2		FLEXSPI2_B_DATA1		598		PSMI1_FLEXSPI2_B_DATA1		0000		-		disable low		0

										0001		IO_PAD		PTD9		

										0010		IO_PAD		PTE9		

		FLEXSPI2		FLEXSPI2_B_DATA2		599		PSMI1_FLEXSPI2_B_DATA2		0000		-		disable low		0

										0001		IO_PAD		PTD8		

										0010		IO_PAD		PTE8		

		FLEXSPI2		FLEXSPI2_B_DATA3		600		PSMI1_FLEXSPI2_B_DATA3		0000		-		disable low		0

										0001		IO_PAD		PTD7		

										0010		IO_PAD		PTE7		

		FLEXSPI2		FLEXSPI2_B_DATA4		601		PSMI1_FLEXSPI2_B_DATA4		0000		-		disable low		0

										0001		IO_PAD		PTD4		

										0010		IO_PAD		PTE4		

		FLEXSPI2		FLEXSPI2_B_DATA5		602		PSMI1_FLEXSPI2_B_DATA5		0000		-		disable low		0

										0001		IO_PAD		PTD3		

										0010		IO_PAD		PTE3		

		FLEXSPI2		FLEXSPI2_B_DATA6		603		PSMI1_FLEXSPI2_B_DATA6		0000		-		disable low		0

										0001		IO_PAD		PTD2		

										0010		IO_PAD		PTE2		

		FLEXSPI2		FLEXSPI2_B_DATA7		604		PSMI1_FLEXSPI2_B_DATA7		0000		-		disable low		0

										0001		IO_PAD		PTD1		

										0010		IO_PAD		PTE1		

		FLEXSPI2		FLEXSPI2_B_DQS		605		PSMI1_FLEXSPI2_B_DQS		0000		-		disable low		0

										0001		IO_PAD		PTD0		

										0010		IO_PAD		PTE0		

		FLEXSPI2		FLEXSPI2_B_SCLK		606		PSMI1_FLEXSPI2_B_SCLK		0000		-		disable low		0

										0001		IO_PAD		PTD6		

										0010		IO_PAD		PTE6		

		TPM6		TPM6_CH0		607		PSMI1_TPM6_CH0		0000		-		disable low		0

										0001		IO_PAD		PTE22		

										0010		IO_PAD		PTF22		

		TPM6		TPM6_CH1		608		PSMI1_TPM6_CH1		0000		-		disable low		0

										0001		IO_PAD		PTE23		

										0010		IO_PAD		PTF23		

		TPM6		TPM6_CLKIN		613		PSMI1_TPM6_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTE21		

										0010		IO_PAD		PTF21		

		TPM7		TPM7_CH0		614		PSMI1_TPM7_CH0		0000		-		disable low		0

										0001		IO_PAD		PTF5		

										0010		IO_PAD		PTF27		

		TPM7		TPM7_CH1		615		PSMI1_TPM7_CH1		0000		-		disable low		0

										0001		IO_PAD		PTF6		

										0010		IO_PAD		PTF28		

		TPM7		TPM7_CH2		616		PSMI1_TPM7_CH2		0000		-		disable low		0

										0001		IO_PAD		PTF7		

										0010		IO_PAD		PTF29		

		TPM7		TPM7_CH3		617		PSMI1_TPM7_CH3		0000		-		disable low		0

										0001		IO_PAD		PTF8		

										0010		IO_PAD		PTF30		

		TPM7		TPM7_CH4		618		PSMI1_TPM7_CH4		0000		-		disable low		0

										0001		IO_PAD		PTF9		

										0010		IO_PAD		PTF31		

		TPM7		TPM7_CH5		619		PSMI1_TPM7_CH5		0000		-		disable low		0

										0001		IO_PAD		PTF10		

										0010		IO_PAD		PTF25		

		TPM7		TPM7_CLKIN		620		PSMI1_TPM7_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTF4		

										0010		IO_PAD		PTF26		

		LPI2C6		LPI2C6_HREQ		621		PSMI1_LPI2C6_HREQ		0000		-		disable low		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTF2		

										0011		IO_PAD		PTF18		

		LPI2C6		LPI2C6_SCL		622		PSMI1_LPI2C6_SCL		0000		-		disable high		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF0		

										0011		IO_PAD		PTF16		

		LPI2C6		LPI2C6_SDA		623		PSMI1_LPI2C6_SDA		0000		-		disable high		0

										0001		IO_PAD		PTE9		

										0010		IO_PAD		PTF1		

										0011		IO_PAD		PTF17		

		LPI2C7		LPI2C7_HREQ		624		PSMI1_LPI2C7_HREQ		0000		-		disable low		0

										0001		IO_PAD		PTE14		

										0010		IO_PAD		PTF3		

										0011		IO_PAD		PTF22		

		LPI2C7		LPI2C7_SCL		625		PSMI1_LPI2C7_SCL		0000		-		disable high		0

										0001		IO_PAD		PTE12		

										0010		IO_PAD		PTF4		

										0011		IO_PAD		PTF20		

		LPI2C7		LPI2C7_SDA		626		PSMI1_LPI2C7_SDA		0000		-		disable high		0

										0001		IO_PAD		PTE13		

										0010		IO_PAD		PTF5		

										0011		IO_PAD		PTF21		

		LPUART6		LPUART6_CTS_b		627		PSMI1_LPUART6_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF0		

										0011		IO_PAD		PTF16		

		LPUART6		LPUART6_RX		628		PSMI1_LPUART6_RX		0000		-		disable low		0

										0001		IO_PAD		PTE11		

										0010		IO_PAD		PTF3		

										0011		IO_PAD		PTF19		

		LPUART6		LPUART6_TX		629		PSMI1_LPUART6_TX		0000		-		disable high		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTF2		

										0011		IO_PAD		PTF18		

		LPUART7		LPUART7_CTS_b		630		PSMI1_LPUART7_CTS_b		0000		-		disable high		0

										0001		IO_PAD		PTE12		

										0010		IO_PAD		PTF4		

										0011		IO_PAD		PTF20		

		LPUART7		LPUART7_RX		631		PSMI1_LPUART7_RX		0000		-		disable low		0

										0001		IO_PAD		PTE15		

										0010		IO_PAD		PTF7		

										0011		IO_PAD		PTF23		

		LPUART7		LPUART7_TX		632		PSMI1_LPUART7_TX		0000		-		disable high		0

										0001		IO_PAD		PTE14		

										0010		IO_PAD		PTF6		

										0011		IO_PAD		PTF22		

		SDHC1		SDHC1_CD		662		PSMI1_SDHC1_CD		0000		-		disable high		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTE14		

		SDHC1		SDHC1_CLK		663		PSMI1_SDHC1_CLK		0000		-		disable low		0

										0001		IO_PAD		PTD22		

										0010		IO_PAD		PTF2		

		SDHC1		SDHC1_CMD		664		PSMI1_SDHC1_CMD		0000		-		disable high		0

										0001		IO_PAD		PTD23		

										0010		IO_PAD		PTF3		

		SDHC1		SDHC1_D0		665		PSMI1_SDHC1_D0		0000		-		disable high		0

										0001		IO_PAD		PTD21		

										0010		IO_PAD		PTF1		

		SDHC1		SDHC1_D1		666		PSMI1_SDHC1_D1		0000		-		disable high		0

										0001		IO_PAD		PTD20		

										0010		IO_PAD		PTF0		

		SDHC1		SDHC1_D2		667		PSMI1_SDHC1_D2		0000		-		disable high		0

										0001		IO_PAD		PTD19		

										0010		IO_PAD		PTF5		

		SDHC1		SDHC1_D3		668		PSMI1_SDHC1_D3		0000		-		disable high		0

										0001		IO_PAD		PTD18		

										0010		IO_PAD		PTF4		

		SDHC1		SDHC1_D4		669		PSMI1_SDHC1_D4		0000		-		disable high		0

										0001		IO_PAD		PTD17		

										0010		IO_PAD		PTF6		

		SDHC1		SDHC1_D5		670		PSMI1_SDHC1_D5		0000		-		disable high		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTF7		

		SDHC1		SDHC1_D6		671		PSMI1_SDHC1_D6		0000		-		disable high		0

										0001		IO_PAD		PTD15		

										0010		IO_PAD		PTF8		

		SDHC1		SDHC1_D7		672		PSMI1_SDHC1_D7		0000		-		disable high		0

										0001		IO_PAD		PTD14		

										0010		IO_PAD		PTF9		

		SDHC1		SDHC1_DQS		673		PSMI1_SDHC1_DQS		0000		-		disable low		0

										0001		IO_PAD		PTD12		

										0010		IO_PAD		PTF10		

		SDHC1		SDHC1_WP		674		PSMI1_SDHC1_WP		0000		-		disable low		0

										0001		IO_PAD		PTD17		

										0010		IO_PAD		PTE13		

		SDHC2		SDHC2_CD		675		PSMI1_SDHC2_CD		0000		-		disable high		0

										0001		IO_PAD		PTF13		

										0010		IO_PAD		PTF28		

		SDHC2		SDHC2_CLK		676		PSMI1_SDHC2_CLK		0000		-		disable low		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTE2		

										0011		IO_PAD		PTF17		

		SDHC2		SDHC2_CMD		677		PSMI1_SDHC2_CMD		0000		-		disable high		0

										0001		IO_PAD		PTD17		

										0010		IO_PAD		PTE3		

										0011		IO_PAD		PTF18		

		SDHC2		SDHC2_D0		678		PSMI1_SDHC2_D0		0000		-		disable high		0

										0001		IO_PAD		PTD15		

										0010		IO_PAD		PTE1		

										0011		IO_PAD		PTF16		

		SDHC2		SDHC2_D1		679		PSMI1_SDHC2_D1		0000		-		disable high		0

										0001		IO_PAD		PTD14		

										0010		IO_PAD		PTE0		

										0011		IO_PAD		PTF15		

		SDHC2		SDHC2_D2		680		PSMI1_SDHC2_D2		0000		-		disable high		0

										0001		IO_PAD		PTD13		

										0010		IO_PAD		PTE5		

										0011		IO_PAD		PTF20		

		SDHC2		SDHC2_D3		681		PSMI1_SDHC2_D3		0000		-		disable high		0

										0001		IO_PAD		PTD12		

										0010		IO_PAD		PTE4		

										0011		IO_PAD		PTF19		

		SDHC2		SDHC2_D4		682		PSMI1_SDHC2_D4		0000		-		disable high		0

										0001		IO_PAD		PTE6		

										0010		IO_PAD		PTF21		

		SDHC2		SDHC2_D5		683		PSMI1_SDHC2_D5		0000		-		disable high		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTF22		

		SDHC2		SDHC2_D6		684		PSMI1_SDHC2_D6		0000		-		disable high		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF23		

		SDHC2		SDHC2_D7		685		PSMI1_SDHC2_D7		0000		-		disable high		0

										0001		IO_PAD		PTE9		

										0010		IO_PAD		PTF24		

		SDHC2		SDHC2_DQS		686		PSMI1_SDHC2_DQS		0000		-		disable low		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTF25		

		SDHC2		SDHC2_WP		687		PSMI1_SDHC2_WP		0000		-		disable low		0

										0001		IO_PAD		PTF12		

										0010		IO_PAD		PTF27		

		USB0_1		USB0_OC		688		PSMI1_USB0_OC		0000		-		disable low		0

										0001		IO_PAD		PTD14		

										0010		IO_PAD		PTE18		

										0011		IO_PAD		PTF4		

		USB0_1		USB1_OC		689		PSMI1_USB1_OC		0000		-		disable low		0

										0001		IO_PAD		PTD22		

										0010		IO_PAD		PTE20		

										0011		IO_PAD		PTF6		

		USB_PHY0		USB0_ID		690		PSMI1_USB0_ID		0000		-		disable low		0

										0001		IO_PAD		PTD12		

										0010		IO_PAD		PTE16		

										0011		IO_PAD		PTF2		

		USB_PHY1		USB1_ID		691		PSMI1_USB1_ID		0000		-		disable low		0

										0001		IO_PAD		PTD23		

										0010		IO_PAD		PTE21		

										0011		IO_PAD		PTF0		

		ENET0		ENET0_1588_CLKIN		692		PSMI1_ENET0_1588_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTE13		

										0010		IO_PAD		PTF10		

		ENET0		ENET0_1588_TMR0		693		PSMI1_ENET0_1588_TMR0		0000		-		disable low		0

										0001		IO_PAD		PTE12		

										0010		IO_PAD		PTF11		

		ENET0		ENET0_1588_TMR1		694		PSMI1_ENET0_1588_TMR1		0000		-		disable low		0

										0001		IO_PAD		PTE11		

										0010		IO_PAD		PTF12		

		ENET0		ENET0_1588_TMR2		695		PSMI1_ENET0_1588_TMR2		0000		-		disable low		0

										0001		IO_PAD		PTE10		

										0010		IO_PAD		PTF13		

		ENET0		ENET0_1588_TMR3		696		PSMI1_ENET0_1588_TMR3		0000		-		disable low		0

										0001		IO_PAD		PTE9		

										0010		IO_PAD		PTF14		

		ENET0		ENET0_COL		697		PSMI1_ENET0_COL		0000		-		disable low		0

										0001		IO_PAD		PTE1		

										0010		IO_PAD		PTF22		

		ENET0		ENET0_CRS		698		PSMI1_ENET0_CRS		0000		-		disable low		0

										0001		IO_PAD		PTE0		

										0010		IO_PAD		PTF21		

		ENET0		ENET0_CRS_DV		699		PSMI1_ENET0_CRS_DV		0000		-		disable low		0

										0001		IO_PAD		PTE18		

										0010		IO_PAD		PTF6		

		ENET0		ENET0_MDIO		700		PSMI1_ENET0_MDIO		0000		-		disable low		0

										0001		IO_PAD		PTE14		

										0010		IO_PAD		PTF8		

		ENET0		ENET0_REFCLK		701		PSMI1_ENET0_REFCLK		0000		-		disable low		0

										0001		IO_PAD		PTE19		

										0010		IO_PAD		PTF7		

		ENET0		ENET0_RXD0		702		PSMI1_ENET0_RXD0		0000		-		disable low		0

										0001		IO_PAD		PTE21		

										0010		IO_PAD		PTF1		

		ENET0		ENET0_RXD1		703		PSMI1_ENET0_RXD1		0000		-		disable low		0

										0001		IO_PAD		PTE20		

										0010		IO_PAD		PTF0		

		ENET0		ENET0_RXD2		704		PSMI1_ENET0_RXD2		0000		-		disable low		0

										0001		IO_PAD		PTE8		

										0010		IO_PAD		PTF15		

		ENET0		ENET0_RXD3		705		PSMI1_ENET0_RXD3		0000		-		disable low		0

										0001		IO_PAD		PTE7		

										0010		IO_PAD		PTF16		

		ENET0		ENET0_RXER		706		PSMI1_ENET0_RXER		0000		-		disable low		0

										0001		IO_PAD		PTE17		

										0010		IO_PAD		PTF5		

		ENET0		ENET0_RXCLK		707		PSMI1_ENET0_RXCLK		0000		-		disable low		0

										0001		IO_PAD		PTE6		

										0010		IO_PAD		PTF17		

		ENET0		ENET0_TXCLK		708		PSMI1_ENET0_TXCLK		0000		-		disable low		0

										0001		IO_PAD		PTE3		

										0010		IO_PAD		PTF20		

		SYSTEM		EXT_AUD_MCLK3		709		PSMI1_EXT_AUD_MCLK3		0000		-		disable low		0

										0001		IO_PAD		PTD4		

										0010		IO_PAD		PTD17		

										0011		IO_PAD		PTD18		

										0100		IO_PAD		PTE2		

										0101		IO_PAD		PTE22		

		TPM8		TPM8_CH0		710		PSMI1_TPM8_CH0		0000		-		disable low		0

										0001		IO_PAD		PTD10		

										0010		IO_PAD		PTD18		

										0011		IO_PAD		PTE1		

		TPM8		TPM8_CH1		711		PSMI1_TPM8_CH1		0000		-		disable low		0

										0001		IO_PAD		PTD8		

										0010		IO_PAD		PTD19		

										0011		IO_PAD		PTE2		

		TPM8		TPM8_CH2		712		PSMI1_TPM8_CH2		0000		-		disable low		0

										0001		IO_PAD		PTD7		

										0010		IO_PAD		PTD21		

										0011		IO_PAD		PTE3		

		TPM8		TPM8_CH3		713		PSMI1_TPM8_CH3		0000		-		disable low		0

										0001		IO_PAD		PTD6		

										0010		IO_PAD		PTD22		

										0011		IO_PAD		PTE4		

		TPM8		TPM8_CH4		714		PSMI1_TPM8_CH4		0000		-		disable low		0

										0001		IO_PAD		PTD5		

										0010		IO_PAD		PTD23		

										0011		IO_PAD		PTE5		

		TPM8		TPM8_CH5		715		PSMI1_TPM8_CH5		0000		-		disable low		0

										0001		IO_PAD		PTD4		

										0010		IO_PAD		PTD11		

										0011		IO_PAD		PTE6		

		TPM8		TPM8_CLKIN		716		PSMI1_TPM8_CLKIN		0000		-		disable low		0

										0001		IO_PAD		PTD9		

										0010		IO_PAD		PTD20		

										0011		IO_PAD		PTE0		

		I2S6		I2S6_RXD0		717		PSMI1_I2S6_RXD0		0000		-		disable low		0

										0001		IO_PAD		PTD2		

										0010		IO_PAD		PTE6		

		I2S6		I2S6_RXD1		718		PSMI1_I2S6_RXD1		0000		-		disable low		0

										0001		IO_PAD		PTD3		

										0010		IO_PAD		PTE7		

		I2S6		I2S6_RXD2		719		PSMI1_I2S6_RXD2		0000		-		disable low		0

										0001		IO_PAD		PTD11		

										0010		IO_PAD		PTE8		

		I2S6		I2S6_RXD3		720		PSMI1_I2S6_RXD3		0000		-		disable low		0

										0001		IO_PAD		PTD19		

										0010		IO_PAD		PTE9		

		I2S6		I2S6_RX_BCLK		721		PSMI1_I2S6_RX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTD0		

										0010		IO_PAD		PTE4		

		I2S6		I2S6_RX_FS		722		PSMI1_I2S6_RX_FS		0000		-		disable low		0

										0001		IO_PAD		PTD1		

										0010		IO_PAD		PTE5		

		I2S6		I2S6_TX_BCLK		723		PSMI1_I2S6_TX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTD5		

										0010		IO_PAD		PTE10		

		I2S6		I2S6_TX_FS		724		PSMI1_I2S6_TX_FS		0000		-		disable low		0

										0001		IO_PAD		PTD6		

										0010		IO_PAD		PTE11		

		I2S7		I2S7_RXD0		725		PSMI1_I2S7_RXD0		0000		-		disable low		0

										0001		IO_PAD		PTD14		

										0010		IO_PAD		PTF2		

		I2S7		I2S7_RXD1		726		PSMI1_I2S7_RXD1		0000		-		disable low		0

										0001		IO_PAD		PTD20		

										0010		IO_PAD		PTF3		

		I2S7		I2S7_RXD2		727		PSMI1_I2S7_RXD2		0000		-		disable low		0

										0001		IO_PAD		PTE0		

										0010		IO_PAD		PTF4		

		I2S7		I2S7_RXD3		728		PSMI1_I2S7_RXD3		0000		-		disable low		0

										0001		IO_PAD		PTE1		

										0010		IO_PAD		PTF5		

		I2S7		I2S7_RX_BCLK		729		PSMI1_I2S7_RX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTD12		

										0010		IO_PAD		PTF0		

		I2S7		I2S7_RX_FS		730		PSMI1_I2S7_RX_FS		0000		-		disable low		0

										0001		IO_PAD		PTD13		

										0010		IO_PAD		PTF1		

		I2S7		I2S7_TX_BCLK		731		PSMI1_I2S7_TX_BCLK		0000		-		disable low		0

										0001		IO_PAD		PTD15		

										0010		IO_PAD		PTE18		

		I2S7		I2S7_TX_FS		732		PSMI1_I2S7_TX_FS		0000		-		disable low		0

										0001		IO_PAD		PTD16		

										0010		IO_PAD		PTE19		

		SPDIF		SPDIF_IN1		733		PSMI1_SPDIF_IN1		0000		-		disable low		0

										0001		IO_PAD		PTD19		

										0010		IO_PAD		PTE5		

										0011		IO_PAD		PTF22		

		SPDIF		SPDIF_IN2		734		PSMI1_SPDIF_IN2		0000		-		disable low		0

										0001		IO_PAD		PTD21		

										0010		IO_PAD		PTE7		

										0011		IO_PAD		PTF24		

		SPDIF		SPDIF_IN3		735		PSMI1_SPDIF_IN3		0000		-		disable low		0

										0001		IO_PAD		PTD15		

										0010		IO_PAD		PTE2		

										0011		IO_PAD		PTF26		

		SPDIF		SPDIF_IN4		736		PSMI1_SPDIF_IN4		0000		-		disable low		0

										0001		IO_PAD		PTD13		

										0010		IO_PAD		PTE0		

										0011		IO_PAD		PTF28		





IO Pad Regiser Description



				(PCRn_<PAD>) PORT Control Register (n= Domain)

				Bits		31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16

				R		Reserved										DFD										DFCS		DFE		Reserved				OBE		IBE

				W

				Reset		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Bits		15		14		13		12		11		10		9		8		7		6		5		4		3		2		1		0

				R		LK		Reserved						MUX								Reserved		DSE		ODE		PFE		Reserved		SRE		PE		PS

				W

				Reset		0		0		0		0		*		*		*		*		0		0		0		*		0		0		*		*

				Field				Description

				31-27		Reserved		Reserved field

				26-22		DFD[4:0]		Digital filter duration				Defines the value for the filtering window width								00000: Filter disabled
Other value: Filter count/window value

				21		DFCS		Digital Filter Clock select				Selects digital filter clock								0: PCTL Bus Clock
1: RTC 1Khz Clock

				20		DFE		Digital filter enable				Enables digital filter on PAD								0: Filter Disabled
1: Filter Enabled

				19-18		Reserved		Reserved field

				17		OBE		Output buffer enable				Forces Output Buffer Enabled. Afects any Selected Function except Alt0, ALT1 functions.								0: Output Buffer Enabled depending on Funcion selected on the PAD
1: Output Buffer Force Enabled. Excepft for Alt0, Alt1 functions.

				16		IBE		Input buffer enable				Forces Input Buffer Enabled. Afects any Selected Function except Alt0, ALT1 functions.								0: Input Buffer Enabled depending on Funcion selected on the PAD
1: Input Buffer Force Enabled. Excepft for Alt0, Alt1 functions.

				15		LK		Lock				Locks/disables writes to all fields of this register, excepr IBE and OBE.								0: Unlocked – Write enabled
1: Locked – Write disabled

				14-12		Reserved		Reserved field

				11-8		MUX[3:0]		PAD mux selector				Defines SSS value for Alternate Function selection on the PAD mux								Refer to “IO Signal Table” for availabre functions and SS values for each PAD.

				7		Reserved		Reserved field

				6		DSE		Drive Strength Enable				Controls Output buffer drive strength								0: Standard Output Buffer Strength
1: Strong Output Buffer Strength

				5		ODE		Open Drain Mode Enable				Selects between push-pull and open-drain modes operation of the Output Buffer								0: Push-pull
1: Open-drain

				4		PFE		Passive Filter Enable				Enables Analog/Passive filter								0: Filter Disabled
1: Filter Enabled

				3		Reserved		Reserved field

				2		SRE		Slew Rate Enable				Enables slew rate control on the PAD reducing slew rate on the PAD ans thus increasing rise and fall times.								0: Fastest rise/fall times
1: Slower rise/fall times

				1		PE		Pull Enable				Enables weak pull on PAD								0: Pull disabled
1: Pull enabled

				0		PS		Pull Select				Selects between weak pull up/down on the PAD								0: Pull-down selected
1: Pull-up selected



				(PSMIn_<PERIPHERAL>) PAD Source to Module Input (Daisy Chain)

				Bits		31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16

				R		Reserved

				W

				Reset		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Bits		15		14		13		12		11		10		9		8		7		6		5		4		3		2		1		0

				R		Invert		Reserved																								Input SSS

				W

				Reset		0		0		0		0		*		*		*		*		0		0		0		*		0		0		*		*

				Field				Description

				30-16		Reserved		Reserved field

				15		Invert		Input data inversion

				14-3		Reserved		Reserved field

				2-0		Input SSS		Input PDS selection				Selects PAD feeding data to the Peripheral Module								Refer to “Input Muxing” Sheet for available registers, affected modules functions and select values
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						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29

				A		VSS		PTE20				PTE15				PTE8				PTE3				PTE0				PTD18				PTD14				PTD10				PTD6				CSI_CLK_N				PTD0				DSI_DATA1_N				DDR_DQ18				DDR_DQ19		VSS		A

				B		PTE22		PTE23		PTE19		PTE16				PTE13		PTE11		PTE5				PTE1		PTD23		PTD19				PTD15		PTD13		PTD8				CSI_DATA1_P		CSI_DATA1_N		CSI_CLK_P				CSI_DATA0_P		CSI_DATA0_N		DSI_DATA1_P				DDR_DM2		DDR_DQS2_P		DDR_DQS2_N		DDR_DQ23		B

				C				PTF7				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				DDR_DQ21				C

				D		PTF9		PTF2		VSS		PTE21		PTE18		PTE17				PTE9		PTE4		PTE2				PTD20		PTD16		PTD12				PTD9		PTD7		PTD5				PTD1		DSI_DATA3_N		DSI_DATA3_P				DDR_DQ16		DDR_DQ17		DDR_DQ20		VSS		DDR_DQ22		DDR_DQ26		D

				E								PTF0				PTE14				PTE10		PTE7						PTD21		PTD17				PTD11				PTD4		PTD2						DSI_CLK_N		DSI_DATA0_N				DSI_DATA2_N				DDR_DQ24								E

				F		PTF13		PTF10		VSS		PTF5		PTF3						PTE12		PTE6						PTD22		VDD_PTE								VDD_CSI18		PTD3						DSI_CLK_P		DSI_DATA0_P						DSI_DATA2_P		DDR_DQ25		VSS		DDR_DM3		DDR_DQ27		F

				G				PTF11												VDD18_IOREF_2		VDD18_IOREF_2						VDD_PTE		VDD_PTE				VSS				VDD_CSI11		VDD_DSI18						VSS		VDDQX_DDR												DDR_DQS3_P				G

				H		PTF15		PTF16		VSS		PTF8		PTF6		PTF1		VDD_PTF				VSS						VSS		VSS				VSS				VSS		VSS						VDD_DSI18				VDDQ_DDR		VDDQ_DDR		DDR_DTO1		DDR_DQ28		VSS		DDR_DQS3_N		DDR_DQ29		H

				J								PTF12		PTF14		PTF4		VDD_PTF		VSS																												VDDQX_DDR		VSS		VDDQ_DDR		DDR_DTO0		DDR_DQ30								J

				K		PTF19		PTF17		VSS		PTF18												VSS		VSS		VDD_PTE		VDD_PTD		VDD_PTD		VDD_PTD		VDD_PTD		VDD_DSI11		VDD_DSI11		VSS		VSS												DDR_DQ31		VSS		DDR_PLL_TEST_N		DDR_PLL_TEST_P		K

				L				PTF21																VSS				VDD_DIG1				VDD_DIG1				VDD_DIG1				VDD_DSI11				VSS																DDR_CS0_A_B				L

				M		PTF25		PTF23		VSS		PTF22		PTF24		PTF20		VDD_PTF		VSS				VDD_DIG1		VDD_DIG1		VSS		VSS		VSS		VSS		VSS		VSS		VSS		VDD_DIG2		VDD_DIG2				VDDQX_DDR		VSS		VDDQ_DDR		DDR_ZQ		DDR_CS1_A_B		VSS		DDR_CS0_B_B		DDR_RAM_RST_B		M

				N								PTF30		PTF28		PTF26		VDD_PTF		VSS				VDD_DIG1				VSS						VSS						VSS				VDD_DIG2				VDD_DDR_PLL		VSS		VDDQ_DDR		DDR_CS1_B_B		DDR_CKE0								N

				P		PTF27		PTF29		VSS		PTF31												VDD_DIG1		VDD_DIG1		VSS						VSS						VSS		VDD_DIG2		VDD_DIG2												DDR_CKE1		VSS		DDR_CK1_P		DDR_CK1_N		P

				R				USB0_VBUS_DETECT						VDD_PLL18_2				VDD_PLL18_1		VSS				VDD_USB0_18				VSS		VSS		VSS		VSS		VSS		VSS		VSS				VDD_DIG2				VDD_DDR_PLL		VSS				DDR_ODT1						DDR_ODT0				R

				T		USB0_DP		USB0_DM		VSS		VDD_USB0_33												VDD_USB1_18		VDD_USB0_18		VSS						VSS						VSS		VDD_DIG2		VDD_DIG2												DDR_A1		VSS		DDR_CK0_P		DDR_CK0_N		T

				U								VDD_USB1_33		USB1_VBUS_DETECT		VDD_PMC18_DIG0		VDD_VBAT18_CAP		VSS				VDD_USB1_18				VSS						VSS						VSS				VDD_DIG2				VDDQX_AO_DDR		VSS		VDDQ_DDR		DDR_A3		DDR_A2								U

				V		USB1_DP		USB1_DM		VSS		TAMPER0		TAMPER1		VDD_PLL18_0		VDD_PMC18_DIG0		VSS				VDD_VBAT42		VDD_DIG0		VSS		VSS		VSS		VSS		VSS		VSS		VSS		VDD_DIG2		VDD_DIG2				VDDQX_DDR		VSS		VDDQ_DDR		DDR_A5		DDR_A8		VSS		DDR_A0		DDR_A4		V

				W				ONOFF																VSS				VDD_DIG0				VDD_DIG0				VDD_DIG0				VDD_DIG0				VSS																DDR_A7				W

				Y		STANDBY_REQ		PMIC_ON_REQ		VSS		TESTCLK_P												VSS		VSS		VDD_PTA		VDD_PTA		VDD_PTA		VDD_ANA33		VDD18_IOREF_1		VDD_PTC		VDD_PTC		VSS		VSS												DDR_DQ15		VSS		DDR_A9		DDR_A6		Y

				AA								TESTCLK_N		RESET1_B		LDO_EN		VDD_PMC11_DIG0_CAP		VSS																												VDDQX_DDR		VSS		VDDQ_DDR		DDR_A10		DDR_DQ13								AA

				AB		XTAL32		EXTAL32		VSS		RESET0_B		PTA0		PTA2		VDD_PMC11_DIG0_CAP				VSS						VSS		VSS				VSS				VSS		VSS						VDD_PTC				VDDQ_DDR		VDDQ_DDR		DDR_A11		DDR_DQ12		VSS		DDR_DQS1_N		DDR_DQ14		AB

				AC				VSS												VDD_PMC18		VDD_PMC18						VDD_FUSE18		VDD_ANA18				VDD_ANA18				VDD_PTB		VDD_PTB						VSS		VDDQX_DDR												DDR_DQS1_P				AC

				AD		XTAL0		EXTAL0		VSS		PTA4		PTA1						PTA17		VDD_FUSE18						PTB0		PTB4								VDD_PTB		PTC8						PTC16		PTC22						VSS		DDR_DQ9		VSS		DDR_DM1		DDR_DQ11		AD

				AE								PTA3				PTA12				PTA21		PTA23						PTB2		PTB6				PTB12				PTC2		PTC6						PTC14		PTC20				PTC23				DDR_DQ8								AE

				AF		PTA6		PTA7		VSS		PTA8		PTA14		PTA18				PTA20		PTA22		BOOT_MODE1				PTB5		PTB7		PTB8				PTB13		PTC4		PTC0				PTC11		PTC12		PTC18				DDR_DQ0		DDR_DQ2		DDR_DQ4		VSS		DDR_DQ7		DDR_DQ10		AF

				AG				PTA9				VSS				VSS				VSS_ANA				VSS_ANA				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				DDR_DQ5				AG

				AH		PTA5		PTA10		PTA11		PTA15				PTA16		BOOT_MODE0		DAC0_OUT				VREFL_ANA		PTB1		PTB3				PTB10		PTB15		PTB14				PTC5		PTC7		PTC13				PTC10		PTC17		PTC21				DDR_DM0		DDR_DQS0_P		DDR_DQS0_N		DDR_DQ6		AH

				AJ		VSS		PTA13				PTA19				PTA24				DAC1_OUT				VREFH_ANA18				PTB9				PTB11				PTC1				PTC3				PTC9				PTC15				PTC19				DDR_DQ1				DDR_DQ3		VSS		AJ

																																																														

		Ball		Qty																																																										

		VDD18_IOREF_2		2																																																										

		VDDQX_DDR		6																																																										

		VDDQ_DDR		10																																																										

		VDD_ANA18		2																																																										

		VDD_DDR_PLL		2																																																										

		VDD_DIG0		5																																																										

		VDD_DIG1		8																																																										

		VDD_DIG2		11																																																										

		VDD_DSI11		3																																																										

		VDD_DSI18		2																																																										

		VDD_FUSE18		2																																																										

		VDD_PMC11_DIG0_CAP		2																																																										

		VDD_PMC18		2																																																										

		VDD_PMC18_DIG0		2																																																										

		VDD_PTA		3																																																										

		VDD_PTB		3																																																										

		VDD_PTC		3																																																										

		VDD_PTD		4																																																										

		VDD_PTE		4																																																										

		VDD_PTF		4																																																										

		VDD_USB0_18		2																																																										

		VDD_USB1_18		2																																																										

		VSS		126																																																										

		VSS_ANA		2																																																										





9.4x9.4 Package Ballmap

		Ball Map		i.MX 8ULP 9.4x9.4

		Version		R0.3 10152020



						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32

				A		VSS				PTA17				PTA19				PTA22				PTB0				PTB3				PTB6				PTB10				PTC0				PTC4				PTC7				PTC12				PTC15				DDR_DQ0				DDR_DQ2				VSS		

				B				PTA13				PTA18				PTA24				BOOT_MODE0				PTB1				PTB4				PTB8				PTB11				PTC1				PTC5				PTC10				PTC14				PTC20				DDR_DQ1				DDR_DQ3				VSS

				C		PTA11				VSS				PTA16				VSS				DAC0_OUT				VSS				PTB7				VSS				PTB14				VSS				PTC8				VSS				PTC18				VSS				DDR_DQ9				DDR_DM0		

				D				PTA10				PTA12				PTA15				PTA21				BOOT_MODE1				PTB2				PTB9				PTB13				PTC2				PTC6				PTC13				PTC17				PTC19				DDR_DQ8				DDR_DQ10				DDR_DQS0_P

				E		PTA6				PTA7				PTA9				VSS				PTA20				VSS				PTB5				VSS				PTB15				VSS				PTC11				VSS				PTC22				VSS				DDR_DQ11				DDR_DQS0_N		

				F				PTA5				PTA4				PTA8				PTA14				PTA23				VREFL_ANA				VSS				PTB12				PTC3				PTC9				PTC16				PTC21				PTC23				VSS				VSS				DDR_DQ4

				G		PTA0				VSS				VSS				VSS				VSS				VSS				VREFH_ANA18				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				DDR_DM1				DDR_DQS1_P				DDR_DQ5		

				H				PTA2				PTA1				VDD_PMC11_DIG0_CAP				VDD_FUSE18				VDD_PTA				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VDDQ_DDR				DDR_DQS1_N				DDR_DQ12				DDR_DQ6

				J		RESET1_B				RESET0_B				PTA3				VDD_PMC11_DIG0_CAP				VDD_PTA				VDD_ANA18				VDD18_IOREF_1				VDD_PTB				VDD_PTC				VDD_PTC				VDD_DIG2				VDD_DIG2				VSS				VSS				DDR_DQ13				DDR_DQ7		

				K				EXTAL0				EXTAL32				LDO_EN				VDD_PMC18_DIG0				VDD_PLL18_0				VDD_ANA18				VDD_PMC18				VDD_PTB				VDD_DIG0				VDD_DIG0				VDD_DIG0				VSS				VDDQ_DDR				VSS				VSS				DDR_ODT0

				L		XTAL0				VSS				VSS				VDD_PMC18_DIG0				VDD_PMC18				VSS				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VDDQX_DDR				DDR_DQ14				DDR_DQ15				DDR_A1		

				M				PMIC_ON_REQ				XTAL32				VSS				VDD_VBAT42				VDD_VBAT18_CAP				VDD_DIG0				VDD_ANA33				VSS				VDD_DIG2				VDD_DIG2				VDD_DIG2				VSS				VDDQ_DDR				DDR_CS1_A_B				DDR_CS0_A_B				DDR_A2

				N		TAMPER0				STANDBY_REQ				ONOFF				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VSS				VDD_DIG2				VDD_DIG2				VSS				VSS				DDR_CKE0				DDR_A5		

				P				USB1_DM				USB1_VBUS_DETECT				USB0_VBUS_DETECT				VDD_USB1_33				VDD_DIG1				TESTCLK_N				VSS				VSS				VSS				VSS				VDD_DIG2				VSS				VDDQ_DDR				VSS				VSS				DDR_A3

				R		USB1_DP				VSS				VSS				VSS				VDD_USB1_18				VSS				TESTCLK_P				VSS				VSS				VSS				VSS				VDD_DIG2				VDDQX_DDR				DDR_A0				DDR_A4				DDR_CK0_P		

				T				USB0_DM				PTF23				VSS				VDD_USB0_33				VDD_DIG1				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VSS				VDDQ_DDR				DDR_A11				DDR_A10				DDR_CK0_N

				U		USB0_DP				PTF24				PTF25				VSS				VDD_USB0_18				VDD_DIG1				VSS				VSS				VSS				VSS				VSS				VDD_DDR_PLL				VDDQ_DDR				VDDQX_AO_DDR				DDR_ODT1				DDR_CK1_N		

				V				PTF21				PTF26				PTF27				VDD_PLL18_2				VDD_PLL18_1				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VSS				VSS				VSS				VSS				DDR_CK1_P

				W		PTF22				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VDD_DDR_PLL				VDDQX_DDR				DDR_ZQ				DDR_RAM_RST_B				DDR_A9		

				Y				PTF20				PTF19				VSS				VDD_PTF				VDD_DIG1				VSS				VSS				VDD_DIG2				VSS				VSS				VDD_DIG2				VSS				VDDQ_DDR				DDR_A7				DDR_A8				DDR_CKE1

				AA		PTF18				PTF17				PTF16				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VSS				VSS				DDR_DTO0				DDR_CS1_B_B		

				AB				PTF14				PTF12				PTF11				VDD_PTF				VDD_DIG1				VDD_DIG1				VDD_DIG1				VDD_DIG2				VDD_DIG2				VDD_DIG2				VDD_DIG2				VSS				VDDQ_DDR				VSS				VSS				DDR_CS0_B_B

				AC		PTF15				VSS				VSS				VSS				VDD_PTE				VSS				VSS				VSS				VSS				VSS				VDD_CSI11				VDD_DIG2				VDDQX_DDR				DDR_DTO1				DDR_DQ31				DDR_A6		

				AD				PTF10				PTF5				VSS				VDD18_IOREF_2				VDD_PTE				VDD_PTD				VDD_PTD				VDD_CSI18				VDD_DSI18				VDD_DSI11				VDD_DSI11				VSS				VDDQ_DDR				DDR_DQ29				DDR_DQ30				DDR_PLL_TEST_N

				AE		PTF13				PTF9				PTF0				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				DDR_DQ28				DDR_PLL_TEST_P		

				AF				PTF6				PTF3				PTE21				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VSS				VDD_DIG2				VDD_DIG2				VSS				VSS				DDR_DQ23

				AG		PTF8				VSS				VSS				PTE12				PTE5				PTD22				PTD17				PTD11				PTD5				PTD3				PTD1				DSI_CLK_P				DSI_DATA0_N				DDR_DQS3_N				DDR_DQS3_P				DDR_DQ22		

				AH				PTF4				PTE20				VSS				PTE8				VSS				PTD20				VSS				PTD8				VSS				PTD0				VSS				DSI_DATA1_N				VSS				DDR_DQ27				DDR_DM3				DDR_DQ21

				AJ		PTF7				PTF1				PTE17				PTE13				PTE7				PTE0				PTD19				PTD15				PTD6				PTD4				PTD2				DSI_CLK_N				DSI_DATA0_P				DDR_DQ24				DDR_DQ26				DDR_DQ20		

				AK				PTF2				PTE18				VSS				PTE9				VSS				PTD23				VSS				PTD12				VSS				PTD7				VSS				DSI_DATA1_P				VSS				DDR_DQ25				VSS				DDR_DQS2_N

				AL		VSS				PTE19				PTE14				PTE11				PTE4				PTE2				PTD21				PTD16				PTD13				PTD9				CSI_DATA0_P				CSI_DATA1_P				CSI_CLK_P				DDR_DQ17				DDR_DQ19				DDR_DQS2_P		

				AM				VSS				PTE16				PTE10				PTE6				PTE3				PTE1				PTD18				PTD14				PTD10				CSI_DATA0_N				CSI_DATA1_N				CSI_CLK_N				DDR_DQ16				DDR_DQ18				DDR_DM2				VSS

																																																																				

		Ball		Qty																																																																

		VDDQX_DDR		4																																																																

		VDDQ_DDR		9																																																																

		VDD_ANA18		2																																																																

		VDD_DDR_PLL		2																																																																

		VDD_DIG0		4																																																																

		VDD_DIG1		7																																																																

		VDD_DIG2		24																																																																

		VDD_DSI11		2																																																																

		VDD_PMC11_DIG0_CAP		2																																																																

		VDD_PMC18		2																																																																

		VDD_PMC18_DIG0		2																																																																

		VDD_PTA		2																																																																

		VDD_PTB		2																																																																

		VDD_PTC		2																																																																

		VDD_PTD		2																																																																

		VDD_PTE		2																																																																

		VDD_PTF		2																																																																

		VSS		175																																																																






ADC1

				i.MX 8ULP - ADC1 CHANNELS MAPPING



				POLARITY		LOGIC CHANNEL		ADC1 PIN		ROUTE		SOURCE				DESCRIPTION

												INST		PIN

				PLUS (+)		ADC1_CH0A		ipp_ina_adp[0]		SHARED		PTA8		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH1A						PTA10		ipp_ina_mux

						ADC1_CH2A		ipp_ina_adp[1]		SHARED		PTA12		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH3A						PTA14		ipp_ina_mux

						ADC1_CH4A		ipp_ina_adp[2]		SHARED		PTA16		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH5A						PTA18		ipp_ina_mux

						ADC1_CH6A		ipp_ina_adp[3]		GRID		I_VSS_ANA PAD		gnde		UNUSED - Tie to VSS_ANA

						ADC1_CH7A		ipp_ina_adp[4]		DEDICATED		DAC0_OUT_PAD		ANAZI_40OHM_2		DAC0 Output

						ADC1_CH8A		ipp_ina_adp[5]		DEDICATED		PMC		tsensor_vout_p_1p8		PMC temp sensor positive output

						ADC1_CH9A		ipp_ina_adp[6]		DEDICATED		ADC1		vtemp_sensor_plus		ADC1 temp sensor positive output

						ADC1_CH10A		ipp_ina_adp[7]		DEDICATED		Reserved				Reserved

				MINUS (-)		ADC1_CH0B		ipp_ina_adm[0]		SHARED		PTA9		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH1B						PTA11		ipp_ina_mux

						ADC1_CH2B		ipp_ina_adm[1]		SHARED		PTA13		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH3B						PTA15		ipp_ina_mux

						ADC1_CH4B		ipp_ina_adm[2]		SHARED		PTA17		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC1_CH5B						PTA24		ipp_ina_mux

						ADC1_CH6B		ipp_ina_adm[3]		GRID		I_VSS_ANA PAD		gnde		UNUSED - Tie to VSS_ANA

						ADC1_CH7B		ipp_ina_adm[4]		DEDICATED		DAC1_OUT_PAD		ANAZI_40OHM_2		DAC1 Output

						ADC1_CH8B		ipp_ina_adm[5]		DEDICATED		PMC		tsensor_vout_m_1p8		PMC temp sensor negative output

						ADC1_CH9B		ipp_ina_adm[6]		DEDICATED		ADC1		vtemp_sensor_minus		ADC1 temp sensor negative output

						ADC1_CH10B		ipp_ina_adm[7]		DEDICATED		Reserved				Reserved





ADC0

				i.MX 8ULP - ADC0 CHANNELS MAPPING



				POLARITY		LOGIC CHANNEL		ADC0 PIN		ROUTE		SOURCE				DESCRIPTION

												INST		PIN

				PLUS (+)		ADC0_CH0A		ipp_ina_adp[0]		SHARED		PTB0		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH1A						PTB2		ipp_ina_mux

						ADC0_CH2A		ipp_ina_adp[1]		SHARED		PTB4		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH3A						PTB6		ipp_ina_mux

						ADC0_CH4A		ipp_ina_adp[2]		SHARED		PTB8		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH5A						PTB10		ipp_ina_mux

						ADC0_CH6A		ipp_ina_adp[3]		GRID		I_VSS_ANA PAD		gnde		UNUSED - Tie to VSS_ANA

						ADC0_CH7A		ipp_ina_adp[4]		DEDICATED		DAC1_OUT_PAD		ANAZI_40OHM_1		DAC1 Output

						ADC0_CH8A		ipp_ina_adp[5]		DEDICATED		PMC		buffer_ana_out_1p8		PMC buffered bandgap reference

						ADC0_CH9A		ipp_ina_adp[6]		DEDICATED		ADC0		vtemp_sensor_plus		ADC0 temp sensor positive output

						ADC0_CH10A		ipp_ina_adp[7]		DEDICATED		Reserved				Reserved

				MINUS (-)		ADC0_CH0B		ipp_ina_adm[0]		SHARED		PTB1		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH1B						PTB3		ipp_ina_mux

						ADC0_CH2B		ipp_ina_adm[1]		SHARED		PTB5		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH3B						PTB7		ipp_ina_mux

						ADC0_CH4B		ipp_ina_adm[2]		SHARED		PTB9		ipp_ina_mux		Shared route. Enable only one pad mux at a time.

						ADC0_CH5B						PTB11		ipp_ina_mux

						ADC0_CH6B		ipp_ina_adm[3]		GRID		I_VSS_ANA PAD		gnde		UNUSED - Tie to VSS_ANA

						ADC0_CH7B		ipp_ina_adm[4]		DEDICATED		DAC0_OUT_PAD		ANAZI_40OHM_1		DAC0 Output

						ADC0_CH8B		ipp_ina_adm[5]		GRID		I_VSS_ANA PAD		gnde		UNUSED - Tie to VSS_ANA

						ADC0_CH9B		ipp_ina_adm[6]		DEDICATED		ADC0		vtemp_sensor_minus		ADC0 temp sensor negative output

						ADC0_CH10B		ipp_ina_adm[7]		DEDICATED		Reserved				Reserved





ACMP0

				i.MX 8ULP - ACMP0 CHANNELS MAPPING



				POLARITY		LOGIC CHANNEL		ACMP0 PIN		ROUTE		SOURCE				DESCRIPTION

												INST		PIN

				PLUS (+)		CMP0_IN0		ina_1p8_0p		DEDICATED		PTB14		ipp_ina235_3v		235ohms ESD port on 1.8V domain pad.
 

				ANY		CMP0_IN1		ina_1p8[1]		DEDICATED		PTB15		ipp_ina235_3v		235ohms ESD port on 1.8V domain pad

						CMP0_IN2		ina_3v[2]		DEDICATED		PTA4		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP0_IN3		ina_3v[3]		DEDICATED		PTA5		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP0_IN4		ina_3v[4]		DEDICATED		PTA6		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP0_IN5		ina_3v[5]		DEDICATED		PTA7		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP0_DAC8B		ACMP0 INTERNAL DAC8B								Internal 8 bits DAC





ACMP1

				i.MX 8ULP - ACMP1 CHANNELS MAPPING



				POLARITY		LOGIC CHANNEL		ACMP1 PIN		ROUTE		SOURCE				DESCRIPTION

												INST		PIN

				PLUS (+)		CMP1_IN0		ina_1p8_0p		DEDICATED		PTB12		ipp_ina235_3v		235ohms ESD port on 1.8V domain pad.
 

				ANY		CMP1_IN1		ina_1p8[1]		DEDICATED		PTB13		ipp_ina235_3v		235ohms ESD port on 1.8V domain pad

						CMP1_IN2		ina_3v[2]		DEDICATED		PTA0		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP1_IN3		ina_3v[3]		DEDICATED		PTA1		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP1_IN4		ina_3v[4]		DEDICATED		PTA2		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP1_IN5		ina_3v[5]		DEDICATED		PTA3		ipp_ina_mux		3V tolerant input, pad can be on 3.3V domain

						CMP1_DAC8B		ACMP1 INTERNAL DAC8B								Internal 8 bits DAC






Fuse Map

		i.MX 8ULP Fuse Map





		Fuse 
Bank		Redundancy /ECC		Fuses		Address 
HEXA		Address 
HEXA		7		6		5		4		3		2		1		0		Fuse Bank: Word		LOCKS		FSB		Bit Protect , ECC, or Redundant

								0000		0000

		0		Redundancy		hwv_fuse[7:0]		0x0000		0000		RESERVED																Bank 0, Word 0

						hwv_fuse[15:8]		0x0001		0001																		Bank 0, Word 0

						hwv_fuse[23:16]		0x0002		0002																		Bank 0, Word 0

						hwv_fuse[31:24]		0x0003		0003																		Bank 0, Word 0

						hwv_fuse[39:32]		0x0004		0004																		Bank 0, Word 1

						hwv_fuse[47:40]		0x0005		0005																		Bank 0, Word 1

						hwv_fuse[55:48]		0x0006		0006																		Bank 0, Word 1

						hwv_fuse[63:56]		0x0007		0007																		Bank 0, Word 1

						hwv_fuse[71:64]		0x0008		0008																		Bank 0, Word 2

						hwv_fuse[79:72]		0x0009		0009																		Bank 0, Word 2

						hwv_fuse[87:80]		0x000A		000A																		Bank 0, Word 2

						hwv_fuse[95:88]		0x000B		000B																		Bank 0, Word 2

						hwv_fuse[103:96]		0x000C		000C																		Bank 0, Word 3

						hwv_fuse[111:104]		0x000D		000D																		Bank 0, Word 3

						hwv_fuse[119:112]		0x000E		000E																		Bank 0, Word 3

						hwv_fuse[127:120]		0x000F		000F																		Bank 0, Word 3

						hwv_fuse[135:128]		0x0010		0010																		Bank 0, Word 4

						hwv_fuse[143:136]		0x0011		0011																		Bank 0, Word 4

						hwv_fuse[151:144]		0x0012		0012																		Bank 0, Word 4

						hwv_fuse[159:152]		0x0013		0013																		Bank 0, Word 4

						hwv_fuse[167:160]		0x0014		0014																		Bank 0, Word 5

						hwv_fuse[175:168]		0x0015		0015																		Bank 0, Word 5

						hwv_fuse[183:176]		0x0016		0016																		Bank 0, Word 5

						hwv_fuse[191:184]		0x0017		0017																		Bank 0, Word 5

						hwv_fuse[199:192]		0x0018		0018																		Bank 0, Word 6

						hwv_fuse[207:200]		0x0019		0019																		Bank 0, Word 6

						hwv_fuse[215:208]		0x001A		001A																		Bank 0, Word 6

						hwv_fuse[223:216]		0x001B		001B																		Bank 0, Word 6

						hwv_fuse[231:224]		0x001C		001C																		Bank 0, Word 7

						hwv_fuse[239:232]		0x001D		001D																		Bank 0, Word 7

						hwv_fuse[247:240]		0x001E		001E																		Bank 0, Word 7

						hwv_fuse[255:248]		0x001F		001F																		Bank 0, Word 7

								0x1F		1F

		1		Redundancy		hwv_fuse[263:256]		0x0020		0020		GPR1_LOCK (263)
1 - RP, OP		GPR2_LOCK (262)
1 - RP, OP		GPR3_LOCK (261)
1 - RP, OP		GPR4_LOCK (260)
1 - RP, OP		GPR5_LOCK (259)
1 - RP, OP		BOOT_CFG_LOCK (258,257)
'1x' - RP
'x1' - OP				RESERVED		Bank 1, Word 0

						hwv_fuse[271:264]		0x0021		0021		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED				RESERVED		Bank 1, Word 0

						hwv_fuse[279:272]		0x0022		0022		Redundancy																Bank 1, Word 0

						hwv_fuse[287:280]		0x0023		0023		Redundancy																Bank 1, Word 0

						hwv_fuse[295:288]		0x0024		0024		RESERVED		RESERVED		RESERVED				RESERVED		RESERVED		RESERVED				Bank 1, Word 1

						hwv_fuse[303:296]		0x0025		0025		RESERVED				RESERVED				RESERVED		RESERVED		RESERVED		RESERVED		Bank 1, Word 1

						hwv_fuse[311:304]		0x0026		0026		Redundancy																Bank 1, Word 1

						hwv_fuse[319:312]		0x0027		0027		Redundancy																Bank 1, Word 1

						hwv_fuse[327:320]		0x0028		0028		RESERVED				RESERVED				RESERVED				RESERVED				Bank 1, Word 2

						hwv_fuse[335:328]		0x0029		0029		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED				Bank 1, Word 2

						hwv_fuse[343:336]		0x002A		002A		Redundancy																Bank 1, Word 2		TESTER0_LOCK

						hwv_fuse[351:344]		0x002B		002B		Redundancy																Bank 1, Word 2

						hwv_fuse[359:352]		0x002C		002C		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 1, Word 3

						hwv_fuse[367:360]		0x002D		002D		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 1, Word 3

						hwv_fuse[375:368]		0x002E		002E		Redundancy																Bank 1, Word 3

						hwv_fuse[383:376]		0x002F		002F		Redundancy																Bank 1, Word 3

						hwv_fuse[391:384]		0x0030		0030		RESERVED																Bank 1, Word 4

						hwv_fuse[399:392]		0x0031		0031		RESERVED																Bank 1, Word 4

						hwv_fuse[407:400]		0x0032		0032		Redundancy																Bank 1, Word 4

						hwv_fuse[415:408]		0x0033		0033		Redundancy																Bank 1, Word 4

						hwv_fuse[423:416]		0x0034		0034		RESERVED																Bank 1, Word 5

						hwv_fuse[431:424]		0x0035		0035		RESERVED																Bank 1, Word 5

						hwv_fuse[439:432]		0x0036		0036		Redundancy																Bank 1, Word 5

						hwv_fuse[447:440]		0x0037		0037		Redundancy																Bank 1, Word 5

						hwv_fuse[455:448]		0x0038		0038		RESERVED																Bank 1, Word 6

						hwv_fuse[463:456]		0x0039		0039		RESERVED																Bank 1, Word 6

						hwv_fuse[471:464]		0x003A		003A		Redundancy																Bank 1, Word 6

						hwv_fuse[479:472]		0x003B		003B		Redundancy																Bank 1, Word 6

						hwv_fuse[487:480]		0x003C		003C		RESERVED																Bank 1, Word 7

						hwv_fuse[495:488]		0x003D		003D		RESERVED																Bank 1, Word 7

						hwv_fuse[503:496]		0x003E		003E		Redundancy																Bank 1, Word 7

						hwv_fuse[511:504]		0x003F		003F		Redundancy																Bank 1, Word 7

								0x3F		3F

		2		ECC		hwv_fuse[519:512]		0x0040		0040		RESERVED																Bank 2, Word 0

						hwv_fuse[527:520]		0x0041		0041																		Bank 2, Word 0

						hwv_fuse[535:528]		0x0042		0042																		Bank 2, Word 0

						hwv_fuse[543:536]		0x0043		0043																		Bank 2, Word 0

						hwv_fuse[551:544]		0x0044		0044																		Bank 2, Word 1

						hwv_fuse[559:552]		0x0045		0045																		Bank 2, Word 1

						hwv_fuse[567:560]		0x0046		0046																		Bank 2, Word 1

						hwv_fuse[575:568]		0x0047		0047																		Bank 2, Word 1

						hwv_fuse[583:576]		0x0048		0048																		Bank 2, Word 2

						hwv_fuse[591:584]		0x0049		0049																		Bank 2, Word 2

						hwv_fuse[599:592]		0x004A		004A																		Bank 2, Word 2

						hwv_fuse[607:600]		0x004B		004B																		Bank 2, Word 2

						hwv_fuse[615:608]		0x004C		004C																		Bank 2, Word 3

						hwv_fuse[623:616]		0x004D		004D																		Bank 2, Word 3

						hwv_fuse[631:624]		0x004E		004E																		Bank 2, Word 3

						hwv_fuse[639:632]		0x004F		004F																		Bank 2, Word 3

						hwv_fuse[647:640]		0x0050		0050		ECID (128 bits) 																Bank 2, Word 4

						hwv_fuse[655:648]		0x0051		0051																		Bank 2, Word 4

						hwv_fuse[663:656]		0x0052		0052																		Bank 2, Word 4

						hwv_fuse[671:664]		0x0053		0053																		Bank 2, Word 4

						hwv_fuse[679:672]		0x0054		0054																		Bank 2, Word 5

						hwv_fuse[687:680]		0x0055		0055																		Bank 2, Word 5

						hwv_fuse[695:688]		0x0056		0056																		Bank 2, Word 5

						hwv_fuse[703:696]		0x0057		0057																		Bank 2, Word 5

						hwv_fuse[711:704]		0x0058		0058																		Bank 2, Word 6

						hwv_fuse[719:712]		0x0059		0059																		Bank 2, Word 6

						hwv_fuse[727:720]		0x005A		005A																		Bank 2, Word 6

						hwv_fuse[735:728]		0x005B		005B																		Bank 2, Word 6

						hwv_fuse[743:736]		0x005C		005C																		Bank 2, Word 7

						hwv_fuse[751:744]		0x005D		005D																		Bank 2, Word 7

						hwv_fuse[759:752]		0x005E		005E																		Bank 2, Word 7

						hwv_fuse[767:760]		0x005F		005F																		Bank 2, Word 7

								0x5F		5F

		3		ECC		hwv_fuse[775:768]		0x0060		0060		RESERVED																Bank 3, Word 0		BOOT_CFG_LOCK


						hwv_fuse[783:776]		0x0061		0061		RESERVED																Bank 3, Word 0

						hwv_fuse[791:784]		0x0062		0062		RESERVED								RESERVED								Bank 3, Word 0

						hwv_fuse[799:792]		0x0063		0063		RESERVED				RESERVED												Bank 3, Word 0

						hwv_fuse[807:800]		0x0064		0064		RESERVED		RESERVED														Bank 3, Word 1

						hwv_fuse[815:808]		0x0065		0065		RESERVED				RESERVED				RESERVED		RESERVED						Bank 3, Word 1

						hwv_fuse[823:816]		0x0066		0066		RESERVED		RESERVED														Bank 3, Word 1

						hwv_fuse[831:824]		0x0067		0067		RESERVED		RESERVED						RESERVED		RESERVED						Bank 3, Word 1

						hwv_fuse[839:832]		0x0068		0068		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 3, Word 2

						hwv_fuse[847:840]		0x0069		0069		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 3, Word 2

						hwv_fuse[855:848]		0x006A		006A		RESERVED		RESERVED				RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 3, Word 2

						hwv_fuse[863:856]		0x006B		006B		RESERVED																Bank 3, Word 2

						hwv_fuse[871:864]		0x006C		006C		RESERVED		RESERVED														Bank 3, Word 3

						hwv_fuse[879:872]		0x006D		006D		RESERVED		RESERVED														Bank 3, Word 3

						hwv_fuse[887:880]		0x006E		006E		RESERVED		RESERVED														Bank 3, Word 3

						hwv_fuse[895:888]		0x006F		006F		RESERVED		RESERVED														Bank 3, Word 3

						hwv_fuse[903:896]		0x0070		0070		RESERVED																Bank 3, Word 4

						hwv_fuse[911:904]		0x0071		0071		RESERVED																Bank 3, Word 4

						hwv_fuse[919:912]		0x0072		0072		RESERVED																Bank 3, Word 4

						hwv_fuse[927:920]		0x0073		0073		RESERVED																Bank 3, Word 4

						hwv_fuse[935:928]		0x0074		0074		RESERVED																Bank 3, Word 5

						hwv_fuse[943:936]		0x0075		0075		RESERVED		RESERVED														Bank 3, Word 5

						hwv_fuse[951:944]		0x0076		0076		RESERVED																Bank 3, Word 5

						hwv_fuse[959:952]		0x0077		0077		RESERVED																Bank 3, Word 5

						hwv_fuse[967:960]		0x0078		0078		RESERVED																Bank 3, Word 6

						hwv_fuse[975:968]		0x0079		0079		RESERVED																Bank 3, Word 6

						hwv_fuse[983:976]		0x007A		007A		RESERVED																Bank 3, Word 6

						hwv_fuse[991:984]		0x007B		007B		RESERVED																Bank 3, Word 6

						hwv_fuse[999:992]		0x007C		007C		RESERVED																Bank 3, Word 7

						hwv_fuse[1007:1000]		0x007D		007D		BT_FUSE_SEL		RESERVED 		RESERVED		RESERVED						RESERVED 				Bank 3, Word 7				Y

						hwv_fuse[1015:1008]		0x007E		007E		RESERVED		RESERVED		RESERVED								RESERVED 		RESERVED 		Bank 3, Word 7

						hwv_fuse[1023:1016]		0x007F		007F		RESERVED		RESERVED														Bank 3, Word 7

								0x7F		7F

		4		ECC		hwv_fuse[1031:1024]		0x0080		0080		Boot Configuration(refer Boot_CFG sheet for detail)																Bank 4, Word 0		BOOT_CFG_LOCK		Y

						hwv_fuse[1039:1032]		0x0081		0081																		Bank 4, Word 0

						hwv_fuse[1047:1040]		0x0082		0082																		Bank 4, Word 0

						hwv_fuse[1055:1048]		0x0083		0083																		Bank 4, Word 0

						hwv_fuse[1063:1056]		0x0084		0084																		Bank 4, Word 1

						hwv_fuse[1071:1064]		0x0085		0085																		Bank 4, Word 1

						hwv_fuse[1079:1072]		0x0086		0086																		Bank 4, Word 1

						hwv_fuse[1087:1080]		0x0087		0087																		Bank 4, Word 1

						hwv_fuse[1095:1088]		0x0088		0088																		Bank 4, Word 2

						hwv_fuse[1103:1096]		0x0089		0089																		Bank 4, Word 2

						hwv_fuse[1111:1104]		0x008A		008A																		Bank 4, Word 2

						hwv_fuse[1119:1112]		0x008B		008B																		Bank 4, Word 2

						hwv_fuse[1127:1120]		0x008C		008C																		Bank 4, Word 3

						hwv_fuse[1135:1128]		0x008D		008D																		Bank 4, Word 3

						hwv_fuse[1143:1136]		0x008E		008E																		Bank 4, Word 3

						hwv_fuse[1151:1144]		0x008F		008F																		Bank 4, Word 3

						hwv_fuse[1159:1152]		0x0090		0090																		Bank 4, Word 4

						hwv_fuse[1167:1160]		0x0091		0091																		Bank 4, Word 4

						hwv_fuse[1175:1168]		0x0092		0092																		Bank 4, Word 4

						hwv_fuse[1183:1176]		0x0093		0093																		Bank 4, Word 4

						hwv_fuse[1191:1184]		0x0094		0094																		Bank 4, Word 5

						hwv_fuse[1199:1192]		0x0095		0095																		Bank 4, Word 5

						hwv_fuse[1207:1200]		0x0096		0096																		Bank 4, Word 5

						hwv_fuse[1215:1208]		0x0097		0097																		Bank 4, Word 5

						hwv_fuse[1223:1216]		0x0098		0098		RESERVED																Bank 4, Word 6

						hwv_fuse[1231:1224]		0x0099		0099		RESERVED																Bank 4, Word 6

						hwv_fuse[1239:1232]		0x009A		009A		RESERVED																Bank 4, Word 6

						hwv_fuse[1247:1240]		0x009B		009B		RESERVED																Bank 4, Word 6

						hwv_fuse[1255:1248]		0x009C		009C		RESERVED																Bank 4, Word 7

						hwv_fuse[1263:1256]		0x009D		009D		RESERVED																Bank 4, Word 7

						hwv_fuse[1271:1264]		0x009E		009E		LPAV_MASTER_CONTROL_FROM_FUSE		RESERVED														Bank 4, Word 7				Y

						hwv_fuse[1279:1272]		0x009F		009F		SHELF_MODE_DISABLE		RESERVED														Bank 4, Word 7				Y

								0x9F		9F

		5		ECC		hwv_fuse[1287:1280]		0x00A0		00A0		RESERVED						RESERVED		RESERVED						RESERVED		Bank 5, Word 0		MEM_TRIM_LOCK

						hwv_fuse[1295:1288]		0x00A1		00A1		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 5, Word 0

						hwv_fuse[1303:1296]		0x00A2		00A2		RESERVED								RESERVED								Bank 5, Word 0

						hwv_fuse[1311:1304]		0x00A3		00A3		RESERVED								RESERVED								Bank 5, Word 0

						hwv_fuse[1319:1312]		0x00A4		00A4		RESERVED																Bank 5, Word 1

						hwv_fuse[1327:1320]		0x00A5		00A5		RESERVED																Bank 5, Word 1

						hwv_fuse[1335:1328]		0x00A6		00A6		RESERVED																Bank 5, Word 1

						hwv_fuse[1343:1336]		0x00A7		00A7		RESERVED																Bank 5, Word 1

						hwv_fuse[1351:1344]		0x00A8		00A8		RESERVED																Bank 5, Word 2

						hwv_fuse[1359:1352]		0x00A9		00A9		RESERVED																Bank 5, Word 2

						hwv_fuse[1367:1360]		0x00AA		00AA		RESERVED								RESERVED								Bank 5, Word 2

						hwv_fuse[1375:1368]		0x00AB		00AB		RESERVED																Bank 5, Word 2

						hwv_fuse[1383:1376]		0x00AC		00AC		MAC_ADDR[47:40]																Bank 5, Word 3				Y

						hwv_fuse[1391:1384]		0x00AD		00AD		MAC_ADDR[39:32]																Bank 5, Word 3				Y

						hwv_fuse[1399:1392]		0x00AE		00AE		MAC_ADDR[31:24]																Bank 5, Word 3				Y

						hwv_fuse[1407:1400]		0x00AF		00AF		MAC_ADDR[23:16]																Bank 5, Word 3				Y

						hwv_fuse[1415:1408]		0x00B0		00B0		MAC_ADDR[15:8]																Bank 5, Word 4				Y

						hwv_fuse[1423:1416]		0x00B1		00B1		MAC_ADDR[7:0]																Bank 5, Word 4				Y

						hwv_fuse[1431:1424]		0x00B2		00B2		RESERVED																Bank 5, Word 4

						hwv_fuse[1439:1432]		0x00B3		00B3		RESERVED																Bank 5, Word 4

						hwv_fuse[1447:1440]		0x00B4		00B4		RESERVED																Bank 5, Word 5

						hwv_fuse[1455:1448]		0x00B5		00B5		RESERVED																Bank 5, Word 5

						hwv_fuse[1463:1456]		0x00B6		00B6		RESERVED								RESERVED								Bank 5, Word 5

						hwv_fuse[1471:1464]		0x00B7		00B7		RESERVED				RESERVED												Bank 5, Word 5

						hwv_fuse[1479:1472]		0x00B8		00B8		USB_VID[15:0]																Bank 5, Word 6				Y

						hwv_fuse[1487:1480]		0x00B9		00B9																		Bank 5, Word 6

						hwv_fuse[1495:1488]		0x00BA		00BA		USB0_PID[15:0]																Bank 5, Word 6				Y

						hwv_fuse[1503:1496]		0x00BB		00BB																		Bank 5, Word 6

						hwv_fuse[1511:1504]		0x00BC		00BC		USB1_PID[15:0]																Bank 5, Word 7				Y

						hwv_fuse[1519:1512]		0x00BD		00BD																		Bank 5, Word 7

						hwv_fuse[1527:1520]		0x00BE		00BE		RESERVED																Bank 5, Word 7

						hwv_fuse[1535:1528]		0x00BF		00BF		RESERVED																Bank 5, Word 7

								0xBF		BF

		6		ECC		hwv_fuse[1543:1536]		0x00C0		00C0		RESERVED																Bank 6, Word 0

						hwv_fuse[1551:1544]		0x00C1		00C1																		Bank 6, Word 0

						hwv_fuse[1559:1552]		0x00C2		00C2																		Bank 6, Word 0

						hwv_fuse[1567:1560]		0x00C3		00C3																		Bank 6, Word 0

						hwv_fuse[1575:1568]		0x00C4		00C4		RESERVED																Bank 6, Word 1

						hwv_fuse[1583:1576]		0x00C5		00C5																		Bank 6, Word 1

						hwv_fuse[1591:1584]		0x00C6		00C6		RESERVED		RESERVED		RESERVED												Bank 6, Word 1

						hwv_fuse[1599:1592]		0x00C7		00C7		RESERVED																Bank 6, Word 1

						hwv_fuse[1607:1600]		0x00C8		00C8		RESERVED										RESERVED						Bank 6, Word 2

						hwv_fuse[1615:1608]		0x00C9		00C9		RESERVED																Bank 6, Word 2

						hwv_fuse[1623:1616]		0x00CA		00CA		RESERVED																Bank 6, Word 2

						hwv_fuse[1631:1624]		0x00CB		00CB		RESERVED				RESERVED												Bank 6, Word 2

						hwv_fuse[1639:1632]		0x00CC		00CC		RESERVED																Bank 6, Word 3

						hwv_fuse[1647:1640]		0x00CD		00CD																		Bank 6, Word 3

						hwv_fuse[1655:1648]		0x00CE		00CE																		Bank 6, Word 3

						hwv_fuse[1663:1656]		0x00CF		00CF																		Bank 6, Word 3

						hwv_fuse[1671:1664]		0x00D0		00D0		RESERVED																Bank 6, Word 4

						hwv_fuse[1679:1672]		0x00D1		00D1		RESERVED																Bank 6, Word 4

						hwv_fuse[1687:1680]		0x00D2		00D2		RESERVED																Bank 6, Word 4

						hwv_fuse[1695:1688]		0x00D3		00D3		RESERVED																Bank 6, Word 4

						hwv_fuse[1703:1696]		0x00D4		00D4		RESERVED																Bank 6, Word 5

						hwv_fuse[1711:1704]		0x00D5		00D5																		Bank 6, Word 5

						hwv_fuse[1719:1712]		0x00D6		00D6																		Bank 6, Word 5

						hwv_fuse[1727:1720]		0x00D7		00D7																		Bank 6, Word 5

						hwv_fuse[1735:1728]		0x00D8		00D8		RESERVED																Bank 6, Word 6

						hwv_fuse[1743:1736]		0x00D9		00D9																		Bank 6, Word 6

						hwv_fuse[1751:1744]		0x00DA		00DA																		Bank 6, Word 6

						hwv_fuse[1759:1752]		0x00DB		00DB																		Bank 6, Word 6

						hwv_fuse[1767:1760]		0x00DC		00DC		RESERVED																Bank 6, Word 7

						hwv_fuse[1775:1768]		0x00DD		00DD		RESERVED		RESERVED						RESERVED								Bank 6, Word 7

						hwv_fuse[1783:1776]		0x00DE		00DE		RESERVED																Bank 6, Word 7

						hwv_fuse[1791:1784]		0x00DF		00DF		RESERVED		RESERVED						RESERVED								Bank 6, Word 7

								0xDF		DF

		7		ECC		hwv_fuse[1799:1792]		0x00E0		00E0		RESERVED																Bank 7, Word 0						ECC

						hwv_fuse[1807:1800]		0x00E1		00E1																		Bank 7, Word 0

						hwv_fuse[1815:1808]		0x00E2		00E2																		Bank 7, Word 0

						hwv_fuse[1823:1816]		0x00E3		00E3																		Bank 7, Word 0

						hwv_fuse[1831:1824]		0x00E4		00E4																		Bank 7, Word 1

						hwv_fuse[1839:1832]		0x00E5		00E5																		Bank 7, Word 1

						hwv_fuse[1847:1840]		0x00E6		00E6																		Bank 7, Word 1

						hwv_fuse[1855:1848]		0x00E7		00E7																		Bank 7, Word 1

						hwv_fuse[1863:1856]		0x00E8		00E8																		Bank 7, Word 2

						hwv_fuse[1871:1864]		0x00E9		00E9																		Bank 7, Word 2

						hwv_fuse[1879:1872]		0x00EA		00EA																		Bank 7, Word 2

						hwv_fuse[1887:1880]		0x00EB		00EB																		Bank 7, Word 2

						hwv_fuse[1895:1888]		0x00EC		00EC																		Bank 7, Word 3

						hwv_fuse[1903:1896]		0x00ED		00ED																		Bank 7, Word 3

						hwv_fuse[1911:1904]		0x00EE		00EE																		Bank 7, Word 3

						hwv_fuse[1919:1912]		0x00EF		00EF																		Bank 7, Word 3

						hwv_fuse[1927:1920]		0x00F0		00F0		RESERVED																Bank 7, Word 4						ECC

						hwv_fuse[1935:1928]		0x00F1		00F1																		Bank 7, Word 4

						hwv_fuse[1943:1936]		0x00F2		00F2																		Bank 7, Word 4

						hwv_fuse[1951:1944]		0x00F3		00F3																		Bank 7, Word 4

						hwv_fuse[1959:1952]		0x00F4		00F4																		Bank 7, Word 5

						hwv_fuse[1967:1960]		0x00F5		00F5																		Bank 7, Word 5

						hwv_fuse[1975:1968]		0x00F6		00F6																		Bank 7, Word 5

						hwv_fuse[1983:1976]		0x00F7		00F7																		Bank 7, Word 5

						hwv_fuse[1991:1984]		0x00F8		00F8		RESERVED																Bank 7, Word 6

						hwv_fuse[1999:1992]		0x00F9		00F9																		Bank 7, Word 6

						hwv_fuse[2007:2000]		0x00FA		00FA																		Bank 7, Word 6

						hwv_fuse[2015:2008]		0x00FB		00FB																		Bank 7, Word 6

						hwv_fuse[2023:2016]		0x00FC		00FC																		Bank 7, Word 7

						hwv_fuse[2031:2024]		0x00FD		00FD																		Bank 7, Word 7

						hwv_fuse[2039:2032]		0x00FE		00FE																		Bank 7, Word 7

						hwv_fuse[2047:2040]		0x00FF		00FF																		Bank 7, Word 7

								0xFF		FF

		8		Redundancy /Bit Protect		hwv_fuse[2055:2048]		0x0100		0100		RESERVED								RESERVED								Bank 8, Word 0						Bit-Protect

						hwv_fuse[2063:2056]		0x0101		0101		RESERVED								RESERVED								Bank 8, Word 0						Bit-Protect

						hwv_fuse[2071:2064]		0x0102		0102		RESERVED								RESERVED								Bank 8, Word 0

						hwv_fuse[2079:2072]		0x0103		0103		RESERVED								RESERVED								Bank 8, Word 0

						hwv_fuse[2087:2080]		0x0104		0104		RESERVED								RESERVED								Bank 8, Word 1						Bit-Protect

						hwv_fuse[2095:2088]		0x0105		0105		RESERVED		RESERVED		RESERVED		RESERVED						RESERVED		RESERVED		Bank 8, Word 1						Bit-Protect

						hwv_fuse[2103:2096]		0x0106		0106		RESERVED								RESERVED								Bank 8, Word 1

						hwv_fuse[2111:2104]		0x0107		0107		RESERVED		RESERVED		RESERVED		RESERVED						RESERVED		RESERVED		Bank 8, Word 1

						hwv_fuse[2119:2112]		0x0108		0108		RESERVED		RESERVED		RESERVED

Alfonso Gonzalez Romero: Alfonso Gonzalez Romero:

Causes a a ROM/FW abort on RTD power down
 Will enter a TKT		RESERVED		RESERVED		RESERVED						Bank 8, Word 2						Redundant

						hwv_fuse[2127:2120]		0x0109		0109		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 2						Redundant

						hwv_fuse[2135:2128]		0x010A		010A		Redundancy																Bank 8, Word 2

						hwv_fuse[2143:2136]		0x010B		010B		Redundancy																Bank 8, Word 2

						hwv_fuse[2151:2144]		0x010C		010C		RESERVED																Bank 8, Word 3

						hwv_fuse[2159:2152]		0x010D		010D		RESERVED																Bank 8, Word 3

						hwv_fuse[2167:2160]		0x010E		010E		Redundancy																Bank 8, Word 3

						hwv_fuse[2175:2168]		0x010F		010F		Redundancy																Bank 8, Word 3

						hwv_fuse[2183:2176]		0x0110		0110		RESERVED																Bank 8, Word 4						Redundant

						hwv_fuse[2191:2184]		0x0111		0111		RESERVED																Bank 8, Word 4

						hwv_fuse[2199:2192]		0x0112		0112		Redundancy																Bank 8, Word 4

						hwv_fuse[2207:2200]		0x0113		0113		Redundancy																Bank 8, Word 4

						hwv_fuse[2215:2208]		0x0114		0114		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 5						Bit-Protect

						hwv_fuse[2223:2216]		0x0115		0115		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 5						Bit-Protect

						hwv_fuse[2231:2224]		0x0116		0116		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 5

						hwv_fuse[2239:2232]		0x0117		0117		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 5

						hwv_fuse[2247:2240]		0x0118		0118		RESERVED								RESERVED								Bank 8, Word 6						Bit-Protect

						hwv_fuse[2255:2248]		0x0119		0119		RESERVED								RESERVED								Bank 8, Word 6						Bit-Protect

						hwv_fuse[2263:2256]		0x011A		011A		RESERVED								RESERVED								Bank 8, Word 6

						hwv_fuse[2271:2264]		0x011B		011B		RESERVED								RESERVED								Bank 8, Word 6

						hwv_fuse[2279:2272]		0x011C		011C		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED						Bank 8, Word 7						Redundant

						hwv_fuse[2287:2280]		0x011D		011D		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		Bank 8, Word 7						Redundant

						hwv_fuse[2295:2288]		0x011E		011E		Redundancy																Bank 8, Word 7

						hwv_fuse[2303:2296]		0x011F		011F		Redundancy																Bank 8, Word 7

								0x11F		11F

		9		ECC		hwv_fuse[2311:2304]		0x0120		0120		RESERVED																Bank 9, Word 0						ECC

						hwv_fuse[2319:2312]		0x0121		0121																		Bank 9, Word 0

						hwv_fuse[2327:2320]		0x0122		0122																		Bank 9, Word 0

						hwv_fuse[2335:2328]		0x0123		0123																		Bank 9, Word 0

						hwv_fuse[2343:2336]		0x0124		0124																		Bank 9, Word 1

						hwv_fuse[2351:2344]		0x0125		0125																		Bank 9, Word 1

						hwv_fuse[2359:2352]		0x0126		0126																		Bank 9, Word 1

						hwv_fuse[2367:2360]		0x0127		0127																		Bank 9, Word 1

						hwv_fuse[2375:2368]		0x0128		0128																		Bank 9, Word 2

						hwv_fuse[2383:2376]		0x0129		0129																		Bank 9, Word 2

						hwv_fuse[2391:2384]		0x012A		012A																		Bank 9, Word 2

						hwv_fuse[2399:2392]		0x012B		012B																		Bank 9, Word 2

						hwv_fuse[2407:2400]		0x012C		012C																		Bank 9, Word 3

						hwv_fuse[2415:2408]		0x012D		012D																		Bank 9, Word 3

						hwv_fuse[2423:2416]		0x012E		012E																		Bank 9, Word 3

						hwv_fuse[2431:2424]		0x012F		012F																		Bank 9, Word 3

						hwv_fuse[2439:2432]		0x0130		0130																		Bank 9, Word 4

						hwv_fuse[2447:2440]		0x0131		0131																		Bank 9, Word 4

						hwv_fuse[2455:2448]		0x0132		0132																		Bank 9, Word 4

						hwv_fuse[2463:2456]		0x0133		0133																		Bank 9, Word 4

						hwv_fuse[2471:2464]		0x0134		0134																		Bank 9, Word 5

						hwv_fuse[2479:2472]		0x0135		0135																		Bank 9, Word 5

						hwv_fuse[2487:2480]		0x0136		0136																		Bank 9, Word 5

						hwv_fuse[2495:2488]		0x0137		0137																		Bank 9, Word 5

						hwv_fuse[2503:2496]		0x0138		0138																		Bank 9, Word 6

						hwv_fuse[2511:2504]		0x0139		0139																		Bank 9, Word 6

						hwv_fuse[2519:2512]		0x013A		013A																		Bank 9, Word 6

						hwv_fuse[2527:2520]		0x013B		013B																		Bank 9, Word 6

						hwv_fuse[2535:2528]		0x013C		013C																		Bank 9, Word 7

						hwv_fuse[2543:2536]		0x013D		013D																		Bank 9, Word 7

						hwv_fuse[2551:2544]		0x013E		013E																		Bank 9, Word 7

						hwv_fuse[2559:2552]		0x013F		013F																		Bank 9, Word 7

								0x13F		13F

		10		ECC		hwv_fuse[2567:2560]		0x0140		0140		RESERVED																Bank 10, Word 0						ECC**

						hwv_fuse[2575:2568]		0x0141		0141																		Bank 10, Word 0

						hwv_fuse[2583:2576]		0x0142		0142																		Bank 10, Word 0

						hwv_fuse[2591:2584]		0x0143		0143																		Bank 10, Word 0

						hwv_fuse[2599:2592]		0x0144		0144		RESERVED																Bank 10, Word 1						ECC**

						hwv_fuse[2607:2600]		0x0145		0145																		Bank 10, Word 1

						hwv_fuse[2615:2608]		0x0146		0146																		Bank 10, Word 1

						hwv_fuse[2623:2616]		0x0147		0147																		Bank 10, Word 1

						hwv_fuse[2631:2624]		0x0148		0148		RESERVED																Bank 10, Word 2						ECC**

						hwv_fuse[2639:2632]		0x0149		0149																		Bank 10, Word 2

						hwv_fuse[2647:2640]		0x014A		014A																		Bank 10, Word 2

						hwv_fuse[2655:2648]		0x014B		014B																		Bank 10, Word 2

						hwv_fuse[2663:2656]		0x014C		014C		RESERVED																Bank 10, Word 3						ECC**

						hwv_fuse[2671:2664]		0x014D		014D																		Bank 10, Word 3

						hwv_fuse[2679:2672]		0x014E		014E																		Bank 10, Word 3

						hwv_fuse[2687:2680]		0x014F		014F																		Bank 10, Word 3

						hwv_fuse[2695:2688]		0x0150		0150		RESERVED																Bank 10, Word 4						ECC**

						hwv_fuse[2703:2696]		0x0151		0151																		Bank 10, Word 4

						hwv_fuse[2711:2704]		0x0152		0152																		Bank 10, Word 4

						hwv_fuse[2719:2712]		0x0153		0153																		Bank 10, Word 4

						hwv_fuse[2727:2720]		0x0154		0154		RESERVED																Bank 10, Word 5						ECC**

						hwv_fuse[2735:2728]		0x0155		0155																		Bank 10, Word 5

						hwv_fuse[2743:2736]		0x0156		0156																		Bank 10, Word 5

						hwv_fuse[2751:2744]		0x0157		0157																		Bank 10, Word 5

						hwv_fuse[2759:2752]		0x0158		0158		RESERVED																Bank 10, Word 6

						hwv_fuse[2767:2760]		0x0159		0159																		Bank 10, Word 6

						hwv_fuse[2775:2768]		0x015A		015A																		Bank 10, Word 6

						hwv_fuse[2783:2776]		0x015B		015B																		Bank 10, Word 6

						hwv_fuse[2791:2784]		0x015C		015C																		Bank 10, Word 7

						hwv_fuse[2799:2792]		0x015D		015D																		Bank 10, Word 7

						hwv_fuse[2807:2800]		0x015E		015E																		Bank 10, Word 7

						hwv_fuse[2815:2808]		0x015F		015F																		Bank 10, Word 7

								0x15F		15F

		11		ECC		hwv_fuse[2823:2816]		0x0160		0160		RESERVED																Bank 11, Word 0						ECC

						hwv_fuse[2831:2824]		0x0161		0161																		Bank 11, Word 0

						hwv_fuse[2839:2832]		0x0162		0162																		Bank 11, Word 0

						hwv_fuse[2847:2840]		0x0163		0163																		Bank 11, Word 0

						hwv_fuse[2855:2848]		0x0164		0164																		Bank 11, Word 1

						hwv_fuse[2863:2856]		0x0165		0165																		Bank 11, Word 1

						hwv_fuse[2871:2864]		0x0166		0166																		Bank 11, Word 1

						hwv_fuse[2879:2872]		0x0167		0167																		Bank 11, Word 1

						hwv_fuse[2887:2880]		0x0168		0168																		Bank 11, Word 2

						hwv_fuse[2895:2888]		0x0169		0169																		Bank 11, Word 2

						hwv_fuse[2903:2896]		0x016A		016A																		Bank 11, Word 2

						hwv_fuse[2911:2904]		0x016B		016B																		Bank 11, Word 2

						hwv_fuse[2919:2912]		0x016C		016C																		Bank 11, Word 3

						hwv_fuse[2927:2920]		0x016D		016D																		Bank 11, Word 3

						hwv_fuse[2935:2928]		0x016E		016E																		Bank 11, Word 3

						hwv_fuse[2943:2936]		0x016F		016F																		Bank 11, Word 3

						hwv_fuse[2951:2944]		0x0170		0170		RESERVED																Bank 11, Word 4						ECC

						hwv_fuse[2959:2952]		0x0171		0171																		Bank 11, Word 4

						hwv_fuse[2967:2960]		0x0172		0172																		Bank 11, Word 4

						hwv_fuse[2975:2968]		0x0173		0173																		Bank 11, Word 4

						hwv_fuse[2983:2976]		0x0174		0174																		Bank 11, Word 5

						hwv_fuse[2991:2984]		0x0175		0175																		Bank 11, Word 5

						hwv_fuse[2999:2992]		0x0176		0176																		Bank 11, Word 5

						hwv_fuse[3007:3000]		0x0177		0177																		Bank 11, Word 5

						hwv_fuse[3015:3008]		0x0178		0178																		Bank 11, Word 6

						hwv_fuse[3023:3016]		0x0179		0179																		Bank 11, Word 6

						hwv_fuse[3031:3024]		0x017A		017A																		Bank 11, Word 6

						hwv_fuse[3039:3032]		0x017B		017B																		Bank 11, Word 6

						hwv_fuse[3047:3040]		0x017C		017C																		Bank 11, Word 7

						hwv_fuse[3055:3048]		0x017D		017D																		Bank 11, Word 7

						hwv_fuse[3063:3056]		0x017E		017E																		Bank 11, Word 7

						hwv_fuse[3071:3064]		0x017F		017F																		Bank 11, Word 7

								0x17F		17F

		12		Redundancy		hwv_fuse[3079:3072]		0x0180		0180		RESERVED																Bank 12, Word 0						Redundant

						hwv_fuse[3087:3080]		0x0181		0181																		Bank 12, Word 0						Redundant

						hwv_fuse[3095:3088]		0x0182		0182		Redundancy																Bank 12, Word 0

						hwv_fuse[3103:3096]		0x0183		0183		Redundancy																Bank 12, Word 0

						hwv_fuse[3111:3104]		0x0184		0184		RESERVED																Bank 12, Word 1						Redundant

						hwv_fuse[3119:3112]		0x0185		0185																		Bank 12, Word 1						Redundant

						hwv_fuse[3127:3120]		0x0186		0186		Redundancy																Bank 12, Word 1

						hwv_fuse[3135:3128]		0x0187		0187		Redundancy																Bank 12, Word 1

						hwv_fuse[3143:3136]		0x0188		0188		RESERVED																Bank 12, Word 2						Redundant

						hwv_fuse[3151:3144]		0x0189		0189																		Bank 12, Word 2						Redundant

						hwv_fuse[3159:3152]		0x018A		018A		Redundancy																Bank 12, Word 2

						hwv_fuse[3167:3160]		0x018B		018B		Redundancy																Bank 12, Word 2

						hwv_fuse[3175:3168]		0x018C		018C		RESERVED																Bank 12, Word 3						Redundant

						hwv_fuse[3183:3176]		0x018D		018D																		Bank 12, Word 3						Redundant

						hwv_fuse[3191:3184]		0x018E		018E		Redundancy																Bank 12, Word 3

						hwv_fuse[3199:3192]		0x018F		018F		Redundancy																Bank 12, Word 3

						hwv_fuse[3207:3200]		0x0190		0190		RESERVED																Bank 12, Word 4						Redundant

						hwv_fuse[3215:3208]		0x0191		0191																		Bank 12, Word 4						Redundant

						hwv_fuse[3223:3216]		0x0192		0192		Redundancy																Bank 12, Word 4

						hwv_fuse[3231:3224]		0x0193		0193		Redundancy																Bank 12, Word 4

						hwv_fuse[3239:3232]		0x0194		0194		RESERVED																Bank 12, Word 5						Redundant

						hwv_fuse[3247:3240]		0x0195		0195																		Bank 12, Word 5						Redundant

						hwv_fuse[3255:3248]		0x0196		0196		Redundancy																Bank 12, Word 5

						hwv_fuse[3263:3256]		0x0197		0197		Redundancy																Bank 12, Word 5

						hwv_fuse[3271:3264]		0x0198		0198		RESERVED																Bank 12, Word 6						Redundant

						hwv_fuse[3279:3272]		0x0199		0199																		Bank 12, Word 6						Redundant

						hwv_fuse[3287:3280]		0x019A		019A		Redundancy																Bank 12, Word 6

						hwv_fuse[3295:3288]		0x019B		019B		Redundancy																Bank 12, Word 6

						hwv_fuse[3303:3296]		0x019C		019C		RESERVED																Bank 12, Word 7						Redundant

						hwv_fuse[3311:3304]		0x019D		019D																		Bank 12, Word 7						Redundant

						hwv_fuse[3319:3312]		0x019E		019E		Redundancy																Bank 12, Word 7

						hwv_fuse[3327:3320]		0x019F		019F		Redundancy																Bank 12, Word 7

								0x19F		19F

		13		ECC		hwv_fuse[3335:3328]		0x01A0		01A0		RESERVED																Bank 13, Word 0						ECC

						hwv_fuse[3343:3336]		0x01A1		01A1																		Bank 13, Word 0

						hwv_fuse[3351:3344]		0x01A2		01A2																		Bank 13, Word 0

						hwv_fuse[3359:3352]		0x01A3		01A3																		Bank 13, Word 0

						hwv_fuse[3367:3360]		0x01A4		01A4																		Bank 13, Word 1

						hwv_fuse[3375:3368]		0x01A5		01A5																		Bank 13, Word 1

						hwv_fuse[3383:3376]		0x01A6		01A6																		Bank 13, Word 1

						hwv_fuse[3391:3384]		0x01A7		01A7																		Bank 13, Word 1

						hwv_fuse[3399:3392]		0x01A8		01A8																		Bank 13, Word 2

						hwv_fuse[3407:3400]		0x01A9		01A9																		Bank 13, Word 2

						hwv_fuse[3415:3408]		0x01AA		01AA																		Bank 13, Word 2

						hwv_fuse[3423:3416]		0x01AB		01AB																		Bank 13, Word 2

						hwv_fuse[3431:3424]		0x01AC		01AC																		Bank 13, Word 3

						hwv_fuse[3439:3432]		0x01AD		01AD																		Bank 13, Word 3

						hwv_fuse[3447:3440]		0x01AE		01AE																		Bank 13, Word 3

						hwv_fuse[3455:3448]		0x01AF		01AF																		Bank 13, Word 3

						hwv_fuse[3463:3456]		0x01B0		01B0																		Bank 13, Word 4

						hwv_fuse[3471:3464]		0x01B1		01B1																		Bank 13, Word 4

						hwv_fuse[3479:3472]		0x01B2		01B2																		Bank 13, Word 4

						hwv_fuse[3487:3480]		0x01B3		01B3																		Bank 13, Word 4

						hwv_fuse[3495:3488]		0x01B4		01B4																		Bank 13, Word 5

						hwv_fuse[3503:3496]		0x01B5		01B5																		Bank 13, Word 5

						hwv_fuse[3511:3504]		0x01B6		01B6																		Bank 13, Word 5

						hwv_fuse[3519:3512]		0x01B7		01B7																		Bank 13, Word 5

						hwv_fuse[3527:3520]		0x01B8		01B8																		Bank 13, Word 6

						hwv_fuse[3535:3528]		0x01B9		01B9																		Bank 13, Word 6

						hwv_fuse[3543:3536]		0x01BA		01BA																		Bank 13, Word 6

						hwv_fuse[3551:3544]		0x01BB		01BB																		Bank 13, Word 6

						hwv_fuse[3559:3552]		0x01BC		01BC																		Bank 13, Word 7

						hwv_fuse[3567:3560]		0x01BD		01BD																		Bank 13, Word 7

						hwv_fuse[3575:3568]		0x01BE		01BE																		Bank 13, Word 7

						hwv_fuse[3583:3576]		0x01BF		01BF																		Bank 13, Word 7

								0x1BF		1BF

		14		ECC		hwv_fuse[3591:3584]		0x01C0		01C0		RESERVED																Bank 14, Word 0						ECC

						hwv_fuse[3599:3592]		0x01C1		01C1																		Bank 14, Word 0

						hwv_fuse[3607:3600]		0x01C2		01C2																		Bank 14, Word 0

						hwv_fuse[3615:3608]		0x01C3		01C3																		Bank 14, Word 0

						hwv_fuse[3623:3616]		0x01C4		01C4																		Bank 14, Word 1

						hwv_fuse[3631:3624]		0x01C5		01C5																		Bank 14, Word 1

						hwv_fuse[3639:3632]		0x01C6		01C6																		Bank 14, Word 1

						hwv_fuse[3647:3640]		0x01C7		01C7																		Bank 14, Word 1

						hwv_fuse[3655:3648]		0x01C8		01C8																		Bank 14, Word 2

						hwv_fuse[3663:3656]		0x01C9		01C9																		Bank 14, Word 2

						hwv_fuse[3671:3664]		0x01CA		01CA																		Bank 14, Word 2

						hwv_fuse[3679:3672]		0x01CB		01CB																		Bank 14, Word 2

						hwv_fuse[3687:3680]		0x01CC		01CC																		Bank 14, Word 3

						hwv_fuse[3695:3688]		0x01CD		01CD																		Bank 14, Word 3

						hwv_fuse[3703:3696]		0x01CE		01CE																		Bank 14, Word 3

						hwv_fuse[3711:3704]		0x01CF		01CF																		Bank 14, Word 3

						hwv_fuse[3719:3712]		0x01D0		01D0																		Bank 14, Word 4

						hwv_fuse[3727:3720]		0x01D1		01D1																		Bank 14, Word 4

						hwv_fuse[3735:3728]		0x01D2		01D2																		Bank 14, Word 4

						hwv_fuse[3743:3736]		0x01D3		01D3																		Bank 14, Word 4

						hwv_fuse[3751:3744]		0x01D4		01D4																		Bank 14, Word 5

						hwv_fuse[3759:3752]		0x01D5		01D5																		Bank 14, Word 5

						hwv_fuse[3767:3760]		0x01D6		01D6																		Bank 14, Word 5

						hwv_fuse[3775:3768]		0x01D7		01D7																		Bank 14, Word 5

						hwv_fuse[3783:3776]		0x01D8		01D8																		Bank 14, Word 6

						hwv_fuse[3791:3784]		0x01D9		01D9																		Bank 14, Word 6

						hwv_fuse[3799:3792]		0x01DA		01DA																		Bank 14, Word 6

						hwv_fuse[3807:3800]		0x01DB		01DB																		Bank 14, Word 6

						hwv_fuse[3815:3808]		0x01DC		01DC																		Bank 14, Word 7

						hwv_fuse[3823:3816]		0x01DD		01DD																		Bank 14, Word 7

						hwv_fuse[3831:3824]		0x01DE		01DE																		Bank 14, Word 7

						hwv_fuse[3839:3832]		0x01DF		01DF																		Bank 14, Word 7

								0x1DF		1DF

		15		ECC		hwv_fuse[3847:3840]		0x01E0		01E0		RESERVED																Bank 15, Word 0						ECC

						hwv_fuse[3855:3848]		0x01E1		01E1																		Bank 15, Word 0

						hwv_fuse[3863:3856]		0x01E2		01E2																		Bank 15, Word 0

						hwv_fuse[3871:3864]		0x01E3		01E3																		Bank 15, Word 0

						hwv_fuse[3879:3872]		0x01E4		01E4																		Bank 15, Word 1

						hwv_fuse[3887:3880]		0x01E5		01E5																		Bank 15, Word 1

						hwv_fuse[3895:3888]		0x01E6		01E6																		Bank 15, Word 1

						hwv_fuse[3903:3896]		0x01E7		01E7																		Bank 15, Word 1

						hwv_fuse[3911:3904]		0x01E8		01E8																		Bank 15, Word 2

						hwv_fuse[3919:3912]		0x01E9		01E9																		Bank 15, Word 2

						hwv_fuse[3927:3920]		0x01EA		01EA																		Bank 15, Word 2

						hwv_fuse[3935:3928]		0x01EB		01EB																		Bank 15, Word 2

						hwv_fuse[3943:3936]		0x01EC		01EC																		Bank 15, Word 3

						hwv_fuse[3951:3944]		0x01ED		01ED																		Bank 15, Word 3

						hwv_fuse[3959:3952]		0x01EE		01EE																		Bank 15, Word 3

						hwv_fuse[3967:3960]		0x01EF		01EF																		Bank 15, Word 3

						hwv_fuse[3975:3968]		0x01F0		01F0																		Bank 15, Word 4

						hwv_fuse[3983:3976]		0x01F1		01F1																		Bank 15, Word 4

						hwv_fuse[3991:3984]		0x01F2		01F2																		Bank 15, Word 4

						hwv_fuse[3999:3992]		0x01F3		01F3																		Bank 15, Word 4

						hwv_fuse[4007:4000]		0x01F4		01F4																		Bank 15, Word 5

						hwv_fuse[4015:4008]		0x01F5		01F5																		Bank 15, Word 5

						hwv_fuse[4023:4016]		0x01F6		01F6																		Bank 15, Word 5

						hwv_fuse[4031:4024]		0x01F7		01F7																		Bank 15, Word 5

						hwv_fuse[4039:4032]		0x01F8		01F8																		Bank 15, Word 6

						hwv_fuse[4047:4040]		0x01F9		01F9																		Bank 15, Word 6

						hwv_fuse[4055:4048]		0x01FA		01FA																		Bank 15, Word 6

						hwv_fuse[4063:4056]		0x01FB		01FB																		Bank 15, Word 6

						hwv_fuse[4071:4064]		0x01FC		01FC																		Bank 15, Word 7

						hwv_fuse[4079:4072]		0x01FD		01FD																		Bank 15, Word 7

						hwv_fuse[4087:4080]		0x01FE		01FE																		Bank 15, Word 7

						hwv_fuse[4095:4088]		0x01FF		01FF																		Bank 15, Word 7

								0x1FF		1FF

		16		Redundancy		hwv_fuse[4103:4096]		0x0200		0200		RESERVED																Bank 16, Word 0						Redundancy

						hwv_fuse[4111:4104]		0x0201		0201																		Bank 16, Word 0

						hwv_fuse[4119:4112]		0x0202		0202		Redundancy																Bank 16, Word 0

						hwv_fuse[4127:4120]		0x0203		0203		Redundancy																Bank 16, Word 0

						hwv_fuse[4135:4128]		0x0204		0204		RESERVED																Bank 16, Word 1

						hwv_fuse[4143:4136]		0x0205		0205																		Bank 16, Word 1

						hwv_fuse[4151:4144]		0x0206		0206		Redundancy																Bank 16, Word 1

						hwv_fuse[4159:4152]		0x0207		0207		Redundancy																Bank 16, Word 1

						hwv_fuse[4167:4160]		0x0208		0208		RESERVED																Bank 16, Word 2

						hwv_fuse[4175:4168]		0x0209		0209																		Bank 16, Word 2

						hwv_fuse[4183:4176]		0x020A		020A		Redundancy																Bank 16, Word 2

						hwv_fuse[4191:4184]		0x020B		020B		Redundancy																Bank 16, Word 2

						hwv_fuse[4199:4192]		0x020C		020C		RESERVED																Bank 16, Word 3

						hwv_fuse[4207:4200]		0x020D		020D																		Bank 16, Word 3

						hwv_fuse[4215:4208]		0x020E		020E		Redundancy																Bank 16, Word 3

						hwv_fuse[4223:4216]		0x020F		020F		Redundancy																Bank 16, Word 3

						hwv_fuse[4231:4224]		0x0210		0210		RESERVED																Bank 16, Word 4

						hwv_fuse[4239:4232]		0x0211		0211																		Bank 16, Word 4

						hwv_fuse[4247:4240]		0x0212		0212		Redundancy																Bank 16, Word 4

						hwv_fuse[4255:4248]		0x0213		0213		Redundancy																Bank 16, Word 4

						hwv_fuse[4263:4256]		0x0214		0214		RESERVED																Bank 16, Word 5

						hwv_fuse[4271:4264]		0x0215		0215																		Bank 16, Word 5

						hwv_fuse[4279:4272]		0x0216		0216		Redundancy																Bank 16, Word 5

						hwv_fuse[4287:4280]		0x0217		0217		Redundancy																Bank 16, Word 5

						hwv_fuse[4295:4288]		0x0218		0218		RESERVED																Bank 16, Word 6

						hwv_fuse[4303:4296]		0x0219		0219																		Bank 16, Word 6

						hwv_fuse[4311:4304]		0x021A		021A		Redundancy																Bank 16, Word 6

						hwv_fuse[4319:4312]		0x021B		021B		Redundancy																Bank 16, Word 6

						hwv_fuse[4327:4320]		0x021C		021C		RESERVED																Bank 16, Word 7

						hwv_fuse[4335:4328]		0x021D		021D																		Bank 16, Word 7

						hwv_fuse[4343:4336]		0x021E		021E		Redundancy																Bank 16, Word 7

						hwv_fuse[4351:4344]		0x021F		021F		Redundancy																Bank 16, Word 7

								0x21F		21F

		17		ECC		hwv_fuse[4359:4352]		0x0220		0220		RESERVED																Bank 17, Word 0						ECC

						hwv_fuse[4367:4360]		0x0221		0221																		Bank 17, Word 0

						hwv_fuse[4375:4368]		0x0222		0222																		Bank 17, Word 0

						hwv_fuse[4383:4376]		0x0223		0223																		Bank 17, Word 0

						hwv_fuse[4391:4384]		0x0224		0224																		Bank 17, Word 1

						hwv_fuse[4399:4392]		0x0225		0225																		Bank 17, Word 1

						hwv_fuse[4407:4400]		0x0226		0226																		Bank 17, Word 1

						hwv_fuse[4415:4408]		0x0227		0227																		Bank 17, Word 1

						hwv_fuse[4423:4416]		0x0228		0228																		Bank 17, Word 2

						hwv_fuse[4431:4424]		0x0229		0229																		Bank 17, Word 2

						hwv_fuse[4439:4432]		0x022A		022A																		Bank 17, Word 2

						hwv_fuse[4447:4440]		0x022B		022B																		Bank 17, Word 2

						hwv_fuse[4455:4448]		0x022C		022C																		Bank 17, Word 3

						hwv_fuse[4463:4456]		0x022D		022D																		Bank 17, Word 3

						hwv_fuse[4471:4464]		0x022E		022E																		Bank 17, Word 3

						hwv_fuse[4479:4472]		0x022F		022F																		Bank 17, Word 3

						hwv_fuse[4487:4480]		0x0230		0230																		Bank 17, Word 4

						hwv_fuse[4495:4488]		0x0231		0231																		Bank 17, Word 4

						hwv_fuse[4503:4496]		0x0232		0232																		Bank 17, Word 4

						hwv_fuse[4511:4504]		0x0233		0233																		Bank 17, Word 4

						hwv_fuse[4519:4512]		0x0234		0234																		Bank 17, Word 5

						hwv_fuse[4527:4520]		0x0235		0235																		Bank 17, Word 5

						hwv_fuse[4535:4528]		0x0236		0236																		Bank 17, Word 5

						hwv_fuse[4543:4536]		0x0237		0237																		Bank 17, Word 5

						hwv_fuse[4551:4544]		0x0238		0238																		Bank 17, Word 6

						hwv_fuse[4559:4552]		0x0239		0239																		Bank 17, Word 6

						hwv_fuse[4567:4560]		0x023A		023A																		Bank 17, Word 6

						hwv_fuse[4575:4568]		0x023B		023B																		Bank 17, Word 6

						hwv_fuse[4583:4576]		0x023C		023C																		Bank 17, Word 7

						hwv_fuse[4591:4584]		0x023D		023D																		Bank 17, Word 7

						hwv_fuse[4599:4592]		0x023E		023E																		Bank 17, Word 7

						hwv_fuse[4607:4600]		0x023F		023F																		Bank 17, Word 7

								0x23F		23F

		18		ECC		hwv_fuse[4615:4608]		0x0240		0240		RESERVED																Bank 18, Word 0						ECC

						hwv_fuse[4623:4616]		0x0241		0241																		Bank 18, Word 0

						hwv_fuse[4631:4624]		0x0242		0242																		Bank 18, Word 0

						hwv_fuse[4639:4632]		0x0243		0243																		Bank 18, Word 0

						hwv_fuse[4647:4640]		0x0244		0244																		Bank 18, Word 1

						hwv_fuse[4655:4648]		0x0245		0245																		Bank 18, Word 1

						hwv_fuse[4663:4656]		0x0246		0246																		Bank 18, Word 1

						hwv_fuse[4671:4664]		0x0247		0247																		Bank 18, Word 1

						hwv_fuse[4679:4672]		0x0248		0248																		Bank 18, Word 2

						hwv_fuse[4687:4680]		0x0249		0249																		Bank 18, Word 2

						hwv_fuse[4695:4688]		0x024A		024A																		Bank 18, Word 2

						hwv_fuse[4703:4696]		0x024B		024B																		Bank 18, Word 2

						hwv_fuse[4711:4704]		0x024C		024C																		Bank 18, Word 3

						hwv_fuse[4719:4712]		0x024D		024D																		Bank 18, Word 3

						hwv_fuse[4727:4720]		0x024E		024E																		Bank 18, Word 3

						hwv_fuse[4735:4728]		0x024F		024F																		Bank 18, Word 3

						hwv_fuse[4743:4736]		0x0250		0250																		Bank 18, Word 4

						hwv_fuse[4751:4744]		0x0251		0251																		Bank 18, Word 4

						hwv_fuse[4759:4752]		0x0252		0252																		Bank 18, Word 4

						hwv_fuse[4767:4760]		0x0253		0253																		Bank 18, Word 4

						hwv_fuse[4775:4768]		0x0254		0254																		Bank 18, Word 5

						hwv_fuse[4783:4776]		0x0255		0255																		Bank 18, Word 5

						hwv_fuse[4791:4784]		0x0256		0256																		Bank 18, Word 5

						hwv_fuse[4799:4792]		0x0257		0257																		Bank 18, Word 5

						hwv_fuse[4807:4800]		0x0258		0258																		Bank 18, Word 6

						hwv_fuse[4815:4808]		0x0259		0259																		Bank 18, Word 6

						hwv_fuse[4823:4816]		0x025A		025A																		Bank 18, Word 6

						hwv_fuse[4831:4824]		0x025B		025B																		Bank 18, Word 6

						hwv_fuse[4839:4832]		0x025C		025C																		Bank 18, Word 7

						hwv_fuse[4847:4840]		0x025D		025D																		Bank 18, Word 7

						hwv_fuse[4855:4848]		0x025E		025E																		Bank 18, Word 7

						hwv_fuse[4863:4856]		0x025F		025F																		Bank 18, Word 7

								0x25F		25F

		19		ECC		hwv_fuse[4871:4864]		0x0260		0260		RESERVED																Bank 19, Word 0						ECC

						hwv_fuse[4879:4872]		0x0261		0261																		Bank 19, Word 0

						hwv_fuse[4887:4880]		0x0262		0262																		Bank 19, Word 0

						hwv_fuse[4895:4888]		0x0263		0263																		Bank 19, Word 0

						hwv_fuse[4903:4896]		0x0264		0264																		Bank 19, Word 1

						hwv_fuse[4911:4904]		0x0265		0265																		Bank 19, Word 1

						hwv_fuse[4919:4912]		0x0266		0266																		Bank 19, Word 1

						hwv_fuse[4927:4920]		0x0267		0267																		Bank 19, Word 1

						hwv_fuse[4935:4928]		0x0268		0268																		Bank 19, Word 2

						hwv_fuse[4943:4936]		0x0269		0269																		Bank 19, Word 2

						hwv_fuse[4951:4944]		0x026A		026A																		Bank 19, Word 2

						hwv_fuse[4959:4952]		0x026B		026B																		Bank 19, Word 2

						hwv_fuse[4967:4960]		0x026C		026C																		Bank 19, Word 3

						hwv_fuse[4975:4968]		0x026D		026D																		Bank 19, Word 3

						hwv_fuse[4983:4976]		0x026E		026E																		Bank 19, Word 3

						hwv_fuse[4991:4984]		0x026F		026F																		Bank 19, Word 3

						hwv_fuse[4999:4992]		0x0270		0270		RESERVED																Bank 19, Word 4

						hwv_fuse[5007:5000]		0x0271		0271																		Bank 19, Word 4

						hwv_fuse[5015:5008]		0x0272		0272																		Bank 19, Word 4

						hwv_fuse[5023:5016]		0x0273		0273																		Bank 19, Word 4

						hwv_fuse[5031:5024]		0x0274		0274																		Bank 19, Word 5

						hwv_fuse[5039:5032]		0x0275		0275																		Bank 19, Word 5

						hwv_fuse[5047:5040]		0x0276		0276																		Bank 19, Word 5

						hwv_fuse[5055:5048]		0x0277		0277																		Bank 19, Word 5

						hwv_fuse[5063:5056]		0x0278		0278																		Bank 19, Word 6

						hwv_fuse[5071:5064]		0x0279		0279																		Bank 19, Word 6

						hwv_fuse[5079:5072]		0x027A		027A																		Bank 19, Word 6

						hwv_fuse[5087:5080]		0x027B		027B																		Bank 19, Word 6

						hwv_fuse[5095:5088]		0x027C		027C																		Bank 19, Word 7

						hwv_fuse[5103:5096]		0x027D		027D																		Bank 19, Word 7

						hwv_fuse[5111:5104]		0x027E		027E																		Bank 19, Word 7

						hwv_fuse[5119:5112]		0x027F		027F																		Bank 19, Word 7

								0x27F		27F

		20		ECC		hwv_fuse[5127:5120]		0x0280		0280		RESERVED																Bank 20, Word 0						ECC

						hwv_fuse[5135:5128]		0x0281		0281																		Bank 20, Word 0

						hwv_fuse[5143:5136]		0x0282		0282																		Bank 20, Word 0

						hwv_fuse[5151:5144]		0x0283		0283																		Bank 20, Word 0

						hwv_fuse[5159:5152]		0x0284		0284																		Bank 20, Word 1

						hwv_fuse[5167:5160]		0x0285		0285																		Bank 20, Word 1

						hwv_fuse[5175:5168]		0x0286		0286																		Bank 20, Word 1

						hwv_fuse[5183:5176]		0x0287		0287																		Bank 20, Word 1

						hwv_fuse[5191:5184]		0x0288		0288																		Bank 20, Word 2

						hwv_fuse[5199:5192]		0x0289		0289																		Bank 20, Word 2

						hwv_fuse[5207:5200]		0x028A		028A																		Bank 20, Word 2

						hwv_fuse[5215:5208]		0x028B		028B																		Bank 20, Word 2

						hwv_fuse[5223:5216]		0x028C		028C																		Bank 20, Word 3

						hwv_fuse[5231:5224]		0x028D		028D																		Bank 20, Word 3

						hwv_fuse[5239:5232]		0x028E		028E																		Bank 20, Word 3

						hwv_fuse[5247:5240]		0x028F		028F																		Bank 20, Word 3

						hwv_fuse[5255:5248]		0x0290		0290																		Bank 20, Word 4

						hwv_fuse[5263:5256]		0x0291		0291																		Bank 20, Word 4

						hwv_fuse[5271:5264]		0x0292		0292																		Bank 20, Word 4

						hwv_fuse[5279:5272]		0x0293		0293																		Bank 20, Word 4

						hwv_fuse[5287:5280]		0x0294		0294																		Bank 20, Word 5

						hwv_fuse[5295:5288]		0x0295		0295																		Bank 20, Word 5

						hwv_fuse[5303:5296]		0x0296		0296																		Bank 20, Word 5

						hwv_fuse[5311:5304]		0x0297		0297																		Bank 20, Word 5

						hwv_fuse[5319:5312]		0x0298		0298																		Bank 20, Word 6

						hwv_fuse[5327:5320]		0x0299		0299																		Bank 20, Word 6

						hwv_fuse[5335:5328]		0x029A		029A																		Bank 20, Word 6

						hwv_fuse[5343:5336]		0x029B		029B																		Bank 20, Word 6

						hwv_fuse[5351:5344]		0x029C		029C																		Bank 20, Word 7

						hwv_fuse[5359:5352]		0x029D		029D																		Bank 20, Word 7

						hwv_fuse[5367:5360]		0x029E		029E																		Bank 20, Word 7

						hwv_fuse[5375:5368]		0x029F		029F																		Bank 20, Word 7

								0x29F		29F

		21		ECC		hwv_fuse[5383:5376]		0x02A0		02A0		RESERVED																Bank 21, Word 0						ECC

						hwv_fuse[5391:5384]		0x02A1		02A1																		Bank 21, Word 0

						hwv_fuse[5399:5392]		0x02A2		02A2																		Bank 21, Word 0

						hwv_fuse[5407:5400]		0x02A3		02A3																		Bank 21, Word 0

						hwv_fuse[5415:5408]		0x02A4		02A4																		Bank 21, Word 1

						hwv_fuse[5423:5416]		0x02A5		02A5																		Bank 21, Word 1

						hwv_fuse[5431:5424]		0x02A6		02A6																		Bank 21, Word 1

						hwv_fuse[5439:5432]		0x02A7		02A7																		Bank 21, Word 1

						hwv_fuse[5447:5440]		0x02A8		02A8																		Bank 21, Word 2

						hwv_fuse[5455:5448]		0x02A9		02A9																		Bank 21, Word 2

						hwv_fuse[5463:5456]		0x02AA		02AA																		Bank 21, Word 2

						hwv_fuse[5471:5464]		0x02AB		02AB																		Bank 21, Word 2

						hwv_fuse[5479:5472]		0x02AC		02AC																		Bank 21, Word 3

						hwv_fuse[5487:5480]		0x02AD		02AD																		Bank 21, Word 3

						hwv_fuse[5495:5488]		0x02AE		02AE																		Bank 21, Word 3

						hwv_fuse[5503:5496]		0x02AF		02AF																		Bank 21, Word 3

						hwv_fuse[5511:5504]		0x02B0		02B0		RESERVED																Bank 21, Word 4

						hwv_fuse[5519:5512]		0x02B1		02B1																		Bank 21, Word 4

						hwv_fuse[5527:5520]		0x02B2		02B2																		Bank 21, Word 4

						hwv_fuse[5535:5528]		0x02B3		02B3																		Bank 21, Word 4

						hwv_fuse[5543:5536]		0x02B4		02B4																		Bank 21, Word 5

						hwv_fuse[5551:5544]		0x02B5		02B5																		Bank 21, Word 5

						hwv_fuse[5559:5552]		0x02B6		02B6																		Bank 21, Word 5

						hwv_fuse[5567:5560]		0x02B7		02B7																		Bank 21, Word 5

						hwv_fuse[5575:5568]		0x02B8		02B8																		Bank 21, Word 6

						hwv_fuse[5583:5576]		0x02B9		02B9																		Bank 21, Word 6

						hwv_fuse[5591:5584]		0x02BA		02BA																		Bank 21, Word 6

						hwv_fuse[5599:5592]		0x02BB		02BB																		Bank 21, Word 6

						hwv_fuse[5607:5600]		0x02BC		02BC																		Bank 21, Word 7

						hwv_fuse[5615:5608]		0x02BD		02BD																		Bank 21, Word 7

						hwv_fuse[5623:5616]		0x02BE		02BE																		Bank 21, Word 7

						hwv_fuse[5631:5624]		0x02BF		02BF																		Bank 21, Word 7

								0x2BF		2BF

		22		Redundancy		hwv_fuse[5639:5632]		0x02C0		02C0		RESERVED																Bank 22, Word 0

						hwv_fuse[5647:5640]		0x02C1		02C1																		Bank 22, Word 0

						hwv_fuse[5655:5648]		0x02C2		02C2																		Bank 22, Word 0

						hwv_fuse[5663:5656]		0x02C3		02C3																		Bank 22, Word 0

						hwv_fuse[5671:5664]		0x02C4		02C4																		Bank 22, Word 1

						hwv_fuse[5679:5672]		0x02C5		02C5																		Bank 22, Word 1

						hwv_fuse[5687:5680]		0x02C6		02C6																		Bank 22, Word 1

						hwv_fuse[5695:5688]		0x02C7		02C7																		Bank 22, Word 1

						hwv_fuse[5703:5696]		0x02C8		02C8																		Bank 22, Word 2

						hwv_fuse[5711:5704]		0x02C9		02C9																		Bank 22, Word 2

						hwv_fuse[5719:5712]		0x02CA		02CA																		Bank 22, Word 2

						hwv_fuse[5727:5720]		0x02CB		02CB																		Bank 22, Word 2

						hwv_fuse[5735:5728]		0x02CC		02CC																		Bank 22, Word 3

						hwv_fuse[5743:5736]		0x02CD		02CD																		Bank 22, Word 3

						hwv_fuse[5751:5744]		0x02CE		02CE																		Bank 22, Word 3

						hwv_fuse[5759:5752]		0x02CF		02CF																		Bank 22, Word 3

						hwv_fuse[5767:5760]		0x02D0		02D0		RESERVED																Bank 22, Word 4

						hwv_fuse[5775:5768]		0x02D1		02D1																		Bank 22, Word 4

						hwv_fuse[5783:5776]		0x02D2		02D2		Redundancy																Bank 22, Word 4

						hwv_fuse[5791:5784]		0x02D3		02D3		Redundancy																Bank 22, Word 4

						hwv_fuse[5799:5792]		0x02D4		02D4		RESERVED																Bank 22, Word 5

						hwv_fuse[5807:5800]		0x02D5		02D5																		Bank 22, Word 5

						hwv_fuse[5815:5808]		0x02D6		02D6		Redundancy																Bank 22, Word 5

						hwv_fuse[5823:5816]		0x02D7		02D7		Redundancy																Bank 22, Word 5

						hwv_fuse[5831:5824]		0x02D8		02D8		RESERVED																Bank 22, Word 6

						hwv_fuse[5839:5832]		0x02D9		02D9																		Bank 22, Word 6

						hwv_fuse[5847:5840]		0x02DA		02DA		Redundancy																Bank 22, Word 6

						hwv_fuse[5855:5848]		0x02DB		02DB		Redundancy																Bank 22, Word 6

						hwv_fuse[5863:5856]		0x02DC		02DC		RESERVED																Bank 22, Word 7

						hwv_fuse[5871:5864]		0x02DD		02DD																		Bank 22, Word 7

						hwv_fuse[5879:5872]		0x02DE		02DE		Redundancy																Bank 22, Word 7

						hwv_fuse[5887:5880]		0x02DF		02DF		Redundancy																Bank 22, Word 7

								0x2DF		2DF

		23		ECC		hwv_fuse[5895:5888]		0x02E0		02E0		RESERVED																Bank 23, Word 0						ECC

						hwv_fuse[5903:5896]		0x02E1		02E1		RESERVED																Bank 23, Word 0

						hwv_fuse[5911:5904]		0x02E2		02E2		RESERVED																Bank 23, Word 0

						hwv_fuse[5919:5912]		0x02E3		02E3		RESERVED																Bank 23, Word 0

						hwv_fuse[5927:5920]		0x02E4		02E4		RESERVED																Bank 23, Word 1

						hwv_fuse[5935:5928]		0x02E5		02E5		RESERVED																Bank 23, Word 1

						hwv_fuse[5943:5936]		0x02E6		02E6		RESERVED																Bank 23, Word 1

						hwv_fuse[5951:5944]		0x02E7		02E7		RESERVED																Bank 23, Word 1

						hwv_fuse[5959:5952]		0x02E8		02E8		RESERVED																Bank 23, Word 2

						hwv_fuse[5967:5960]		0x02E9		02E9		RESERVED																Bank 23, Word 2

						hwv_fuse[5975:5968]		0x02EA		02EA		RESERVED																Bank 23, Word 2

						hwv_fuse[5983:5976]		0x02EB		02EB		RESERVED																Bank 23, Word 2

						hwv_fuse[5991:5984]		0x02EC		02EC		RESERVED																Bank 23, Word 3

						hwv_fuse[5999:5992]		0x02ED		02ED		RESERVED																Bank 23, Word 3

						hwv_fuse[6007:6000]		0x02EE		02EE		RESERVED																Bank 23, Word 3

						hwv_fuse[6015:6008]		0x02EF		02EF		RESERVED																Bank 23, Word 3

						hwv_fuse[6023:6016]		0x02F0		02F0		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED						Bank 23, Word 4

						hwv_fuse[6031:6024]		0x02F1		02F1		RESERVED																Bank 23, Word 4

						hwv_fuse[6039:6032]		0x02F2		02F2		RESERVED														RESERVED		Bank 23, Word 4

						hwv_fuse[6047:6040]		0x02F3		02F3		RESERVED																Bank 23, Word 4

						hwv_fuse[6055:6048]		0x02F4		02F4		RESERVED						RESERVED				RESERVED		RESERVED		RESERVED		Bank 23, Word 5

						hwv_fuse[6063:6056]		0x02F5		02F5		RESERVED																Bank 23, Word 5

						hwv_fuse[6071:6064]		0x02F6		02F6		RESERVED																Bank 23, Word 5

						hwv_fuse[6079:6072]		0x02F7		02F7		RESERVED																Bank 23, Word 5

						hwv_fuse[6087:6080]		0x02F8		02F8		RESERVED																Bank 23, Word 6

						hwv_fuse[6095:6088]		0x02F9		02F9		RESERVED																Bank 23, Word 6

						hwv_fuse[6103:6096]		0x02FA		02FA		RESERVED																Bank 23, Word 6

						hwv_fuse[6111:6104]		0x02FB		02FB		RESERVED		RESERVED														Bank 23, Word 6

						hwv_fuse[6119:6112]		0x02FC		02FC		RESERVED																Bank 23, Word 7

						hwv_fuse[6127:6120]		0x02FD		02FD																		Bank 23, Word 7

						hwv_fuse[6135:6128]		0x02FE		02FE																		Bank 23, Word 7

						hwv_fuse[6143:6136]		0x02FF		02FF																		Bank 23, Word 7

								0x2FF		2FF

		24		Redundancy		hwv_fuse[6151:6144]		0x0300		0300		RESERVED																Bank 24, Word 0

						hwv_fuse[6159:6152]		0x0301		0301		RESERVED																Bank 24, Word 0

						hwv_fuse[6167:6160]		0x0302		0302		Redundancy																Bank 24, Word 0

						hwv_fuse[6175:6168]		0x0303		0303		Redundancy																Bank 24, Word 0

						hwv_fuse[6183:6176]		0x0304		0304		RESERVED				RESERVED												Bank 24, Word 1

						hwv_fuse[6191:6184]		0x0305		0305		RESERVED																Bank 24, Word 1

						hwv_fuse[6199:6192]		0x0306		0306		Redundancy																Bank 24, Word 1

						hwv_fuse[6207:6200]		0x0307		0307		Redundancy																Bank 24, Word 1

						hwv_fuse[6215:6208]		0x0308		0308		RESERVED				RESERVED						RESERVED						Bank 24, Word 2

						hwv_fuse[6223:6216]		0x0309		0309		RESERVED				RESERVED						RESERVED						Bank 24, Word 2

						hwv_fuse[6231:6224]		0x030A		030A		Redundancy																Bank 24, Word 2

						hwv_fuse[6239:6232]		0x030B		030B		Redundancy																Bank 24, Word 2

						hwv_fuse[6247:6240]		0x030C		030C		RESERVED				RESERVED				RESERVED				RESERVED				Bank 24, Word 3

						hwv_fuse[6255:6248]		0x030D		030D		RESERVED						RESERVED						RESERVED				Bank 24, Word 3

						hwv_fuse[6263:6256]		0x030E		030E		Redundancy																Bank 24, Word 3

						hwv_fuse[6271:6264]		0x030F		030F		Redundancy																Bank 24, Word 3

						hwv_fuse[6279:6272]		0x0310		0310		RESERVED																Bank 24, Word 4

						hwv_fuse[6287:6280]		0x0311		0311		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED								Bank 24, Word 4

						hwv_fuse[6295:6288]		0x0312		0312		Redundancy																Bank 24, Word 4

						hwv_fuse[6303:6296]		0x0313		0313		Redundancy																Bank 24, Word 4

						hwv_fuse[6311:6304]		0x0314		0314		RESERVED																Bank 24, Word 5

						hwv_fuse[6319:6312]		0x0315		0315		RESERVED																Bank 24, Word 5

						hwv_fuse[6327:6320]		0x0316		0316		Redundancy																Bank 24, Word 5

						hwv_fuse[6335:6328]		0x0317		0317		Redundancy																Bank 24, Word 5

						hwv_fuse[6343:6336]		0x0318		0318		RESERVED																Bank 24, Word 6

						hwv_fuse[6351:6344]		0x0319		0319		RESERVED														RESERVED		Bank 24, Word 6

						hwv_fuse[6359:6352]		0x031A		031A		Redundancy																Bank 24, Word 6

						hwv_fuse[6367:6360]		0x031B		031B		Redundancy																Bank 24, Word 6

						hwv_fuse[6375:6368]		0x031C		031C		RESERVED				RESERVED				RESERVED				RESERVED				Bank 24, Word 7

						hwv_fuse[6383:6376]		0x031D		031D		RESERVED																Bank 24, Word 7

						hwv_fuse[6391:6384]		0x031E		031E		Redundancy																Bank 24, Word 7

						hwv_fuse[6399:6392]		0x031F		031F		Redundancy																Bank 24, Word 7

								0x31F		31F

		25		Redundancy		hwv_fuse[6407:6400]		0x0320		0320		RESERVED																Bank 25, Word 0

						hwv_fuse[6415:6408]		0x0321		0321		RESERVED																Bank 25, Word 0

						hwv_fuse[6423:6416]		0x0322		0322		Redundancy																Bank 25, Word 0

						hwv_fuse[6431:6424]		0x0323		0323		Redundancy																Bank 25, Word 0

						hwv_fuse[6439:6432]		0x0324		0324		RESERVED				RESERVED												Bank 25, Word 1

						hwv_fuse[6447:6440]		0x0325		0325		RESERVED																Bank 25, Word 1

						hwv_fuse[6455:6448]		0x0326		0326		Redundancy																Bank 25, Word 1

						hwv_fuse[6463:6456]		0x0327		0327		Redundancy																Bank 25, Word 1

						hwv_fuse[6471:6464]		0x0328		0328		RESERVED																Bank 25, Word 2

						hwv_fuse[6479:6472]		0x0329		0329		RESERVED										RESERVED						Bank 25, Word 2

						hwv_fuse[6487:6480]		0x032A		032A		Redundancy																Bank 25, Word 2

						hwv_fuse[6495:6488]		0x032B		032B		Redundancy																Bank 25, Word 2

						hwv_fuse[6503:6496]		0x032C		032C		RESERVED				RESERVED												Bank 25, Word 3

						hwv_fuse[6511:6504]		0x032D		032D		RESERVED																Bank 25, Word 3

						hwv_fuse[6519:6512]		0x032E		032E		Redundancy																Bank 25, Word 3

						hwv_fuse[6527:6520]		0x032F		032F		Redundancy																Bank 25, Word 3

						hwv_fuse[6535:6528]		0x0330		0330		RESERVED																Bank 25, Word 4

						hwv_fuse[6543:6536]		0x0331		0331		RESERVED																Bank 25, Word 4

						hwv_fuse[6551:6544]		0x0332		0332		Redundancy																Bank 25, Word 4

						hwv_fuse[6559:6552]		0x0333		0333		Redundancy																Bank 25, Word 4

						hwv_fuse[6567:6560]		0x0334		0334		RESERVED																Bank 25, Word 5

						hwv_fuse[6575:6568]		0x0335		0335		RESERVED						RESERVED										Bank 25, Word 5

						hwv_fuse[6583:6576]		0x0336		0336		Redundancy																Bank 25, Word 5

						hwv_fuse[6591:6584]		0x0337		0337		Redundancy																Bank 25, Word 5

						hwv_fuse[6599:6592]		0x0338		0338		RESERVED																Bank 25, Word 6

						hwv_fuse[6607:6600]		0x0339		0339		RESERVED																Bank 25, Word 6

						hwv_fuse[6615:6608]		0x033A		033A		Redundancy																Bank 25, Word 6

						hwv_fuse[6623:6616]		0x033B		033B		Redundancy																Bank 25, Word 6

						hwv_fuse[6631:6624]		0x033C		033C		RESERVED																Bank 25, Word 7

						hwv_fuse[6639:6632]		0x033D		033D		RESERVED																Bank 25, Word 7

						hwv_fuse[6647:6640]		0x033E		033E		Redundancy																Bank 25, Word 7

						hwv_fuse[6655:6648]		0x033F		033F		Redundancy																Bank 25, Word 7

								0x33F		33F

		26		Redundancy		hwv_fuse[6663:6656]		0x0340		0340		RESERVED																Bank 26, Word 0

						hwv_fuse[6671:6664]		0x0341		0341		RESERVED																Bank 26, Word 0

						hwv_fuse[6679:6672]		0x0342		0342		Redundancy																Bank 26, Word 0

						hwv_fuse[6687:6680]		0x0343		0343		Redundancy																Bank 26, Word 0

						hwv_fuse[6695:6688]		0x0344		0344		RESERVED																Bank 26, Word 1

						hwv_fuse[6703:6696]		0x0345		0345		RESERVED																Bank 26, Word 1

						hwv_fuse[6711:6704]		0x0346		0346		Redundancy																Bank 26, Word 1

						hwv_fuse[6719:6712]		0x0347		0347		Redundancy																Bank 26, Word 1

						hwv_fuse[6727:6720]		0x0348		0348		RESERVED																Bank 26, Word 2

						hwv_fuse[6735:6728]		0x0349		0349		RESERVED																Bank 26, Word 2

						hwv_fuse[6743:6736]		0x034A		034A		Redundancy																Bank 26, Word 2

						hwv_fuse[6751:6744]		0x034B		034B		Redundancy																Bank 26, Word 2

						hwv_fuse[6759:6752]		0x034C		034C		RESERVED						RESERVED										Bank 26, Word 3

						hwv_fuse[6767:6760]		0x034D		034D		RESERVED						RESERVED										Bank 26, Word 3

						hwv_fuse[6775:6768]		0x034E		034E		Redundancy																Bank 26, Word 3

						hwv_fuse[6783:6776]		0x034F		034F		Redundancy																Bank 26, Word 3

						hwv_fuse[6791:6784]		0x0350		0350		RESERVED						RESERVED										Bank 26, Word 4

						hwv_fuse[6799:6792]		0x0351		0351		RESERVED						RESERVED										Bank 26, Word 4

						hwv_fuse[6807:6800]		0x0352		0352		Redundancy																Bank 26, Word 4

						hwv_fuse[6815:6808]		0x0353		0353		Redundancy																Bank 26, Word 4

						hwv_fuse[6823:6816]		0x0354		0354		RESERVED						RESERVED										Bank 26, Word 5

						hwv_fuse[6831:6824]		0x0355		0355		RESERVED						RESERVED										Bank 26, Word 5

						hwv_fuse[6839:6832]		0x0356		0356		Redundancy																Bank 26, Word 5

						hwv_fuse[6847:6840]		0x0357		0357		Redundancy																Bank 26, Word 5

						hwv_fuse[6855:6848]		0x0358		0358		RESERVED						RESERVED										Bank 26, Word 6

						hwv_fuse[6863:6856]		0x0359		0359		RESERVED								RESERVED								Bank 26, Word 6

						hwv_fuse[6871:6864]		0x035A		035A		Redundancy																Bank 26, Word 6

						hwv_fuse[6879:6872]		0x035B		035B		Redundancy																Bank 26, Word 6

						hwv_fuse[6887:6880]		0x035C		035C		RESERVED						RESERVED										Bank 26, Word 7

						hwv_fuse[6895:6888]		0x035D		035D		RESERVED				RESERVED				RESERVED								Bank 26, Word 7

						hwv_fuse[6903:6896]		0x035E		035E		Redundancy																Bank 26, Word 7

						hwv_fuse[6911:6904]		0x035F		035F		Redundancy																Bank 26, Word 7

								0x35F		35F

		27		Redundancy		hwv_fuse[6919:6912]		0x0360		0360		RESERVED																Bank 27, Word 0

						hwv_fuse[6927:6920]		0x0361		0361		RESERVED								RESERVED								Bank 27, Word 0

						hwv_fuse[6935:6928]		0x0362		0362		Redundancy																Bank 27, Word 0

						hwv_fuse[6943:6936]		0x0363		0363		Redundancy																Bank 27, Word 0

						hwv_fuse[6951:6944]		0x0364		0364		RESERVED																Bank 27, Word 1

						hwv_fuse[6959:6952]		0x0365		0365		RESERVED		RESERVED		RESERVED		RESERVED		RESERVED								Bank 27, Word 1

						hwv_fuse[6967:6960]		0x0366		0366		Redundancy																Bank 27, Word 1

						hwv_fuse[6975:6968]		0x0367		0367		Redundancy																Bank 27, Word 1

						hwv_fuse[6983:6976]		0x0368		0368		RESERVED												RESERVED				Bank 27, Word 2

						hwv_fuse[6991:6984]		0x0369		0369		RESERVED		RESERVED		RESERVED												Bank 27, Word 2

						hwv_fuse[6999:6992]		0x036A		036A		Redundancy																Bank 27, Word 2

						hwv_fuse[7007:7000]		0x036B		036B		Redundancy																Bank 27, Word 2

						hwv_fuse[7015:7008]		0x036C		036C		RESERVED						RESERVED				RESERVED						Bank 27, Word 3

						hwv_fuse[7023:7016]		0x036D		036D		RESERVED								RESERVED								Bank 27, Word 3

						hwv_fuse[7031:7024]		0x036E		036E		Redundancy																Bank 27, Word 3

						hwv_fuse[7039:7032]		0x036F		036F		Redundancy																Bank 27, Word 3

						hwv_fuse[7047:7040]		0x0370		0370		RESERVED						RESERVED				RESERVED						Bank 27, Word 4

						hwv_fuse[7055:7048]		0x0371		0371		RESERVED								RESERVED								Bank 27, Word 4

						hwv_fuse[7063:7056]		0x0372		0372		Redundancy																Bank 27, Word 4

						hwv_fuse[7071:7064]		0x0373		0373		Redundancy																Bank 27, Word 4

						hwv_fuse[7079:7072]		0x0374		0374		RESERVED								RESERVED								Bank 27, Word 5

						hwv_fuse[7087:7080]		0x0375		0375		RESERVED								RESERVED				RESERVED				Bank 27, Word 5

						hwv_fuse[7095:7088]		0x0376		0376		Redundancy																Bank 27, Word 5

						hwv_fuse[7103:7096]		0x0377		0377		Redundancy																Bank 27, Word 5

						hwv_fuse[7111:7104]		0x0378		0378		RESERVED																Bank 27, Word 6

						hwv_fuse[7119:7112]		0x0379		0379		RESERVED																Bank 27, Word 6

						hwv_fuse[7127:7120]		0x037A		037A		Redundancy																Bank 27, Word 6

						hwv_fuse[7135:7128]		0x037B		037B		Redundancy																Bank 27, Word 6

						hwv_fuse[7143:7136]		0x037C		037C		RESERVED		RESERVED		RESERVED		RESERVED										Bank 27, Word 7

						hwv_fuse[7151:7144]		0x037D		037D		RESERVED		RESERVED		RESERVED		RESERVED										Bank 27, Word 7

						hwv_fuse[7159:7152]		0x037E		037E		Redundancy																Bank 27, Word 7

						hwv_fuse[7167:7160]		0x037F		037F		Redundancy																Bank 27, Word 7

								0x37F		37F

		28		ECC		hwv_fuse[7175:7168]		0x0380		0380		RESERVED																Bank 28, Word 0

						hwv_fuse[7183:7176]		0x0381		0381																		Bank 28, Word 0

						hwv_fuse[7191:7184]		0x0382		0382																		Bank 28, Word 0

						hwv_fuse[7199:7192]		0x0383		0383																		Bank 28, Word 0

						hwv_fuse[7207:7200]		0x0384		0384																		Bank 28, Word 1

						hwv_fuse[7215:7208]		0x0385		0385																		Bank 28, Word 1

						hwv_fuse[7223:7216]		0x0386		0386																		Bank 28, Word 1

						hwv_fuse[7231:7224]		0x0387		0387																		Bank 28, Word 1

						hwv_fuse[7239:7232]		0x0388		0388																		Bank 28, Word 2

						hwv_fuse[7247:7240]		0x0389		0389																		Bank 28, Word 2

						hwv_fuse[7255:7248]		0x038A		038A																		Bank 28, Word 2

						hwv_fuse[7263:7256]		0x038B		038B																		Bank 28, Word 2

						hwv_fuse[7271:7264]		0x038C		038C																		Bank 28, Word 3

						hwv_fuse[7279:7272]		0x038D		038D																		Bank 28, Word 3

						hwv_fuse[7287:7280]		0x038E		038E																		Bank 28, Word 3

						hwv_fuse[7295:7288]		0x038F		038F																		Bank 28, Word 3

						hwv_fuse[7303:7296]		0x0390		0390																		Bank 28, Word 4

						hwv_fuse[7311:7304]		0x0391		0391																		Bank 28, Word 4

						hwv_fuse[7319:7312]		0x0392		0392																		Bank 28, Word 4

						hwv_fuse[7327:7320]		0x0393		0393																		Bank 28, Word 4

						hwv_fuse[7335:7328]		0x0394		0394																		Bank 28, Word 5

						hwv_fuse[7343:7336]		0x0395		0395																		Bank 28, Word 5

						hwv_fuse[7351:7344]		0x0396		0396																		Bank 28, Word 5

						hwv_fuse[7359:7352]		0x0397		0397																		Bank 28, Word 5

						hwv_fuse[7367:7360]		0x0398		0398																		Bank 28, Word 6

						hwv_fuse[7375:7368]		0x0399		0399																		Bank 28, Word 6

						hwv_fuse[7383:7376]		0x039A		039A																		Bank 28, Word 6

						hwv_fuse[7391:7384]		0x039B		039B																		Bank 28, Word 6

						hwv_fuse[7399:7392]		0x039C		039C																		Bank 28, Word 7

						hwv_fuse[7407:7400]		0x039D		039D																		Bank 28, Word 7

						hwv_fuse[7415:7408]		0x039E		039E																		Bank 28, Word 7

						hwv_fuse[7423:7416]		0x039F		039F																		Bank 28, Word 7

								0x39F		39F

		29		ECC		hwv_fuse[7431:7424]		0x03A0		03A0		RESERVED																Bank 29, Word 0

						hwv_fuse[7439:7432]		0x03A1		03A1																		Bank 29, Word 0

						hwv_fuse[7447:7440]		0x03A2		03A2																		Bank 29, Word 0

						hwv_fuse[7455:7448]		0x03A3		03A3																		Bank 29, Word 0

						hwv_fuse[7463:7456]		0x03A4		03A4																		Bank 29, Word 1

						hwv_fuse[7471:7464]		0x03A5		03A5																		Bank 29, Word 1

						hwv_fuse[7479:7472]		0x03A6		03A6																		Bank 29, Word 1

						hwv_fuse[7487:7480]		0x03A7		03A7																		Bank 29, Word 1

						hwv_fuse[7495:7488]		0x03A8		03A8																		Bank 29, Word 2

						hwv_fuse[7503:7496]		0x03A9		03A9																		Bank 29, Word 2

						hwv_fuse[7511:7504]		0x03AA		03AA																		Bank 29, Word 2

						hwv_fuse[7519:7512]		0x03AB		03AB																		Bank 29, Word 2

						hwv_fuse[7527:7520]		0x03AC		03AC																		Bank 29, Word 3

						hwv_fuse[7535:7528]		0x03AD		03AD																		Bank 29, Word 3

						hwv_fuse[7543:7536]		0x03AE		03AE																		Bank 29, Word 3

						hwv_fuse[7551:7544]		0x03AF		03AF																		Bank 29, Word 3

						hwv_fuse[7559:7552]		0x03B0		03B0																		Bank 29, Word 4

						hwv_fuse[7567:7560]		0x03B1		03B1																		Bank 29, Word 4

						hwv_fuse[7575:7568]		0x03B2		03B2																		Bank 29, Word 4

						hwv_fuse[7583:7576]		0x03B3		03B3																		Bank 29, Word 4

						hwv_fuse[7591:7584]		0x03B4		03B4																		Bank 29, Word 5

						hwv_fuse[7599:7592]		0x03B5		03B5																		Bank 29, Word 5

						hwv_fuse[7607:7600]		0x03B6		03B6																		Bank 29, Word 5

						hwv_fuse[7615:7608]		0x03B7		03B7																		Bank 29, Word 5

						hwv_fuse[7623:7616]		0x03B8		03B8																		Bank 29, Word 6

						hwv_fuse[7631:7624]		0x03B9		03B9																		Bank 29, Word 6

						hwv_fuse[7639:7632]		0x03BA		03BA																		Bank 29, Word 6

						hwv_fuse[7647:7640]		0x03BB		03BB																		Bank 29, Word 6

						hwv_fuse[7655:7648]		0x03BC		03BC																		Bank 29, Word 7

						hwv_fuse[7663:7656]		0x03BD		03BD																		Bank 29, Word 7

						hwv_fuse[7671:7664]		0x03BE		03BE																		Bank 29, Word 7

						hwv_fuse[7679:7672]		0x03BF		03BF																		Bank 29, Word 7

								0x3BF		3BF

		30		ECC		hwv_fuse[7687:7680]		0x03C0		03C0		RESERVED																Bank 30, Word 0

						hwv_fuse[7695:7688]		0x03C1		03C1																		Bank 30, Word 0

						hwv_fuse[7703:7696]		0x03C2		03C2																		Bank 30, Word 0

						hwv_fuse[7711:7704]		0x03C3		03C3																		Bank 30, Word 0

						hwv_fuse[7719:7712]		0x03C4		03C4																		Bank 30, Word 1

						hwv_fuse[7727:7720]		0x03C5		03C5																		Bank 30, Word 1

						hwv_fuse[7735:7728]		0x03C6		03C6																		Bank 30, Word 1

						hwv_fuse[7743:7736]		0x03C7		03C7																		Bank 30, Word 1

						hwv_fuse[7751:7744]		0x03C8		03C8																		Bank 30, Word 2

						hwv_fuse[7759:7752]		0x03C9		03C9																		Bank 30, Word 2

						hwv_fuse[7767:7760]		0x03CA		03CA																		Bank 30, Word 2

						hwv_fuse[7775:7768]		0x03CB		03CB																		Bank 30, Word 2

						hwv_fuse[7783:7776]		0x03CC		03CC																		Bank 30, Word 3

						hwv_fuse[7791:7784]		0x03CD		03CD																		Bank 30, Word 3

						hwv_fuse[7799:7792]		0x03CE		03CE																		Bank 30, Word 3

						hwv_fuse[7807:7800]		0x03CF		03CF																		Bank 30, Word 3

						hwv_fuse[7815:7808]		0x03D0		03D0																		Bank 30, Word 4

						hwv_fuse[7823:7816]		0x03D1		03D1																		Bank 30, Word 4

						hwv_fuse[7831:7824]		0x03D2		03D2																		Bank 30, Word 4

						hwv_fuse[7839:7832]		0x03D3		03D3																		Bank 30, Word 4

						hwv_fuse[7847:7840]		0x03D4		03D4																		Bank 30, Word 5

						hwv_fuse[7855:7848]		0x03D5		03D5																		Bank 30, Word 5

						hwv_fuse[7863:7856]		0x03D6		03D6																		Bank 30, Word 5

						hwv_fuse[7871:7864]		0x03D7		03D7																		Bank 30, Word 5

						hwv_fuse[7879:7872]		0x03D8		03D8																		Bank 30, Word 6

						hwv_fuse[7887:7880]		0x03D9		03D9																		Bank 30, Word 6

						hwv_fuse[7895:7888]		0x03DA		03DA																		Bank 30, Word 6

						hwv_fuse[7903:7896]		0x03DB		03DB																		Bank 30, Word 6

						hwv_fuse[7911:7904]		0x03DC		03DC																		Bank 30, Word 7

						hwv_fuse[7919:7912]		0x03DD		03DD																		Bank 30, Word 7

						hwv_fuse[7927:7920]		0x03DE		03DE																		Bank 30, Word 7

						hwv_fuse[7935:7928]		0x03DF		03DF																		Bank 30, Word 7

								0x3DF		3DF

		31		ECC		hwv_fuse[7943:7936]		0x03E0		03E0		RESERVED																Bank 31, Word 0

						hwv_fuse[7951:7944]		0x03E1		03E1																		Bank 31, Word 0

						hwv_fuse[7959:7952]		0x03E2		03E2																		Bank 31, Word 0

						hwv_fuse[7967:7960]		0x03E3		03E3																		Bank 31, Word 0

						hwv_fuse[7975:7968]		0x03E4		03E4																		Bank 31, Word 1

						hwv_fuse[7983:7976]		0x03E5		03E5																		Bank 31, Word 1

						hwv_fuse[7991:7984]		0x03E6		03E6																		Bank 31, Word 1

						hwv_fuse[7999:7992]		0x03E7		03E7																		Bank 31, Word 1

						hwv_fuse[8007:8000]		0x03E8		03E8																		Bank 31, Word 2

						hwv_fuse[8015:8008]		0x03E9		03E9																		Bank 31, Word 2

						hwv_fuse[8023:8016]		0x03EA		03EA																		Bank 31, Word 2

						hwv_fuse[8031:8024]		0x03EB		03EB																		Bank 31, Word 2

						hwv_fuse[8039:8032]		0x03EC		03EC																		Bank 31, Word 3

						hwv_fuse[8047:8040]		0x03ED		03ED																		Bank 31, Word 3

						hwv_fuse[8055:8048]		0x03EE		03EE																		Bank 31, Word 3

						hwv_fuse[8063:8056]		0x03EF		03EF																		Bank 31, Word 3

						hwv_fuse[8071:8064]		0x03F0		03F0																		Bank 31, Word 4

						hwv_fuse[8079:8072]		0x03F1		03F1																		Bank 31, Word 4

						hwv_fuse[8087:8080]		0x03F2		03F2																		Bank 31, Word 4

						hwv_fuse[8095:8088]		0x03F3		03F3																		Bank 31, Word 4

						hwv_fuse[8103:8096]		0x03F4		03F4																		Bank 31, Word 5

						hwv_fuse[8111:8104]		0x03F5		03F5																		Bank 31, Word 5

						hwv_fuse[8119:8112]		0x03F6		03F6																		Bank 31, Word 5

						hwv_fuse[8127:8120]		0x03F7		03F7																		Bank 31, Word 5

						hwv_fuse[8135:8128]		0x03F8		03F8																		Bank 31, Word 6

						hwv_fuse[8143:8136]		0x03F9		03F9																		Bank 31, Word 6

						hwv_fuse[8151:8144]		0x03FA		03FA																		Bank 31, Word 6

						hwv_fuse[8159:8152]		0x03FB		03FB																		Bank 31, Word 6

						hwv_fuse[8167:8160]		0x03FC		03FC																		Bank 31, Word 7

						hwv_fuse[8175:8168]		0x03FD		03FD																		Bank 31, Word 7

						hwv_fuse[8183:8176]		0x03FE		03FE																		Bank 31, Word 7

						hwv_fuse[8191:8184]		0x03FF		03FF																		Bank 31, Word 7

								0x3FF		3FF

		32		ECC		hwv_fuse[8199:8192]		0x0400		0400		RESERVED																Bank 32-36

						hwv_fuse[8207:8200]		0x0401		0401

						hwv_fuse[8215:8208]		0x0402		0402

						hwv_fuse[8223:8216]		0x0403		0403

						hwv_fuse[8231:8224]		0x0404		0404

						hwv_fuse[8239:8232]		0x0405		0405

						hwv_fuse[8247:8240]		0x0406		0406

						hwv_fuse[8255:8248]		0x0407		0407

						hwv_fuse[8263:8256]		0x0408		0408

						hwv_fuse[8271:8264]		0x0409		0409

						hwv_fuse[8279:8272]		0x040A		040A

						hwv_fuse[8287:8280]		0x040B		040B

						hwv_fuse[8295:8288]		0x040C		040C

						hwv_fuse[8303:8296]		0x040D		040D

						hwv_fuse[8311:8304]		0x040E		040E

						hwv_fuse[8319:8312]		0x040F		040F

						hwv_fuse[8327:8320]		0x0410		0410

						hwv_fuse[8335:8328]		0x0411		0411

						hwv_fuse[8343:8336]		0x0412		0412

						hwv_fuse[8351:8344]		0x0413		0413

						hwv_fuse[8359:8352]		0x0414		0414

						hwv_fuse[8367:8360]		0x0415		0415

						hwv_fuse[8375:8368]		0x0416		0416

						hwv_fuse[8383:8376]		0x0417		0417

						hwv_fuse[8391:8384]		0x0418		0418

						hwv_fuse[8399:8392]		0x0419		0419

						hwv_fuse[8407:8400]		0x041A		041A

						hwv_fuse[8415:8408]		0x041B		041B

						hwv_fuse[8423:8416]		0x041C		041C

						hwv_fuse[8431:8424]		0x041D		041D

						hwv_fuse[8439:8432]		0x041E		041E

						hwv_fuse[8447:8440]		0x041F		041F

								0x41F		41F

		33		ECC		hwv_fuse[8455:8448]		0x0420		0420		RESERVED																Bank 32-36

						hwv_fuse[8463:8456]		0x0421		0421

						hwv_fuse[8471:8464]		0x0422		0422

						hwv_fuse[8479:8472]		0x0423		0423

						hwv_fuse[8487:8480]		0x0424		0424

						hwv_fuse[8495:8488]		0x0425		0425

						hwv_fuse[8503:8496]		0x0426		0426

						hwv_fuse[8511:8504]		0x0427		0427

						hwv_fuse[8519:8512]		0x0428		0428

						hwv_fuse[8527:8520]		0x0429		0429

						hwv_fuse[8535:8528]		0x042A		042A

						hwv_fuse[8543:8536]		0x042B		042B

						hwv_fuse[8551:8544]		0x042C		042C

						hwv_fuse[8559:8552]		0x042D		042D

						hwv_fuse[8567:8560]		0x042E		042E

						hwv_fuse[8575:8568]		0x042F		042F

						hwv_fuse[8583:8576]		0x0430		0430

						hwv_fuse[8591:8584]		0x0431		0431

						hwv_fuse[8599:8592]		0x0432		0432

						hwv_fuse[8607:8600]		0x0433		0433

						hwv_fuse[8615:8608]		0x0434		0434

						hwv_fuse[8623:8616]		0x0435		0435

						hwv_fuse[8631:8624]		0x0436		0436

						hwv_fuse[8639:8632]		0x0437		0437

						hwv_fuse[8647:8640]		0x0438		0438

						hwv_fuse[8655:8648]		0x0439		0439

						hwv_fuse[8663:8656]		0x043A		043A

						hwv_fuse[8671:8664]		0x043B		043B

						hwv_fuse[8679:8672]		0x043C		043C

						hwv_fuse[8687:8680]		0x043D		043D

						hwv_fuse[8695:8688]		0x043E		043E

						hwv_fuse[8703:8696]		0x043F		043F

								0x43F		43F

		34		ECC		hwv_fuse[8711:8704]		0x0440		0440		RESERVED																Bank 32-36

						hwv_fuse[8719:8712]		0x0441		0441

						hwv_fuse[8727:8720]		0x0442		0442

						hwv_fuse[8735:8728]		0x0443		0443

						hwv_fuse[8743:8736]		0x0444		0444

						hwv_fuse[8751:8744]		0x0445		0445

						hwv_fuse[8759:8752]		0x0446		0446

						hwv_fuse[8767:8760]		0x0447		0447

						hwv_fuse[8775:8768]		0x0448		0448

						hwv_fuse[8783:8776]		0x0449		0449

						hwv_fuse[8791:8784]		0x044A		044A

						hwv_fuse[8799:8792]		0x044B		044B

						hwv_fuse[8807:8800]		0x044C		044C

						hwv_fuse[8815:8808]		0x044D		044D

						hwv_fuse[8823:8816]		0x044E		044E

						hwv_fuse[8831:8824]		0x044F		044F

						hwv_fuse[8839:8832]		0x0450		0450

						hwv_fuse[8847:8840]		0x0451		0451

						hwv_fuse[8855:8848]		0x0452		0452

						hwv_fuse[8863:8856]		0x0453		0453

						hwv_fuse[8871:8864]		0x0454		0454

						hwv_fuse[8879:8872]		0x0455		0455

						hwv_fuse[8887:8880]		0x0456		0456

						hwv_fuse[8895:8888]		0x0457		0457

						hwv_fuse[8903:8896]		0x0458		0458

						hwv_fuse[8911:8904]		0x0459		0459

						hwv_fuse[8919:8912]		0x045A		045A

						hwv_fuse[8927:8920]		0x045B		045B

						hwv_fuse[8935:8928]		0x045C		045C

						hwv_fuse[8943:8936]		0x045D		045D

						hwv_fuse[8951:8944]		0x045E		045E

						hwv_fuse[8959:8952]		0x045F		045F

								0x45F		45F

		35		ECC		hwv_fuse[8967:8960]		0x0460		0460		RESERVED																Bank 32-36

						hwv_fuse[8975:8968]		0x0461		0461

						hwv_fuse[8983:8976]		0x0462		0462

						hwv_fuse[8991:8984]		0x0463		0463

						hwv_fuse[8999:8992]		0x0464		0464

						hwv_fuse[9007:9000]		0x0465		0465

						hwv_fuse[9015:9008]		0x0466		0466

						hwv_fuse[9023:9016]		0x0467		0467

						hwv_fuse[9031:9024]		0x0468		0468

						hwv_fuse[9039:9032]		0x0469		0469

						hwv_fuse[9047:9040]		0x046A		046A

						hwv_fuse[9055:9048]		0x046B		046B

						hwv_fuse[9063:9056]		0x046C		046C

						hwv_fuse[9071:9064]		0x046D		046D

						hwv_fuse[9079:9072]		0x046E		046E

						hwv_fuse[9087:9080]		0x046F		046F

						hwv_fuse[9095:9088]		0x0470		0470

						hwv_fuse[9103:9096]		0x0471		0471

						hwv_fuse[9111:9104]		0x0472		0472

						hwv_fuse[9119:9112]		0x0473		0473

						hwv_fuse[9127:9120]		0x0474		0474

						hwv_fuse[9135:9128]		0x0475		0475

						hwv_fuse[9143:9136]		0x0476		0476

						hwv_fuse[9151:9144]		0x0477		0477

						hwv_fuse[9159:9152]		0x0478		0478

						hwv_fuse[9167:9160]		0x0479		0479

						hwv_fuse[9175:9168]		0x047A		047A

						hwv_fuse[9183:9176]		0x047B		047B

						hwv_fuse[9191:9184]		0x047C		047C

						hwv_fuse[9199:9192]		0x047D		047D

						hwv_fuse[9207:9200]		0x047E		047E

						hwv_fuse[9215:9208]		0x047F		047F

								0x47F		47F

		36		Redundancy		hwv_fuse[9223:9216]		0x0480		0480		RESERVED																Bank 32-36

						hwv_fuse[9231:9224]		0x0481		0481

						hwv_fuse[9239:9232]		0x0482		0482

						hwv_fuse[9247:9240]		0x0483		0483

						hwv_fuse[9255:9248]		0x0484		0484

						hwv_fuse[9263:9256]		0x0485		0485

						hwv_fuse[9271:9264]		0x0486		0486

						hwv_fuse[9279:9272]		0x0487		0487

						hwv_fuse[9287:9280]		0x0488		0488

						hwv_fuse[9295:9288]		0x0489		0489

						hwv_fuse[9303:9296]		0x048A		048A

						hwv_fuse[9311:9304]		0x048B		048B

						hwv_fuse[9319:9312]		0x048C		048C

						hwv_fuse[9327:9320]		0x048D		048D

						hwv_fuse[9335:9328]		0x048E		048E

						hwv_fuse[9343:9336]		0x048F		048F

						hwv_fuse[9351:9344]		0x0490		0490

						hwv_fuse[9359:9352]		0x0491		0491

						hwv_fuse[9367:9360]		0x0492		0492

						hwv_fuse[9375:9368]		0x0493		0493

						hwv_fuse[9383:9376]		0x0494		0494

						hwv_fuse[9391:9384]		0x0495		0495

						hwv_fuse[9399:9392]		0x0496		0496

						hwv_fuse[9407:9400]		0x0497		0497

						hwv_fuse[9415:9408]		0x0498		0498

						hwv_fuse[9423:9416]		0x0499		0499

						hwv_fuse[9431:9424]		0x049A		049A

						hwv_fuse[9439:9432]		0x049B		049B

						hwv_fuse[9447:9440]		0x049C		049C

						hwv_fuse[9455:9448]		0x049D		049D

						hwv_fuse[9463:9456]		0x049E		049E

						hwv_fuse[9471:9464]		0x049F		049F

								0x49F		49F

		37		ECC		hwv_fuse[9479:9472]		0x04A0		04A0		RESERVED																Bank 37 - 44

						hwv_fuse[9487:9480]		0x04A1		04A1

						hwv_fuse[9495:9488]		0x04A2		04A2

						hwv_fuse[9503:9496]		0x04A3		04A3

						hwv_fuse[9511:9504]		0x04A4		04A4

						hwv_fuse[9519:9512]		0x04A5		04A5

						hwv_fuse[9527:9520]		0x04A6		04A6

						hwv_fuse[9535:9528]		0x04A7		04A7

						hwv_fuse[9543:9536]		0x04A8		04A8

						hwv_fuse[9551:9544]		0x04A9		04A9

						hwv_fuse[9559:9552]		0x04AA		04AA

						hwv_fuse[9567:9560]		0x04AB		04AB

						hwv_fuse[9575:9568]		0x04AC		04AC

						hwv_fuse[9583:9576]		0x04AD		04AD

						hwv_fuse[9591:9584]		0x04AE		04AE

						hwv_fuse[9599:9592]		0x04AF		04AF

						hwv_fuse[9607:9600]		0x04B0		04B0

						hwv_fuse[9615:9608]		0x04B1		04B1

						hwv_fuse[9623:9616]		0x04B2		04B2

						hwv_fuse[9631:9624]		0x04B3		04B3

						hwv_fuse[9639:9632]		0x04B4		04B4

						hwv_fuse[9647:9640]		0x04B5		04B5

						hwv_fuse[9655:9648]		0x04B6		04B6

						hwv_fuse[9663:9656]		0x04B7		04B7

						hwv_fuse[9671:9664]		0x04B8		04B8

						hwv_fuse[9679:9672]		0x04B9		04B9

						hwv_fuse[9687:9680]		0x04BA		04BA

						hwv_fuse[9695:9688]		0x04BB		04BB

						hwv_fuse[9703:9696]		0x04BC		04BC

						hwv_fuse[9711:9704]		0x04BD		04BD

						hwv_fuse[9719:9712]		0x04BE		04BE

						hwv_fuse[9727:9720]		0x04BF		04BF

								0x4BF		4BF

		38		ECC		hwv_fuse[9735:9728]		0x04C0		04C0		RESERVED																Bank 37 - 44

						hwv_fuse[9743:9736]		0x04C1		04C1

						hwv_fuse[9751:9744]		0x04C2		04C2

						hwv_fuse[9759:9752]		0x04C3		04C3

						hwv_fuse[9767:9760]		0x04C4		04C4

						hwv_fuse[9775:9768]		0x04C5		04C5

						hwv_fuse[9783:9776]		0x04C6		04C6

						hwv_fuse[9791:9784]		0x04C7		04C7

						hwv_fuse[9799:9792]		0x04C8		04C8

						hwv_fuse[9807:9800]		0x04C9		04C9

						hwv_fuse[9815:9808]		0x04CA		04CA

						hwv_fuse[9823:9816]		0x04CB		04CB

						hwv_fuse[9831:9824]		0x04CC		04CC

						hwv_fuse[9839:9832]		0x04CD		04CD

						hwv_fuse[9847:9840]		0x04CE		04CE

						hwv_fuse[9855:9848]		0x04CF		04CF

						hwv_fuse[9863:9856]		0x04D0		04D0

						hwv_fuse[9871:9864]		0x04D1		04D1

						hwv_fuse[9879:9872]		0x04D2		04D2

						hwv_fuse[9887:9880]		0x04D3		04D3

						hwv_fuse[9895:9888]		0x04D4		04D4

						hwv_fuse[9903:9896]		0x04D5		04D5

						hwv_fuse[9911:9904]		0x04D6		04D6

						hwv_fuse[9919:9912]		0x04D7		04D7

						hwv_fuse[9927:9920]		0x04D8		04D8

						hwv_fuse[9935:9928]		0x04D9		04D9

						hwv_fuse[9943:9936]		0x04DA		04DA

						hwv_fuse[9951:9944]		0x04DB		04DB

						hwv_fuse[9959:9952]		0x04DC		04DC

						hwv_fuse[9967:9960]		0x04DD		04DD

						hwv_fuse[9975:9968]		0x04DE		04DE

						hwv_fuse[9983:9976]		0x04DF		04DF

								0x4DF		4DF

		39		ECC		hwv_fuse[9991:9984]		0x04E0		04E0		RESERVED																Bank 37 - 44

						hwv_fuse[9999:9992]		0x04E1		04E1

						hwv_fuse[10007:10000]		0x04E2		04E2

						hwv_fuse[10015:10008]		0x04E3		04E3

						hwv_fuse[10023:10016]		0x04E4		04E4

						hwv_fuse[10031:10024]		0x04E5		04E5

						hwv_fuse[10039:10032]		0x04E6		04E6

						hwv_fuse[10047:10040]		0x04E7		04E7

						hwv_fuse[10055:10048]		0x04E8		04E8

						hwv_fuse[10063:10056]		0x04E9		04E9

						hwv_fuse[10071:10064]		0x04EA		04EA

						hwv_fuse[10079:10072]		0x04EB		04EB

						hwv_fuse[10087:10080]		0x04EC		04EC

						hwv_fuse[10095:10088]		0x04ED		04ED

						hwv_fuse[10103:10096]		0x04EE		04EE

						hwv_fuse[10111:10104]		0x04EF		04EF

						hwv_fuse[10119:10112]		0x04F0		04F0

						hwv_fuse[10127:10120]		0x04F1		04F1

						hwv_fuse[10135:10128]		0x04F2		04F2

						hwv_fuse[10143:10136]		0x04F3		04F3

						hwv_fuse[10151:10144]		0x04F4		04F4

						hwv_fuse[10159:10152]		0x04F5		04F5

						hwv_fuse[10167:10160]		0x04F6		04F6

						hwv_fuse[10175:10168]		0x04F7		04F7

						hwv_fuse[10183:10176]		0x04F8		04F8

						hwv_fuse[10191:10184]		0x04F9		04F9

						hwv_fuse[10199:10192]		0x04FA		04FA

						hwv_fuse[10207:10200]		0x04FB		04FB

						hwv_fuse[10215:10208]		0x04FC		04FC

						hwv_fuse[10223:10216]		0x04FD		04FD

						hwv_fuse[10231:10224]		0x04FE		04FE

						hwv_fuse[10239:10232]		0x04FF		04FF

								0x4FF		4FF

		40		ECC		hwv_fuse[10247:10240]		0x0500		0500		RESERVED																Bank 37 - 44

						hwv_fuse[10255:10248]		0x0501		0501

						hwv_fuse[10263:10256]		0x0502		0502

						hwv_fuse[10271:10264]		0x0503		0503

						hwv_fuse[10279:10272]		0x0504		0504

						hwv_fuse[10287:10280]		0x0505		0505

						hwv_fuse[10295:10288]		0x0506		0506

						hwv_fuse[10303:10296]		0x0507		0507

						hwv_fuse[10311:10304]		0x0508		0508

						hwv_fuse[10319:10312]		0x0509		0509

						hwv_fuse[10327:10320]		0x050A		050A

						hwv_fuse[10335:10328]		0x050B		050B

						hwv_fuse[10343:10336]		0x050C		050C

						hwv_fuse[10351:10344]		0x050D		050D

						hwv_fuse[10359:10352]		0x050E		050E

						hwv_fuse[10367:10360]		0x050F		050F

						hwv_fuse[10375:10368]		0x0510		0510

						hwv_fuse[10383:10376]		0x0511		0511

						hwv_fuse[10391:10384]		0x0512		0512

						hwv_fuse[10399:10392]		0x0513		0513

						hwv_fuse[10407:10400]		0x0514		0514

						hwv_fuse[10415:10408]		0x0515		0515

						hwv_fuse[10423:10416]		0x0516		0516

						hwv_fuse[10431:10424]		0x0517		0517

						hwv_fuse[10439:10432]		0x0518		0518

						hwv_fuse[10447:10440]		0x0519		0519

						hwv_fuse[10455:10448]		0x051A		051A

						hwv_fuse[10463:10456]		0x051B		051B

						hwv_fuse[10471:10464]		0x051C		051C

						hwv_fuse[10479:10472]		0x051D		051D

						hwv_fuse[10487:10480]		0x051E		051E

						hwv_fuse[10495:10488]		0x051F		051F

								0x51F		51F

		41		Redundancy		hwv_fuse[10503:10496]		0x0520		0520		RESERVED																Bank 37 - 44

						hwv_fuse[10511:10504]		0x0521		0521

						hwv_fuse[10519:10512]		0x0522		0522

						hwv_fuse[10527:10520]		0x0523		0523

						hwv_fuse[10535:10528]		0x0524		0524

						hwv_fuse[10543:10536]		0x0525		0525

						hwv_fuse[10551:10544]		0x0526		0526

						hwv_fuse[10559:10552]		0x0527		0527

						hwv_fuse[10567:10560]		0x0528		0528

						hwv_fuse[10575:10568]		0x0529		0529

						hwv_fuse[10583:10576]		0x052A		052A

						hwv_fuse[10591:10584]		0x052B		052B

						hwv_fuse[10599:10592]		0x052C		052C

						hwv_fuse[10607:10600]		0x052D		052D

						hwv_fuse[10615:10608]		0x052E		052E

						hwv_fuse[10623:10616]		0x052F		052F

						hwv_fuse[10631:10624]		0x0530		0530

						hwv_fuse[10639:10632]		0x0531		0531

						hwv_fuse[10647:10640]		0x0532		0532

						hwv_fuse[10655:10648]		0x0533		0533

						hwv_fuse[10663:10656]		0x0534		0534

						hwv_fuse[10671:10664]		0x0535		0535

						hwv_fuse[10679:10672]		0x0536		0536

						hwv_fuse[10687:10680]		0x0537		0537

						hwv_fuse[10695:10688]		0x0538		0538

						hwv_fuse[10703:10696]		0x0539		0539

						hwv_fuse[10711:10704]		0x053A		053A

						hwv_fuse[10719:10712]		0x053B		053B

						hwv_fuse[10727:10720]		0x053C		053C

						hwv_fuse[10735:10728]		0x053D		053D

						hwv_fuse[10743:10736]		0x053E		053E

						hwv_fuse[10751:10744]		0x053F		053F

								0x53F		53F

		42		ECC		hwv_fuse[10759:10752]		0x0540		0540		RESERVED																Bank 37 - 44

						hwv_fuse[10767:10760]		0x0541		0541

						hwv_fuse[10775:10768]		0x0542		0542

						hwv_fuse[10783:10776]		0x0543		0543

						hwv_fuse[10791:10784]		0x0544		0544

						hwv_fuse[10799:10792]		0x0545		0545

						hwv_fuse[10807:10800]		0x0546		0546

						hwv_fuse[10815:10808]		0x0547		0547

						hwv_fuse[10823:10816]		0x0548		0548

						hwv_fuse[10831:10824]		0x0549		0549

						hwv_fuse[10839:10832]		0x054A		054A

						hwv_fuse[10847:10840]		0x054B		054B

						hwv_fuse[10855:10848]		0x054C		054C

						hwv_fuse[10863:10856]		0x054D		054D

						hwv_fuse[10871:10864]		0x054E		054E

						hwv_fuse[10879:10872]		0x054F		054F

						hwv_fuse[10887:10880]		0x0550		0550

						hwv_fuse[10895:10888]		0x0551		0551

						hwv_fuse[10903:10896]		0x0552		0552

						hwv_fuse[10911:10904]		0x0553		0553

						hwv_fuse[10919:10912]		0x0554		0554

						hwv_fuse[10927:10920]		0x0555		0555

						hwv_fuse[10935:10928]		0x0556		0556

						hwv_fuse[10943:10936]		0x0557		0557

						hwv_fuse[10951:10944]		0x0558		0558

						hwv_fuse[10959:10952]		0x0559		0559

						hwv_fuse[10967:10960]		0x055A		055A

						hwv_fuse[10975:10968]		0x055B		055B

						hwv_fuse[10983:10976]		0x055C		055C

						hwv_fuse[10991:10984]		0x055D		055D

						hwv_fuse[10999:10992]		0x055E		055E

						hwv_fuse[11007:11000]		0x055F		055F

								0x55F		55F

		43		ECC		hwv_fuse[11015:11008]		0x0560		0560		RESERVED																Bank 37 - 44

						hwv_fuse[11023:11016]		0x0561		0561

						hwv_fuse[11031:11024]		0x0562		0562

						hwv_fuse[11039:11032]		0x0563		0563

						hwv_fuse[11047:11040]		0x0564		0564

						hwv_fuse[11055:11048]		0x0565		0565

						hwv_fuse[11063:11056]		0x0566		0566

						hwv_fuse[11071:11064]		0x0567		0567

						hwv_fuse[11079:11072]		0x0568		0568

						hwv_fuse[11087:11080]		0x0569		0569

						hwv_fuse[11095:11088]		0x056A		056A

						hwv_fuse[11103:11096]		0x056B		056B

						hwv_fuse[11111:11104]		0x056C		056C

						hwv_fuse[11119:11112]		0x056D		056D

						hwv_fuse[11127:11120]		0x056E		056E

						hwv_fuse[11135:11128]		0x056F		056F

						hwv_fuse[11143:11136]		0x0570		0570

						hwv_fuse[11151:11144]		0x0571		0571

						hwv_fuse[11159:11152]		0x0572		0572

						hwv_fuse[11167:11160]		0x0573		0573

						hwv_fuse[11175:11168]		0x0574		0574

						hwv_fuse[11183:11176]		0x0575		0575

						hwv_fuse[11191:11184]		0x0576		0576

						hwv_fuse[11199:11192]		0x0577		0577

						hwv_fuse[11207:11200]		0x0578		0578

						hwv_fuse[11215:11208]		0x0579		0579

						hwv_fuse[11223:11216]		0x057A		057A

						hwv_fuse[11231:11224]		0x057B		057B

						hwv_fuse[11239:11232]		0x057C		057C

						hwv_fuse[11247:11240]		0x057D		057D

						hwv_fuse[11255:11248]		0x057E		057E

						hwv_fuse[11263:11256]		0x057F		057F

								0x57F		57F

		44		ECC		hwv_fuse[11271:11264]		0x0580		0580		RESERVED																Bank 37 - 44

						hwv_fuse[11279:11272]		0x0581		0581

						hwv_fuse[11287:11280]		0x0582		0582

						hwv_fuse[11295:11288]		0x0583		0583

						hwv_fuse[11303:11296]		0x0584		0584

						hwv_fuse[11311:11304]		0x0585		0585

						hwv_fuse[11319:11312]		0x0586		0586

						hwv_fuse[11327:11320]		0x0587		0587

						hwv_fuse[11335:11328]		0x0588		0588

						hwv_fuse[11343:11336]		0x0589		0589

						hwv_fuse[11351:11344]		0x058A		058A

						hwv_fuse[11359:11352]		0x058B		058B

						hwv_fuse[11367:11360]		0x058C		058C

						hwv_fuse[11375:11368]		0x058D		058D

						hwv_fuse[11383:11376]		0x058E		058E

						hwv_fuse[11391:11384]		0x058F		058F

						hwv_fuse[11399:11392]		0x0590		0590

						hwv_fuse[11407:11400]		0x0591		0591

						hwv_fuse[11415:11408]		0x0592		0592

						hwv_fuse[11423:11416]		0x0593		0593

						hwv_fuse[11431:11424]		0x0594		0594

						hwv_fuse[11439:11432]		0x0595		0595

						hwv_fuse[11447:11440]		0x0596		0596

						hwv_fuse[11455:11448]		0x0597		0597

						hwv_fuse[11463:11456]		0x0598		0598

						hwv_fuse[11471:11464]		0x0599		0599

						hwv_fuse[11479:11472]		0x059A		059A

						hwv_fuse[11487:11480]		0x059B		059B

						hwv_fuse[11495:11488]		0x059C		059C

						hwv_fuse[11503:11496]		0x059D		059D

						hwv_fuse[11511:11504]		0x059E		059E

						hwv_fuse[11519:11512]		0x059F		059F

								0x59F		59F

		45		ECC		hwv_fuse[11527:11520]		0x05A0		05A0		RESERVED																Bank 45 - 48

						hwv_fuse[11535:11528]		0x05A1		05A1

						hwv_fuse[11543:11536]		0x05A2		05A2

						hwv_fuse[11551:11544]		0x05A3		05A3

						hwv_fuse[11559:11552]		0x05A4		05A4

						hwv_fuse[11567:11560]		0x05A5		05A5

						hwv_fuse[11575:11568]		0x05A6		05A6

						hwv_fuse[11583:11576]		0x05A7		05A7

						hwv_fuse[11591:11584]		0x05A8		05A8

						hwv_fuse[11599:11592]		0x05A9		05A9

						hwv_fuse[11607:11600]		0x05AA		05AA

						hwv_fuse[11615:11608]		0x05AB		05AB

						hwv_fuse[11623:11616]		0x05AC		05AC

						hwv_fuse[11631:11624]		0x05AD		05AD

						hwv_fuse[11639:11632]		0x05AE		05AE

						hwv_fuse[11647:11640]		0x05AF		05AF

						hwv_fuse[11655:11648]		0x05B0		05B0

						hwv_fuse[11663:11656]		0x05B1		05B1

						hwv_fuse[11671:11664]		0x05B2		05B2

						hwv_fuse[11679:11672]		0x05B3		05B3

						hwv_fuse[11687:11680]		0x05B4		05B4

						hwv_fuse[11695:11688]		0x05B5		05B5

						hwv_fuse[11703:11696]		0x05B6		05B6

						hwv_fuse[11711:11704]		0x05B7		05B7

						hwv_fuse[11719:11712]		0x05B8		05B8

						hwv_fuse[11727:11720]		0x05B9		05B9

						hwv_fuse[11735:11728]		0x05BA		05BA

						hwv_fuse[11743:11736]		0x05BB		05BB

						hwv_fuse[11751:11744]		0x05BC		05BC

						hwv_fuse[11759:11752]		0x05BD		05BD

						hwv_fuse[11767:11760]		0x05BE		05BE

						hwv_fuse[11775:11768]		0x05BF		05BF

								0x5BF		5BF

		46		ECC		hwv_fuse[11783:11776]		0x05C0		05C0		RESERVED																Bank 45 - 48

						hwv_fuse[11791:11784]		0x05C1		05C1

						hwv_fuse[11799:11792]		0x05C2		05C2

						hwv_fuse[11807:11800]		0x05C3		05C3

						hwv_fuse[11815:11808]		0x05C4		05C4

						hwv_fuse[11823:11816]		0x05C5		05C5

						hwv_fuse[11831:11824]		0x05C6		05C6

						hwv_fuse[11839:11832]		0x05C7		05C7

						hwv_fuse[11847:11840]		0x05C8		05C8

						hwv_fuse[11855:11848]		0x05C9		05C9

						hwv_fuse[11863:11856]		0x05CA		05CA

						hwv_fuse[11871:11864]		0x05CB		05CB

						hwv_fuse[11879:11872]		0x05CC		05CC

						hwv_fuse[11887:11880]		0x05CD		05CD

						hwv_fuse[11895:11888]		0x05CE		05CE

						hwv_fuse[11903:11896]		0x05CF		05CF

						hwv_fuse[11911:11904]		0x05D0		05D0

						hwv_fuse[11919:11912]		0x05D1		05D1

						hwv_fuse[11927:11920]		0x05D2		05D2

						hwv_fuse[11935:11928]		0x05D3		05D3

						hwv_fuse[11943:11936]		0x05D4		05D4

						hwv_fuse[11951:11944]		0x05D5		05D5

						hwv_fuse[11959:11952]		0x05D6		05D6

						hwv_fuse[11967:11960]		0x05D7		05D7

						hwv_fuse[11975:11968]		0x05D8		05D8

						hwv_fuse[11983:11976]		0x05D9		05D9

						hwv_fuse[11991:11984]		0x05DA		05DA

						hwv_fuse[11999:11992]		0x05DB		05DB

						hwv_fuse[12007:12000]		0x05DC		05DC

						hwv_fuse[12015:12008]		0x05DD		05DD

						hwv_fuse[12023:12016]		0x05DE		05DE

						hwv_fuse[12031:12024]		0x05DF		05DF

								0x5DF		5DF

		47		ECC		hwv_fuse[12039:12032]		0x05E0		05E0		RESERVED																Bank 45 - 48

						hwv_fuse[12047:12040]		0x05E1		05E1

						hwv_fuse[12055:12048]		0x05E2		05E2

						hwv_fuse[12063:12056]		0x05E3		05E3

						hwv_fuse[12071:12064]		0x05E4		05E4

						hwv_fuse[12079:12072]		0x05E5		05E5

						hwv_fuse[12087:12080]		0x05E6		05E6

						hwv_fuse[12095:12088]		0x05E7		05E7

						hwv_fuse[12103:12096]		0x05E8		05E8

						hwv_fuse[12111:12104]		0x05E9		05E9

						hwv_fuse[12119:12112]		0x05EA		05EA

						hwv_fuse[12127:12120]		0x05EB		05EB

						hwv_fuse[12135:12128]		0x05EC		05EC

						hwv_fuse[12143:12136]		0x05ED		05ED

						hwv_fuse[12151:12144]		0x05EE		05EE

						hwv_fuse[12159:12152]		0x05EF		05EF

						hwv_fuse[12167:12160]		0x05F0		05F0

						hwv_fuse[12175:12168]		0x05F1		05F1

						hwv_fuse[12183:12176]		0x05F2		05F2

						hwv_fuse[12191:12184]		0x05F3		05F3

						hwv_fuse[12199:12192]		0x05F4		05F4

						hwv_fuse[12207:12200]		0x05F5		05F5

						hwv_fuse[12215:12208]		0x05F6		05F6

						hwv_fuse[12223:12216]		0x05F7		05F7

						hwv_fuse[12231:12224]		0x05F8		05F8

						hwv_fuse[12239:12232]		0x05F9		05F9

						hwv_fuse[12247:12240]		0x05FA		05FA

						hwv_fuse[12255:12248]		0x05FB		05FB

						hwv_fuse[12263:12256]		0x05FC		05FC

						hwv_fuse[12271:12264]		0x05FD		05FD

						hwv_fuse[12279:12272]		0x05FE		05FE

						hwv_fuse[12287:12280]		0x05FF		05FF

								0x5FF		5FF

		48		ECC		hwv_fuse[12295:12288]		0x0600		0600		RESERVED																Bank 45 - 48

						hwv_fuse[12303:12296]		0x0601		0601

						hwv_fuse[12311:12304]		0x0602		0602

						hwv_fuse[12319:12312]		0x0603		0603

						hwv_fuse[12327:12320]		0x0604		0604

						hwv_fuse[12335:12328]		0x0605		0605

						hwv_fuse[12343:12336]		0x0606		0606

						hwv_fuse[12351:12344]		0x0607		0607

						hwv_fuse[12359:12352]		0x0608		0608

						hwv_fuse[12367:12360]		0x0609		0609

						hwv_fuse[12375:12368]		0x060A		060A

						hwv_fuse[12383:12376]		0x060B		060B

						hwv_fuse[12391:12384]		0x060C		060C

						hwv_fuse[12399:12392]		0x060D		060D

						hwv_fuse[12407:12400]		0x060E		060E

						hwv_fuse[12415:12408]		0x060F		060F

						hwv_fuse[12423:12416]		0x0610		0610

						hwv_fuse[12431:12424]		0x0611		0611

						hwv_fuse[12439:12432]		0x0612		0612

						hwv_fuse[12447:12440]		0x0613		0613

						hwv_fuse[12455:12448]		0x0614		0614

						hwv_fuse[12463:12456]		0x0615		0615

						hwv_fuse[12471:12464]		0x0616		0616

						hwv_fuse[12479:12472]		0x0617		0617

						hwv_fuse[12487:12480]		0x0618		0618

						hwv_fuse[12495:12488]		0x0619		0619

						hwv_fuse[12503:12496]		0x061A		061A

						hwv_fuse[12511:12504]		0x061B		061B

						hwv_fuse[12519:12512]		0x061C		061C

						hwv_fuse[12527:12520]		0x061D		061D

						hwv_fuse[12535:12528]		0x061E		061E

						hwv_fuse[12543:12536]		0x061F		061F

								0x61F		61F

		49		ECC		hwv_fuse[12551:12544]		0x0620		0620		GP Registers (internal)#8																Bank 49		N/A

						hwv_fuse[12559:12552]		0x0621		0621

						hwv_fuse[12567:12560]		0x0622		0622

						hwv_fuse[12575:12568]		0x0623		0623

						hwv_fuse[12583:12576]		0x0624		0624

						hwv_fuse[12591:12584]		0x0625		0625

						hwv_fuse[12599:12592]		0x0626		0626

						hwv_fuse[12607:12600]		0x0627		0627

						hwv_fuse[12615:12608]		0x0628		0628

						hwv_fuse[12623:12616]		0x0629		0629

						hwv_fuse[12631:12624]		0x062A		062A

						hwv_fuse[12639:12632]		0x062B		062B

						hwv_fuse[12647:12640]		0x062C		062C

						hwv_fuse[12655:12648]		0x062D		062D

						hwv_fuse[12663:12656]		0x062E		062E

						hwv_fuse[12671:12664]		0x062F		062F

						hwv_fuse[12679:12672]		0x0630		0630

						hwv_fuse[12687:12680]		0x0631		0631

						hwv_fuse[12695:12688]		0x0632		0632

						hwv_fuse[12703:12696]		0x0633		0633

						hwv_fuse[12711:12704]		0x0634		0634

						hwv_fuse[12719:12712]		0x0635		0635

						hwv_fuse[12727:12720]		0x0636		0636

						hwv_fuse[12735:12728]		0x0637		0637

						hwv_fuse[12743:12736]		0x0638		0638

						hwv_fuse[12751:12744]		0x0639		0639

						hwv_fuse[12759:12752]		0x063A		063A

						hwv_fuse[12767:12760]		0x063B		063B

						hwv_fuse[12775:12768]		0x063C		063C

						hwv_fuse[12783:12776]		0x063D		063D

						hwv_fuse[12791:12784]		0x063E		063E

						hwv_fuse[12799:12792]		0x063F		063F

								0x63F		63F

		50		ECC		hwv_fuse[12807:12800]		0x0640		0640		GP Registers (internal)#9																Bank 50		N/A

						hwv_fuse[12815:12808]		0x0641		0641

						hwv_fuse[12823:12816]		0x0642		0642

						hwv_fuse[12831:12824]		0x0643		0643

						hwv_fuse[12839:12832]		0x0644		0644

						hwv_fuse[12847:12840]		0x0645		0645

						hwv_fuse[12855:12848]		0x0646		0646

						hwv_fuse[12863:12856]		0x0647		0647

						hwv_fuse[12871:12864]		0x0648		0648

						hwv_fuse[12879:12872]		0x0649		0649

						hwv_fuse[12887:12880]		0x064A		064A

						hwv_fuse[12895:12888]		0x064B		064B

						hwv_fuse[12903:12896]		0x064C		064C

						hwv_fuse[12911:12904]		0x064D		064D

						hwv_fuse[12919:12912]		0x064E		064E

						hwv_fuse[12927:12920]		0x064F		064F

						hwv_fuse[12935:12928]		0x0650		0650

						hwv_fuse[12943:12936]		0x0651		0651

						hwv_fuse[12951:12944]		0x0652		0652

						hwv_fuse[12959:12952]		0x0653		0653

						hwv_fuse[12967:12960]		0x0654		0654

						hwv_fuse[12975:12968]		0x0655		0655

						hwv_fuse[12983:12976]		0x0656		0656

						hwv_fuse[12991:12984]		0x0657		0657

						hwv_fuse[12999:12992]		0x0658		0658

						hwv_fuse[13007:13000]		0x0659		0659

						hwv_fuse[13015:13008]		0x065A		065A

						hwv_fuse[13023:13016]		0x065B		065B

						hwv_fuse[13031:13024]		0x065C		065C

						hwv_fuse[13039:13032]		0x065D		065D

						hwv_fuse[13047:13040]		0x065E		065E

						hwv_fuse[13055:13048]		0x065F		065F

								0x65F		65F

		51		Redundancy		hwv_fuse[13063:13056]		0x0660		0660		GP Registers (internal)#10																Bank 51		N/A

						hwv_fuse[13071:13064]		0x0661		0661

						hwv_fuse[13079:13072]		0x0662		0662

						hwv_fuse[13087:13080]		0x0663		0663

						hwv_fuse[13095:13088]		0x0664		0664

						hwv_fuse[13103:13096]		0x0665		0665

						hwv_fuse[13111:13104]		0x0666		0666

						hwv_fuse[13119:13112]		0x0667		0667

						hwv_fuse[13127:13120]		0x0668		0668

						hwv_fuse[13135:13128]		0x0669		0669

						hwv_fuse[13143:13136]		0x066A		066A

						hwv_fuse[13151:13144]		0x066B		066B

						hwv_fuse[13159:13152]		0x066C		066C

						hwv_fuse[13167:13160]		0x066D		066D

						hwv_fuse[13175:13168]		0x066E		066E

						hwv_fuse[13183:13176]		0x066F		066F

						hwv_fuse[13191:13184]		0x0670		0670

						hwv_fuse[13199:13192]		0x0671		0671

						hwv_fuse[13207:13200]		0x0672		0672

						hwv_fuse[13215:13208]		0x0673		0673

						hwv_fuse[13223:13216]		0x0674		0674

						hwv_fuse[13231:13224]		0x0675		0675

						hwv_fuse[13239:13232]		0x0676		0676

						hwv_fuse[13247:13240]		0x0677		0677

						hwv_fuse[13255:13248]		0x0678		0678

						hwv_fuse[13263:13256]		0x0679		0679

						hwv_fuse[13271:13264]		0x067A		067A

						hwv_fuse[13279:13272]		0x067B		067B

						hwv_fuse[13287:13280]		0x067C		067C

						hwv_fuse[13295:13288]		0x067D		067D

						hwv_fuse[13303:13296]		0x067E		067E

						hwv_fuse[13311:13304]		0x067F		067F

								0x67F		67F

		52		ECC		hwv_fuse[13319:13312]		0x0680		0680		RESERVED																Bank 52 - 59

						hwv_fuse[13327:13320]		0x0681		0681

						hwv_fuse[13335:13328]		0x0682		0682

						hwv_fuse[13343:13336]		0x0683		0683

						hwv_fuse[13351:13344]		0x0684		0684

						hwv_fuse[13359:13352]		0x0685		0685

						hwv_fuse[13367:13360]		0x0686		0686

						hwv_fuse[13375:13368]		0x0687		0687

						hwv_fuse[13383:13376]		0x0688		0688

						hwv_fuse[13391:13384]		0x0689		0689

						hwv_fuse[13399:13392]		0x068A		068A

						hwv_fuse[13407:13400]		0x068B		068B

						hwv_fuse[13415:13408]		0x068C		068C

						hwv_fuse[13423:13416]		0x068D		068D

						hwv_fuse[13431:13424]		0x068E		068E

						hwv_fuse[13439:13432]		0x068F		068F

						hwv_fuse[13447:13440]		0x0690		0690

						hwv_fuse[13455:13448]		0x0691		0691

						hwv_fuse[13463:13456]		0x0692		0692

						hwv_fuse[13471:13464]		0x0693		0693

						hwv_fuse[13479:13472]		0x0694		0694

						hwv_fuse[13487:13480]		0x0695		0695

						hwv_fuse[13495:13488]		0x0696		0696

						hwv_fuse[13503:13496]		0x0697		0697

						hwv_fuse[13511:13504]		0x0698		0698

						hwv_fuse[13519:13512]		0x0699		0699

						hwv_fuse[13527:13520]		0x069A		069A

						hwv_fuse[13535:13528]		0x069B		069B

						hwv_fuse[13543:13536]		0x069C		069C

						hwv_fuse[13551:13544]		0x069D		069D

						hwv_fuse[13559:13552]		0x069E		069E

						hwv_fuse[13567:13560]		0x069F		069F

								0x69F		69F

		53		ECC		hwv_fuse[13575:13568]		0x06A0		06A0		RESERVED																Bank 52 - 59

						hwv_fuse[13583:13576]		0x06A1		06A1

						hwv_fuse[13591:13584]		0x06A2		06A2

						hwv_fuse[13599:13592]		0x06A3		06A3

						hwv_fuse[13607:13600]		0x06A4		06A4

						hwv_fuse[13615:13608]		0x06A5		06A5

						hwv_fuse[13623:13616]		0x06A6		06A6

						hwv_fuse[13631:13624]		0x06A7		06A7

						hwv_fuse[13639:13632]		0x06A8		06A8

						hwv_fuse[13647:13640]		0x06A9		06A9

						hwv_fuse[13655:13648]		0x06AA		06AA

						hwv_fuse[13663:13656]		0x06AB		06AB

						hwv_fuse[13671:13664]		0x06AC		06AC

						hwv_fuse[13679:13672]		0x06AD		06AD

						hwv_fuse[13687:13680]		0x06AE		06AE

						hwv_fuse[13695:13688]		0x06AF		06AF

						hwv_fuse[13703:13696]		0x06B0		06B0

						hwv_fuse[13711:13704]		0x06B1		06B1

						hwv_fuse[13719:13712]		0x06B2		06B2

						hwv_fuse[13727:13720]		0x06B3		06B3

						hwv_fuse[13735:13728]		0x06B4		06B4

						hwv_fuse[13743:13736]		0x06B5		06B5

						hwv_fuse[13751:13744]		0x06B6		06B6

						hwv_fuse[13759:13752]		0x06B7		06B7

						hwv_fuse[13767:13760]		0x06B8		06B8

						hwv_fuse[13775:13768]		0x06B9		06B9

						hwv_fuse[13783:13776]		0x06BA		06BA

						hwv_fuse[13791:13784]		0x06BB		06BB

						hwv_fuse[13799:13792]		0x06BC		06BC

						hwv_fuse[13807:13800]		0x06BD		06BD

						hwv_fuse[13815:13808]		0x06BE		06BE

						hwv_fuse[13823:13816]		0x06BF		06BF

								0x6BF		6BF

		54		ECC		hwv_fuse[13831:13824]		0x06C0		06C0		RESERVED																Bank 52 - 59

						hwv_fuse[13839:13832]		0x06C1		06C1

						hwv_fuse[13847:13840]		0x06C2		06C2

						hwv_fuse[13855:13848]		0x06C3		06C3

						hwv_fuse[13863:13856]		0x06C4		06C4

						hwv_fuse[13871:13864]		0x06C5		06C5

						hwv_fuse[13879:13872]		0x06C6		06C6

						hwv_fuse[13887:13880]		0x06C7		06C7

						hwv_fuse[13895:13888]		0x06C8		06C8

						hwv_fuse[13903:13896]		0x06C9		06C9

						hwv_fuse[13911:13904]		0x06CA		06CA

						hwv_fuse[13919:13912]		0x06CB		06CB

						hwv_fuse[13927:13920]		0x06CC		06CC

						hwv_fuse[13935:13928]		0x06CD		06CD

						hwv_fuse[13943:13936]		0x06CE		06CE

						hwv_fuse[13951:13944]		0x06CF		06CF

						hwv_fuse[13959:13952]		0x06D0		06D0

						hwv_fuse[13967:13960]		0x06D1		06D1

						hwv_fuse[13975:13968]		0x06D2		06D2

						hwv_fuse[13983:13976]		0x06D3		06D3

						hwv_fuse[13991:13984]		0x06D4		06D4

						hwv_fuse[13999:13992]		0x06D5		06D5

						hwv_fuse[14007:14000]		0x06D6		06D6

						hwv_fuse[14015:14008]		0x06D7		06D7

						hwv_fuse[14023:14016]		0x06D8		06D8

						hwv_fuse[14031:14024]		0x06D9		06D9

						hwv_fuse[14039:14032]		0x06DA		06DA

						hwv_fuse[14047:14040]		0x06DB		06DB

						hwv_fuse[14055:14048]		0x06DC		06DC

						hwv_fuse[14063:14056]		0x06DD		06DD

						hwv_fuse[14071:14064]		0x06DE		06DE

						hwv_fuse[14079:14072]		0x06DF		06DF

								0x6DF		6DF

		55		ECC		hwv_fuse[14087:14080]		0x06E0		06E0		RESERVED																Bank 52 - 59

						hwv_fuse[14095:14088]		0x06E1		06E1

						hwv_fuse[14103:14096]		0x06E2		06E2

						hwv_fuse[14111:14104]		0x06E3		06E3

						hwv_fuse[14119:14112]		0x06E4		06E4

						hwv_fuse[14127:14120]		0x06E5		06E5

						hwv_fuse[14135:14128]		0x06E6		06E6

						hwv_fuse[14143:14136]		0x06E7		06E7

						hwv_fuse[14151:14144]		0x06E8		06E8

						hwv_fuse[14159:14152]		0x06E9		06E9

						hwv_fuse[14167:14160]		0x06EA		06EA

						hwv_fuse[14175:14168]		0x06EB		06EB

						hwv_fuse[14183:14176]		0x06EC		06EC

						hwv_fuse[14191:14184]		0x06ED		06ED

						hwv_fuse[14199:14192]		0x06EE		06EE

						hwv_fuse[14207:14200]		0x06EF		06EF

						hwv_fuse[14215:14208]		0x06F0		06F0

						hwv_fuse[14223:14216]		0x06F1		06F1

						hwv_fuse[14231:14224]		0x06F2		06F2

						hwv_fuse[14239:14232]		0x06F3		06F3

						hwv_fuse[14247:14240]		0x06F4		06F4

						hwv_fuse[14255:14248]		0x06F5		06F5

						hwv_fuse[14263:14256]		0x06F6		06F6

						hwv_fuse[14271:14264]		0x06F7		06F7

						hwv_fuse[14279:14272]		0x06F8		06F8

						hwv_fuse[14287:14280]		0x06F9		06F9

						hwv_fuse[14295:14288]		0x06FA		06FA

						hwv_fuse[14303:14296]		0x06FB		06FB

						hwv_fuse[14311:14304]		0x06FC		06FC

						hwv_fuse[14319:14312]		0x06FD		06FD

						hwv_fuse[14327:14320]		0x06FE		06FE

						hwv_fuse[14335:14328]		0x06FF		06FF

								0x6FF		6FF

		56		Redundancy		hwv_fuse[14343:14336]		0x0700		0700		RESERVED																Bank 52 - 59

						hwv_fuse[14351:14344]		0x0701		0701

						hwv_fuse[14359:14352]		0x0702		0702

						hwv_fuse[14367:14360]		0x0703		0703

						hwv_fuse[14375:14368]		0x0704		0704

						hwv_fuse[14383:14376]		0x0705		0705

						hwv_fuse[14391:14384]		0x0706		0706

						hwv_fuse[14399:14392]		0x0707		0707

						hwv_fuse[14407:14400]		0x0708		0708

						hwv_fuse[14415:14408]		0x0709		0709

						hwv_fuse[14423:14416]		0x070A		070A

						hwv_fuse[14431:14424]		0x070B		070B

						hwv_fuse[14439:14432]		0x070C		070C

						hwv_fuse[14447:14440]		0x070D		070D

						hwv_fuse[14455:14448]		0x070E		070E

						hwv_fuse[14463:14456]		0x070F		070F

						hwv_fuse[14471:14464]		0x0710		0710

						hwv_fuse[14479:14472]		0x0711		0711

						hwv_fuse[14487:14480]		0x0712		0712

						hwv_fuse[14495:14488]		0x0713		0713

						hwv_fuse[14503:14496]		0x0714		0714

						hwv_fuse[14511:14504]		0x0715		0715

						hwv_fuse[14519:14512]		0x0716		0716

						hwv_fuse[14527:14520]		0x0717		0717

						hwv_fuse[14535:14528]		0x0718		0718

						hwv_fuse[14543:14536]		0x0719		0719

						hwv_fuse[14551:14544]		0x071A		071A

						hwv_fuse[14559:14552]		0x071B		071B

						hwv_fuse[14567:14560]		0x071C		071C

						hwv_fuse[14575:14568]		0x071D		071D

						hwv_fuse[14583:14576]		0x071E		071E

						hwv_fuse[14591:14584]		0x071F		071F

								0x71F		71F

		57		ECC		hwv_fuse[14599:14592]		0x0720		0720		RESERVED																Bank 52 - 59

						hwv_fuse[14607:14600]		0x0721		0721

						hwv_fuse[14615:14608]		0x0722		0722

						hwv_fuse[14623:14616]		0x0723		0723

						hwv_fuse[14631:14624]		0x0724		0724

						hwv_fuse[14639:14632]		0x0725		0725

						hwv_fuse[14647:14640]		0x0726		0726

						hwv_fuse[14655:14648]		0x0727		0727

						hwv_fuse[14663:14656]		0x0728		0728

						hwv_fuse[14671:14664]		0x0729		0729

						hwv_fuse[14679:14672]		0x072A		072A

						hwv_fuse[14687:14680]		0x072B		072B

						hwv_fuse[14695:14688]		0x072C		072C

						hwv_fuse[14703:14696]		0x072D		072D

						hwv_fuse[14711:14704]		0x072E		072E

						hwv_fuse[14719:14712]		0x072F		072F

						hwv_fuse[14727:14720]		0x0730		0730

						hwv_fuse[14735:14728]		0x0731		0731

						hwv_fuse[14743:14736]		0x0732		0732

						hwv_fuse[14751:14744]		0x0733		0733

						hwv_fuse[14759:14752]		0x0734		0734

						hwv_fuse[14767:14760]		0x0735		0735

						hwv_fuse[14775:14768]		0x0736		0736

						hwv_fuse[14783:14776]		0x0737		0737

						hwv_fuse[14791:14784]		0x0738		0738

						hwv_fuse[14799:14792]		0x0739		0739

						hwv_fuse[14807:14800]		0x073A		073A

						hwv_fuse[14815:14808]		0x073B		073B

						hwv_fuse[14823:14816]		0x073C		073C

						hwv_fuse[14831:14824]		0x073D		073D

						hwv_fuse[14839:14832]		0x073E		073E

						hwv_fuse[14847:14840]		0x073F		073F

								0x73F		73F

		58		ECC		hwv_fuse[14855:14848]		0x0740		0740		RESERVED																Bank 52 - 59

						hwv_fuse[14863:14856]		0x0741		0741

						hwv_fuse[14871:14864]		0x0742		0742

						hwv_fuse[14879:14872]		0x0743		0743

						hwv_fuse[14887:14880]		0x0744		0744

						hwv_fuse[14895:14888]		0x0745		0745

						hwv_fuse[14903:14896]		0x0746		0746

						hwv_fuse[14911:14904]		0x0747		0747

						hwv_fuse[14919:14912]		0x0748		0748

						hwv_fuse[14927:14920]		0x0749		0749

						hwv_fuse[14935:14928]		0x074A		074A

						hwv_fuse[14943:14936]		0x074B		074B

						hwv_fuse[14951:14944]		0x074C		074C

						hwv_fuse[14959:14952]		0x074D		074D

						hwv_fuse[14967:14960]		0x074E		074E

						hwv_fuse[14975:14968]		0x074F		074F

						hwv_fuse[14983:14976]		0x0750		0750

						hwv_fuse[14991:14984]		0x0751		0751

						hwv_fuse[14999:14992]		0x0752		0752

						hwv_fuse[15007:15000]		0x0753		0753

						hwv_fuse[15015:15008]		0x0754		0754

						hwv_fuse[15023:15016]		0x0755		0755

						hwv_fuse[15031:15024]		0x0756		0756

						hwv_fuse[15039:15032]		0x0757		0757

						hwv_fuse[15047:15040]		0x0758		0758

						hwv_fuse[15055:15048]		0x0759		0759

						hwv_fuse[15063:15056]		0x075A		075A

						hwv_fuse[15071:15064]		0x075B		075B

						hwv_fuse[15079:15072]		0x075C		075C

						hwv_fuse[15087:15080]		0x075D		075D

						hwv_fuse[15095:15088]		0x075E		075E

						hwv_fuse[15103:15096]		0x075F		075F

								0x75F		75F

		59		ECC		hwv_fuse[15111:15104]		0x0760		0760		RESERVED																Bank 52 - 59

						hwv_fuse[15119:15112]		0x0761		0761

						hwv_fuse[15127:15120]		0x0762		0762

						hwv_fuse[15135:15128]		0x0763		0763

						hwv_fuse[15143:15136]		0x0764		0764

						hwv_fuse[15151:15144]		0x0765		0765

						hwv_fuse[15159:15152]		0x0766		0766

						hwv_fuse[15167:15160]		0x0767		0767

						hwv_fuse[15175:15168]		0x0768		0768

						hwv_fuse[15183:15176]		0x0769		0769

						hwv_fuse[15191:15184]		0x076A		076A

						hwv_fuse[15199:15192]		0x076B		076B

						hwv_fuse[15207:15200]		0x076C		076C

						hwv_fuse[15215:15208]		0x076D		076D

						hwv_fuse[15223:15216]		0x076E		076E

						hwv_fuse[15231:15224]		0x076F		076F

						hwv_fuse[15239:15232]		0x0770		0770

						hwv_fuse[15247:15240]		0x0771		0771

						hwv_fuse[15255:15248]		0x0772		0772

						hwv_fuse[15263:15256]		0x0773		0773

						hwv_fuse[15271:15264]		0x0774		0774

						hwv_fuse[15279:15272]		0x0775		0775

						hwv_fuse[15287:15280]		0x0776		0776

						hwv_fuse[15295:15288]		0x0777		0777

						hwv_fuse[15303:15296]		0x0778		0778

						hwv_fuse[15311:15304]		0x0779		0779

						hwv_fuse[15319:15312]		0x077A		077A

						hwv_fuse[15327:15320]		0x077B		077B

						hwv_fuse[15335:15328]		0x077C		077C

						hwv_fuse[15343:15336]		0x077D		077D

						hwv_fuse[15351:15344]		0x077E		077E

						hwv_fuse[15359:15352]		0x077F		077F

								0x77F		77F

		60		ECC		hwv_fuse[15367:15360]		0x0780		0780		RESERVED																Bank 60, Word 0

						hwv_fuse[15375:15368]		0x0781		0781																		Bank 60, Word 0

						hwv_fuse[15383:15376]		0x0782		0782																		Bank 60, Word 0

						hwv_fuse[15391:15384]		0x0783		0783																		Bank 60, Word 0

						hwv_fuse[15399:15392]		0x0784		0784																		Bank 60, Word 1

						hwv_fuse[15407:15400]		0x0785		0785																		Bank 60, Word 1

						hwv_fuse[15415:15408]		0x0786		0786																		Bank 60, Word 1

						hwv_fuse[15423:15416]		0x0787		0787																		Bank 60, Word 1

						hwv_fuse[15431:15424]		0x0788		0788																		Bank 60, Word 2

						hwv_fuse[15439:15432]		0x0789		0789																		Bank 60, Word 2

						hwv_fuse[15447:15440]		0x078A		078A																		Bank 60, Word 2

						hwv_fuse[15455:15448]		0x078B		078B																		Bank 60, Word 2

						hwv_fuse[15463:15456]		0x078C		078C																		Bank 60, Word 3

						hwv_fuse[15471:15464]		0x078D		078D																		Bank 60, Word 3

						hwv_fuse[15479:15472]		0x078E		078E																		Bank 60, Word 3

						hwv_fuse[15487:15480]		0x078F		078F																		Bank 60, Word 3

						hwv_fuse[15495:15488]		0x0790		0790																		Bank 60, Word 4

						hwv_fuse[15503:15496]		0x0791		0791																		Bank 60, Word 4

						hwv_fuse[15511:15504]		0x0792		0792																		Bank 60, Word 4

						hwv_fuse[15519:15512]		0x0793		0793																		Bank 60, Word 4

						hwv_fuse[15527:15520]		0x0794		0794																		Bank 60, Word 5

						hwv_fuse[15535:15528]		0x0795		0795																		Bank 60, Word 5

						hwv_fuse[15543:15536]		0x0796		0796																		Bank 60, Word 5

						hwv_fuse[15551:15544]		0x0797		0797																		Bank 60, Word 5

						hwv_fuse[15559:15552]		0x0798		0798																		Bank 60, Word 6

						hwv_fuse[15567:15560]		0x0799		0799																		Bank 60, Word 6

						hwv_fuse[15575:15568]		0x079A		079A																		Bank 60, Word 6

						hwv_fuse[15583:15576]		0x079B		079B																		Bank 60, Word 6

						hwv_fuse[15591:15584]		0x079C		079C																		Bank 60, Word 7

						hwv_fuse[15599:15592]		0x079D		079D																		Bank 60, Word 7

						hwv_fuse[15607:15600]		0x079E		079E																		Bank 60, Word 7

						hwv_fuse[15615:15608]		0x079F		079F																		Bank 60, Word 7

								0x79F		79F

		61		ECC		hwv_fuse[15623:15616]		0x07A0		07A0		RESERVED																Bank 62, Word 0

						hwv_fuse[15631:15624]		0x07A1		07A1																		Bank 62, Word 0

						hwv_fuse[15639:15632]		0x07A2		07A2																		Bank 62, Word 0

						hwv_fuse[15647:15640]		0x07A3		07A3																		Bank 62, Word 0

						hwv_fuse[15655:15648]		0x07A4		07A4																		Bank 62, Word 1

						hwv_fuse[15663:15656]		0x07A5		07A5																		Bank 62, Word 1

						hwv_fuse[15671:15664]		0x07A6		07A6																		Bank 62, Word 1

						hwv_fuse[15679:15672]		0x07A7		07A7																		Bank 62, Word 1

						hwv_fuse[15687:15680]		0x07A8		07A8																		Bank 62, Word 2

						hwv_fuse[15695:15688]		0x07A9		07A9																		Bank 62, Word 2

						hwv_fuse[15703:15696]		0x07AA		07AA																		Bank 62, Word 2

						hwv_fuse[15711:15704]		0x07AB		07AB																		Bank 62, Word 2

						hwv_fuse[15719:15712]		0x07AC		07AC																		Bank 62, Word 3

						hwv_fuse[15727:15720]		0x07AD		07AD																		Bank 62, Word 3

						hwv_fuse[15735:15728]		0x07AE		07AE																		Bank 62, Word 3

						hwv_fuse[15743:15736]		0x07AF		07AF																		Bank 62, Word 3

						hwv_fuse[15751:15744]		0x07B0		07B0																		Bank 62, Word 4

						hwv_fuse[15759:15752]		0x07B1		07B1																		Bank 62, Word 4

						hwv_fuse[15767:15760]		0x07B2		07B2																		Bank 62, Word 4

						hwv_fuse[15775:15768]		0x07B3		07B3																		Bank 62, Word 4

						hwv_fuse[15783:15776]		0x07B4		07B4																		Bank 62, Word 5

						hwv_fuse[15791:15784]		0x07B5		07B5																		Bank 62, Word 5

						hwv_fuse[15799:15792]		0x07B6		07B6																		Bank 62, Word 5

						hwv_fuse[15807:15800]		0x07B7		07B7																		Bank 62, Word 5

						hwv_fuse[15815:15808]		0x07B8		07B8																		Bank 62, Word 6

						hwv_fuse[15823:15816]		0x07B9		07B9																		Bank 62, Word 6

						hwv_fuse[15831:15824]		0x07BA		07BA																		Bank 62, Word 6

						hwv_fuse[15839:15832]		0x07BB		07BB																		Bank 62, Word 6

						hwv_fuse[15847:15840]		0x07BC		07BC																		Bank 62, Word 7

						hwv_fuse[15855:15848]		0x07BD		07BD																		Bank 62, Word 7

						hwv_fuse[15863:15856]		0x07BE		07BE																		Bank 62, Word 7

						hwv_fuse[15871:15864]		0x07BF		07BF																		Bank 62, Word 7

								0x7BF		7BF

		62		ECC		hwv_fuse[15879:15872]		0x07C0		07C0		RESERVED																Bank 63, Word 0		CRC_LO_LOCK

						hwv_fuse[15887:15880]		0x07C1		07C1																		Bank 63, Word 0

						hwv_fuse[15895:15888]		0x07C2		07C2																		Bank 63, Word 0

						hwv_fuse[15903:15896]		0x07C3		07C3																		Bank 63, Word 0

						hwv_fuse[15911:15904]		0x07C4		07C4		RESERVED																Bank 63, Word 1

						hwv_fuse[15919:15912]		0x07C5		07C5																		Bank 63, Word 1

						hwv_fuse[15927:15920]		0x07C6		07C6																		Bank 63, Word 1

						hwv_fuse[15935:15928]		0x07C7		07C7																		Bank 63, Word 1

						hwv_fuse[15943:15936]		0x07C8		07C8		RESERVED																Bank 63, Word 2

						hwv_fuse[15951:15944]		0x07C9		07C9																		Bank 63, Word 2

						hwv_fuse[15959:15952]		0x07CA		07CA																		Bank 63, Word 2

						hwv_fuse[15967:15960]		0x07CB		07CB																		Bank 63, Word 2

						hwv_fuse[15975:15968]		0x07CC		07CC		RESERVED																Bank 63, Word 3

						hwv_fuse[15983:15976]		0x07CD		07CD																		Bank 63, Word 3

						hwv_fuse[15991:15984]		0x07CE		07CE																		Bank 63, Word 3

						hwv_fuse[15999:15992]		0x07CF		07CF																		Bank 63, Word 3

						hwv_fuse[16007:16000]		0x07D0		07D0		RESERVED																Bank 63, Word 4

						hwv_fuse[16015:16008]		0x07D1		07D1																		Bank 63, Word 4		CRC_HI_LOCK

						hwv_fuse[16023:16016]		0x07D2		07D2																		Bank 63, Word 4

						hwv_fuse[16031:16024]		0x07D3		07D3																		Bank 63, Word 4

						hwv_fuse[16039:16032]		0x07D4		07D4		RESERVED																Bank 63, Word 5

						hwv_fuse[16047:16040]		0x07D5		07D5																		Bank 63, Word 5

						hwv_fuse[16055:16048]		0x07D6		07D6																		Bank 63, Word 5

						hwv_fuse[16063:16056]		0x07D7		07D7																		Bank 63, Word 5

						hwv_fuse[16071:16064]		0x07D8		07D8		RESERVED																Bank 63, Word 6

						hwv_fuse[16079:16072]		0x07D9		07D9																		Bank 63, Word 6

						hwv_fuse[16087:16080]		0x07DA		07DA																		Bank 63, Word 6

						hwv_fuse[16095:16088]		0x07DB		07DB																		Bank 63, Word 6

						hwv_fuse[16103:16096]		0x07DC		07DC		RESERVED																Bank 63, Word 7

						hwv_fuse[16111:16104]		0x07DD		07DD																		Bank 63, Word 7

						hwv_fuse[16119:16112]		0x07DE		07DE																		Bank 63, Word 7

						hwv_fuse[16127:16120]		0x07DF		07DF																		Bank 63, Word 7

								0x7DF		7DF

		63		ECC		hwv_fuse[16135:16128]		0x07E0		07E0		RESERVED																Bank 63, Word 0

						hwv_fuse[16143:16136]		0x07E1		07E1																		Bank 63, Word 0

						hwv_fuse[16151:16144]		0x07E2		07E2																		Bank 63, Word 0

						hwv_fuse[16159:16152]		0x07E3		07E3																		Bank 63, Word 0

						hwv_fuse[16167:16160]		0x07E4		07E4																		Bank 63, Word 1

						hwv_fuse[16175:16168]		0x07E5		07E5																		Bank 63, Word 1

						hwv_fuse[16183:16176]		0x07E6		07E6																		Bank 63, Word 1

						hwv_fuse[16191:16184]		0x07E7		07E7																		Bank 63, Word 1

						hwv_fuse[16199:16192]		0x07E8		07E8																		Bank 63, Word 2

						hwv_fuse[16207:16200]		0x07E9		07E9																		Bank 63, Word 2

						hwv_fuse[16215:16208]		0x07EA		07EA																		Bank 63, Word 2

						hwv_fuse[16223:16216]		0x07EB		07EB																		Bank 63, Word 2

						hwv_fuse[16231:16224]		0x07EC		07EC																		Bank 63, Word 3

						hwv_fuse[16239:16232]		0x07ED		07ED																		Bank 63, Word 3

						hwv_fuse[16247:16240]		0x07EE		07EE																		Bank 63, Word 3

						hwv_fuse[16255:16248]		0x07EF		07EF																		Bank 63, Word 3

						hwv_fuse[16263:16256]		0x07F0		07F0																		Bank 63, Word 4

						hwv_fuse[16271:16264]		0x07F1		07F1																		Bank 63, Word 4

						hwv_fuse[16279:16272]		0x07F2		07F2																		Bank 63, Word 4

						hwv_fuse[16287:16280]		0x07F3		07F3																		Bank 63, Word 4

						hwv_fuse[16295:16288]		0x07F4		07F4																		Bank 63, Word 5

						hwv_fuse[16303:16296]		0x07F5		07F5																		Bank 63, Word 5

						hwv_fuse[16311:16304]		0x07F6		07F6																		Bank 63, Word 5

						hwv_fuse[16319:16312]		0x07F7		07F7																		Bank 63, Word 5

						hwv_fuse[16327:16320]		0x07F8		07F8																		Bank 63, Word 6

						hwv_fuse[16335:16328]		0x07F9		07F9																		Bank 63, Word 6

						hwv_fuse[16343:16336]		0x07FA		07FA																		Bank 63, Word 6

						hwv_fuse[16351:16344]		0x07FB		07FB																		Bank 63, Word 6

						hwv_fuse[16359:16352]		0x07FC		07FC																		Bank 63, Word 7

						hwv_fuse[16367:16360]		0x07FD		07FD																		Bank 63, Word 7

						hwv_fuse[16375:16368]		0x07FE		07FE																		Bank 63, Word 7

						hwv_fuse[16383:16376]		0x07FF		07FF																		Bank 63, Word 7

												Note: All fuses valid		All fuses pgrm



		Note: *LCMask (aka Pwmask) applies ELE driven protection controls on specific fuse bits to ensure that in certain states only specified fuses can be blown. See the Chip Lifecycle diagram for specific state transition sequence enforced by this mask.

		Note: **Each LC encoded ECC bits must match three states of the LC ecnoded value: Fab->All zeros, Provisioned->a random numberical value, Blanked->All ones.

















































































































































































































































































































































































































































































































































































































































































































































Banks_Classification RM

						1 Bank  Equals 				8 words		256 bits



				Fuse Bank		Purpose		Size (Bits)		Address index		Hardware Visible Fuses		LOCK		Redundancy/
ECC Supported		FSB

				Bank 0		RESERVED		256 bits		255 - 0		N/A				Redundancy

				Bank 1		LOCK Configuration		256 bits		511-256		[255 - 0]		TESTER0_LOCK		Redundancy

				Bank 2		RESERVED		256 bits		639-512						ECC

						ECID				767-640		ECID[127:0]		TESTER0_LOCK		ECC

				Bank 3		Boot Configuration		256 bits		1023-768		YES		BOOT_CONFIG_LOCK		ECC		Yes

				Bank 4				256 bits		1279-1024				BOOT_CONFIG_LOCK		ECC		Yes

				Bank 5		Memory & Power Switch Configuration 		256 bits		1535-1280		YES		MEM_TRIM_LOCK		ECC		Yes

				Bank 6		RESERVED		256 bits		1791-1536		[511-256]				ECC

				Bank 7		RESERVED		256bits				YES				ECC

						RESERVED								

				Bank 8		RESERVED		256 bits				YES				Redundancy / 
Bit Protect

				Bank 9		RESERVED		256 bits				NO				ECC

				Bank 10		RESERVED		256 bits				NO 				ECC**

				Bank 11		RESERVED		256 bits				YES				ECC

				Bank 12		RESERVED		256 bits				NO				Redundancy

				Bank 13		RESERVED		256 bits				YES				ECC

				Bank 14		RESERVED		256 bits				YES				ECC

				Bank 15		RESERVED		256 bits				NO				ECC

				Bank 16		RESERVED		256 bits				NO				Redundacy

				Bank 17		RESERVED		256 bits				YES				ECC

				Bank 18		RESERVED		256 bits				YES				ECC

				Bank 19		RESERVED		256 bits				YES				ECC

				Bank 20		RESERVED		256 bits				YES				ECC

				Bank 21		RESERVED		256 bits				YES				ECC

				Bank 22		RESERVED		256 bits				NO				Redundancy

				Bank 23		RESERVED		256 bits				YES				ECC

														

				Bank 24		RESERVED		256 bits				YES				Redundancy

				Bank 25		RESERVED		256 bits				YES				Redundancy

		 		Bank 26		RESERVED		256 bits				YES				Redundancy

				Bank 27		RESERVED		256 bits				YES				Redundancy

				Bank 28		RESERVED		256 bits				NO				ECC

				Bank 29				256 bits				NO				ECC

				Bank 30				256 bits				NO				ECC

				Bank 31				256 bits				NO				ECC

				Bank 32		RESERVED		256 bits				Yes				ECC

				Bank 33		RESERVED		256 bits				Yes				ECC

				Bank 34		RESERVED		256 bits				Yes				ECC

				Bank 35		RESERVED		256 bits				Yes				ECC

				Bank 36		RESERVED		256 bits				Yes				Redundancy

				Bank 37		RESERVED		256 bits				NO				ECC

				Bank 38				256 bits				NO				ECC

				Bank 39				256 bits				NO				ECC

				Bank 40				256 bits				NO				ECC

				Bank 41				256 bits				NO				ECC

				Bank 42				256 bits				NO				ECC

				Bank 43				256 bits				NO				ECC

				Bank 44				256 bits				NO				ECC

				Bank 45		RESERVED		256 bits				NO				ECC

				Bank 46				256 bits				NO				ECC

				Bank 47				256 bits				NO				ECC

				Bank 48				256 bits				NO				ECC

				Bank 49				256 bits				NO				ECC

				Bank 50				256 bits				NO				ECC

				Bank 51				256 bits				NO				Redundancy

				Bank 52		RESERVED		256 bits				NO				ECC

				Bank 53				256 bits				NO				ECC

				Bank 54				256 bits				NO				ECC

				Bank 55				256 bits				NO				ECC

				Bank 56				256 bits				NO				ECC

				Bank 57				256 bits				NO				ECC

				Bank 58				256 bits				NO				ECC

				Bank 59				256 bits				NO				ECC

				Bank 60		RESERVED		256 bits				NO				ECC

				Bank 61		RESERVED		256 bits				NO				ECC

				Bank 62		RESERVED		256 bits								ECC

				Bank 63		RESERVED		256 bits				NO				ECC

		Note: *LCMask (aka Pwmask) applies ELE driven protection controls on specific fuse bits to ensure that in certain states only specified fuses can be blown. See the Chip Lifecycle diagram for specific state transition sequence enforced by this mask.

		Note: **Each LC encoded ECC bits must match three states of the LC ecnoded value: Fab->All zeros, Provisioned->a random numberical value, Blanked->All ones.







Boot_CFG

		Fuse Bank, Word		Address 		7		6		5		4		3		2		1		0		Fuses

		Bank 4, Word 0		0x80		A35 Boot Failure Pin Select[4:0]
Selects the appropriate GPIO pin on AD to output failiure indication
"00000" ==> Selected GPIO PORT [0]
"00001" ==>  Selected GPIO PORT [1] ...
"11111" ==>  Selected GPIO PORT [31]										A35_LOW_FREQ_BT 
0 - Normal frequency
1 - Half frequency		M33_LOW_FREQ_BT
0 - Normal frequency
1 - Half frequency		RESERVED		1031:1024

				0x81		Boot Failure Indicator
0 - Disabled
1 - Enabled		Boot Failure Port
0 - PORTA
1 - PORTB		M33 Boot Failure Pin Select[4:0]
Selects the appropriate GPIO pin on RTD to output failiure indication 
"00000" ==> Selected GPIO PORT [0]
"00001" ==>  Selected GPIO PORT [1] ...
"11111" ==>  Selected GPIO PORT [31]										A35 Boot Failure Port
0 - PORTD
1 - PORTE		1039:1032

				0x82		RESERVED		RESERVED
		L2_CACHE1_Mode

0 : L2 Cache1 as 256K SRAM
1: L2 Cache1 as 256K L2 Cache		RESERVED		RESERVED		TZM_ENABLE
0 - CM33 TZM Disable
1 - CM33 TZM Enable		M33 D Cache Disable
0 - Enabled
2 - Disabled		A35 D Cache Disable
0 - Enabled
2 - Disabled		1047:1040

				0x83		RESERVED		RESERVED		RESERVED		RESERVED		SOSC Source Selection
0 - Crystal
1- External Clock		RESERVED		M33 I Cache Disable
0 - Enabled
2 - Disabled		A35 I-Cache Disable
0 - Enabled
2 - Disabled		1055:1048

		Bank 4, Word 1		0x84		BT0_CFG7		BT0_CFG6		BT0_CFG5		BT0_CFG4		BT0_CFG3		BT0_CFG2		BT0_CFG1		BT0_CFG0		1063:1056

						External OSC Freq Selection
00 - 24Mhz
01 - 30Mhz
10 - 19.2 Mhz
11 - 26Mhz				RESERVED		M33 boot interface
0 - FlexSPI0 NOR
1 - FlexSPI0 NAND
2 - RESERVED
3 - RESERVED				RESERVED		Dual Boot
0 - Boot from eMMC
1 - Boot from A35/eMMC and M33/QSPI		LP Boot
0 - No Low Power Boot
1 - Boot from M33 with A35 on demand

				0x85		BT0_CFG15		BT0_CFG14		BT0_CFG13		BT0_CFG12		BT0_CFG11		BT0_CFG10		BT0_CFG9		BT0_CFG8		1071:1064

						RESERVED		FlexSPI device type
000 - Flash with 3B READ(0x03) default supported
001 - Hyperflash 1.8V
010 - Hyperflash 3.0
011 - Flash with 4B READ(0x13) default supported
100 -Default Octal mode (Micron, Nice to have), 101,110,111-RESERVED						RESERVED		RESERVED		RESERVED		RESERVED

				0x86		BT1_CFG7		BT1_CFG6		BT1_CFG5		BT1_CFG4		BT1_CFG3		BT1_CFG2		BT1_CFG1		BT1_CFG0		1079:1072

						Bus width
00 - 4 bit
01 - 8 bit
10 - 4 bit DDR (MMC 4.4)
11 - 8 bit DDR (MMC 4.4) 				Speed
0 - Normal
1 - High		eMMC fast boot
0 - Disabled
1 - Enabled		RESERVED		RESERVED		RESERVED		RESERVED

				0x87		BT1_CFG15		BT1_CFG14		BT1_CFG13		BT1_CFG12		BT1_CFG11		BT1_CFG10		BT1_CFG9		BT1_CFG8		1087:1080

						A35 Recovery Device Select
0 - USDHC1 SD
1 - LPSPI NOR		A35 Boot Type
00 - uSDHC 
01 - SPI NAND
10 - SPI NOR
11 - RESERVED				A35 Boot interface
000 - USDHC0
001 - USDHC1
010 - USDHC2
xxx - RESERVED						USDHC device type
0 - eMMC 
1 - SD		RESERVED

				uSDHC boot parameters

		Bank 4, Word 2		0x88		SD Calibration Step
'00' - 1  delay cell
'01' - 2 delay cell 
'10' - 3 delay cell
'11' - 5 delay cell				uSDHC Power Cycle Interval
00 - 20ms
01 - 10ms
10 - 5ms
11 - 2.5				uSDHC Power Cycle Delay
0 - 5ms
1 - 2.5ms		uSDHC Power On Polarity
0 - Low
1 - High		RESERVED		Fast Boot Acknowledge Disable
0 - Boot Ack Disabled
1 - Boot Ack Enabled		1095:1088

				0x89		USDHC_PAD_SETTINGS[7:0]																1103:1096

				0x8A		Disable SDMMC Manufacture mode
0 - Enabled
1 - Disabled		USDHC DLL_ENABLE
0 - Disable DLL for SD/eMMC
1 - Enable DLL for SD/eMMC		USDHC Override Pad Settings
(using PAD_SETTINGS value)		Power Cycle Enable
0 - No power cycle
1 - Enabled 		uSDHC_PAD_SETTING[11:8]								1111:1104

				0x8b		USDHC DLL Select
0 - DLL Slave Mode for 
1 - DLL Override Mode 		MMC_DLL_DLY[6:0]
Delay target for USDHC DLL, it is applied to slave mode target delay 
or override mode target delay depends on DLL Override fuse bit value.														1119:1112

				SPI NAND boot parameters

		Bank 4, Word 3
		0x8C		FlexSPI NAND Search Stride
00-64 pages
01-128 pages
10-256 pages
11-32 pages				FlexSPI NAND Search Count				FlexSPI NAND CS Interval
00-100ns
01-200ns
10-400ns
11-50ns				FlexSPI NAND Column Address Width
00-12
01-13
10-14
11-15				1127:1120

				0x8d		Disable FCB Loading
0 - Enabled
1 - Disabled		RESERVED		FLEXSPI_FREQ_SEL
 000 - 24MHz
 001 - 133 MHz
 010 - 166 MHz
 011 - 200 MHz
100 - 80MHz
101 - 100MHz						FlexSPI NAND Busy Bit Offset Override						1135:1128

				A35/M33 Recovery Parameters

				0x8e		RESERVED								Recovery SPI Addressing
0 - 3-bytes (24-bit)
1 - 2-bytes (16-bit)		SPI SS Active
0 - Active low
1 - Active high		SPI SCLK Active
0: Active high 
1: Active low 		SPI Clock/Data Phase Control
0 - Tx on falling, Rx on  rising 
1 - Tx on rising, Rx on falling		1143:1136

				0x8f		USB1_SDP_DISABLE		USB0_SDP_DISABLE		Disable M33 SPI Recovery boot
0 - Disabled
1 - Enabled		Disable A35 SPI Recovery boot
0 - Disabled
1 - Enabled		A35 Recovery Port Select
0 - LPSPI2
1 - LPSPI3		M33 Recovery Port Select
0 - LPSPI0
1 - LPSPI1		A35 Recovery CS Select (SPI only) 
0 - CS0
1 - CS1		M33 Recovery CS Select (SPI only) 
0 - CS0
1 - CS1		1151:1144

				Extended/Misc Parameters

		Bank 4, Word 4
		0x90		USDHC2 IO VOLTAGE SELECTION
0 - 3.3V
1 - 1.8V		USDHC1 IO VOLTAGE SELECTION
0 - 3.3V
1 - 1.8V		RESERVED		RESERVED		RESERVED		FLEXSPI_SFDP_EN
  0 - Disable
1 - Enable		FLEXSPI_SFDP_TYPE
      00 - QuadSPI NOR
01 - MxicOctal
   10 - MicronOctal
    11 - AdestoOctal				1159:1152

				0x91		FLEXSPI_DUMMY_CYCLE_SEL								USB_HID_EP1_OUT_DISABLE		 FlexSPI Boot Selection
00 - Flex SPI (Hyperflash 1.8V)
01 - Flex SPI (Flash with 4B READ(0x13)default supported)
10 - Default Octal mode (Micron, Nice to have)
11 - Default Octal mode (Mxic, Nice to have )				Override "FLEX SPI Boot selection
0 - do not override
1 - override		1167:1160

				0x92		FLEXSPI DLL Value[7:0] (Delay line, Only for HyperFlash)  																1175:1168

				0x93		Secondary boot offset																1183:1176

				Extended/Misc Parameters

		Bank 4, Word 5
		0x94		M33 WDOG_ENABLE (WDOG0)
0 - Disabled
1 - Enabled		M33 TZ WDOG_ENABLE
(WDOG1)
0 - Disabled
1 - Enabled		A35 WDOG_ENABLE 
(WDOG3)
0 - Disabled
1 - Enabled		A35 Secure WDOG_ENABLE
(WDOG4)
0 - Disabled
1 - Enabled		uPower  WDOG_ENABLE
(WDOG6)
0 - Disabled
1 - Enabled		RESERVED		WDOG Timeout Select

00 - 32s
01 - 16s
10 - 8s
11 - 4s				1191:1184

				0x95		RTD_SYS_CLK_SOURCE

0: FRO             
1: PLL0[PFD0]		RTD_SYS_CLK_DIVCORE
CM33 core clock divider 
0: Divide by 2
1: Divide by 4		RESERVED		uPower_CLK_SOURCE
0: 16 MHz
1: 64 MHz		RESERVED		RESERVED		CA35_RST_RELEASE_ACK

0: No Ack from ELE to release M33 Reset
1: Ack from ELE to release M33      Reset  		CM33_RST_RELEASE_ACK

0: No Ack from ELE to release M33 Reset
1: Ack from ELE to release M33 Reset		1199:1192

				0x96		AD_SYS_CLK_SOURCE

0: FRO             
1: PLL2[PFD0]		AD_SYS_CLK_DIVCORE CA35 core clock divider 
0: Divide by 1
1: Divide by 2		AD_PLL2_VCO_Select

0: PLL2 VCO (750MHz)            
1: PLL2 VCO (1GHz)            		AD_NIC_SYS_CLK_SOURCE

0: FRO             
1: PLL3[PFD0]		BOOTCFG_SPARE1_A35[6:4]						uPower_FW_LOAD

0: Code loaded to uPower Code RAM
1: Code loaded to Shared SRAM     		1207:1200

				0x97		RESERVED

Alfonso Gonzalez Romero: Alfonso Gonzalez Romero:

Need to keep 000 for re-test purposes per TE team						BOOTCFG_SPARE0_A35[3:0]								RESERVED		1215:1208





Fuse Definitions RM

		Packed_ Bit_Names		WordUsage		HW/
SW/
TE		Receiving 
Module		Fuses 
Amount		Description		Settings

		BOOT_CFG_LOCK[1:0]				HW		OCOTP-Internal		2		Perform lock on BOOT related fuses.		0 - Unlock (The controlled field can be read, sensed, burned or overridden in the corresponded IIM register)
1 - Lock (The controlled field can be read or sensed only)
bit[0] - read protect
bit[1] - shadow over-write protect

		GPR5_LOCK				HW		OCOTP-Internal		1		Lock for General Purpose fuse register #1 (GP5)		1 - lock read and  shadow over-write protection

		GPR4_LOCK				HW		OCOTP-Internal		1		Lock for General Purpose fuse register #1 (GP4)		2 - lock read and  shadow over-write protection

		GPR3_LOCK				HW		OCOTP-Internal		1		Lock for General Purpose fuse register #1 (GP3)		3 - lock read and  shadow over-write protection

		GPR2_LOCK				HW		OCOTP-Internal		1		Lock for General Purpose fuse register #1 (GP2)		4 - lock read and  shadow over-write protection

		GPR1_LOCK				HW		OCOTP-Internal		1		Lock for General Purpose fuse register #1 (GP1)		5 - lock read and  shadow over-write protection

		OTFAD_CFG_LOCK[1:0]				HW		OCOTP-Internal		2		Lock for Bank 29 fuses, except OTFAD_KEY fuses		0 - Unlock (The controlled field can be read, sensed, burned or overridden)
1 - Lock (The controlled field can be read or sensed only)
bit[0] - read protect
bit[1] - shadow over-write protect

		OTFAD_KEY_LOCK				HW		OCOTP-Internal		1		Lock for OTFAD KEY fuses		1 - Over-write protect

		ECID[127:96]		ECID3		TE		No module		32		Part ID. Programmed during testing.

		ECID[95:64]		ECID2		TE		No module		32		Part ID. Programmed during testing.

		ECID[63:32]		ECID1		TE		No module		32		Part ID. Programmed during testing.

		ECID[31:0]		ECID0		TE		No module		32		Part ID. Programmed during testing.

		BT_FUSE_SEL				HW		boot_config_rtd.v, CMC		1		Determines, whether using fuses for boot configuration, or GPIO for boot configuration or  Serial Downloader.		If boot_mode="00" (Boot From Fuses Mode)
  0 - Boot using Serial Downloader (USB).
  1 - Boot mode configuration is taken from fuses.
If boot_mode="10" (Internal Boot Mode)
  0 - Boot mode configuration is taken from GPIOs.
  1 - Boot mode configuration is taken from fuses.

		M33_LOW_FREQ_BT				HW		CGC		1		Set the CM33 Core divider		0: RTD_SYS_CLK_DIVCORE defines the CM33 Core divider
1: cm33clk.divcore=7 (divide by 8)

		A35_LOW_FREQ_BT				SW		Boot ROM		1		See description in Boot_CFG tab

		A35_BOOT_FAILURE_PIN_SELECT[4:0]				SW		Boot ROM		5		See description in Boot_CFG tab

		A35_BOOT_FAILURE_PORT				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_BOOT_FAILURE_PIN_SELECT[4:0]				SW		Boot ROM		5		See description in Boot_CFG tab

		BOOT_FAILURE_PORT				SW		Boot ROM		1		See description in Boot_CFG tab

		BOOT_FAILURE_INDICATOR				SW		Boot ROM		1		See description in Boot_CFG tab

		A35_D_CACHE_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_D_CACHE_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		TZM_ENABLE				HW		Glue + RTD_SIM_SEC		1		Enables TrustZone in CM33

		L2_CACHE1_MODE				HW		AD_SIM		1		See description in Boot_CFG tab

		A35_I_CACHE_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_I_CACHE_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		SOSC_SOURCE_SELECTION				SW		Boot ROM		1		See description in Boot_CFG tab

		LP_BOOT				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		DUAL_BOOT				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		M33_BOOT_INTERFACE				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		EXTERNAL_OSC_FREQ_SELECTION[1:0]				HW+SW		boot_config_rtd.v, Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_DEVICE_TYPE[1:0]/BT0_CFG[13:12]				HW+SW		boot_config_rtd.v, Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_DEVICE_TYPE_2_B4_RES1071[0](b4_res1070[0])/BT0_CFG[14]				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		FLEXSPI_DEVICE_TYPE_2_B4_RES1071[1](b4_res1070[1])/BT0_CFG[15]				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		EMMC_FAST_BOOT				HW+SW		boot_config_apd.v, Boot ROM		1		See description in Boot_CFG tab

		SPEED				HW+SW		boot_config_apd.v, Boot ROM		1		See description in Boot_CFG tab

		BUS_WIDTH[1:0]				HW+SW		boot_config_apd.v, Boot ROM		2		See description in Boot_CFG tab

		SDHC_DEVICE_TYPE				HW+SW		boot_config_apd.v, Boot ROM		1		See description in Boot_CFG tab

		A35_BOOT_INTERFACE[2:0]				HW+SW		boot_config_apd.v, Boot ROM		3		See description in Boot_CFG tab

		A35_BOOT_TYPE[1:0]				HW+SW		boot_config_apd.v, Boot ROM		2		See description in Boot_CFG tab

		A35_RECOVERY_DEVICE_SELECT/BT1_CFG[15]				HW+SW		boot_config_apd.v, Boot ROM		1		See description in Boot_CFG tab

		FAST_BOOT_ACK_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC_POWER_ON_POLARITY				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC_POWER_CYCLE_DELAY				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC_POWER_CYCLE_INTERVAL[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		SD_CALIBRATION_STEP[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		SDHC_PAD_SETTINGS[11:0]				SW		Boot ROM		12		See description in Boot_CFG tab

		POWER_CYCLE_ENABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC_OVERRIDE_PAD_SETTINGS				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC_DLL_ENABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		DISABLE_SDMMC_MAN_MODE				SW		Boot ROM		1		See description in Boot_CFG tab

		MMC_DLL_DLY[6:0]				SW		Boot ROM		7		See description in Boot_CFG tab

		SDHC_DLL_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		FLEXSPI_NAND_ADDR_WIDTH[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_NAND_CS_INTERVAL[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_NAND_COUNT[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_NAND_STRIDE[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_NAND_BUSY_OVERRIDE[2:0]				SW		Boot ROM		3		See description in Boot_CFG tab

		SPI_CLOCK_DATA_PHASE				SW		Boot ROM		1		See description in Boot_CFG tab

		SPI_SCLK_ACTIVE				SW		Boot ROM		1		See description in Boot_CFG tab

		SPI_SS_ACTIVE				SW		Boot ROM		1		See description in Boot_CFG tab

		RECOVERY_SPI_ADDR				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_RECOVERY_CS_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		A35_RECOVERY_CS_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_RECOVERY_PORT_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		A35_RECOVERY_PORT_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		DISABLE_A35_SPI_REC_BOOT				SW		Boot ROM		1		See description in Boot_CFG tab

		DISABLE_M33_SPI_REC_BOOT				SW		Boot ROM		1		See description in Boot_CFG tab

		USB0_SDP_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		USB1_SDP_DISABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC1_IO_VOLT_SELECTION				SW		Boot ROM		1		See description in Boot_CFG tab

		SDHC2_IO_VOLT_SELECTION				SW		Boot ROM		1		See description in Boot_CFG tab

		OVERRIDE_FLEXSPI_BOOT_SELECTION				SW		Boot ROM		1		See description in Boot_CFG tab

		FLEXSPI_SFDP_EN				SW		Boot Config		1		FlexSPI Auto probe (SFDP) enable		Default: 0x0
0 - Disable
1 - Enable

		FLEXSPI_SFDP_TYPE				SW		Boot Config		2		FlexSPI Auto Probe (SFDP) type		00 - QuadSPI NOR
01 - MxicOctal
10 - MicronOctal 
11 - AdestoOctal

		FLEXSPI_DUMMY_CYCLE_SEL 				SW		Boot Config		4		FlexSPI dummy cycle select
This is needed to configure the flexspi nor IP for different vendors if it’s a octal SPI.		1 for 1 dummy cycles,
2 for 2 dummy cycles ….
15 for 15 dummy cycles.

		FLEXSPI_FREQ_SEL				SW		Boot Config		3		FlexSPI frequency settings		 000 - 24MHz
 001 - 133 MHz
 010 - 166 MHz
 011 - 200 MHz
100 - 80MHz
101 - 100MHz

		FLEXSPI_BOOT_SELECTION[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		USB_HID_EP1_OUT_DISABLE				SW		Boot ROM		2		See description in Boot_CFG tab

		FLEXSPI_DLL_VAL[7:0]				SW		Boot ROM		8		See description in Boot_CFG tab

		SECONDARY_BOOT_OFFSET[7:0]				SW		Boot ROM		8		See description in Boot_CFG tab

		WDOG_TIMEOUT_SELECT[1:0]				SW		Boot ROM		2		See description in Boot_CFG tab

		A35_SECURE_WDOG_ENABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		A35_WDOG_ENABLE 				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_TZ_WDOG_ENABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		M33_WDOG_ENABLE				SW		Boot ROM		1		See description in Boot_CFG tab

		CM33_RST_RELEASE_ACK				SW		Boot ROM		1		See description in Boot_CFG tab

		CA35_RST_RELEASE_ACK				SW		Boot ROM		1		See description in Boot_CFG tab

		UPOWER_CLK_SOURCE				SW		Boot ROM		1		See description in Boot_CFG tab

		RTD_SYS_CLK_DIVCORE				HW		CGC		1		See description in Boot_CFG tab

		RTD_SYS_CLK_SOURCE				SW		Boot ROM		1		See description in Boot_CFG tab

		UPOWER_FW_LOAD				HW+SW		boot_config_rtd.v, Boot ROM		1		See description in Boot_CFG tab

		BOOTCFG_SPARE1_A35[6:4]				HW+SW		boot_config_apd.v, Boot ROM		3		See description in Boot_CFG tab

		AD_NIC_SYS_CLK_SOURCE				SW		Boot ROM		1		See description in Boot_CFG tab

		AD_PLL2_VCO_SELECT				SW		Boot ROM		1		See description in Boot_CFG tab

		AD_SYS_CLK_DIVCORE				SW		Boot ROM		1		See description in Boot_CFG tab

		AD_SYS_CLK_SOURCE				SW		Boot ROM		1		See description in Boot_CFG tab

		BOOTCFG_SPARE0_A35[3:0]				HW+SW		boot_config_apd.v, Boot ROM		4		See description in Boot_CFG tab

		LPAV_MASTER_CONTROL_FROM_FUSE				HW		Glue_logic		1		Sets the default master allocation for LPAV IPs		0: RTD as master
1: AD as master

		SHELF_MODE_DISABLE				HW		intg_vbat		1		SNVS Shelf Mode (Selected by default)		0 = Shelf Mode 
1 = Operating Mode

		USB0_VID[15:0]				SW		NA		16		USB VID

		USB0_PID[15:0]				SW		NA		16		USB0 PID

		USB1_PID[15:0]				SW		NA		16		USB1_PID







